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_____________________________________________________________________
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Si cet Univers est le meilleur des univers possibles, que sont donc les autres ?

_____________________________________________________________________

If this universe is the best of all possible worlds, I’m glad I don’t live in any of the others.
_____________________________________________________________________

_____________________________________________________________________
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_____________________________________________________________________

3

Monsieur Albert ! Qu'est-ce que vous faites ?

_____________________________________________________________________

MR. Albert ! What are you doing ?

_____________________________________________________________________

__________________________________________________________________

Tiens, Anselme, assieds-toi
_____________________________________________________________________

Haf’ a seat, Archibald.

_____________________________________________________________________

_____________________________________________________________________

C'est quoi ?

_____________________________________________________________________

What’s this ?

_____________________________________________________________________

_____________________________________________________________

Le Cosmol, Anselme, le Cosmol ......

.... qui ouvre la Porte

_____________________________________________________________________

Cosmol, Archibald : der Cosmol ... 

Dat points der way.

_____________________________________________________________________

________________________________________________________________________

La Porte, quelle Porte ?

Je ne comprends pas

_____________________________________________________________________

The way ? What way ?

I don’t understand.

_____________________________________________________________________

________________________________________________________________________

Comprendre ! Ah oui ...

... comprendre ...

_____________________________________________________________________

Understand ? Oh, Ja, unnerstan’ ...

_____________________________________________________________________

_____________________________________________________________________

Les autres disent : démarche logique

... c'est de la foutaise !

_____________________________________________________________________

Everyone says you haf’ to think logically ... dat’s garbage !

_____________________________________________________________________

______________________________________________________________________

Seul ... le Cosmol ...

.. ouvre la Porte ..

_____________________________________________________________________

Only ... Cosmol ...

can point der way ...

_____________________________________________________________________

_______________________________________________________________

... Foutaise ...

_____________________________________________________________________

... Garbage ...

_____________________________________________________________________

_____________________________________________________

La Porte, oui la Porte ...

_____________________________________________________________________

The way ? Oh, that way ! way out ...

_____________________________________________________________________

__________________________________________________________
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Du Grand Univers

_____________________________________________________________________

..........
_____________________________________________________________________

_____________________________________________________________________

... Univers ...

_____________________________________________________________________

..........
_____________________________________________________________________

___________________________________________________________________

... Univers ...

_____________________________________________________________________

..........
_____________________________________________________________________

_______________________________________________________

Monsieur Albert !

_____________________________________________________________________

MR. Albert ?

_____________________________________________________________________

_________________________________________

Sophie !

_____________________________________________________________________

Sophie ?

_____________________________________________________________________

___________________________________________________

Hum ...

_____________________________________________________________________

Hum ...

_____________________________________________________________________

__________________________________________________

Encore ces nuées ...

_____________________________________________________________________

These cloups again ...

_____________________________________________________________________

__________________________________________________________

........
_____________________________________________________________________

Once more, Archie

sets out to explore

The world of Mists.
_____________________________________________________________________

__________________________________________________________
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Une fois de plus, Anselme part explorer des mondes nébuleux.

_____________________________________________________________________

..........
_____________________________________________________________________

___________________________________________________________

Tiens, qu'est-ce que c'est que ce truc là ?

On dirait un rouleau pour court de tennis, 

ou une sorte de rouleau à peinture.

_____________________________________________________________________

Gosh, what’s this gadget ? It looks like a roller for a tennis court ... or maybe for 

painting things.

_____________________________________________________________________

_____________________________________________________________________

On peut le déplacer TOUT DROIT, sans effort.

Par contre, impossible de dévier d'un poil à DROITE ou à GAUCHE.

_____________________________________________________________________

I can push it STRAIGHT AHEAD without any trouble. But it won’t budge a hair’s

breadth to RIGHT or LEFT.

_____________________________________________________________________

__________________________________________________________

A quoi sert cette poignée ?

Tiens, elle supprime l'adhérence et me permet de temps en temps de changer de direction.

_____________________________________________________________________

I wonder what this handle’s for ?

Aha ! It unsticks the roller and lets me change direction every so often.

_____________________________________________________________________

__________________________________________________________

Grâce à cet appareil, Anselme peut tracer les GÉODÉSIQUES d'une surface.

A l'aide de trois géodésiques, Anselme peut tracer des TRIANGLES :

_____________________________________________________________________

With the aid of this strange device, Archie can draw GEODESICS on a surface.

Using these geodesics, he can draw TRIANGLES :

_____________________________________________________________________

___________________________________________________________________

Une surface est un ESPACE À DEUX DIMENSIONS. C’est-à-dire qu’il faut DEUX

QUANTITÉS pour y repérer la position d’un point, deux coordonnées.

_____________________________________________________________________

A surface is a 2 -  DIMENSIONAL SPACE. That is, you need TWO numbers – two

coordinates – to specify the position of a point.

_____________________________________________________________________

___________________________________________________________________
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Voyons, quand l'espace est EUCLIDIEN, la somme des angles de mon triangle vaut 180 °.

_____________________________________________________________________

 Lesse ... If the space is EUCLIDEAN, then the sum of the angles of a triangle is 180°. *

_____________________________________________________________________

_____________________________________________________________________

Quand l'espace a une courbure négative, cette somme est INFÉRIEURE à 180 degrés

_____________________________________________________________________

When the space has negative curvature, the sum is LESS than 180°.

_____________________________________________________________________

_____________________________________________________________________

Dans un espace à courbure POSITIVE, la somme est SUPÉRIEURE à 180 degrés

_____________________________________________________________________

In a space of positive curvature, it’s GREATER than 180°.

_____________________________________________________________________

_____________________________________________________________________

ESPACES À COURBURE VARIABLE : 

_____________________________________________________________________

SPACES WITH VARIABLE CURVATURE

_____________________________________________________________________

_____________________________________________________________________

J'ai inventé un curvimètre. Il est constitué de trois lamelles élastiques pouvant tourner

librement autour de trois rivets A, B, C.

_____________________________________________________________________

Here’s the cunning inventor with his new brainchild, the CURVIMETER. It’s made from three flexible strips which can turn freely about three rivets A, B, and C.

_____________________________________________________________________

_____________________________________________________________________

Il suffit de le plaquer sur une surface et de mesurer les angles à l'aide des trois rapporteurs

pour connaître la COURBURE LOCALE.

_____________________________________________________________________

To find the LOCAL CURVATURE it suffices to lay the curvimeter on the surface and measure the angles with the built-in protractors.

_____________________________________________________________________

_____________________________________________________________________

COURBURE POSITIVE

 _____________________________________________________________________

POSITIVE CURVATURE

_____________________________________________________________________

_____________________________________________________________________

COURBURE NÉGATIVE

_____________________________________________________________________

NEGATIVE CURVATURE

_____________________________________________________________________

_____________________________________________________________________

(*) Pour plus de détails, voir le GÉOMÉTRICON, du même auteur, Editions BELIN.

_____________________________________________________________________

(*) For further details, see here’s looking at euclid in the same series.                           

_____________________________________________________________________

_____________________________________________________________________
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Cette bosse ménagée dans un plan est constituée d’une région centrale à

courbure positive, entourée par une région à courbure négative.

_____________________________________________________________________

This bump in the plane is made from a central region of positive curvature, surrounded

by a region of negative curvature.    

_____________________________________________________________________

_____________________________________________________________________

ZÔNE À COURBURE POSITIVE 

ZÔNE À COURBURE NÉGATIVE 

ZÔNE À COURBURE NULLE

_____________________________________________________________________

REGION OF POSITIVE CURVATURE          

REGION OF NEGATIVE CURVATURE

REGION OF ZERO CURVATURE

_____________________________________________________________________

_____________________________________________________________________

Du point de vue de la COURBURE, le CREUX est identique à la BOSSE

_____________________________________________________________________

From the point of view of curvature, a dent is just like a bump.         

_____________________________________________________________________

_____________________________________________________________________

COURBURE POSITIVE 

COURBURE NULLE

COURBURE NÉGATIVE 

_____________________________________________________________________

POSITIVE CURVATURE          

ZERO CURVATURE

NEGATIVE CURVATURE

_____________________________________________________________________

_____________________________________________________________________

Sauf erreur, ceci est un TORE.

_____________________________________________________________________

Crikey, if I ain’t mistaken, h’it’s a blinkin’ TORUS.          

_____________________________________________________________________

_____________________________________________________________________

Oui, il y a une bande à courbure positive, une autre à courbure négative, séparées par 

une frontière où la courbure est nulle.

_____________________________________________________________________

I’m a VIRGO myself ...

Oh, I see. Yes, there’s a band of positive curvature and a band of negative curvature, separated by a frontier having zero curvature.      

_____________________________________________________________________

_____________________________________________________________________

Cette dernière pouvant être déterminée en mettant le tore en sandwich entre deux plans.

_____________________________________________________________________

To find the frontier, make a TORUSBUGER using two planes for buns.          

_____________________________________________________________________

_____________________________________________________________________

Mon cher Tirésias, avez-vous réalisé que votre coquille était un espace bidimensionnel

à courbure variable ?

_____________________________________________________________________

Tiresias, old fruit, ‘as it ever struck yer that shell is just a two-dimensional space wiv

variable curvyture ?          

_____________________________________________________________________

_____________________________________________________________________

mi !..

_____________________________________________________________________

eeep !          

_____________________________________________________________________

_____________________________________________________________________

Léon, laisse Tirésias tranquille !

_____________________________________________________________________

Lenny, stop bugging Tiresias !          

_____________________________________________________________________

_____________________________________________________________________
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POINTS CÔNIQUES

_____________________________________________________________________

CONICAL POINTS         

_____________________________________________________________________

_____________________________________________________________________

Tu vas voir, Anselme, il y a des choses plus étranges encore.

_____________________________________________________________________

 You’ll soon see, Archie, that there are even stranger things.         

_____________________________________________________________________

_____________________________________________________________________

Dépêche-toi, Tirésias, j’ai soif de connaître ...

_____________________________________________________________________

Buzz off, Tiresias – I sense a thirst for knowledge coming upon me ...          

_____________________________________________________________________

_____________________________________________________________________

Attends-moi !

_____________________________________________________________________

Wait for boo-boo !          

_____________________________________________________________________

_____________________________________________________________________

Tu vois, Tirésias, je vais MAILLER ma surface en entrecroisant des géodésiques,

ce qui me donnera des tas de triangles  

_____________________________________________________________________

Watch, Tiresias – I’m going to draw a grid on the surface by meshing geodesics. That’ll

give me HEAPS of triangles.

_____________________________________________________________________

_____________________________________________________________________

Coquille à courbure variable ... Je t’en ficherais, moi !!..

_____________________________________________________________________

Typical – Archie’s meshing about again !          

_____________________________________________________________________

_____________________________________________________________________

Alors là, je n’y comprends plus rien ! Que se passe-t-il autour de ce point P ?

_____________________________________________________________________

Oh lord, I can’t see what’s going on at all ! What’s happening around this point P ?          

_____________________________________________________________________

_____________________________________________________________________

Tu n’as qu’à utiliser ton curvimètre.

_____________________________________________________________________

The cunning inventor has forgotten to use his curvimeter.          

_____________________________________________________________________

_____________________________________________________________________
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Enfin, Sophie, que se passe-t-il ? Si le triangle du curvimètre ne contient pas ce point P, 

il indique une courbure nulle.

_____________________________________________________________________

Hey, Sophie – What’s going on ? If the curvimeter’s triangle doesn’t contain the point P,

it says the curvature is zero.       

_____________________________________________________________________

_____________________________________________________________________

Mais si le point P est dans le triangle, alors c’est courbe !

_____________________________________________________________________

But if P is inside the triangle, then the space is curved !         

_____________________________________________________________________

_____________________________________________________________________

C’est un point cônique. Tiens, regarde, je prends un plan, J’ENLÈVE un secteur 

d’angle θ et je recouds.

_____________________________________________________________________

It’s a CONICAL POINT. Look – suppose I take a plane, cut out a sector with angle θ,

and join it up again.        

_____________________________________________________________________

_____________________________________________________________________

PLAN

_____________________________________________________________________

 PLANE         

_____________________________________________________________________

_____________________________________________________________________

J’obtiens un cône que nous appellerons un POSICÔNE

_____________________________________________________________________

I get a kind of cone, which we’ll call a POSICONE          

_____________________________________________________________________

_____________________________________________________________________

Vous pouvez vérifier, avec du carton. Un rouleau de papier collant vous aidera à 

matérialiser facilement les géodésiques.

_____________________________________________________________________

You can test it out with a piece of cardboard. A roll of sticky tape will help you find 

geodesics easily.        

_____________________________________________________________________

_____________________________________________________________________
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Bon, alors, si mon triangle contient le sommet d’un cône, la somme de ses angles est 

toujours supérieure à 180° !

_____________________________________________________________________

Oh, I see ! If my triangle contains the tip of a cone then the sum of the angles is always greater than 180°.          

_____________________________________________________________________

_____________________________________________________________________

Pas si vite ! En entaillant mon plan je vais maintenant au contraire RAJOUTER

un secteur d’angle θ.

_____________________________________________________________________

Hold your horses ! It’s not that simple ! Suppose instead I slit the plane and add a sector

with angle θ.          

_____________________________________________________________________

_____________________________________________________________________

Alors ... Ça fera un NÉGACÔNE ?

_____________________________________________________________________

Don’ tell me – yer gets a blinkin’ NEGACONE.          

_____________________________________________________________________

_____________________________________________________________________

Cette fois-ci, quand le triangle entoure le point P, la somme des angles vaut 180° - θ !

_____________________________________________________________________

This time, if the triangle contains the point P, the angle-sum will be 180°- θ, smaller 

than 180°.          

_____________________________________________________________________

_____________________________________________________________________

Mais, de nouveau, quand le point est en dehors du triangle, la somme vaut 180°.

_____________________________________________________________________

But if the point is outside the triangle, the sum is 180° again.          

_____________________________________________________________________

_____________________________________________________________________

Cette propriété des cônes est indépendante de la taille du triangle, que celui-ci soit

minuscule ou gigantesque.

_____________________________________________________________________

This property of cones is independent of the size of the triangle : you get the same result whether it’s large or small.          

_____________________________________________________________________

_____________________________________________________________________
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Mais ... quand même ! ...

c’est courbe ou c’est pas courbe ?

_____________________________________________________________________

But – That’s crazy !

Is the stupid thing curved, or not ?        

_____________________________________________________________________

_____________________________________________________________________

Un point cônique, Anselme, c’est de la courbure concentrée

_____________________________________________________________________

A conical point, Archie, is a concentrated piece of curvature.          

_____________________________________________________________________

_____________________________________________________________________

Entre les points côniques, l’espace est euclidien, sans courbure

_____________________________________________________________________

Away from the conical point, the space is (locally) euclidean, without any curvature.          

_____________________________________________________________________

_____________________________________________________________________

L’angle θ  est la mesure de cette quantité de courbure

_____________________________________________________________________

The angle θ measures the amount of curvature at the conical point.          

_____________________________________________________________________

_____________________________________________________________________ 

Ouvre ton cône et mets le à plat

_____________________________________________________________________

Open your cone and lay it out flat.          

_____________________________________________________________________

_____________________________________________________________________

POSICÔNE

_____________________________________________________________________

POSICONE          

_____________________________________________________________________

_____________________________________________________________________

Voici le résultat de l’opération, faite par Anselme, dans le cas d’un cône à courbure 

positive.

_____________________________________________________________________

Here’s what Archie got, when he opened out a cone having positive curvature.          

_____________________________________________________________________

_____________________________________________________________________

Et dans le cas d’un cône à courbure négative

_____________________________________________________________________

 Where as, in the case of negative curvature ...         

_____________________________________________________________________

_____________________________________________________________________

NÉGACÔNE

_____________________________________________________________________

NEGACONE 

_____________________________________________________________________

_____________________________________________________________________
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Prenons une surface PLANE et maillons-la avec des géodésiques formant un quadrillage

régulier. On dira qu’on a PAVÉ cette surface avec des carrés, tous identiques. Si nous

suivons une TRAJECTOIRE, un TRAJET, tel qu’on coupe les côtés des carrés successifs

sous un même angle, ce trajet s effectuera selon une géodésique de la surface.

La Direction

_____________________________________________________________________

Take a PLANE surface and rule it with geodesics to from a regular square grid. We say that the surface has been tiled with identical squares. If we follow a path, or TRAJECTORY, that cuts each successive square at the same angle, then this path will always be a geodesic on the surface.

The Boss

 _____________________________________________________________________

_____________________________________________________________________ 

Mais, pourquoi ne pas faire cela sur une sphère ?

_____________________________________________________________________

So what stops me from doing the same on a sphere ?          

_____________________________________________________________________

_____________________________________________________________________

Primo, essaie de PAVER une sphère avec des carrés, bien jointifs, tu m’en diras

des nouvelles.

_____________________________________________________________________

Well, you might start by trying to tile a sphere neatly with squares that would be novel.          

_____________________________________________________________________

_____________________________________________________________________

Les méridiens d’une sphère sont des géodésiques de celle-ci. Un trajet coupant ces 

méridiens sous un angle constant, différent de 90°, mènerait invariablement vers l’un des

PÔLES !

_____________________________________________________________________

The meridians of a sphere are its geodesics. A path cutting the meridians at a constant angle, other than 90°, will invariably wind towards one of the POLES !          

_____________________________________________________________________

_____________________________________________________________________

Une navigation à cap constant mène ... au pôle !

_____________________________________________________________________

Navigation on a fixed heading leads to ... the pole !          

_____________________________________________________________________

_____________________________________________________________________ 

PÔLE

_____________________________________________________________________

POLE

_____________________________________________________________________

_____________________________________________________________________ 
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En coupant les méridiens de la sphère à 90°, je me déplacerais suivant des parallèles

_____________________________________________________________________

If I cuts the meriddyuns of a sphere at 90°, I go along one o’ the parallels.          

_____________________________________________________________________

_____________________________________________________________________

parallèles qui ne sont pas de géodésiques. Vu ! (*)

_____________________________________________________________________

But parallels ain’t geo-deesicks. Gottit ! (*)          

_____________________________________________________________________

_____________________________________________________________________

Je peux recouvrir une surface plane, euclidienne, à l’aide d’éléments plans, quadrillés

_____________________________________________________________________

I can get a plane euclidean surface by fitting together a lot of flat grids.          

_____________________________________________________________________

_____________________________________________________________________

Et si je me déplace en coupant ces maillages sous un angle constant, à condition de bien assurer les raccords, de proche en proche, j’obtiendrai une géodésique.

_____________________________________________________________________

And if I move by cutting the grid lines at a fixed angle, remembering to keep everything consistent when I switch grids, then I’ll get a geodesic.          

_____________________________________________________________________

_____________________________________________________________________ 

POSICÔNE

_____________________________________________________________________

POSICONE 

_____________________________________________________________________

_____________________________________________________________________

NÉGACÔNE

_____________________________________________________________________

NEGACONE 

_____________________________________________________________________

_____________________________________________________________________

Ce moyen simple donne également les géodésiques du cylindre, qui sont en forme de 

ressort à boudin

_____________________________________________________________________

You can do the same thing on a cylinder – just like a salami in a string bag.          

_____________________________________________________________________

_____________________________________________________________________

(*) On ne peut les tracer, sur la sphère, à l’aide de ruban adhésif (sauf l’équateur).

_____________________________________________________________________

(*) You can’t draw a parallel on a sphere with sticky tape, except at the equator. 

Try it on a basketball.          

_____________________________________________________________________

_____________________________________________________________________
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Voici pourquoi la somme des angles d’un triangle, sur un posicône, s’accroît de l’angle

de découpe θ : 
_____________________________________________________________________

Here’s why the angle-sum of a triangle, on a posicone, is increased by the angle θ of 

the cut.         
_____________________________________________________________________

_____________________________________________________________________

Anselme va maintenant construire des cônes particuliers, dans lesquels la régularité du maillage peut être conservée

La Direction

_____________________________________________________________________

Archibald higgins will now construct special cones, which keep the tiling regular.

The Boss         

_____________________________________________________________________

_____________________________________________________________________ 

Là, j’enlève 90°.

_____________________________________________________________________

There, I’ve cut out 90°.          

_____________________________________________________________________

_____________________________________________________________________

Sur un tel cône, tu peux tracer des triangles rectangles équilatéraux.

_____________________________________________________________________

On this cone you can draw right-angled equilateral triangles.          

_____________________________________________________________________

_____________________________________________________________________
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Maintenant, j’enlève un secteur de 180°.

_____________________________________________________________________

Now I excise a sector of 180°.          

_____________________________________________________________________

_____________________________________________________________________

Sur un tel cône, la somme des angles d’un triangle vaut 360°

_____________________________________________________________________

On this cone, yer gits a h’angle – sum of 360°.          

_____________________________________________________________________

_____________________________________________________________________ 

Ce qui signifie que l’on pourrait tracer dessus, à l’aide de ses géodésiques, un triangle

ayant trois angles égaux à 120°, donc obtus.

_____________________________________________________________________

Which implies that you can draw on it, using geodesics, a triangle having three angles

of 120° - that is, OBTUSE.          

_____________________________________________________________________

_____________________________________________________________________

Et il se refermerait quand même ?

_____________________________________________________________________

And it still closes up ? That’s weird.          

_____________________________________________________________________

_____________________________________________________________________

Hum ...

_____________________________________________________________________

Hum ...          

_____________________________________________________________________

_____________________________________________________________________ 

Bien sûr, mon cher Tirésias, c’est vous qui êtes obtus !

_____________________________________________________________________

Seems ter me, Tiresias, that YOU’RE the one wot’s h’obtuse !          

_____________________________________________________________________

_____________________________________________________________________

mi !

_____________________________________________________________________

Me ?          

_____________________________________________________________________

_____________________________________________________________________ 
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Sur ce cône, on peut tracer des BIANGLES, la somme des angles valant 180°.

_____________________________________________________________________

On this cone you can draw BIANGLES. The angle-sum is 180°.          

_____________________________________________________________________

_____________________________________________________________________

Attendez ! là, je ne comprends plus ...

On parlait des triangles. Voilà maintenant des BIANGLES. Pourquoi pas, la prochaine 

fois, des .... monoangles ?!?!....

_____________________________________________________________________

'Old it ! Nar yer lorst me ...

First it wuz triangles. Nar it’s blinkin’ biangles. Wozzit gonna be next ? monoangles ?          

_____________________________________________________________________

_____________________________________________________________________

LE CÔNE VU DE DESSUS

_____________________________________________________________________

The cone viewed from above          

_____________________________________________________________________

_____________________________________________________________________

Tous ces objets sont des POLYGONES

_____________________________________________________________________

It’s OK ; They’re all POLYGONS.          

_____________________________________________________________________

_____________________________________________________________________ 

DANS LE PLAN :

La somme des angles d’un 

- triangle vaut 180°

- quadrangle vaut 180° + 180° = 360°

- pentangle vaut 180° + 180° + 180° = 540°

_____________________________________________________________________

In the PLANE :

The angle-sum of a 

- triangle is 180°

- quadrilateral is 180° + 180° = 360°

- pentagon is 180° + 180° + 180° = 540°

_____________________________________________________________________

_____________________________________________________________________

Je craque ...

_____________________________________________________________________

I’m goin’ bonkers ...          

_____________________________________________________________________

_____________________________________________________________________

Et dans le cas du BIANGLE, réduit à un segment, cette somme est nulle

_____________________________________________________________________

And for a BIANGLE, which reduces to a line segment, the sum is zero.          

_____________________________________________________________________

_____________________________________________________________________
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Pourquoi 180° de plus à chaque fois que l’on rajoute un sommet ?

_____________________________________________________________________

Why the h’extra 180° every time yer adds a corner ?          

_____________________________________________________________________

_____________________________________________________________________ 

Hop !

_____________________________________________________________________

Ha !          

_____________________________________________________________________

_____________________________________________________________________

Ceci devrait vous éclairer

_____________________________________________________________________

A simple KARATE CHOP will make it clear ...          

_____________________________________________________________________

_____________________________________________________________________

Bon, continuons ...

_____________________________________________________________________

All right, you two, let’s get on with it.          

_____________________________________________________________________

_____________________________________________________________________

Je vais maintenant enlever les trois quarts du plan.

_____________________________________________________________________

Now I cut out three quaters of the plane.          

_____________________________________________________________________

_____________________________________________________________________

On dirait une serviette de table

_____________________________________________________________________

You might call that a NAPKONE     

_____________________________________________________________________

_____________________________________________________________________ 

Et quand je la regarde par le bout

_____________________________________________________________________

And when I look at the end ...          

_____________________________________________________________________

_____________________________________________________________________

Anselme obtient ceci

_____________________________________________________________________

Archie sees this          

_____________________________________________________________________

_____________________________________________________________________
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Sur ce cône, toutes les géodésiques se recoupent elles mêmes (elles se recoupent ici à

angle droit). On peut donc y tracer des monoangles

_____________________________________________________________________

On such a cone, every geodesic will intersect itself (here at a right angle), so you can 

draw MONOANGLES.          

_____________________________________________________________________

_____________________________________________________________________

C’était donc vrai !

_____________________________________________________________________

Crikey ! I thought I was jokin’ !          

_____________________________________________________________________

_____________________________________________________________________ 

Tout dépend de l’angle θ du cône

_____________________________________________________________________

It all depends on the angle θ of the cone.          

_____________________________________________________________________

_____________________________________________________________________

Les géodésiques ne se referment pas

_____________________________________________________________________

Geodesics don’t close up.          

_____________________________________________________________________

_____________________________________________________________________

cas limite

_____________________________________________________________________

Limiting case.          

_____________________________________________________________________

_____________________________________________________________________

Les géodésiques se referment 

_____________________________________________________________________

Geodesics close up.          

_____________________________________________________________________

_____________________________________________________________________

LES PÔLES

_____________________________________________________________________

POLES          

_____________________________________________________________________

_____________________________________________________________________

Et si j’enlevais ... tout ?

_____________________________________________________________________

And if I cut it all out ?          

_____________________________________________________________________

_____________________________________________________________________

Comment tout ?!?

_____________________________________________________________________

Wodjer mean, all ?          

_____________________________________________________________________

_____________________________________________________________________ 

Oui, si j’enlevais pratiquement TOUT le plan

_____________________________________________________________________

Well – suppose I cut out ALMOST all of the plane ?          

_____________________________________________________________________

_____________________________________________________________________
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Bon, voilà mon cône

_____________________________________________________________________

Now you see the point of my remark.          

_____________________________________________________________________

_____________________________________________________________________

Vous appelez cela un cône ?

_____________________________________________________________________

Are you tryin’ ter needle me ?          

_____________________________________________________________________

_____________________________________________________________________

Misère ...

_____________________________________________________________________

Oh 'eck ...          

_____________________________________________________________________

_____________________________________________________________________

En fait, les MAILLAGES obtenus par Anselme auraient pu être construits en étirant le 

matériau

_____________________________________________________________________

Another way to produce the tilings that Archie got is to stretch some fabric.          

_____________________________________________________________________

_____________________________________________________________________

En enlevant pratiquement tout le plan et en appliquant ce procédé, on obtiendrait ceci :

_____________________________________________________________________

Removing almost all of the plane and applying this procedure in reverse, you get this :

a pattern like meridians and parallels ...          

_____________________________________________________________________

_____________________________________________________________________ 

Et on obtient alors un PÔLE

_____________________________________________________________________

... at a POLE.          

_____________________________________________________________________

_____________________________________________________________________

Le pôle, c’est ce qui reste quand on a tout enlevé. Ce point représente une courbure 

concentrée égale à 360°

_____________________________________________________________________

A pole is what’s left when you take everything else away. Just a concentrated curvature 

of 360°. Of course, the earth’s poles aren’t like that, because you don’t have to stretch the surface to see the pattern.          

_____________________________________________________________________

_____________________________________________________________________
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Tout à l’heure, j’avais pavé des espaces à deux dimensions (surfaces) avec des quadrangles. 

Mais j’aurais aussi bien pu le faire avec des triangles

_____________________________________________________________________

A while ago I tiled my two-dimensional spaces (surfaces) with squares. But I could have done it equally well with triangles ...          

_____________________________________________________________________

_____________________________________________________________________ 

Ou avec des hexagones

_____________________________________________________________________

... Or hexagons.          

_____________________________________________________________________

_____________________________________________________________________

Ces maillages en triangles équilatéraux permettent d’engendrer les cônes d’angle 60°,

120°, 180°, 240° et 300°

_____________________________________________________________________

Triangular tilings let us make cones with angles of 60°, 120°, 180°, 240° and 300°.

_____________________________________________________________________

_____________________________________________________________________
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En insérant un secteur d’angle θ, je crée une courbure négative -θ, concentrée au sommet 

de ce négacône

_____________________________________________________________________

On the other hand, by inserting a sector with angle θ, I can create a point of negative curvature, concentrated at the tip of this negacone.          

_____________________________________________________________________

_____________________________________________________________________

Quantité de courbure concentrée = -180°, etc ...

_____________________________________________________________________

Concentrated curvature of -180°, etc ...          

_____________________________________________________________________

_____________________________________________________________________ 

On peut aussi faire de jolis négacônes avec des maillages triangulaires.

_____________________________________________________________________

You can make some pretty negacones using triangular tilings, too.          

_____________________________________________________________________

_____________________________________________________________________
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MESURE DE LA COURBURE

_____________________________________________________________________

MEASURING CURVATURE          

_____________________________________________________________________

_____________________________________________________________________

Voici Anselme très occupé à jouer une marelle d’un nouveau genre

_____________________________________________________________________

Archie seems to be playing a cross between dominos and hopscotch.          

_____________________________________________________________________

_____________________________________________________________________

Le jeu consiste à entourer un point de concentration de courbure avec des carreaux en respectant la continuité du flêchage. Quand on a fait un tour autour du point P, l’angle dont la flêche a tourné donne une mesure directe de la courbure θ

_____________________________________________________________________

The object of the game is to completely surround a point of concentrated curvature with squares, keeping the direction of the arrow the same from one to the next. When you go

all the way round P, the angle through which the arrow has turned gives a direct measure of the curvature θ.          

_____________________________________________________________________

_____________________________________________________________________ 

Il faut que mes carreaux soient bien jointifs

_____________________________________________________________________

Hmmm ... Pennsylvania Avenue ?          

_____________________________________________________________________

_____________________________________________________________________

PLAN

_____________________________________________________________________

PLANE          

_____________________________________________________________________

_____________________________________________________________________

CYLINDRE

_____________________________________________________________________

CYLINDER          

_____________________________________________________________________

_____________________________________________________________________ 

CÔNE

_____________________________________________________________________

CONE          

_____________________________________________________________________

_____________________________________________________________________

Quelques exemples :

Plan, cylindre, cône (sans entourer le sommet) : quantité de courbure : zéro

_____________________________________________________________________

Some examples :

Plane, cylinder, cone (not surrounding the tip) – curvature zero.          

_____________________________________________________________________

_____________________________________________________________________

POSICÔNE + 90°

_____________________________________________________________________

POSICONE + 90°          

_____________________________________________________________________

_____________________________________________________________________ 

NEGACÔNE - 180°

_____________________________________________________________________

NEGACONE - 180°          

_____________________________________________________________________

_____________________________________________________________________ 

Tournons autour du point dans un sens quelconque. Si la flêche tourne dans le même 

sens, il s’agira d’un posicône. Si elle tourne en sens inverse, il s’agira d’un négacône.

_____________________________________________________________________

Go once round the point in any direction. If the arrow turns the same way, you’ve got a 

posicone the other way, and you’ve got a negative one.          

_____________________________________________________________________

_____________________________________________________________________ 
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Je vais fabriquer des posicônes ayant chacun un très petit angle θ

_____________________________________________________________________

I’ll make some nearly flat posicones, each with a very small angle θ.          

_____________________________________________________________________

_____________________________________________________________________

Des atomes de courbure en quelque sorte ...

_____________________________________________________________________

Atoms of curvature, so to speak.          

_____________________________________________________________________

_____________________________________________________________________

Et puis je vais les coller ensemble

_____________________________________________________________________

Then I’ll glue them together.          

_____________________________________________________________________

_____________________________________________________________________

COLLE

_____________________________________________________________________

GLUE          

_____________________________________________________________________

_____________________________________________________________________

J’obtiens une surface sur laquelle je vais tracer des triangles faits de géodésiques, 

obtenues à l’aide de ruban adhésif.

_____________________________________________________________________

I get a surface on which I can draw triangles made from sticky-tape geodesics.          

_____________________________________________________________________

_____________________________________________________________________ 

La somme des angles du triangle dépasse 180° d’une valeur qui est égale à la somme 

des angles des cônes élémentaires dont les sommets sont contenus dans ce triangle.

La Direction

_____________________________________________________________________

The angle-sum of a triangle exceeds 180° by an amount equal to the sum of the angles 

of the elementary cones whose peaks are contained in the triangles.

The Boss          

_____________________________________________________________________

_____________________________________________________________________

Ce que nous appelons habituellement une surface courbe peut être considéré comme 

un assemblage d’un très grand nombre de microcônes collés ensemble

_____________________________________________________________________

A curved surface, in the usual sense of the phrase, can be thought of as a very large 

number of tiny microcones, glued together.          

_____________________________________________________________________

_____________________________________________________________________

On peut aussi assembler des NÉGACÔNES, ou des POSICÔNES et des NÉGACÔNES.

Dans ce cas, la somme des angles du triangle vaudra 180°, plus la quantité de courbure

qu’il contient, comptée algébriquement.

_____________________________________________________________________

You can also join together negacones ; or a mixture of posicones and negacones.

In that case, the angle-sum of a triangle will be 180°, plus the total amount of curvature inside it, counted algebraically (plus for posicones and minus for negacones).          

_____________________________________________________________________

_____________________________________________________________________ 
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PATCHWORK

_____________________________________________________________________

PATCHWORK          

_____________________________________________________________________

_____________________________________________________________________

Sophie, qu’est-ce qui se passe si j’assemble des NÉGACÔNES ?

_____________________________________________________________________

Sophie ; what will I get if I assemble a lot of negacones ?          

_____________________________________________________________________

_____________________________________________________________________

Par exemple des négacônes θ = -180°. Leur contour correspond à un hexagone qui aurait 

ses six angles droits

_____________________________________________________________________

For example, negacones with θ = -180°. Their boundary is a hexagon with six right angles.        

_____________________________________________________________________

_____________________________________________________________________

On peut d’abord les assembler quatre par quatre

_____________________________________________________________________

So you can join them up, four at a time.          

_____________________________________________________________________

_____________________________________________________________________ 

Si tu en assembles vingt, tu obtiens cet élément de surface à courbure négative, chacun se plaçant sur un des vingt sommets d’un DODÉCAÈDRE (*)

_____________________________________________________________________

By putting twenty of them together, you get this piece of a surface of negative curvature, arranged like the twenty corners of a DODECAHEDRON. (*)          

_____________________________________________________________________

_____________________________________________________________________

(*) Du Grec     DODEKA = Douze    + EDRA = BASE

_____________________________________________________________________

(*) From the Greek : DODEKA = Twelve     'EDRON = SID          

_____________________________________________________________________

_____________________________________________________________________
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Le même objet où l’on a réparti plus uniformément la courbure négative. 

Il est constitué de soixante hexaorthogones.

_____________________________________________________________________

Here’s the same object, with the negative curvature spread out more evenly. It’s made

up from sixty hexaorthogons.           

_____________________________________________________________________

_____________________________________________________________________ 

Un soixantoèdre, en quelque sorte ...

_____________________________________________________________________

A SIXTYHEDRON, yer might say ...          

_____________________________________________________________________

_____________________________________________________________________

On dirait une vertèbre de DODÉCAÈDRODON

_____________________________________________________________________

Looks more like a vertebra of an extinct DODECAHEDRODON to me.          

_____________________________________________________________________

_____________________________________________________________________

Si vous étiez carreleur, et si vous utilisiez des carreaux hexaorthogonaux, voilà à quoi 

ressemblerait votre sol.

_____________________________________________________________________

If your job was to lay tiles, and your tiles were  hexaorthogons, that’s the shape of floor you’d get.         

_____________________________________________________________________

_____________________________________________________________________

Mon cher, je me suis laissé dire qu’en modifiant les gènes d’un escargot, on pourrait 

faire en sorte que sa coquille ...

_____________________________________________________________________

You know, me old duck, h’it’s just struck me that by performin’ a bit of genetic h’engyneerin’ on a snail, yer could h’arrange for it’s shell to be ...          

_____________________________________________________________________

_____________________________________________________________________ 

Cet exemple montre comment la distribution de la courbure peut conditionner la forme

des objets.

_____________________________________________________________________

Here’s a good example of the way the distribution of curvature determines the shape of

an object.          

_____________________________________________________________________

_____________________________________________________________________

Quelle horreur !!!

_____________________________________________________________________

Ugh ! How Nasty !          

_____________________________________________________________________

_____________________________________________________________________
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TROIS DIMENSIONS

_____________________________________________________________________

THREE DIMENSIONS          

_____________________________________________________________________

_____________________________________________________________________ 

Sopie, est-ce qu’on peut VOIR la courbure de notre espace à TROIS dimensions ?

_____________________________________________________________________

Sophie, is there any way to see curvature in our usual space of three dimensions ?          

_____________________________________________________________________

_____________________________________________________________________

C’est difficile, puisque tu habites dedans

_____________________________________________________________________

It's difficult, because you're living in it.          

_____________________________________________________________________

_____________________________________________________________________

Voyons, j’ai vu qu’on pouvait projeter des géodésiques d’une surface (à deux

dimensions) sur un plan (2 dimensions)

_____________________________________________________________________

 One way to picture the curvature of a surface is to project its geodesics on to a plane.         

_____________________________________________________________________

_____________________________________________________________________

Cette "bosse" correspond à une concentration de courbure positive, entourée d’un halo

de courbure négative.

_____________________________________________________________________

This 'bump' corresponds to a concentration of positive curvature, surrounded by a halo

of negative curvature. It's as plain as the - er – beak on your face, Lenny.          

_____________________________________________________________________

_____________________________________________________________________ Regarde maintenant un cube habillé avec de la ficelle

_____________________________________________________________________

Now, take a look at this cube, all tied up with string.          

_____________________________________________________________________

_____________________________________________________________________
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maintenant, je fais glisser les ficelles, comme ceci :

_____________________________________________________________________

I'll slide the string sideways, like this.          

_____________________________________________________________________

_____________________________________________________________________

En assemblant ainsi huit de ces cubes, on obtient la projection à trois dimensions,

dans un espace euclidien (sans courbure), des géodésiques d’une région d’un espace tridimensionnel où une courbure positive est entourée d’un halo de courbure négative.

_____________________________________________________________________

By fitting together eight of these cubes, we get the projection into three-dimensional euclidean space (having zero curvature) of the geodesics in a piece of a three-dimensional space, in wich a region of positive curvature is surrounded by a halo of negative curvature. 

A three-dimensional bump !          

_____________________________________________________________________

_____________________________________________________________________ 

En assimilant ces géodésiques à des TRAJECTOIRES, on trouverait d’abord une

répulsion, puis une attraction, puis une répulsion

_____________________________________________________________________

If you think of these goedesics as the TRAJECTORIES of a moving particle, it appears to undergo first a repulsion, then an attraction, and then a repulsion again.          

_____________________________________________________________________

_____________________________________________________________________
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En faisant glisser les fils de cette façon et en assemblant convenablement les cubes, 

on fabriquerait l’image d’un monde peuplé de courbures positives et négatives :

_____________________________________________________________________

By sliding the strings like this, and joining up a large number of cubes, you can produce 

an image of a world populated by regions of both positive and negative curvature :         

_____________________________________________________________________

_____________________________________________________________________

Quand on y regarde de près, il s’agit de déformations affectant des CUBES emplissant l’espace tridimensionnel

_____________________________________________________________________

Ifyou look at it closely you'll see it can also be built up by deforming the usual CUBES

of Euclidean three-dimensional space.          

_____________________________________________________________________

_____________________________________________________________________

Tiens, c’est curieux, je pourrais empiler tous ces cubes bizarres et remplir l’espace.

_____________________________________________________________________

It's very curious that you can pile up all these weird cubes and still fill up the space.          

_____________________________________________________________________

_____________________________________________________________________ 
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PROJECTIONS

_____________________________________________________________________

PROJECTIONS          

_____________________________________________________________________

_____________________________________________________________________

Je peux projeter les géodésiques d’un cône sur le plan.

_____________________________________________________________________

You can project the geodesics of a cone on to a plane.          

_____________________________________________________________________

_____________________________________________________________________

PLAN

_____________________________________________________________________

PLANE          

_____________________________________________________________________

_____________________________________________________________________ 

toutes ces lignes incurvées, cela évoque des TRAJECTOIRES

_____________________________________________________________________

You know, those lines remind me of TRAJECTORIES of particles.          

_____________________________________________________________________

_____________________________________________________________________ 

Exact !

_____________________________________________________________________

Precisely !          

_____________________________________________________________________

_____________________________________________________________________

masse m

_____________________________________________________________________

Mass m          

_____________________________________________________________________

_____________________________________________________________________

L’idée de base de la RELATIVITÉ GÉNÉRALE consiste à assimiler les MASSES à des altérations locales de la courbure de l’espace.

_____________________________________________________________________

Der idea at der basis of GENERAL RELATIVITY is to replace MASS by local variations in der curfature of space,          

_____________________________________________________________________

_____________________________________________________________________

Vous voulez dire que la masse est un angle ?!?

_____________________________________________________________________

Are yer tryin' to tell me that mass is a bunkin' ANGLE ?          

_____________________________________________________________________

_____________________________________________________________________ 

Hi Hi !.. mettez m’en pour π/8 ....

_____________________________________________________________________

Hi Hi ! Put me down for π/8          

_____________________________________________________________________

_____________________________________________________________________

Oui, dans la mesure où les masses sont des concentrations de courbure

_____________________________________________________________________

Yes – provided you measure mass as a kind of concentrated curvature.          

_____________________________________________________________________

_____________________________________________________________________
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En somme, ce que vous voulez dire, monsieur Albert, c’est que les inflexions des trajectoires, dues aux FORCES, ne sont qu’un effet de PROJECTION, dans notre monde sensible, d’une trajectoire tracée sur une autre surface, et qui est une GÉODÉSIQUE de celle-ci.

_____________________________________________________________________

Let me check I've got all this straight, Mr Albert. You're saying that bends in trajectories,

caused by FORCES, are really just an effect of the PROJECTION, into our usual world, 

of a GEODESIC trajectory on some other surface.        

_____________________________________________________________________

_____________________________________________________________________ 

encore de la métaphysique !

_____________________________________________________________________

More ruddy metafizzicks !          

_____________________________________________________________________

_____________________________________________________________________

mais non, c’est de la géométrie

_____________________________________________________________________

No, just geometry.          

_____________________________________________________________________

_____________________________________________________________________

Je vais te donner un exemple. Imagine que nous soyons dans une capsule spatiale, en 

orbite autour de la Terre.

_____________________________________________________________________

I gif' you an example. Imachin' yourself to be in a space capsule, in orbit around der earth.          

_____________________________________________________________________

_____________________________________________________________________

Nous échappons alors à toute pesanteur

_____________________________________________________________________

Crikey ! We've gone weightless !          

_____________________________________________________________________

Ah non !

_____________________________________________________________________

Oh 'eck !          

_____________________________________________________________________

_____________________________________________________________________

mi !

_____________________________________________________________________

Mi !          

_____________________________________________________________________

_____________________________________________________________________

Nous allons jouer à une sorte de billard

_____________________________________________________________________

Now we can play a rather unusual kind of BILLIARDS,          

_____________________________________________________________________

_____________________________________________________________________ 
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Apparemment, cet objet est constitué de deux surfaces transparentes, pleines de plis, de

cloques, mais identiques et proches l’une et l’autre

_____________________________________________________________________

As far as I can tell, this thing seems to be built from two transparent surfaces, with lots of folds and dents, both exactly the same and lying parallel to each other.          

_____________________________________________________________________

_____________________________________________________________________

Ce qui permet de Tirer des petites billes entre les deux et d’observer leurs trajectoires

_____________________________________________________________________

Dat permits me to shoot der tiny marples between dem and observe dere trajectories.          

_____________________________________________________________________

_____________________________________________________________________

Celles-ci ne dépendent pas de la vitesse initiale V qui est conservée pendant tout le mouvement.

La Direction

_____________________________________________________________________

The trajectories do not depend on the speed V because this is deemed to be constant throughout the motion.

The Boss          

_____________________________________________________________________

_____________________________________________________________________

Dans ce cas précis, il se trouve que toutes les trajectoires possibles sont des GÉODÉSIQUES

(s’il y avait de la pesanteur cela ne serait plus le cas).

_____________________________________________________________________

In yust dis case, it follows dat all possible trajectories are GEODESICS. (If we weren't weightless, dis wouldn't be der case.)          

_____________________________________________________________________

_____________________________________________________________________ 

Oh, regardez, la lampe projette les trajectoires sur le plancher de notre capsule spatiale !

_____________________________________________________________________

Oh, look : the lamp is projecting the trajectories on to the floor of the capsule !          

_____________________________________________________________________

_____________________________________________________________________

Quelqu’un qui ne verrait que ces ombres penserait que les objets qui se déplacent sur 

ce PLAN sont soumis à un CHAMP de FORCES. Alors que cela n’est qu’un problème

de courbure d’une surface.

_____________________________________________________________________

Anyone who could only see der shadows would think dat der objects moofing in der plane were affected by a FIELD of FORCES. But really it's all due to der curvature of der surface.          

_____________________________________________________________________

_____________________________________________________________________
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Alors, quand j’observe la trajectoire d’une comète autour du Soleil, en supposant qu’elle s’effectue dans un espace tridimensionnel euclidien, sans courbure, en fait cette comète suit une GÉODÉSIQUE d’une sorte d’espace dans lequel .... elle va TOUT DROIT !!!!

_____________________________________________________________________

So when I observe the path of a comet around the sun, imagining that it's taking place in

a three-dimensional euclidean space, without curvature, in fact the comet is following a GEODESIC in some other space, where it's traveling ... STRAIGHT AHEAD !!!!          

_____________________________________________________________________

_____________________________________________________________________ 

On ne perçoit que l’ombre des choses

_____________________________________________________________________

We see only the shadows of reality.          

_____________________________________________________________________

_____________________________________________________________________

c’est très platonicien, ce que vous dites, mon cher Tirésias

_____________________________________________________________________

That's a very platonistic sentiment fer a snail, Tiresias old bean.          

_____________________________________________________________________

_____________________________________________________________________

On ne peut aller que TOUT DROIT !

_____________________________________________________________________

The only way to go is STRAIGHT.          

_____________________________________________________________________

_____________________________________________________________________

la LUMIÈRE suit aussi une GÉODÉSIQUE

_____________________________________________________________________

LIGHT always follows a geodesic, too.          

_____________________________________________________________________

_____________________________________________________________________ 

Tiens, c’est amusant, les géodésiques, quand on les projette suivant un autre angle, 

n’ont pas du tout la même tête !

_____________________________________________________________________

Y' know, they're funny things, these goedesics. If you project them in a different direction, they don't work. The same way at all !          

_____________________________________________________________________

_____________________________________________________________________

?!?

_____________________________________________________________________

?!?          

_____________________________________________________________________

_____________________________________________________________________

Tirésias !

_____________________________________________________________________

Tiresias !          

_____________________________________________________________________

_____________________________________________________________________ 
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Bon, bon ....

_____________________________________________________________________

I don't mean it, honest !          

_____________________________________________________________________

_____________________________________________________________________

MASSE - MATIÈRE

_____________________________________________________________________

MASS AND MATTER          

_____________________________________________________________________

_____________________________________________________________________

Mais alors, le Soleil est un ... cône ?

_____________________________________________________________________

Are you saying that the sun is a ... cone ?          

_____________________________________________________________________

_____________________________________________________________________

Terre

Mercure

_____________________________________________________________________

Earth

Mercury        

_____________________________________________________________________

_____________________________________________________________________

On sait que le Soleil dévie les rayons lumineux venant de Mercure

_____________________________________________________________________

Well, we know it bends light rays from Mercury.          

_____________________________________________________________________

_____________________________________________________________________

Nous croyons que l’espace, au voisinage du SOLEIL, est PLAT. En fait, cet astre, par

sa masse importante, représente une certaine quantité de courbure. Mais, comme le Soleil

n’est pas une masse ponctuelle, nous devrions représenter cette région de l’espace à l’aide d’un cône émoussé :

_____________________________________________________________________

We usually think of space near the sun as being FLAT. But in fact, because of its large

mass, this star represents a certain amount of curvature. But because the sun's mass isn't

concentrated at a point, we'll think of this region of space as a smoothed-out cone.        

_____________________________________________________________________

_____________________________________________________________________

étoile

objet massif

observateur

_____________________________________________________________________

star

massive object

observer          

_____________________________________________________________________

_____________________________________________________________________ 

Des objets extrêmement massifs peuvent courber l’espace au point qu’un observateur

pourra percevoir DEUX images I1 et I2 d’une même étoile E :

c’est l’effet de LENTILLE GRAVITATIONNELLE, récemment mis en évidence par 

l’observation.

_____________________________________________________________________

Very massive objects can curve space to such an extent that an observer can see two images I1 and I2 of the same star E. This effect, known as a GRAVITATIONAL LENS, has recently been observed in light from quasars.          

_____________________________________________________________________

_____________________________________________________________________
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Les masses des atomes, des particules, constituent la courbure générale de l’Univers.

_____________________________________________________________________

The masses of atoms and particles all contribute to the general curvature of the universe.          

_____________________________________________________________________

_____________________________________________________________________

On donne à la MASSE une signification GÉOMÉTRIQUE

_____________________________________________________________________

So MASS has a GEOMETRIC significance.          

_____________________________________________________________________

_____________________________________________________________________

mais, entre les atomes il y a bien du ... VIDE ?

_____________________________________________________________________

'ang on, wot abaht between the atom ? There’s nuffin’ there !          

_____________________________________________________________________

_____________________________________________________________________ 

ou  alors je ne comprends plus rien ...

_____________________________________________________________________

I lorst the thread again ...          

_____________________________________________________________________

_____________________________________________________________________

mais non, cher ami, cette vieille opposition entre matière et vide est complètement 

dépassée ; il n’y a plus que de la .... géométrie

_____________________________________________________________________

Now my dear fellow, haven’t you HEARD that the old opposition between MATTER and the VOID is totally OUTMODED ? The ONLY thing NOWADAYS is GEOMETRY.          

_____________________________________________________________________

_____________________________________________________________________

Plus que de la géométrie !!?!

_____________________________________________________________________

Nuffin’ but ... geomatry ???          

_____________________________________________________________________
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Et les négacônes ?
_____________________________________________________________________

Wot abaht NEGACONES, smart aleck ?          

_____________________________________________________________________

_____________________________________________________________________ 

Ils évoquent des "masses négatives", génératrices de forces répulsives. Un univers empli 

de masses négatives serait bien étrange. Au lieu d’engendrer des galaxies, des étoiles, il

se peuplerait de bulles, de grands vides :

Ainsi semblent se distribuer les amas de galaxies, qui forment un étrange tissu cellulaire, chaque cellule ayant quelque 200 millions d’années-lumière de côté. 

_____________________________________________________________________

Those conjure up the idea of "negative mass", producing a repulsive force. A universe 

full of negative masses would be very peculiar. Instead of galaxies, there would be lots of bubbles – enormous voids. In fact, the mass of the galaxies seems to be distributed like this, forming a strange cellular tissue. Each cell is about 200 million light = years across.          

_____________________________________________________________________

_____________________________________________________________________

Les forces de gravité pourraient alors se révéler répulsives à très grande distance.

_____________________________________________________________________

Perhaps gravitational forces become repulsive at a very large distance.          

_____________________________________________________________________

_____________________________________________________________________
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POLYÈDRES

_____________________________________________________________________

POLYHEDRA          

_____________________________________________________________________

_____________________________________________________________________

Anselme, tu vas matérialiser les géodésiques d’une surface à l’aide, par exemple, d’un

ruban adhésif.

_____________________________________________________________________

Now, Archie : remember that you can produce geodesic on a surface usong sticky tape ? what happens if you bend the surface ?          

_____________________________________________________________________

Le fait de plier ce cône (θ = 90°), ne change rien aux géodésiques, et il épouse alors parfaitement le sommet d’un cube.

_____________________________________________________________________

If you bend this cone (θ = 90°) the geodesics don’t change. (the sticky tape just bends with the surface.) In fact you can fold it to fit perfectly over the corner of a cube.          

_____________________________________________________________________

_____________________________________________________________________

De même, tu peux ménager trois plis sur ce cône (θ = 180°) pour lui faire épouser le

sommet d’un tétraèdre régulier.

_____________________________________________________________________

Similarly, you can make three folds in this cone (θ = 180°) so that it fits over the corner of a regular tetrahedron.          

_____________________________________________________________________

_____________________________________________________________________
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IL FAUT QU’UN ESPACE SOIT OUVERT OU FERMÉ  

_____________________________________________________________________

SPACE MUST BE OPEN OR CLOSED          

_____________________________________________________________________

_____________________________________________________________________

Huit cônes (θ = 90°) permettent de fabriquer un CUBE 90 x 8 = 720°

_____________________________________________________________________

Eight cones (θ = 90°) can be used to make a CUBE. 90° x 8 = 720°          

_____________________________________________________________________

_____________________________________________________________________ 

Quatre cônes (θ = 180°) permettent de fabriquer un TÉTRAÈDE  180 x 4 = 720°

_____________________________________________________________________

Four cones (θ = 180°) can be used to make a TETRAHEDRON. 180° x 4 = 720°         

_____________________________________________________________________

_____________________________________________________________________

Vingt cônes (θ = 36°) permettent de fabriquer un DODÉCAÈDRE 36 x 20 = 720°

_____________________________________________________________________

Twenty cones (θ = 36°) can be used to make a DODECAHEDRON. 36° x 20 = 720°          

_____________________________________________________________________

_____________________________________________________________________

En assemblant le plus régulièrement possible un nombre N de microcônes d’angle θ,

je constate que lorsque N x θ = 720°, j’obtiens .... une sphère !

_____________________________________________________________________

So, if I fit together in a regular way a large number N of microcones with a small curvature θ, I guess that when N x θ = 720°, I’ll get a – SPHERE !          

_____________________________________________________________________

_____________________________________________________________________

C’est normal puisque la COURBURE TOTALE de la sphère  vaut 720°

_____________________________________________________________________

You’d expect that, because the total curvature of a sphere is 720°.          

_____________________________________________________________________

_____________________________________________________________________ maintenant, sors de là mon chéri

_____________________________________________________________________

Now come out of there, you clod.          

_____________________________________________________________________

_____________________________________________________________________
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Sur la sphère, la courbure est uniformément répartie. Ainsi la somme des angles d’un

triangle tracé sur une sphère est égale à 180° + 720° x s/S où s est la surface du triangle

et S celle de la sphère. Le second terme : 720 x s/S représente la QUANTITÉ de COURBURE contenue dans le triangle.

La Direction (*)
_____________________________________________________________________

On a sphere, the curvature is uniformly distributed. So the sum of the angles of a triangle drawn on a sphere is equal to 180° + 720° x s/S where s is the area of the triangle and S 

the area of the sphere. The second term 720° x s/S represents the AMOUNT OF CURVATURE contained in the triangle. (*)

The Boss         

_____________________________________________________________________

_____________________________________________________________________

Exemple ; ce triangle occupe le huitième de la surface de la sphère 

Â+^B+^C = 180° + 720°/8 = 270°

_____________________________________________________________________

For example, this triangle takes up one eighth of the surface of a sphere, and : 
Â+^B+^C = 180° + 720°/8 = 270° which is correct since all three angles are 90°.          

_____________________________________________________________________

_____________________________________________________________________

Fantastique !...

_____________________________________________________________________

Staggerin’ !          

_____________________________________________________________________

_____________________________________________________________________ 

Pour des raisons analogues, si la densité moyenne dans notre espace tridimensionnel

(c’est-à-dire la quantité de courbure par unité de volume) dépasse 10-29 grammes/cm3 cet espace se REFERMERA sur lui-même.

_____________________________________________________________________

In der same cheneral line of ideas, if der minimum density in our three-dimensional space (dat is, der curfature per unit volume) is more dan 10-29 gm/cm3, den space closes up on itself like a sphere.          

_____________________________________________________________________

_____________________________________________________________________

Dites, monsieur Albert, la courbure totale d’un TORE, ça vaut quoi ?

_____________________________________________________________________

Mr. Albert, tell me, what’s the total curvature of a TORUS ?          

_____________________________________________________________________

_____________________________________________________________________

Simple, Anselme, tu n’as qu’à le représenter comme ceci : avec huit posicônes (θ = +90°)

et huit négacônes (θ = -90°)

_____________________________________________________________________

Simple, Archibald. All you haf’ to do is think of it dis way : eight posicones (θ = +90°) 

and eight negacones (θ = -90°)           

_____________________________________________________________________

_____________________________________________________________________

(*) Théorème dû à GAUSS

_____________________________________________________________________

(*) A theorem of GAUSS          

_____________________________________________________________________

_____________________________________________________________________ 
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La somme des seize angles, des seize courbures, est nulle. La COURBURE TOTALE 

du TORE est donc .... ZÉRO !

_____________________________________________________________________

The sum of the sixteen angles - sixteen curvatures – is zero. So the TOTAL CURVATURE of the TORUS is ... ZERO !          

_____________________________________________________________________

_____________________________________________________________________

Eh oui ...

_____________________________________________________________________

Ja, Ja.          

_____________________________________________________________________

_____________________________________________________________________

Tout objet qui est du genre sphère a une COURBURE TOTALE égale à 720°, 

c’est-à-dire 4π

_____________________________________________________________________

Anything with a SPHERELIKE shape has a total curvature equal to 720°, dat is, 4π radians.         

_____________________________________________________________________

_____________________________________________________________________

Un tore à N trous, une FOUGASSE (*), aura une courbure totale égale à -4π(N-1) (on retranche 4π pour chaque trou)

_____________________________________________________________________

A torus with N holes, a FOUGASSE (*), will have a total curvature of -4π(N-1). You lose 4π for each hole.           

_____________________________________________________________________

Et si tu fabriques un objet fermé sur lui même en forme de polyèdre, en sommant toutes les courbures concentrées en ses sommets, tu devras retrouver sa courbure totale.

_____________________________________________________________________

And if you make an object dat closes up on itself like a polyhedron, den when you sum all der concentrated curfatures at der corners, you get der total curfature again.          

_____________________________________________________________________

_____________________________________________________________________ Tirésias, que faites-vous mon vieux ?

_____________________________________________________________________

Tiresias, old fruit ; wot yer doin’ ?          

_____________________________________________________________________

Je cherche ma courbure totale

_____________________________________________________________________

I’m trying to find my total curvature.          

_____________________________________________________________________

_____________________________________________________________________ 

(*) Une FOUGASSE est une sorte de pain que l’on fabrique dans le midi de la France, 

où habite l’auteur.

_____________________________________________________________________

(*) A FOUGASSE is a sort of loaf made in the south of France, where the author lives.          

_____________________________________________________________________

_____________________________________________________________________ 
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PREMIÈRE APPROCHE DU TROU NOIR

_____________________________________________________________________

FIRST ENCOUNTER WITH A BLACK HOLE          

_____________________________________________________________________

_____________________________________________________________________ 

Qu’est-ce que c’est que ce truc ?

_____________________________________________________________________

Well, well – what’s this ? A cosmic plughole ?          

_____________________________________________________________________

_____________________________________________________________________ 

Avec mon ruban adhésif, j’ai tracé quelques géodésiques de cette bizarre surface.

_____________________________________________________________________

I’ve used my sticky tape to draw some geodesics on this weird surface.          

_____________________________________________________________________

_____________________________________________________________________ 
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Si la géodésique plonge suffisamment dans cette dépression, elle ira jusqu’à se recouper

elle-même

_____________________________________________________________________

If the geodesic plunges deep enough into the well, then when it comes out again, it intersects itself.          

_____________________________________________________________________

_____________________________________________________________________ 

PLAN

_____________________________________________________________________

PLANE          

_____________________________________________________________________

_____________________________________________________________________ RACCORD PLAN-CYLINDRE

_____________________________________________________________________

LINKING PIECE          

_____________________________________________________________________

_____________________________________________________________________ 

Si la géodésique vient à couper le cercle qui représente la frontière entre cette surface et 

le tube cylindrique, elle ne revient plus.

_____________________________________________________________________

If the geodesic cuts this circle, the boundary of the cylindrical part of the tube, it never comes out again.          

_____________________________________________________________________

_____________________________________________________________________ 

Les géodésiques du cylindre sont des hélices

_____________________________________________________________________

Geodesics on a cylinder are helixes.          

_____________________________________________________________________

_____________________________________________________________________ 

Nous appellerons cette frontière l’HORIZON

_____________________________________________________________________

We call this boundary the HORIZON.          

_____________________________________________________________________

_____________________________________________________________________ 
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Celui qui aurait l’illusion de vivre dans un monde PLAN concevrait les trajectoires de

cette manière. 

_____________________________________________________________________

Anyone who thought he was living in a PLANAR world would think of the trajectories like this.          

_____________________________________________________________________

_____________________________________________________________________ HORIZON

_____________________________________________________________________

HORIZON          

_____________________________________________________________________

_____________________________________________________________________ Fabriquez votre trou noir à l’aide d’un plan muni d’un trou (1), de six troncs de cônes

(à assembler bord à bord) et d’un cylindre (8)

_____________________________________________________________________

You can make your own black hole using a plane with a hole in it (1), six truncated cones (joined edge to edge and a cylinder (8).          

_____________________________________________________________________

_____________________________________________________________________ PLAN

_____________________________________________________________________

PLANE          

_____________________________________________________________________

_____________________________________________________________________ cylindre

_____________________________________________________________________

cylinder           

_____________________________________________________________________

_____________________________________________________________________ VARIANTES

_____________________________________________________________________

VARIATIONS          

_____________________________________________________________________

_____________________________________________________________________ 
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cercle HORIZON

_____________________________________________________________________

Circle of the HORIZON          

_____________________________________________________________________

_____________________________________________________________________ 

Voici une autre manière de figurer un TROU NOIR, à l’aide de maillages.

_____________________________________________________________________

Another way to make BLACK HOLES is to use these grids.          

_____________________________________________________________________

_____________________________________________________________________ 

Nous n’avons pris des maillages réguliers que pour ces raisons d’esthétique.

_____________________________________________________________________

The only reason for using regular grids is to make the result look pretty.          

_____________________________________________________________________

_____________________________________________________________________ 
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La règle du jeu consiste à couper ces maillages successifs sous un angle constant, en assurant un raccord, une continuité, à chaque frontière circulaire. Plus on s’approche du trou noir et plus son attraction se fait sentir. A l’intérieur du CERCLE HORIZON, la trajectoire s’enroule en spirale. On notera que le maillage central, polaire, peut être assimilé au maillage d’un cylindre par des géodésiques, vu en perspective.

_____________________________________________________________________

Rules of the game : you must draw lines that cut each grid at a fixed angle, while maintaining consistency and continuity at each boundary circle where the grids join up. The closer you approach the black hole, the stronger its attraction will seem. Within the HORIZON CIRCLE the trajectory will roll up into a spiral. Note that the central grid, which is pole-shaped, can be obtained from a grid of geodesics on the cylinder, viewed in perspective.         

_____________________________________________________________________

_____________________________________________________________________ 

Attention ! Il y a quelque chose qui cloche de A à Z dans votre affaire !

_____________________________________________________________________

'ang on there ! Seems ter me there’s sumfink a bit cockeyed abaht this 'ole set-up !          

_____________________________________________________________________

_____________________________________________________________________ 

Vous remplacerez des masses par des courbures et les trajectoires par des géodésiques.

Mais qu’est-ce que vous faites de la VITESSE INITIALE ?

_____________________________________________________________________

Yer’ve replaced masses by curvytures and trajectories by blinkin’ geo-deesicks. But wotcha gonna do abaht the m’INITIAL VELOCIPEDE ?          

_____________________________________________________________________

_____________________________________________________________________ 

La trajectoire d’un objet dans le champ de force créé par une ou plusieurs masses dépend

de sa vitesse initiale V0
_____________________________________________________________________

The trajectory followed by an object within the field of force generated by one or several masse. Depends on its initial velocity V0.          

_____________________________________________________________________

_____________________________________________________________________ Exemple : l’obus du canon et l’attraction terrestre.

_____________________________________________________________________

For example : cannonballs in earth’s gravitational field.          

_____________________________________________________________________

_____________________________________________________________________ 
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Alors, les dessins de tout à l’heure correspondaient à une valeur particulière de la vitesse initiale Vo ?

_____________________________________________________________________

Does that mean that all the drawings so far correspond to just one particular value of the initial velocity V0 ?          

_____________________________________________________________________

_____________________________________________________________________ 

EN PLONGÉE

_____________________________________________________________________

THE ABYSS          

_____________________________________________________________________

_____________________________________________________________________ 

Imaginons un monde construit comme un oignon, c’est-à-dire en couches 

concentriques. (*)

_____________________________________________________________________

Think of a world built like an onion, in concentric layers. (*)          

_____________________________________________________________________

_____________________________________________________________________ 

A chaque couche correspond une intensité V de la vitesse. Et, plus on va vite, plus on est profond.

_____________________________________________________________________

To each layer there corresponds a magnitude V of the velocity. The faster you go, the deeper you go.         

_____________________________________________________________________

_____________________________________________________________________ 

A la vitesse de la lumière, on est au centre de l’oignon.

_____________________________________________________________________

At the speed of light, you reach the middle of the onion.          

_____________________________________________________________________

_____________________________________________________________________ 

(*) Ce modèle a déjà été présenté dans TOUT EST RELATIF, sous le nom de COSMIC PARK (même auteur, éditions BELIN)

_____________________________________________________________________

(*)This model has been introduced in EVERYTHING IS RELATIVE (same series) under the name Cosmic Park.          

_____________________________________________________________________

_____________________________________________________________________ 
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En l’absence de FORCES, un objet conserve sa vitesse V (donc reste à une même distance

du centre de l’oignon). Il décrit une GÉODÉSIQUE de la SPHÈRE correspondante c’est-à-dire un GRAND CERCLE.

_____________________________________________________________________

If there are no FORCES, then the speed of the object doesn’t change. So it stays on a SPHERE, always the same distance from the center of the onion. It follows a geodesic,

that is, a GREAT CIRCLE, on this sphere.          

_____________________________________________________________________

_____________________________________________________________________ 

Et maintenant regardez bien !

_____________________________________________________________________

This will do the trick !          

_____________________________________________________________________

_____________________________________________________________________ 

Voici le résultat du coup de marteau de monsieur Albert. Comme on peut le voir, l’effet s’atténue vers le centre.

_____________________________________________________________________

When Mr. Albert hit it with his hammer, this is what happened. You can see that the effect gets less nearer the center.          

_____________________________________________________________________

_____________________________________________________________________ 

Voici un creux (ou une bosse, c’est pareil ...). On a figuré les lignes de niveaux (qui ne sont PAS des géodésiques !) et une géodésique particulière.

_____________________________________________________________________

Here is a DENT (or a BUMP, it makes no difference). The contour levels (which are NOT geodesics !) have been drawn, along with one selected geodesic.          

_____________________________________________________________________

_____________________________________________________________________ 
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PLAN

_____________________________________________________________________

PLANE          

_____________________________________________________________________

_____________________________________________________________________ 

Plus la vitesse initiale est faible, plus la déformation est marquée et plus la trajectoire

est incurvée.

_____________________________________________________________________

The slower the initial velocity, the more noticeable the deformation, and the bigger the bend in the trajectory.          

_____________________________________________________________________

_____________________________________________________________________ 

Sous l’effet de l’attraction gravitationnelle, la vitesse d’un objet s’accroît d’abord, puis décroît. La vitesse maximale est atteinte lorsque la distance entre l’objet et la masse 

attractive est minimale (périhélie)

_____________________________________________________________________

Under the influence of gravitational attraction, the speed of an object first increases, then decreases. It is greatest when the distance between the object and the attracting mass is smallest. Astronomers call this position perihelion.          

_____________________________________________________________________

_____________________________________________________________________ 
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Qu'est-ce que c'est que cet engin?

_____________________________________________________________________

That’s a goofy looking gadget !          

_____________________________________________________________________

_____________________________________________________________________ 

C'est le CHRONOSCAPHE

_____________________________________________________________________

It’s a CHRONOSCAPHE.          

_____________________________________________________________________

_____________________________________________________________________ 

Il permet de suivre les géodésiques du cosmic park

_____________________________________________________________________

It lets you follow geodesics in cosmis park.          

_____________________________________________________________________

_____________________________________________________________________ 

Mais pourquoi s'enfermer dans le chronoscaphe ?

_____________________________________________________________________

Why shut yourself up in a chronoscaphe ?          

_____________________________________________________________________

_____________________________________________________________________ 

jamais on ne me fera monter là-dedans !

_____________________________________________________________________

Yer’ll never get me in one o’ those fings !          

_____________________________________________________________________

_____________________________________________________________________

Tout l'ensemble du Cosmic Park baigne dans un fluide : le CHRONOL

_____________________________________________________________________

The whole of Cosmic Park is filled with a fluid : CHRONOL.          

_____________________________________________________________________

_____________________________________________________________________ 

Le trajet suivi par le CHRONOSCAPHE s'appelle le DESTIN

_____________________________________________________________________

The path of a chronoscaphe is called DESTINY, Lenny ...          

_____________________________________________________________________

_____________________________________________________________________ 
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Comment le conduit-on votre  CHRONOSCAPHE ?

_____________________________________________________________________

How do you drive a CHRONOSCAPHE, anyway ?          

_____________________________________________________________________

_____________________________________________________________________ 

On ne le conduit pas. C'est lui qui te conduit.

_____________________________________________________________________

You don’t. It drifes you.          

_____________________________________________________________________

_____________________________________________________________________ 

Pas de volant, pas de changement de vitesse. Est-ce qu'il y a une marche arrière ?

_____________________________________________________________________

No puttin’ yer foot dahn, no speedin’. Does it ‘ave a reverse gear ?          

_____________________________________________________________________

_____________________________________________________________________ 

En principe NON (*)

_____________________________________________________________________

In theory, NO. (*)          

_____________________________________________________________________

_____________________________________________________________________ 

qu'est-ce que c'est que ce bazar ?

_____________________________________________________________________

what’s this thingummy ?          

_____________________________________________________________________

_____________________________________________________________________ 

Ce bazar, Tirésias c'est simplement le TEMPS

_____________________________________________________________________

This thingummy, Tiresias, is just ... TIME.          

_____________________________________________________________________

_____________________________________________________________________ 

Cela fonctionne comme une CLEPSYDRE, une horloge hydraulique. A l'intérieur de ce

réservoir, tu as du CHRONOL à une pression PR. A l'extérieur du CHRONOSCAPHE

règne une pression PE.
_____________________________________________________________________

It works like a CLEPSYDRA – an ancient water clock. Inside the reservoir is CHRONOL at a pressure PR. Outside the chronoscaphe the pressure is PE.          

_____________________________________________________________________

_____________________________________________________________________ 

PR   CHRONOL   TEMPS

_____________________________________________________________________

PR   CHRONOL   TIME          

_____________________________________________________________________

_____________________________________________________________________ 

(*) Note de SERVICE : Le SECOND PRINCIPE nous dit qu'il est impossible de suivre

les géodésiques de l'espace-temps (COSMIC PARK) à rebrousse poil.

La Direction

_____________________________________________________________________

(*) Memo : the SECOND PRINCIPLE OF THERMODYNAMICS says that it is impossible to follow the geodesics of space-time (cosmic park) in the reverse direction.
The Boss         

_____________________________________________________________________

_____________________________________________________________________ 
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Comme la pression PR est supérieure à PE, le chronol s'écoule et le débit-mètre indique

le temps qui passe

_____________________________________________________________________

Since the pressure PR is greater than PE, the chronol flows out and the chronometer shows the time that has passed.          

_____________________________________________________________________

_____________________________________________________________________ 

Plus on s'enfonce dans le chronol et plus la pression PE s'accroît. Comme le débit est

proportionnel à l'écart (PR - PE) : le temps s'écoule moins vite.

_____________________________________________________________________

The deeper you descend into the chronol, the more the pressure PE increases. Since the rate of flow is proportional to (PR - PE), the pressure-difference, time flows more slowly at greater depths.          

_____________________________________________________________________

_____________________________________________________________________ 

Et la profondeur, C'EST la vitesse. Donc plus on va vite et moins le temps s'écoule (*)

_____________________________________________________________________

The depth IS the speed. SO the faster you go, the slower time passes. (*)          

_____________________________________________________________________

_____________________________________________________________________ 

Et lorsqu'on est à la vitesse de la lumière, PE devient précisément ÉGAL à PR, et le temps

se fige.

_____________________________________________________________________

And at the speed of light, PE is exactly equal to PR, and time grinds to a halt.          

_____________________________________________________________________

_____________________________________________________________________ 

Et on ne peut pas aller plus vite que la vitesse de la lumière, de même que l'on ne peut

pas aller plus profond que le centre du Cosmic Park.

_____________________________________________________________________

And you can’t travel faster than light, because you can’t go any deeper than the center of Cosmic Park.          

_____________________________________________________________________

_____________________________________________________________________ 

(*) VOIR TOUT EST RELATIF, même auteur, éditions BELIN

_____________________________________________________________________

(*) See EVERYTHING IS RELATIVE, same series.          

_____________________________________________________________________

_____________________________________________________________________ 
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La surface du cosmic park, c'est l'immobilité, le repos.

_____________________________________________________________________

The outside surface of cosmic park corresponds to no motion at all : the rest state.          

_____________________________________________________________________

_____________________________________________________________________ 

C'est en restant immobile que l'on vieillit le plus !

_____________________________________________________________________

When you stay still you age fastest !          

_____________________________________________________________________

_____________________________________________________________________ 

ETAT REPOS

_____________________________________________________________________

REST STATE          

_____________________________________________________________________

_____________________________________________________________________ 

Quand un corps est très massif, il courbe fortement l'espace-temps. Ce qui veut dire qu'en cette région, même au repos, un objet baignera dans le CHRONOL à pression plus forte. Et son temps s'écoulera moins vite que celui d'un objet également au repos, mais loin de toute masse. Cela serait le cas au voisinage d'un objet superdense comme une étoile à neutrons.

_____________________________________________________________________

A very massive body produces a large amount of curvature in space-time. This means that any nearby object, even one at rest, is immersed in CHRONOL at a higher pressure. So, for it, time flows more slowly than it would for an object at rest, but far from any mass. This slowing down of time happens, for instance, near a superdense object such as a NEUTRON STAR.          

_____________________________________________________________________

_____________________________________________________________________ 

Que se passerait-il si on sortait brusquement du chronoscaphe ?

_____________________________________________________________________

Wot 'appens to a bloke 'oo scarpers out of 'is chronoscaphe ?          

_____________________________________________________________________

_____________________________________________________________________ 

Peut être qu'on attraperait un coup de vieux ?

_____________________________________________________________________

He probably gets a sudden attack of  old age.          

_____________________________________________________________________

_____________________________________________________________________ 

Débit de temps

_____________________________________________________________________

Chronometer          

_____________________________________________________________________

_____________________________________________________________________

Et quand le chronol du réservoir est complètement épuisé, c'est ... la mort ?..

_____________________________________________________________________

And when all the chronol runs out, is that ... death ?          

_____________________________________________________________________

_____________________________________________________________________ 
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COMMUNIQUER

_____________________________________________________________________

COMMUNICATION     
_____________________________________________________________________

_____________________________________________________________________ 

Nous voilà donc enfermés dans ces chronoscaphes. Mais comment pouvons nous communiquer ?

_____________________________________________________________________

Well, here we are inside our chronoscaphes. How can we communicate with each other ?         

_____________________________________________________________________

_____________________________________________________________________ 

En utilisant des PHOTONS.

_____________________________________________________________________

By using PHOTONS.          

_____________________________________________________________________

_____________________________________________________________________

Les photons sont comme des pinceaux de phares qui balayeraient toutes les couches du 

Cosmic Park à vitesse angulaire constante.

_____________________________________________________________________

Photons – tiny quantities of light – behave just like a searchlight beam, sweeping across all the layers of Cosmic Park at. A constant angular velocity.          

_____________________________________________________________________

_____________________________________________________________________

ETAT DE REPOS

VITESSE VA
VITESSE VB
_____________________________________________________________________

REST STATE

SPEED VA
SPEED VB       

_____________________________________________________________________

_____________________________________________________________________

Un objet A, cheminant à une vitesse VA, peut déclencher le départ d'un de ces pinceaux

de phares en direction d'un objet B cheminant à vitesse VB.
_____________________________________________________________________

AN object A, traveling at a speed VA, can trigger off one of these searchlight beams in the direction of an object B, moving at a speed VB.          

_____________________________________________________________________

_____________________________________________________________________
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La lumière est un phénomène périodique, auquel on peut associer une fréquence N

_____________________________________________________________________

Light is an oscillatory phenomenon, to which we can associate a frequency N          

_____________________________________________________________________

_____________________________________________________________________

               Fréquences basses                                             Fréquences élevées

INFRAROUGE ROUGE ORANGE JAUNE VERT BLEU VIOLET ULTRAVIOLET

_____________________________________________________________________

               Low frequency


                   High frequency

INFRARED  RED  ORANGE  YELLOW  GREEN  BLUE  VIOLET  ULTRAVIOLET          

_____________________________________________________________________

_____________________________________________________________________

Et la couleur est déterminée par cette fréquence

_____________________________________________________________________

And its color is determined by its frequency.          

_____________________________________________________________________

_____________________________________________________________________

Les fréquences (émises ou reçues) sont mesurées par rapport au temps qui s'écoule dans

le chronoscaphe de l'émetteur ou du récepteur. Dans le chronoscaphe A, Anselme émet 

de la lumière bleue. Il se trouve dans une région de l'espace où règne une forte courbure.

Il est par exemple près d'une étoile à neutrons (très massive).

    Sophie, dans le chronoscaphe S, reçoit cette lumière. Elle se trouve loin de cet objet supermassif. Donc son temps va s'écouler plus vite et elle mesurera une fréquence plus

faible, au point que cette lumière sera, pour elle, décalée vers le rouge.

C'est ce qu'on appelle le RED SHIFT (glissement vers le rouge) d'origine gravitationnelle.

_____________________________________________________________________

The frequencies of the photons emitted or received will be measured relative to the flow-rate of time in the chronoscaphe of the emitter or receiver. In chronoscaphe a, Archie sends out blue light. He happens to be in a region of space that is highly curved – for example he may be near a neutron star of enormous mass.

     Sophie, in chronoscaphe S, receives this light. She is a long way from the superdense object. So her time flows faster, and she measures a lower frequency. To her, the color of the light seems to have shifted towards RED.          

_____________________________________________________________________

_____________________________________________________________________
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Anselme se trouve sur une étoile à neutrons.

(Nous l'avons affranchi des contraintes de la pesanteur pour qu'il ne soit pas 

instantanément aplati sur sa surface sous l'effet de son propre poids).

_____________________________________________________________________

Archie is standing on a neutron star. (We have temporarily suspended the effects of gravity on his body, since that would instantly spread him out flatter than a pancke.)          

_____________________________________________________________________

_____________________________________________________________________

Tiens ... une belle pomme rouge !

_____________________________________________________________________

Wow – what a beautiful red apple !          

_____________________________________________________________________

_____________________________________________________________________

Ça alors ! maintenant elle est verte

_____________________________________________________________________

Funny – it 's gone green.          

_____________________________________________________________________

_____________________________________________________________________

En fait la pomme ÉTAIT VERTE et c'est l'altération du temps qui changeait son apparence.

_____________________________________________________________________

Actually, the apple was green all the time, but the effect of gravity on time shifted it to red.          

_____________________________________________________________________

_____________________________________________________________________

Les pommes ne sont plus ce qu'elles étaient ...

_____________________________________________________________________

 Apples are NOT what they were in my day ...         

_____________________________________________________________________

_____________________________________________________________________
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SECONDE APPROCHE DU TROU NOIR

_____________________________________________________________________

SECOND ENCOUNTER WITH A BLACK HOLE          

_____________________________________________________________________

_____________________________________________________________________

Nous allons continuer d'explorer le cosmic park

_____________________________________________________________________

I want to explore cosmic park some more.          

_____________________________________________________________________

_____________________________________________________________________

OK, je monte avec Léon. Bonne géodésique !...

____________________________________________________________________

Ja, ja. Und Lenny und I vill come too ! Haf’a nice geodesic !          

_____________________________________________________________________

_____________________________________________________________________

Léon, monsieur Albert, je les vois, là-bas

_____________________________________________________________________

I see Lenny and MR. Albert over there.          

_____________________________________________________________________

_____________________________________________________________________

Et j'ai également un contact en phonie, par radio (*)

_____________________________________________________________________

Yes, and I’m in voice contact with them, by radio. (*)          

_____________________________________________________________________

_____________________________________________________________________

Tiens, qu'est-ce que c'est que ce truc, au loin

_____________________________________________________________________

Woops, what’s that thing in the distance ?          

_____________________________________________________________________

_____________________________________________________________________

On dirait une trombe

_____________________________________________________________________

Looks like a trumpet – or a tornado.          

_____________________________________________________________________

_____________________________________________________________________

(*) Les ondes radio sont de même nature que les ondes lumineuses. Même vitesse de propagation C, mais fréquences plus basses.

_____________________________________________________________________

(*) Radio waves are similar to light waves. They have the same speed of propagation C, but lower frequency.          

_____________________________________________________________________

_____________________________________________________________________
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C'est un trou noir !

_____________________________________________________________________

Yikes ! It’s a black hole !!          

_____________________________________________________________________

_____________________________________________________________________

Monsieur Albert et Léon sont carrément tombés dedans.

_____________________________________________________________________

And MR. Albert and Lenny have fallen in!          

_____________________________________________________________________

_____________________________________________________________________

on passe près, dis-donc !

_____________________________________________________________________

We’re a little close for comfort ourselves.          

_____________________________________________________________________

_____________________________________________________________________

Est-ce qu'on peut faire quelque chose pour Léon et monsieur Albert ?

_____________________________________________________________________

Is there any way we can help Lenny and MR. Albert ?          

_____________________________________________________________________

_____________________________________________________________________

Impossible, nos géodésiques n'ont pas l'air de devoir se croiser.

_____________________________________________________________________

No. Our geodesics don’t cross.          

_____________________________________________________________________

_____________________________________________________________________
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Est-ce que tu les vois ?

_____________________________________________________________________

Can you see them ?          

_____________________________________________________________________

_____________________________________________________________________

Le fond du trou noir apparaît complètement opaque.

_____________________________________________________________________

The bottom of the black hole is totally opaque.          

_____________________________________________________________________

_____________________________________________________________________

Je les vois encore, mais leur chronoscaphe est devenu d'une couleur rouge sombre

_____________________________________________________________________

I can still see them, but their chronoscaphe has gone a dull orange color.          

_____________________________________________________________________

_____________________________________________________________________

Allô, monsieur Albert, Léon est-ce que vous me recevez ?

_____________________________________________________________________

Hallo ? MR. Albert ? Lenny ? Are you receiving me ?          

_____________________________________________________________________

_____________________________________________________________________

Je n'y comprends rien. Sa voix est devenue suraiguë et il parle trop vite

_____________________________________________________________________

It’s bafflin’. 'is voice 'as gorn squeaky an’ 'e's talkin’ too quick. Sounds like Donald Duck.          

_____________________________________________________________________

_____________________________________________________________________

Sa voix est de plus en plus grave. On dirait un disque qui s'arrête !?!

_____________________________________________________________________

His voice is getting deeper and deeper, like a record slowing down !          

_____________________________________________________________________

_____________________________________________________________________

AHHDTEUHHH...

_____________________________________________________________________

AHHDTEUHHH...          

_____________________________________________________________________

_____________________________________________________________________

Problèmes de communication, quand on vit dans des "bulles de temps" bien différentes.

_____________________________________________________________________

There are communication problems when you live in very different "time zones."          

_____________________________________________________________________

_____________________________________________________________________
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QUESTION DE TEMPS

_____________________________________________________________________

A MATTER OF TIME          

_____________________________________________________________________

_____________________________________________________________________

Plus Albert et Léon s'enfoncent profondément dans le CHRONOL et plus la pression extérieure PE croit, donc mois leur clepsydre débite, moins le temps s'écoule dans leur

chronoscaphe.

_____________________________________________________________________

The deeper MR. Albert and Lenny sink into the chronol, the more the outside pressure PE
increases, the slower the clepsydra runs out of chronol, and the slower time flows in their chronoscaphe.          

_____________________________________________________________________

_____________________________________________________________________

Quand ils atteindront le fond des choses et la vitesse de la lumière, leur horloge hydraulique de bord aura débité une quantité limitée de chronol, ce qui signifie que ce trajet aura été effectué en temps FINI.

Mais si, Sophie, Anselme, Max et Tirésias pouvaient continuer de suivre leur chute, celle-ci leur semblerait interminable.

La lumière émise par leur chronoscaphe sombre vite dans l'infrarouge hors du domaine

de la lumière visible, tandis que leur message radio glisse dans l'infrason.

_____________________________________________________________________

When they get down to the bottom of things, at the speed of light, their water-clock has lost only a limited amount of chronol, which means that they reach the bottom in a finite time, according to the time flowing in their own chronoscaphe.  
But if Sophie, Archie, Max, and Tiresias could continue to track their descent, to them it would seem interminable.

The light emitted by the chronoscaphe would drop deep into the infrared, below the range of visible light, while the radio message would sound lower and lower and slower and slower.        

_____________________________________________________________________

_____________________________________________________________________

Cela me rappelle le paradoxe d'Achille, qui tente de s'approcher de la tortue en diminuant 

À CHAQUE FOIS la distance qui l'en sépare par deux. Il y parvient en un temps fini.

_____________________________________________________________________

It reminds me of the paradox of Achilles and the snail. Achilles tries to catch the snail, by repeatedly halving the distance between them. You’d think it would go on forever, but the steps add up to a finite total time.          

_____________________________________________________________________

_____________________________________________________________________
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Voici, dans ce modèle du COSMIC PARK, une image du trou noir. Le poinçon a complètement défoncé l'espace-temps jusqu'au centre, où règne la vitesse de la lumière.

Toutes les nappes en ce point deviennent tangentes à un cône de demi-angle au sommet α

_____________________________________________________________________

Here is a picture of a BLAK HOLE, according to the Cosmic Park model. The spike has penetrated all the way to the center of space-time, where the speed is that of light. All the layers have become tangent to a cone with vertex semi-angle α.          

_____________________________________________________________________

_____________________________________________________________________

Cône horizon

_____________________________________________________________________

Horizon cone          

_____________________________________________________________________

_____________________________________________________________________
Dans ce modèle, la distance est en fait un ANGLE entre deux rayons vecteurs : 

exemple OM et OC.

En regardant le dessin ci-dessus, on s'aperçoit que l'on ne pénètre jamais à l'intérieur du

cône de demi angle au sommet α. Pour un observateur qui séjournerait à la surface du CHRONOL, c'est-à-dire à l'état de repos, et qui ne concevrait pas cette courbure de 

l'espace-temps, cette frontière du trou noir, appelée HORIZON, apparaîtrait suivant un CERCLE qui serait franchi à la vitesse de la lumière.

_____________________________________________________________________

In this model, distance is actually an angle between two radial vectors, such as OM and OC . From the diagram above you can see that nothing can penetrate inside this cone with semi-angle α. Imagine an observe in a rest state at the surface of the chronol, who doesn’t realize space-time is curved. To him, the frontier of the black hole – the EVENT HORIZON – looks like a CIRCLE, which is reached at the speed of light.          
_____________________________________________________________________

_____________________________________________________________________

cône horizon

_____________________________________________________________________

Horizon cone          

_____________________________________________________________________

_____________________________________________________________________
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ÉTAT DE REPOS

_____________________________________________________________________

REST STATE          

_____________________________________________________________________

_____________________________________________________________________

Oh, regarde, nous voilà revenus près de notre point de départ, près du chronoscaphe n°3,

qui est resté immobile.

_____________________________________________________________________

Oh look, this is where we came in – black at chronoscaphe #3, which hasn’t moved.          

_____________________________________________________________________

_____________________________________________________________________

Notre excursion autour du trou noir a freiné notre vieillissement. Si l'un de nous était resté

dans ce  chronoscaphe au repos, il aurait peut-être attendu notre retour pendant des centaines ou des milliers d'années !
_____________________________________________________________________

Our little excursion around the black hole has slowed down our aging processes. If one of us had stayed at rest in the third chronoscaphe, he would have had to wait hundreds or maybe millions of years for our return.    

_____________________________________________________________________

_____________________________________________________________________

où mènent les trous noirs ?

_____________________________________________________________________

Where do black holes lead to ?   
_____________________________________________________________________

_____________________________________________________________________

Personne n'en sait rien. La théorie montre qu'un anti trou noir pourrait exister.

_____________________________________________________________________

Nobody knows. According to the theorists, an anti-black hole could exist.          

_____________________________________________________________________

_____________________________________________________________________

C'est-à-dire un objet où on ne pourrait jamais entrer. On ne pourrait qu'en sortir.

_____________________________________________________________________

That would be a region that nobody could enter. All you could do would be to come out
of it ! Wow !          

_____________________________________________________________________

_____________________________________________________________________

une FONTAINE BLANCHE

_____________________________________________________________________

A WHITE FOUNTAIN          

_____________________________________________________________________

_____________________________________________________________________
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Voici, dans le modèle du COSMIC PARK à quoi pourrait ressembler un couple 

trou noir - fontaine blanche

_____________________________________________________________________

In the Cosmic Park model, here’s a way you could join up a black hole / white fountain pair.          

_____________________________________________________________________

_____________________________________________________________________

c'est le MÊME objet, mais avec une orientation inverse des géodésiques.

_____________________________________________________________________

The white fountain  is exactly the same, except that its geodesics have their orientation reversed.      

_____________________________________________________________________

_____________________________________________________________________

Mais qu'y a-t-il DANS le trou noir, au delà de l'HORIZON ?

Est-ce qu'il n'y a ... RIEN ?!?
_____________________________________________________________________

But wot’s H’INSIDE a black 'ole, over the blikin’ 'ORIZON ? Is it just a load of ...

NUFFIN’ ?          

_____________________________________________________________________

_____________________________________________________________________

L'intérieur du trou noir serait-il du RIEN à l'état pur ?...

_____________________________________________________________________

You mean that the interior of a black hole is pure NONEXISTENCE ?          

_____________________________________________________________________

_____________________________________________________________________

Mais non ! "l'intérieur" du trou noir serait tout simplement l'extérieur de la fontaine

blanche associée

_____________________________________________________________________

No, no ! The "interior" of the black hole is just the exterior of its associated white fountain.          

_____________________________________________________________________

_____________________________________________________________________

On remarquera, dans ce modèle, la structure TROU NOIR – FONTAINE BLANCHE

donne à tous les feuillets du Cosmic Park l'allure de surfaces inorientables, à un seul côté,

le "passage" inversant les objets. 

Par exemple un R se retrouve selon un Я. 
_____________________________________________________________________

The alert reader will have noticed that in this model the black hole / white fountain pair gives all the layers of Cosmic Park the structure of a nonorientable surface, with only one side. Passage through the hole sends objects into their mirror images.

For example, R comes out as Я.        
_____________________________________________________________________

_____________________________________________________________________
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LA BOUTEILLE A L'ENCRE

_____________________________________________________________________

AS CLEAR AS MUD          

_____________________________________________________________________

_____________________________________________________________________

Mais il y a d'autres théories. Certains pensent que les trous noirs mettent notre univers en communication avec un UNIVERS JUMEAU.
_____________________________________________________________________

But there are other theories too. Some people think black holes put us in contact with a twin universe.          

_____________________________________________________________________

_____________________________________________________________________

Ou même avec un monde où tout serait en miroir y compris le temps

_____________________________________________________________________

Or perhaps with a universe where everything is a mirror image of this one-including TIME.          

_____________________________________________________________________

_____________________________________________________________________

Au demeurant, s'il existe des audacieux qui se sont approchés d'un trou noir, aucun n'est 

revenu pour le raconter.

_____________________________________________________________________

Having said which, if there are any wise guys who’ve gone into a black hole, none of them have come back to tell the tale.         

_____________________________________________________________________

_____________________________________________________________________

au fond, la coquille de Tirésias n'est peut-être qu'un trou noir !

_____________________________________________________________________

Per ’aps Tiresias’s shell is really just a bloomin’ black 'ole !          

_____________________________________________________________________

_____________________________________________________________________

maman !

_____________________________________________________________________

 Mommy !         

_____________________________________________________________________

_____________________________________________________________________
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Léon, laisse Tirésias tranquille !

_____________________________________________________________________

Lenny, don’t be horrible to Tiresias !          

_____________________________________________________________________

_____________________________________________________________________

Allons, Tirésias l'essentiel, c'est d'y être bien, finalement dans cette coquille

_____________________________________________________________________

Don’t worry, Tiresias. The important thing is to be comfortable in your own shell.           

_____________________________________________________________________

_____________________________________________________________________

mi !..

_____________________________________________________________________

Mi !          

_____________________________________________________________________

_____________________________________________________________________

ÉPILOGUE

_____________________________________________________________________

EPILOGUE          

_____________________________________________________________________

_____________________________________________________________________

Ouh là là, le cosmol ! J'ai mal à la tête ...

_____________________________________________________________________

...          

_____________________________________________________________________

_____________________________________________________________________

Voyons. Le vide et la matière, c'est pareil ! L'espace peut se refermer sur lui-même, et 

on ne peut aller que tout droit !

_____________________________________________________________________

Let me see ... Void and matter are the same thing ... Space can close up on itself ... And the only way you can go is STRAIGHT !          

_____________________________________________________________________

_____________________________________________________________________
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Si cet Univers est le meilleur des univers possibles, que sont donc les autres ?

_____________________________________________________________________

If this universe is the best of all possible worlds, I’m glad I don’t live in any of the others.          

_____________________________________________________________________

_____________________________________________________________________

FIN

_____________________________________________________________________

The END          

_____________________________________________________________________

_____________________________________________________________________
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D'ou vient l'eau qui s'écoule de ce robinet qui semble flotter dans l'espace ?

_____________________________________________________________________

The faucet’s floating in mid-air – So where does the water come from ?          

_____________________________________________________________________

_____________________________________________________________________

Hmmm ...

_____________________________________________________________________

 Hmmm ...         

_____________________________________________________________________

_____________________________________________________________________

Et où s'en va-t-elle puisque le niveau dans le seau reste constant !

_____________________________________________________________________

For that matter – where does it go to ? The level in the bucket never changes.          

_____________________________________________________________________

_____________________________________________________________________

et pourtant, elle coule !

_____________________________________________________________________

It keeps flowing, all the same.          

_____________________________________________________________________

_____________________________________________________________________
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robinet factice

_____________________________________________________________________

Trick faucet          

_____________________________________________________________________

_____________________________________________________________________

Fontaine Blanche

_____________________________________________________________________

White Fountain          

_____________________________________________________________________

_____________________________________________________________________

tube en plexiglass permettant l'ascension de l'eau refoulée par la pompe

_____________________________________________________________________

Plexiglass tube allowing the water to be pumped back up          

_____________________________________________________________________

_____________________________________________________________________

miroir double-fond

Pompe à eau électrique

piles

_____________________________________________________________________

mirror forming false bottom
Electric water pump

batteries          

_____________________________________________________________________

_____________________________________________________________________

Trou Noir
_____________________________________________________________________

Black Hole          

_____________________________________________________________________

_____________________________________________________________________

