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Effectivement, c' est bien un ruban de MÖBIUS.

________________________________________________________________________________

Yes, definitely a MOEBIUS strip

________________________________________________________________________________

________________________________________________________________________________
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________________________________________________________________________________

Avertissement au lecteur.

Il est déconseillé de lire cet album:

- le soir avant de s' endormir

- après un repas trop riche

- ou quand on est sûr de rien, car cela ne ferait qu' aggraver les choses.

L' auteur.

________________________________________________________________________________

Warning to the readers

It is best to avoïd reading this album:

- in the evening before going to bed

- after a heavy meal

- or when you' re certain about nothing, because this will only make it worse

L' auteur.

________________________________________________________________________________

________________________________________________________________________________
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LA PLANÈTE SANS PÔLE SUD

________________________________________________________________________________

THE PLANET WITHOUT A SOUTH POLE

________________________________________________________________________________

________________________________________________________________________________

NOUS AVONS DÉCOUVERT LE PÔLE NORD!

________________________________________________________________________________

WE'VE DISCOVERED THE NORTH POLE!

________________________________________________________________________________

________________________________________________________________________________

Félicitations, monsieur Perry

________________________________________________________________________________

Congratulations Mr PERRY

________________________________________________________________________________

________________________________________________________________________________

Hmmm...il me reste le pôle sud

________________________________________________________________________________

Hmm. That just leave me the South Pole

________________________________________________________________________________

________________________________________________________________________________

AAA...TCHOUM!

________________________________________________________________________________

AAAA....TCHOO!

________________________________________________________________________________

________________________________________________________________________________

Eh bien, moi, Amundsen, je pars découvrir le pôle sud!

________________________________________________________________________________

Ok then, I, Amundsen, am going to discover the South Pole

________________________________________________________________________________

________________________________________________________________________________

je vais suivre un MÉRIDIEN.

________________________________________________________________________________

I'm going to follow a MERIDIAN

________________________________________________________________________________

________________________________________________________________________________

On peut venir avec vous?

________________________________________________________________________________

Can we come with you ?

________________________________________________________________________________

________________________________________________________________________________

Hum...emmener une femme dans une telle expédition cela m' ennuie

________________________________________________________________________________

Hmm, I' m not very keen on taking a woman on such an expedition...

________________________________________________________________________________

________________________________________________________________________________

Nous pourrions, mes collègues et moi, écrire votre histoire, relater vos exploits.

________________________________________________________________________________

My colleagues and I can recount your story, tell of your exploits

________________________________________________________________________________

________________________________________________________________________________
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Hum...c 'est différent... bien que je sois d' une modestie à toute épreuve, j' accepte

________________________________________________________________________________

Ah that' s different...and even though I am exceptionaly modest, I accept.

________________________________________________________________________________

________________________________________________________________________________

Vous n' utilisez pas de chiens esquimos?

________________________________________________________________________________

You aren' t going to use Huskies ?

________________________________________________________________________________

________________________________________________________________________________

Non j' utilise des ESCARMOUTHS, un croisement ancien d' escargot et de mammouth. Des bêtes robustes, dressées à suivre les MÉRIDIENS.

________________________________________________________________________________

No, I' m using Molluscamouths, an old cross between the snail and the mammouth. Robust animals, specially trained to follow MERIDIANS.

________________________________________________________________________________

________________________________________________________________________________

En avant. Suivez moi sur la LIGNE MÉRIDIENNE, c' est... TOUT DROIT!

________________________________________________________________________________

Mush, mush. Follow me on the MERIDIAN LINE, it' s STRAIGHT AHEAD!

________________________________________________________________________________

________________________________________________________________________________

Ah Ah, je suis une bête.

________________________________________________________________________________

I' m a right tough guy.

________________________________________________________________________________

________________________________________________________________________________

On dirait que nous franchissons déjà l' ÉQUATEUR. Faut le suivre, celui-là...

________________________________________________________________________________

It looks like we' re allready crossing the Equator, it' s hard keeping up with him...

________________________________________________________________________________

________________________________________________________________________________

Ahrrr...la gloire

________________________________________________________________________________

Aaah...glory

________________________________________________________________________________

________________________________________________________________________________

En passant par la Norvège, avec mes sabots.

________________________________________________________________________________

Walking to a winter wonderland

________________________________________________________________________________

________________________________________________________________________________

Allez! Allez!

________________________________________________________________________________

Mush! mush!

________________________________________________________________________________

________________________________________________________________________________

Le pôle sud est en vu Mon pôle sud.

________________________________________________________________________________

I can see the South pole, MY North pole!..

________________________________________________________________________________

Argl...

________________________________________________________________________________

Aaargh...

________________________________________________________________________________

________________________________________________________________________________
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Je suis le premier...

________________________________________________________________________________

I' m first...

________________________________________________________________________________

________________________________________________________________________________

la GLOIRE!

________________________________________________________________________________

GLORY!

________________________________________________________________________________

________________________________________________________________________________

Mais!? qu' est-ce c' est que ça ??

________________________________________________________________________________

But!? What' s this ??

________________________________________________________________________________

________________________________________________________________________________

qu' est-ce que c' est que cette plaisanterie!?!

________________________________________________________________________________

Is this some sort of joke ?

________________________________________________________________________________

________________________________________________________________________________

Hein!?

________________________________________________________________________________

Eh!?

________________________________________________________________________________

________________________________________________________________________________

ça alors!

________________________________________________________________________________

Goodness!

________________________________________________________________________________

________________________________________________________________________________

AHHRRR!

________________________________________________________________________________

GRRRRR!

________________________________________________________________________________

________________________________________________________________________________

KKRAK

________________________________________________________________________________

CRACK

________________________________________________________________________________

________________________________________________________________________________

Voilà! quelqu' un a-t-il des remarques à faire ?

________________________________________________________________________________

So! Has anyone got anything to say about it ?

________________________________________________________________________________

________________________________________________________________________________
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Et pas un mot de cela à qui que ce soit!

________________________________________________________________________________

And not a word to anyone about it OK!

________________________________________________________________________________

________________________________________________________________________________

Hep, regardez!

________________________________________________________________________________

Hey, look!

________________________________________________________________________________

________________________________________________________________________________

Calmez-vous, monsieur Amundsen

________________________________________________________________________________

Calm down Mr Amundsen

________________________________________________________________________________

________________________________________________________________________________

mon drapeau! Il disparait!!!

________________________________________________________________________________

My flag! It' s disappearing!!!

________________________________________________________________________________

________________________________________________________________________________

Hein!!?!

________________________________________________________________________________

What!!?!

________________________________________________________________________________

________________________________________________________________________________

Dîtes, c' est bientôt fini vos âneries?

________________________________________________________________________________

Hey, have you finished mucking about you lot ?

________________________________________________________________________________

________________________________________________________________________________

Curieux...on aurait dit la voix de monsieur Perry...

________________________________________________________________________________

Funny, I sounded like the voice of Mr Perry...

________________________________________________________________________________

________________________________________________________________________________

TONK TONK TONK

________________________________________________________________________________

TONK TONK TONK

________________________________________________________________________________

Allons, monsieur Amundsen, nous allons rentrer.

________________________________________________________________________________

Come on Mr Amundsen, let' s go home

________________________________________________________________________________

________________________________________________________________________________

Quel choc!

________________________________________________________________________________

He' s in shock

________________________________________________________________________________

________________________________________________________________________________

Nous allons essayer d' éclaircir tout cela.

________________________________________________________________________________

We' ll try to find out what this is all about

________________________________________________________________________________

________________________________________________________________________________

ARGL...

________________________________________________________________________________

GLGBL..

________________________________________________________________________________

________________________________________________________________________________
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Alors ?

________________________________________________________________________________

Well ?

________________________________________________________________________________

________________________________________________________________________________

il délire toujours; j' ai dû l' attacher.

________________________________________________________________________________

He' s still raving, I had to tie him down

________________________________________________________________________________

Les escarmouths glissent sans bruit sur les méridiens gelés.

________________________________________________________________________________

The Molluscamouths slid along without a sound on the frozen meridians

________________________________________________________________________________

________________________________________________________________________________

Vous êtes déjà de retour ?

________________________________________________________________________________

You back already ?

________________________________________________________________________________

________________________________________________________________________________

Il s' est passé en votre absence quelque chose d' étonnant. Mon drapeau a soudain disparu et j' en ai vu se pointer un autre portant l' inscription «PÔLE SUD»!!

________________________________________________________________________________

Something amazing happened while you were gone. My flag suddenly disappeared and another one marked «SOUTH POLE» took its place!!

________________________________________________________________________________

________________________________________________________________________________

Tout cela est totalement incompréhensible!

________________________________________________________________________________

This is all completely crazy!

________________________________________________________________________________

________________________________________________________________________________

Non, attendez...le drapeau PÔLE SUD n' est-il pas apparu la pointe d' abord ?

________________________________________________________________________________

No wait...the SOUTH POLE flag, does it appears point first ?________________________________________________________________________________

________________________________________________________________________________

Si, mais comment le savez-vous ?

________________________________________________________________________________

Yes, why do you ask that ?

________________________________________________________________________________

________________________________________________________________________________

Je crois que je commence à comprendre.

________________________________________________________________________________

I think I' m starting to understand.

________________________________________________________________________________

________________________________________________________________________________
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C 'est tout-à-fait clair si on estime que le VOISINAGE du méridien que nous avons suivi constitue une surface unilatère (*), un RUBAN DE MÖBIUS, à un seul côté (voir  LE GÉOMETRICON, éd. BELIN, page 54) ________________________________________________________________________________

It' s obvious if we consider the NEIGHBOURHOOD of the meridian we followed to be a UNILATERAL SURFACE (*), a MOEBIUS STRIP, with a single side (see «here' s looking at Euclid», p54)

________________________________________________________________________________

________________________________________________________________________________

tu veux dire que le pôle sud où nous étions tout à l' heure n' était que l' envers...du pôle nord ?

________________________________________________________________________________

You mean that the south pole where we were earlier was only the north pole upside down ?

________________________________________________________________________________

________________________________________________________________________________

Mais, OÙ est le VRAI pôle sud ?

________________________________________________________________________________

So where is the REAL south pole ?

________________________________________________________________________________

________________________________________________________________________________

tout ceci  est troublant...

________________________________________________________________________________

It' s rather strange

________________________________________________________________________________

________________________________________________________________________________

alors, que ce passe-t-il ?

________________________________________________________________________________

So what' s happening ?

________________________________________________________________________________

________________________________________________________________________________

il paraît qu' on a perdu le pôle sud.

________________________________________________________________________________

Apparently we lost the south pole

________________________________________________________________________________

________________________________________________________________________________

c' est la meilleure!

________________________________________________________________________________

Oh, nice one!

________________________________________________________________________________

________________________________________________________________________________

Il faut réfléchir.

________________________________________________________________________________

Let' s think.

________________________________________________________________________________

________________________________________________________________________________

Qu' est-ce qu' ils disent ?

________________________________________________________________________________

What are they saying ?

________________________________________________________________________________

________________________________________________________________________________

D' après Sophie, nous pourrions être sur une sorte de sphère à un seul côté!

________________________________________________________________________________

Well according to Sophie we are on a sort of sphere with only one side!..

________________________________________________________________________________

________________________________________________________________________________

C' est dénué de SENS!

________________________________________________________________________________

That' s NUTS!

________________________________________________________________________________

________________________________________________________________________________

Alors, comment ça va chez toi ?

________________________________________________________________________________

Hi, how are things where you live ?

________________________________________________________________________________

________________________________________________________________________________

Oh, tu sais, c' est comme ici.

________________________________________________________________________________

Oh, much like here really

________________________________________________________________________________

________________________________________________________________________________

(*) Une bande que l' on tord d' un demi-tour avant de la recoller, n' a plus qu' une seule face.

________________________________________________________________________________

(*) A strip that is twisted a half turn before the two ends are stuck it then has only one side.

________________________________________________________________________________

________________________________________________________________________________
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Si nous voulons tirer monsieur Amundsen de sa fâcheuse situation, il nous faut avant toute chose comprendre qu' elle est la FORME de cette étrange planète. Essayons d' utiliser quelques principes de base de la TOPOLOGIE. Pour ce faire, nous allons décomposer tout objet en:

________________________________________________________________________________

Well if we want to get Mr Amundsen out his difficult situation, first of all we have to understand the SHAPE of this strange planet. Let' s use some basic principles of TOPOLOGY. For that, we' ll decompose all objects into:

________________________________________________________________________________

________________________________________________________________________________

CELLULES CONTRACTILES

________________________________________________________________________________

CONTRACTILE CELLS

________________________________________________________________________________

________________________________________________________________________________

L' objet indécomposable semble être le POINT...

________________________________________________________________________________

This indecomposable object seems to be a POINT...

________________________________________________________________________________

________________________________________________________________________________

Un objet considéré comme un ensemble de points, occupe une certaine place dans l' espace. Il sera dit contractile s' il peut rétrécir jusqu' à n' être qu' un point, mais EN SE PARCOURANT LUI-MÊME.

________________________________________________________________________________

An object, considered as an ensemble of points, occupies a certain place in space. It would be contractile if it could shrink and become a single point, but by RUNNING THROUGH ITSELF

________________________________________________________________________________

________________________________________________________________________________

Prends par exemple cet élément de courbe. C' est un OBJET À UNE DIMENSION D' ESPACE.

________________________________________________________________________________

Take this element of a curve for example. It' s an OBJECT WITH ONE SPATIAL DIMENSION

________________________________________________________________________________

________________________________________________________________________________

Ah, oui. La position d' un point sur cette courbe peut être repérée à l' aide d' une seule quantité: l' abscisse curviligne, ou la longueur du fil séparant le point d' un autre point pris comme origine.

________________________________________________________________________________

Ah yes, the position of a point on this curve can be pinpointed using just one quantity, the curvilinear abscissus, or the length of the line separating one point from another taken as the origin.

________________________________________________________________________________

________________________________________________________________________________
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Je peux mettre ce bout de courbe dans une espèce de nouille creuse, à l' intérieur de laquelle il pourra rétrécir, rétrécir...

________________________________________________________________________________

I can put a piece of curve inside a bit of hollow pasta, and inside it can shrink, shrink...

________________________________________________________________________________

________________________________________________________________________________

comme le mercure dans un thermomètre.

________________________________________________________________________________

Just like mercury in a thermometer.

________________________________________________________________________________

________________________________________________________________________________

En fait, toute courbe est CONTRACTILE ?

________________________________________________________________________________

Is every curve CONTRACTILE then ?

________________________________________________________________________________

________________________________________________________________________________

Non, pas les courbes FERMÉES.

________________________________________________________________________________

No, CLOSED curves aren' t

________________________________________________________________________________

________________________________________________________________________________

Mais...il suffit de la couper!

________________________________________________________________________________

Yes but you just need to cut it!

________________________________________________________________________________

________________________________________________________________________________

Mais alors, la COURBE devient un SEGMENT. Elle n' est plus FERMÉE.

________________________________________________________________________________

OK, but then the CURVE becomes a SEGMENT It is no longer CLOSED.

________________________________________________________________________________

________________________________________________________________________________

Si je prends par exemple un cercle, je peux le rétrécir selon un point comme ceci, non ?

________________________________________________________________________________

If I take a circle for instance, I can shrink it according to a point like this no ?

________________________________________________________________________________

________________________________________________________________________________

Ca ne marche pas, car, ce faisant, il ne se parcourt plus lui-même: il évolue hors de l' espace qu' il occupait au début

________________________________________________________________________________

No, that doesn' t work because it no longer runs through itself, it develops outside the space that it occupied in the beginning.

________________________________________________________________________________

________________________________________________________________________________

un CERCLE n' est donc pas CONTRACTILE et il en est de même pour toute courbe fermée, plane ou non.

________________________________________________________________________________

A CIRCLE is therefore not CONTRACTILE and the same goes for a closed curve, whether it' s planar or not.

________________________________________________________________________________

________________________________________________________________________________

En revanche, un DISQUE, élément de SURFACE, est lui, contractile.

________________________________________________________________________________

However a DISC, a SURFACE element, IS contractile.

________________________________________________________________________________

________________________________________________________________________________
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Ce disque est un élément de SURFACE, donc un objet à 2 DIMENSION. Quel objet à 2 DIMENSIONS qui est au disque ce que le cercle est au segment ?

________________________________________________________________________________

This disc is a SURFACE element, so is a TWO DIMENSIONAL object. OK. So what TWO DIMENSIONAL  object is to a disc as a circle is to a segment ?

________________________________________________________________________________

________________________________________________________________________________

La SPHÈRE

________________________________________________________________________________

The SPHERE

________________________________________________________________________________

________________________________________________________________________________

Pour contracter une courbe fermée, il faut la briser. Même chose pour la sphère ou tout objet du GENRE sphère.

________________________________________________________________________________

To contract a closed curve you have to break it. Same thing for a sphere or an object of the TYPE sphere.

________________________________________________________________________________

________________________________________________________________________________

Exemple, la coquille d' un oeuf!

________________________________________________________________________________

An eggshell for example!

________________________________________________________________________________

________________________________________________________________________________

Mais cette sphère avec un TROU cesse d' être cette surface fermée nommée sphère.

________________________________________________________________________________

Ah but this sphere with a hole in it is no longer a closed surface called a sphere.

________________________________________________________________________________

________________________________________________________________________________

Alors, c' est quoi ?

________________________________________________________________________________

So what is it ?

________________________________________________________________________________

________________________________________________________________________________

C' est un DISQUE ?

________________________________________________________________________________

Is it a DISC ?

________________________________________________________________________________

________________________________________________________________________________

Exact, Tirésias, de même qu' un cercle coupé se comporte comme un segment.

________________________________________________________________________________

Quite right Tiresias, in the same way as a cut circle behave like a segment.

________________________________________________________________________________

________________________________________________________________________________

Mais, SOPHIE? Le VOLUME qui est dans la sphère, dans l' oeuf, est un objet contractile ?

________________________________________________________________________________

But SOPHIE, the VOLUME inside the sphere, in the egg, is that a contractile object ?

________________________________________________________________________________

________________________________________________________________________________

Là est la question.

________________________________________________________________________________

That is the question...

________________________________________________________________________________

________________________________________________________________________________

Précisément. La «sphère surface» S2 (*) n' est pas contractile, mais la «sphère volume» l' est.

________________________________________________________________________________

Exactly. The «sphere surface» S2 (*) is not contractile but the «sphere volume» is.

________________________________________________________________________________

________________________________________________________________________________

?!!

________________________________________________________________________________

?!!

________________________________________________________________________________

________________________________________________________________________________

Autrement dit, la coquille d' un oeuf n' est pas contractile mais son jaune si.

________________________________________________________________________________

In other words, an eggshell is not contractile but the yolk is.

________________________________________________________________________________

________________________________________________________________________________

(*) Voir LE GÉOMETRICON éditions BELIN

________________________________________________________________________________

(*) See: HERE' S LOOKING AT EUCLID.

________________________________________________________________________________

________________________________________________________________________________
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Existe-t-il des volumes non contractiles ?________________________________________________________________________________

Are they such things as non-contractile volumes ?

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Oui, par exemple le «TORE-Volume».

________________________________________________________________________________

Yes, a «TORUS-volume» for instance.

________________________________________________________________________________

________________________________________________________________________________

C' est clair. Si je ne le coupe pas je peux tout au plus le contracter selon un cercle.

________________________________________________________________________________

Yes I can see that, if I don' t cut it, the most I can do is to contract it like a circle.

________________________________________________________________________________

________________________________________________________________________________

Le «TORE-surface» n' est pas contractile non plus.

________________________________________________________________________________

So the «TORUS-surface» isn' t contractile either

________________________________________________________________________________

________________________________________________________________________________

Dîtes, vous jouez à quoi au juste ?

________________________________________________________________________________

What are you up to exactly ?

________________________________________________________________________________

________________________________________________________________________________

t' occupe

________________________________________________________________________________

Mind your own business

________________________________________________________________________________

________________________________________________________________________________

je ne sais pas si vous réalisez que vous avez un explorateur cataleptique sur les bras

________________________________________________________________________________

I don' t know if you lot realise it but we' ve got a cataleptic explorer on our hands.

________________________________________________________________________________

________________________________________________________________________________

Croyez-vous que c' est en coupant des nouilles en quatre que nous le sortirons de là ?

________________________________________________________________________________

Do you honesty think w' ll get out of here by chopping up bits of pasta ?

________________________________________________________________________________

________________________________________________________________________________

Sa GÉONEVROSE à une origine géométrique. Ce n' est qu' en approfondissant les concepts géométriques que nous trouverons, peut-être, le remède qui le guérira.

________________________________________________________________________________

His GEONEUROSIS is geometrical origin. I think we' ll only find a cure for it if we take our geometric concepts even further.

________________________________________________________________________________

________________________________________________________________________________

Tout son être était tendu vers cette découverte du PÔLE SUD, idée sur laquelle il s' était totalement investi sur le plan personnel et social.

________________________________________________________________________________

His whole being was dedicated to the discovery of the SOUTH POLE and he' d completely invested himself in it, both personally and socially.

________________________________________________________________________________

________________________________________________________________________________
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Effectivement, sa mésaventure l' a confrontée à une situation qu' il ne pouvait plus assumer.

________________________________________________________________________________

Alas yes, his misadventure has brought him to face with a situation he can' t handle

________________________________________________________________________________

________________________________________________________________________________

Bref, la seule solution est de trouver où est passé ce fichu pôle sud.

________________________________________________________________________________

Very nice, but the only real solution is to find out where the blinkin' South Pole has gone.

________________________________________________________________________________

________________________________________________________________________________

DÉCOMPOSITION CELLULAIRE

________________________________________________________________________________

CELLULAR DECOMPOSITION

________________________________________________________________________________

________________________________________________________________________________

Tout objet géométrique sera décomposé en éléments, en cellules CONTRACTILES de toutes dimensions: POINTS, SEGMENTS, SURFACE, VOLUMES ETC...

________________________________________________________________________________

Every geometrical object will be decomposed into elements, CONTRACTILE cells of all dimensions: POINTS, SEGMENTS, SURFACES, VOLUMES etc.

________________________________________________________________________________

________________________________________________________________________________

Et le POINT est de quelle dimension ?

________________________________________________________________________________

So what dimension a POINT have ?

________________________________________________________________________________

________________________________________________________________________________

Par extension, nous dirons que le POINT est la dimension ZÉRO.

________________________________________________________________________________

By extension we can say that a POINT has ZERO dimension.

________________________________________________________________________________

________________________________________________________________________________

D' autre-part, pour décomposer un cercle, il suffit que je le considère comme un segment fermé sur lui-même en un POINT. Si je retire ce point il reste donc le segment.

________________________________________________________________________________

And to decompose a circle you just have to consider it to be a segment closed on itself by a POINT. If I remove the point, the segment remains.

________________________________________________________________________________

________________________________________________________________________________

14

Une «SPHÈRE SURFACE» S2 peut-être décomposée en deux calottes et le segment fermé sur un point.

________________________________________________________________________________

A «SPHERE SURFACE» S2 can be decomposed into two caps and a segment closed by a point.

________________________________________________________________________________

________________________________________________________________________________

Un «TORE-VOLUME» ? Voyons, je n' ai qu' à le découper à l' aide d' un disque.

________________________________________________________________________________

A «TORUS VOLUME» ? Well I just need to cut it with a disc

________________________________________________________________________________

________________________________________________________________________________

Et pour le «TORE-SURFACE» ? Voyons je coupe par un cercle lui-même coupé en un point.

________________________________________________________________________________

And for a «TORUS SURFACE»...I cut it with a circle which itself is cut at a point

________________________________________________________________________________

________________________________________________________________________________

Le tore ainsi coupé va se contracter selon un cercle:

qu' il faudra à son tour décomposer selon un segment et un point.

________________________________________________________________________________

The torus cut in this way will contract as a circle:

which will need to be decomposed into a segment and a point in its turn

________________________________________________________________________________

________________________________________________________________________________

Voici une autre solution avec un point, deux segments et une face unique, où tous les éléments sont d' emblés contractiles.

________________________________________________________________________________

Here is another solution with one point, two segments and one face, where all the elements are contractile.

________________________________________________________________________________

________________________________________________________________________________

Bon, et que va-t-on faire de tout cela ?

________________________________________________________________________________

Ok, but what good is all that to us ?

________________________________________________________________________________

________________________________________________________________________________

Comprendre le monde parait-il...

________________________________________________________________________________

To help understand the world apparently.

________________________________________________________________________________

________________________________________________________________________________
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LA CARACTÉRISTIQUE D' EULER-POINTCARÉ

________________________________________________________________________________

THE EULER-POINCARE CHARACTERISTIC

________________________________________________________________________________

________________________________________________________________________________

Un objet étant ainsi décomposé, nous allons fabriquer un nombre X qui sera égal au nombre des points, moins le nombre des segments, plus le nombre d' éléments de surface contractiles, moins le nombre de volumes contractiles (*), et on appelera ce nombre X la CARACTÉRISTIQUE D' EULER-POINTCARÉ.

________________________________________________________________________________

With the object decomposed in this way, we will create a number X, equal to the number of points, less the number of segments, plus the number of contractile surface elements, less the number of contractile volumes (*), and we' ll call this number X, the EULER-POINCARE CHARACTERISTIC

________________________________________________________________________________

________________________________________________________________________________

Ainsi pour le cercle X=1-1=0

________________________________________________________________________________

So for the circle X=1-1=0

________________________________________________________________________________

________________________________________________________________________________

1 point, 1 segment

________________________________________________________________________________

1 point, 1 segment

________________________________________________________________________________

________________________________________________________________________________

Pour la SPHÈRE-SURFACE X=1-1+2=2

________________________________________________________________________________

For the SPHERE SURFACE X=1-1+2=2

________________________________________________________________________________

________________________________________________________________________________

un point, un segment, deux calottes

________________________________________________________________________________

One point, one segment, two caps

________________________________________________________________________________

________________________________________________________________________________

Pour le TORE-SURFACE, voyons un point, deux segments, un élément de surface X=1-2+1=0

________________________________________________________________________________

Let' s see for the torus-surface, one point, two segments, one surface element X=1-2+1=0

________________________________________________________________________________

________________________________________________________________________________

C' est-à-dire 1 point, deux segments, un élément de surface contractile

________________________________________________________________________________

That is to say 1 point, 2 segments and 1 contractile surface element.

________________________________________________________________________________

________________________________________________________________________________

La caractéristique de la SPHÈRE-VOLUME c' est évidement -1, alors que celle du TORE-VOLUME est 1-1=0 (voir le dessin en haut et à droite de la page 14)

________________________________________________________________________________

The characteristic of the SPHERE-VOLUME is obviously -1, whereas that of the TORUS-VOLUME is 1-1=0 (see the drawing on the top right of page 14)

________________________________________________________________________________

________________________________________________________________________________

* Ce qui s' étend immédiatement à un nombre de dimensions supérieur à trois (c' est une somme alternée.)

________________________________________________________________________________

* Which immediately extends to a number of dimensions superior to three (it' s an alternate sum)

________________________________________________________________________________

________________________________________________________________________________
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Et maintenent, écoutez bien: cette caractéristique X est INDÉPENDANTE DU MODE DE DÉCOMPOSITION (en cellules contractiles)!!

________________________________________________________________________________

Now listen carefully: the characteristic X is INDEPENDENT OF THE DECOMPOSITION MODE (in contractile cells)!!

________________________________________________________________________________

________________________________________________________________________________

Par exemple, cette courbe fermée a été coupée en huit segments, réunis par huit points et sa caractéristique est toujours nulle.

________________________________________________________________________________

For example, this closed curve has been cut into eight segments linked by eight points but its characteristic is still nil.

________________________________________________________________________________

________________________________________________________________________________

Effectivement.

________________________________________________________________________________

It certainly is.

________________________________________________________________________________

________________________________________________________________________________

Voyons cette décomposition de la sphère: 4 sommets, 6 segments, 4 faces. Je retrouve X=4-6+4=2.

________________________________________________________________________________

Let' s look at this decomposition of a sphere: 4 summits, 6 segments, 4 faces, so I' ve got X=4-6+4=2

________________________________________________________________________________

________________________________________________________________________________

Et là, 8 sommets, 12 segments, 6 faces X=8-12+6=2

________________________________________________________________________________

And here, 8 summits, 12 segments, 6 faces so X=8-12+6=2

________________________________________________________________________________

________________________________________________________________________________

Tu peux essayer tout ce que tu voudras, tu retomberas toujours sur X=2

________________________________________________________________________________

You can try in anyway you want, you' ll still end with 2

________________________________________________________________________________

________________________________________________________________________________

Boufre de boufre

________________________________________________________________________________

Well doggone!

________________________________________________________________________________

________________________________________________________________________________

Etonnant, non ?

________________________________________________________________________________

Astonishing!

________________________________________________________________________________

________________________________________________________________________________
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Voici un théorème utile: si un objet est la réunion de deux objets sa caractéristique est la somme de celle des deux objets le composant. La Direction

________________________________________________________________________________

Here' s a useful theorem: if an object is the union of two objects, its characteristic is the sum of the two objects that compose it. The management

________________________________________________________________________________

________________________________________________________________________________

Le Tore-Volume a une caractéristique nulle

________________________________________________________________________________

The Torus-Volume has a characteristic nil

________________________________________________________________________________

________________________________________________________________________________

si on ajoute une anse on ajoute une unité à la caractéristique

________________________________________________________________________________

If a handle is added, a unit is being added to the characteristic.

________________________________________________________________________________

________________________________________________________________________________

Par extension, la FOUGASSE-VOLUME (*) doit avoir une caractéristique égale au nombre de trous, moins une unité

________________________________________________________________________________

By extension the FOUGASSE-VOLUME (*) will have a characteristic equal to the number of holes less one unit.

________________________________________________________________________________

________________________________________________________________________________

Je suppose que cela doit être la même chose que pour la FOUGASSE-SURFACE ?

________________________________________________________________________________

I suppose that it' s the same for a FOUGASSE-SURFACE ?

________________________________________________________________________________

________________________________________________________________________________

(*) sorte de pain du midi de la France

________________________________________________________________________________

(*) Fougasse: An olive based bread made in southern France

________________________________________________________________________________

________________________________________________________________________________
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Rien à voir! La FOUGASSE-SURFACE ne peut pas se contracter selon un disque à N trous, enfin!

________________________________________________________________________________

Not at all! A FOUGASSE-SURFACE can' t contract like a disc with N holes, be serious!

________________________________________________________________________________

________________________________________________________________________________

planté...

________________________________________________________________________________

Oop. I blew it.

________________________________________________________________________________

________________________________________________________________________________

on peut passer de la SPHÈRE-SURFACE (caractéristique 2) au TORE-SURFACE (caractéristique zéro) en ajoutant une anse. Donc l' ajout d' une anse diminue la caractéristique d' une surface de 2   unités.

________________________________________________________________________________

We can go from a SPHERE-SURFACE(characteristic 2) to a TORUS-SURFACE (characteristic zero) by adding a handle, meaning that the handle reduces the characteristic of a surface by 2 units.

________________________________________________________________________________

________________________________________________________________________________

Donc la caractéristique de la FOUGASSE-SURFACE est égale à 2 moins le nombre de trous!

________________________________________________________________________________

So the characteristic of the FOUGASSE-SURFACE is equal to 2 less twice the number of holes!

________________________________________________________________________________

________________________________________________________________________________

La SURFACE d' un morceau de gruyère à N trous est constituée de N Sphères-Surface plus la sphère extérieure. Donc sa caractéristique est X=2(1+N)

________________________________________________________________________________

The surface of a piece of Gruyere cheese with N holes is made up of N sphere-surfaces plus the exterior of the sphere. So its characteristic is X=2(1+N)

________________________________________________________________________________

________________________________________________________________________________

Alors que pour construire le GRUYÈRE-VOLUME, on part d' une sphère pleine (X=-1) et on enlève N ensemble SPHÈRE-VOLUME + SPHÈRE-SURFACE (X=2-1=1). La caractéristique du GRUYÈRE-VOLUME est donc égale à -(1+N).

________________________________________________________________________________

So to build a GRUYERE-VOLUME, we start with a full sphere (X=-1) and we remove N ensembles SPHERE-VOLUME+SPHERE-SURFACE (X+2-1=1). So the characteristic of the GRUYERE-VOLUME is equal to -(1+N)

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Croyez-vous qu' avec de telles âneries nous arriverons à guérir ce pauvre Amundsen de sa géonévrose ?!!

________________________________________________________________________________

Yeah but surely you don' t think that you' re going to cure poor Amundsen of his geoneurosis with this sort of nonsense!

________________________________________________________________________________

________________________________________________________________________________
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CE MONDE OÙ NOUS VIVONS

________________________________________________________________________________

THE WORLD IN WICH WE LIVE

________________________________________________________________________________

________________________________________________________________________________

On peut calculer la caractéristique d' une sphère S2 en la considérant comme l' union de deux hémisphère et d' un équateur, ce qui donne une valeur X=1+1+0=2

________________________________________________________________________________

We can calculate the characteristic of a sphere S2 by considering it to be the union of two hemispheres and an equator, which gives X=1+1+0=2

________________________________________________________________________________

________________________________________________________________________________

Dans le GÉOMETRICON, on avait présenté le concept d' HYPERSPHÈRE S3, à trois dimensions, espace tridimensionnel totalement FERMÉ SUR LUI-MÊME

________________________________________________________________________________

In «HERE' S LOOKING AT EUCLID» we presented the concept of a HYPERSPHERE S3, with three dimensions, a three dimensional space completely CLOSED ON ITSELF

________________________________________________________________________________

________________________________________________________________________________

Nous allons calculer la caractéristique de cette hypersphère S3. Comme on l' a déjà vu toujours dans le GÉOMETRICON l' équateur (*) est une sphère S2 dont la caractéristique vaut 2.

________________________________________________________________________________

Let' s calculate the characteristic of this Hypersphere S3. As we saw in «HERE' S LOOKING AT EUCLID» the equator (*) is a sphere S2 whose characteristic has a value of 2.

________________________________________________________________________________

________________________________________________________________________________

Notre hypersphère S3 est donc constituée de deux volumes contractiles, qui compte chacun pour -1

________________________________________________________________________________

So our hypersphere S3 is therefore made up of two contractile volumes, each counting for -1

________________________________________________________________________________

________________________________________________________________________________

Hé, vous êtes dingues ?

________________________________________________________________________________

Are you nuts ?

________________________________________________________________________________

________________________________________________________________________________

X=-1-1+2=0

________________________________________________________________________________

X=-1-1+2=0

________________________________________________________________________________

________________________________________________________________________________

Alors la caractéristique d' une hypersphère S3 est nulle!

________________________________________________________________________________

So the characteristic of a hypersphere S3 is nil!

________________________________________________________________________________

________________________________________________________________________________

(*) Qui partage l' objet en 2 éléments semblables

________________________________________________________________________________

(*) Which separates the object into two similar elements

________________________________________________________________________________

________________________________________________________________________________
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Passons à une hypersphère S4, à quatre dimensions

________________________________________________________________________________

Right, let' s move on to a hypersphere S4, with four dimensions

________________________________________________________________________________

________________________________________________________________________________

C' est-à-dire un espace hypersphèrique S3 évoluant cycliquement dans le temps (*). Cette hypersphère S4 aura pour équateur une hypersphère S3, et les deux hémisphères compteront chacun pour 1

________________________________________________________________________________

That is, a hyperspheric space S3 evolving cyclically in time (*). This hypersphere S4 will have as equator a hypersphere S3, and the two hemispheres, both counting for 1

________________________________________________________________________________

________________________________________________________________________________

Donc la caractéristique X de cet espace-temps, de cette hypersphère S4, sera de nouveau égale à 1+1+0=2

________________________________________________________________________________

So the characteristic X in this spacetime, of the hypersphere S4, will once again be 1+1+0=2

________________________________________________________________________________

________________________________________________________________________________

Si tu prenais une hypersphère S5 à cinq dimensions, sa caractéristique serait de nouveau nulle et son équateur serait une hypersphère S4.

________________________________________________________________________________

I f you take an S5 hypersphere with five dimensions, its characteristic will again be nil and its equator will be an S4 hypersphere.

________________________________________________________________________________

________________________________________________________________________________

Et ainsi de suite...La caractéristique d' Euler-Poincaré d' une hypersphère SN est 2 si N est PAIR et 0 si N est IMPAIR.

________________________________________________________________________________

Ans so on...The Euler-Poincare characteristic of a hyperspher Sn is 2 if N is EVEN, and 0 if it is ODD.

________________________________________________________________________________

________________________________________________________________________________

Dites, si sa continue, moi je vais faire comme Amundsen

________________________________________________________________________________

Oi! If this carries on I might do like Amundsen.

________________________________________________________________________________

________________________________________________________________________________

(*) Voir BIG BANG (BELIN) et les modèles de FRIEDMANN page 64

________________________________________________________________________________

(*) See BIG BANG and FRIEDMANN' s models on page 64

________________________________________________________________________________

________________________________________________________________________________
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Bon, cette caractéristique d' Euler-Poincaré nous a permis de mettre un peu d' ordre dans cette jungle des objets géométriques.

________________________________________________________________________________

So this Euler-Poincare characteristic has helped us put a bit of order into the jungle of geometrical objects

________________________________________________________________________________

________________________________________________________________________________

Ainsi ce bout de cylindre est topologiquement identique à un disque percé d' un trou, et sa caractéristique est nulle.

________________________________________________________________________________

So the end of a cylinder is topologically identical to a disc with a hole in it, and its characteristic is nil.

________________________________________________________________________________

________________________________________________________________________________

Mais, que penses-tu de cet objet-là ?

________________________________________________________________________________

But what do you think of this object ?

________________________________________________________________________________

________________________________________________________________________________

C' est le RUBAN DE MÖBIUS, Qui n' a qu' un seul côté. Comme on ne peut lui assigner ni RECTO ni VERSO, on dit qu' il est INORIENTABLE.

________________________________________________________________________________

A MOEBIUS STRIP, which has only one side. As we can' t give it a BACK or a FRONT we say that it is INORIENTABLE.

________________________________________________________________________________

________________________________________________________________________________

En fait, tous les rubans qui présentent un nombre IMPAIR de DEMI-TOUR sont des rubans de MÖBIUS, INORIENTABLES. Mais ces deux rubans ont l' air différents...

________________________________________________________________________________

In fact any strip that has an ODD number of HALF-TURNS are MOEBIUS strips and INORIENTABLE. But these two strips seem different somehow...

________________________________________________________________________________

________________________________________________________________________________
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J' ai beau les tortiller en tous sens, je n' arrive pas à les rendre identiques

________________________________________________________________________________

It doesn' t matter how I turn them, I can never get them to be the same

________________________________________________________________________________

________________________________________________________________________________

Ils ne sont pas TORDUS dans le même SENS. En fait l' un est l' image en miroir de l' autre; on dit qu' il sont ÉNANTIOMORPHES.

________________________________________________________________________________

Theyre not TURNED in the same DIRECTION. In fact one is the mirror of the other; we say they are ENANTIOMORPHIC.

________________________________________________________________________________

________________________________________________________________________________

Comme ma main gauche est l' image en miroir de ma main droite.

________________________________________________________________________________

Just as my left hand is a mirror image of my right hand.

________________________________________________________________________________

________________________________________________________________________________

Tous ces rubans, qui peuvent se contracter selon une courbe fermée, ont une caractéristique égale à 0

________________________________________________________________________________

All these bands, wihich can contract according to a closed curve, have a characteristic equal to 0.

________________________________________________________________________________

Bien-sûr, il existe des ESPACES INORIENTABLES à N dimensions (*)

________________________________________________________________________________

Of course, INORIENTABLE SPACES with N dimensions (*) exists too.

________________________________________________________________________________

________________________________________________________________________________

Le RUBAN DE MÖBIUS est une surface INORIENTABLE, qui possède un BORD. Existe-t-il des SURFACES INORIENTABLES, SANS BORD, FERMÉES SUR ELLE-MÊME ?

________________________________________________________________________________

A MOEBIUS STRIP is an INORIENTABLE surface which has an EDGE. Are there such things as INORIENTABLE SURFACES WITHOUT AN EDGE, CLOSED ON THEMSELVES ?

________________________________________________________________________________

________________________________________________________________________________

Réponse dans le chapitre suivant

________________________________________________________________________________

Answer in the next chapter

________________________________________________________________________________

________________________________________________________________________________

(*) Voir le GÉOMETRICON page 59

________________________________________________________________________________

(*) See «HERE' LOOKING AT EUCLID» page 59

________________________________________________________________________________

________________________________________________________________________________
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BORD SUR BORD

________________________________________________________________________________

EDGE ON EDGE

________________________________________________________________________________

________________________________________________________________________________

Une COURBE FERMÉE (décomposable suivant un segment et un point) a une caractéristique nulle. Même chose pour une BANDE, bilatère ou unilatère, qui peut être contractée selon une courbe fermée (voir théorème page 17). En fermant une bande bilatère à l' aide de deux disques, le long de deux courbes fermées, on fabriquera une SPHÈRE-SURFACE S2 ( à deux dimensions)

________________________________________________________________________________

A CLOSED CURVE (decomposable into a segment and a point) has a characteristic nil. The same for a STRIP ? Bilateral or unilateral, which can be contracted according to a closed curve (see theorem page 17) When a bilateral strip is closed with two discs along two closed curves, we have made a SPHERE-SURFACE S2 (with two dimensions)

________________________________________________________________________________

________________________________________________________________________________

On peut aussi coudre deux bandes bilatères l' une sur l' autre, le long de deux courbes fermées et on obtiendra un TORE-SURFACE T2.

________________________________________________________________________________

We could also stitch two bilateral strips one on the other, along two closed curves and we' ll get a TORUS-SURFACE T2

________________________________________________________________________________

________________________________________________________________________________

A priori je devrai pouvoir recoudre deux rubans de Möbius le long d' UNE SEULE COURBE FERMÉE

________________________________________________________________________________

So normally I should be able to stitch two Moebius strips along just ONE CLOSED CURVE

________________________________________________________________________________

________________________________________________________________________________

Hé!?! ça coince

________________________________________________________________________________

Hey!! That' s tight

________________________________________________________________________________

________________________________________________________________________________

Attends, il faut utiliser de la TRAVERSINE (*)

________________________________________________________________________________

We' ll have to use some TRANSVERSINE (*)

________________________________________________________________________________

________________________________________________________________________________

de la TRAVERSINE!?

________________________________________________________________________________

TRANSVERSINE!?

________________________________________________________________________________

________________________________________________________________________________

(*) La TRAVERSINE est extraite des coquilles des HOMOTAUPES

________________________________________________________________________________

(*) TRANSVERSINE is extracted from the shell of HOMOMOLES

________________________________________________________________________________

________________________________________________________________________________
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Si on enduit de TRAVERSINE une coquille, elle se met à pousser, à croître, selon son BORD, en tendant à former une surface fermée, tout en donnant à la surface le pouvoir DE SE TRAVERSER ELLE-MÊME!

________________________________________________________________________________

If we smear TRANVERSINE on a shell, it starts to grow, according to its EDGE, tending to form a closed surface but allowing that surface to GO THROUGH ITSELF!

________________________________________________________________________________

________________________________________________________________________________

Le bord a disparu. Mais alors, qu' est-ce que c' est que ce cercle là ?

________________________________________________________________________________

The edge has disappeared but what' s that circle thing ?

________________________________________________________________________________

________________________________________________________________________________

C' est la COURBE D' AUTO-INTERSECTION, qui n' est pas un BORD. Tu peux vérifier que dans cette BOUTEILLE DE KLEIN la surface évolue partout continuement.

________________________________________________________________________________

It' s the AUTO-INTERSECTING CURVE, which isn' t an EDGE. You can verify this with this KLEIN BOTTLE, where the surface develops everywhere continually.

________________________________________________________________________________

________________________________________________________________________________

deux demi-coupes

________________________________________________________________________________

Two cross sections

________________________________________________________________________________

________________________________________________________________________________
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Sa caractéristique est nulle puisqu' elle a été fabriquée à partir de deux rubans de Möbius (X=0) et d' une courbe fermée (X=0). On n' a d' ailleurs aucun mal à y retrouver l' un de ces rubans.

________________________________________________________________________________

Its characteristic is nil because it' s made up of two Moebius strips (X=0) and a closed curve (X=0). It isn' t easy to find your way round one of these.

________________________________________________________________________________

________________________________________________________________________________

Bien-sûr, dès qu' on peut trouver un ruban de Möbius sur une surface, c' est qu' elle n' a qu' un côté.

________________________________________________________________________________

Of course, if you find a Moebius strip on a surface it' s means it only has one side.

________________________________________________________________________________

________________________________________________________________________________

Au fait, Tirésias, est-ce qu' on ne pourrait pas trouver un ruban de Möbius sur votre coquille par hasard ?

________________________________________________________________________________

Tell me Tiresias, couldn' t we find a Moebius strip on your shell somewhere ?

________________________________________________________________________________

________________________________________________________________________________

Mi!

________________________________________________________________________________

er..!

________________________________________________________________________________

________________________________________________________________________________

Ah, vous deux ne commencez pas!

________________________________________________________________________________

Don' t start you two.

________________________________________________________________________________

________________________________________________________________________________

Quand même, c' est une drôle de surface ça...

________________________________________________________________________________

It' s a pretty strange surface all the same.

________________________________________________________________________________

________________________________________________________________________________

Jusqu' ici, tu n' avais connu que des surfaces qui ne se recoupaient pas, comme la SPHÈRE, ou le TORE, sous leur forme standard. Les surfaces qui se recoupent dans notre espace sont appelées des IMMERSIONS.

________________________________________________________________________________

Up to now we' ve only touches on surfaces that don' t cut each other in their normal form, such as a SPHERE. Surfaces that cut each other in our space are called IMMERSIONS

________________________________________________________________________________

________________________________________________________________________________

des...immersions ?

________________________________________________________________________________

Immersions ?

________________________________________________________________________________

________________________________________________________________________________
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PROLONGEMENTS ET IMMERSIONS

________________________________________________________________________________

PLUNGES AND IMMERSIONS

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Une courbe fermée, c' est un être géométrique unidimensionnel, sans accident de parcours et dont la seule caractéristique est de n' avoir ni commencement, ni fin. Eh bien il existe une infinité de façon de la situer dans un plan.

________________________________________________________________________________

A closed curve, that is to say a unidimensional geometric, with no accidents on the way and whose only characteristic is to neither have a beginning nor a end,can be situated in an infinity of ways on a plan.

PLAN (PLONGEMENTS) PLAN (IMMERSIONS)

________________________________________________________________________________

PLANE (PLUNGE) PLANE (IMMERSION)

________________________________________________________________________________

________________________________________________________________________________

Quand elle ne se recoupe pas, je dirai qu' elle est PLONGÉE DANS LE PLAN sinon, je dirai qu' elle y est IMMERGÉE (*)

________________________________________________________________________________

When it doesn' t cut itself, I would say that it has PLUNGED INTO THE PLANE, otherwise I would say that it is IMMERSED (*)

________________________________________________________________________________

________________________________________________________________________________

Je suppose que ce qui les caractérise, c' est leur nombre de points d' intersection ?

________________________________________________________________________________

I supposed they' re characterised by the number of intersected points

________________________________________________________________________________

________________________________________________________________________________

Non, puisque si je déforme en continu ces courbes, je peux faire apparaître ou disparaître des COUPLES DE POINTS. Mais ce qui restera invariant c' est le NOMBRE DE TOUR.

________________________________________________________________________________

No, because if I continually deform these curves I can make the POINT COUPLES appear and disappear. But what will stay the same is the NUMBER OF TURNS.

________________________________________________________________________________

________________________________________________________________________________

Regarde: j' assujettis un vecteur à rester tangeant à la courbe

________________________________________________________________________________

Look, I' m making a vector remain tangent to the curve

________________________________________________________________________________

________________________________________________________________________________

(*) un plongement étant un cas particulier d' immersion

________________________________________________________________________________

(*) a plunge is a special case of immersion

________________________________________________________________________________

________________________________________________________________________________
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Par déformation régulière (sans lignes brisées), dans le PLAN, je peux passer de la courbe I à la courbe III. Ce faisant, nous avons conservé la rotation totale de la flèche (360°) lors du parcour de chaque courbe.

________________________________________________________________________________

By regular deformation (without broken lines) in the PLANE, I can go from curve I to curve III. In doing this we have the total rotation of the arrow (360°) when crossing each curve

________________________________________________________________________________

________________________________________________________________________________

Ceci est une HOMOTOPIE RÉGULIÈRE dans un PLAN. Elle conserve ce nombre de tours de la flèche tangeante à la courbe.

________________________________________________________________________________

It is REGULAR HOMOTOPIA in a PLANE. It keeps the number of turns of the arrow tanget to the curve.

________________________________________________________________________________

________________________________________________________________________________

J' ai beau tout essayer, je n' arrive pas à transformer ce HUIT en CERCLE!..

________________________________________________________________________________

Well I' ve tried every thing and I can' t change this EIGHT into a CIRCLE!..

________________________________________________________________________________

________________________________________________________________________________

C' est normal. La flèche n' y fait pas le même nombre de tours. Sur le HUIT, la somme algébrique des rotations est nulle!

________________________________________________________________________________

That' s normal. The arrow doesn' t do the same number of turns. On the EIGHT, the algebraic sum is nil!

________________________________________________________________________________

________________________________________________________________________________

Compte tenu de cette règle de déformation des courbes fermées (continuité, régularité), dans une surface, il y a des choses qui sont POSSIBLES et d' autres à jamais IMPOSSIBLES.

________________________________________________________________________________

Given this rule of closed curve deformation (continuity, regularity), in a surface, some things are POSSIBLE and others are always IMPOSSIBLE

________________________________________________________________________________

________________________________________________________________________________

Pas si simple!

________________________________________________________________________________

It' s not so simple!

________________________________________________________________________________

________________________________________________________________________________
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Ca dépend de l' ESPACE dans lequel l' objet est représenté. Tiens, regarde par exemple cette courbe. Sur un plan, pas moyen de faire disparaître ces deux points doubles.

________________________________________________________________________________

It depends on the SPACE used to represent the object. Look at this curve for instance. On a PLANE there is no way to get ride of the two double points.

________________________________________________________________________________

________________________________________________________________________________

Par contre, sur une SPHÈRE:

________________________________________________________________________________

But on aSPHERE...

________________________________________________________________________________

________________________________________________________________________________

Ainsi certaines choses qui apparaissent impossibles dans tel ESPACE DE REPRÉSENTATION (ici le plan) deviennent possibles en changeant cet espace, doté d' une topologie différente. Et vice versa.

________________________________________________________________________________

So some things that seem impossible in such a REPRESENTATIONAL SPACE (here the PLANE) become possible by changing this space, with a different topology. And vice-versa.

________________________________________________________________________________

________________________________________________________________________________

Dans le plan, cette courbe se dénoue aisément, alors qu' on ne peut le faire si elle est représentée sur un tore

________________________________________________________________________________

In this plane, the curve is easely undone but you can' t do it if it is represented on a torus

________________________________________________________________________________

________________________________________________________________________________

Mais enfin, Tirésias, dans notre ESPACE-TEMPS, Il y a des choses définitivement POSSIBLES ou IMPOSSIBLES? Non ?

________________________________________________________________________________

But Tiresias, in our SPACE-TIME they are things that are definitely possible or definitely impossible aren' t there ?

________________________________________________________________________________

________________________________________________________________________________

l' angoisse...

________________________________________________________________________________

that' sworrying...

________________________________________________________________________________

________________________________________________________________________________
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Tu connais, toi, la topologie de notre espace-temps ?________________________________________________________________________________

Do you know the topology of our space-time ?

________________________________________________________________________________

________________________________________________________________________________

Euh...non...

________________________________________________________________________________

Er...no...

________________________________________________________________________________

________________________________________________________________________________

Nous ne vivons que d' apparence...et encore!

________________________________________________________________________________

We just live appearances...and even...

________________________________________________________________________________

________________________________________________________________________________

Les points d' intersection de la courbe fermée ne tiennent qu' au mode de représentation dans une surface. L' image bidimensionnelle n' étant qu' une projection.

________________________________________________________________________________

The closed curve intersection points only holdup through their mode of representation on a surface. A bidimensional image is only a projection.

________________________________________________________________________________

________________________________________________________________________________

Il n' y a fondamentalement dans tout ceci qu' un seul objet: LA COURBE FERMÉE ÊTRE UNIDIMENSIONNEL

________________________________________________________________________________

Fundamentally there is only one object in all this: THE CLOSED UNIDIMENSIONAL CURVE

________________________________________________________________________________

________________________________________________________________________________

Dans un espace de représentation à 4 dimensions, la bouteille de KLEIN ne se recoupe plus!

________________________________________________________________________________

In a space represented by 4 dimensions, the KLEIN bottle no longer cut through itself!

________________________________________________________________________________

________________________________________________________________________________

Mais alors, en changeant d' espace de représentation, je peux TOUT faire. Par exemple changer une bouteille de Klein en sphère ?

________________________________________________________________________________

So by changing the representational space I can do ANYTHING. Change a Klein bottle into a sphere for instance ?

________________________________________________________________________________

________________________________________________________________________________

Non, il y a des caractéristiques qui restent INDÉPENDANTES DE L' ESPACE DE REPRÉSENTATION

________________________________________________________________________________

No, there are characteristics that remain INDEPENDANT OF THE REPRESENTATIONAL SPACE

________________________________________________________________________________

________________________________________________________________________________
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LA TOPOLOGIE

________________________________________________________________________________

TOPOLOGY

________________________________________________________________________________

________________________________________________________________________________

Par exemple: la caractéristique d' Euler-Poincaré l' orientabilité, la fermeture.

________________________________________________________________________________

Such as the Euler-Poincaré characteristic, orientability, closedness.

________________________________________________________________________________

________________________________________________________________________________

Pour les objets à une dimension, tout se résume à: IL FAUT QU' UNE COURBE SOIT OUVERTE OU FERMÉE

________________________________________________________________________________

For objects of one dimension it all comes down to: A CURVE MUST BE OPEN OR CLOSED

________________________________________________________________________________

________________________________________________________________________________

Alors, comment va Amundsen ?

________________________________________________________________________________

So how Amundsen ?

________________________________________________________________________________

________________________________________________________________________________

Rien, toujours pareil...

________________________________________________________________________________

Nothing, still the same...

________________________________________________________________________________

________________________________________________________________________________

GÉONEVROSE ? Moi je pencherai plutôt pour une TOPONÉVROSE.

________________________________________________________________________________

GEONEUROSIS ? No, I diagnose a TOPONEUROSIS

________________________________________________________________________________

________________________________________________________________________________

Nos structures mentales, notre LOGIQUE, notre perception du monde, reposent sur des bases géométriques, qui peuvent à tout moment se fissurer.

Our mental structures, our LOGIC, our perception of the world, rest on geometrical foundations, which could give way at any moment.

________________________________________________________________________________

________________________________________________________________________________

Si nous n' arrivons pas à rétablir un minimum de cohérence dans la vision que notre ami a des choses, il risque de persister dans son refus du monde sensible.

________________________________________________________________________________

If we can' t bring back a minimum of coherence to our friend' s view of things he' ll continue to refuse the sensorial world.

________________________________________________________________________________

________________________________________________________________________________
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MAILLAGES

________________________________________________________________________________

BASKET WEAVING

________________________________________________________________________________

________________________________________________________________________________

J' ai trouvé une autre façon de représenter commodément les surfaces: LA VANNERIE

________________________________________________________________________________

I' ve found another good way of representing surfaces: BASKET WEAVING

________________________________________________________________________________

________________________________________________________________________________

Ca, par exemple, c' est un cylindre:

________________________________________________________________________________

Well that is obviously a cylinder.

________________________________________________________________________________

________________________________________________________________________________

Et un TORE:

________________________________________________________________________________

And a TORUS

________________________________________________________________________________

________________________________________________________________________________

une bouteille de KLEIN:

________________________________________________________________________________

A KLEIN bottle

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Pour la sphère j' ai des ennuis...

________________________________________________________________________________

Hmm, it isn' t so easy to make a sphere

________________________________________________________________________________

________________________________________________________________________________

Pour la SPHÈRE, tu dois introduire 2 PÔLES.

________________________________________________________________________________

For the SPHERE you have to introduce 2 POLES.

________________________________________________________________________________

________________________________________________________________________________

Mais...je ne comprends pas. Pour le TORE ou la bouteille de KLEIN, je n' en ai pas besoin...

________________________________________________________________________________

But I don' t get it, I didn' t need them for the torus or the Klein bottle...

________________________________________________________________________________

________________________________________________________________________________

La caractéristique d' Euler-Poincaré te donne le nombre de PÔLES nécéssaires pour MAILLER ta surface. Pour le TORE ou la bouteille de KLEIN, c' est zéro. Mais pour la sphère c' est 2.

________________________________________________________________________________

The Euler-Poincaré characteristic gives you the number of POLE you need to WEAVE your surface. For the TORUS or the KLEIN bottle it' s zero. For the sphere it' s 2.

________________________________________________________________________________

________________________________________________________________________________
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Ce concept peut, bien entendu, être étendu aux HYPERSURFACES, aux espaces à 3, 4, ...N dimensions

________________________________________________________________________________

This concept can be extended to HYPERSURFACES of course, space with 3,4..N dimensions.

________________________________________________________________________________

________________________________________________________________________________

Sauf erreur l' univers est, suivant le modèle cyclique de FRIEDMANN (*), une hypersphère S4. Je conçois que l' on puisse PAVER un espace tridimensionnel à l' aide de structures cubiques. Mais à quatre dimensions ?

________________________________________________________________________________

Unless we' re mistaken the universe, according to the FRIEDMANN (*) cyclic model, is an S4 hypersphere. So I can see what we can PAVE a three dimensional space using cubic structures. But what about one with 4 dimensions ?

________________________________________________________________________________

________________________________________________________________________________

Simple, tu paves avec des HYPERCUBES

________________________________________________________________________________

Simple you pave it with HYPERCUBES

________________________________________________________________________________

________________________________________________________________________________

des hypercubes ? Ah bon...

________________________________________________________________________________

Hypercubes ? Really...

________________________________________________________________________________

________________________________________________________________________________

Mais, attendez voir... La caractéristique d' une hypersphère S4 est 2. Donc notre espace-temps devrait présenter au minimum une sorte de singularité, un pôle ?

________________________________________________________________________________

But, let' s see...The characteristic of an S4 hypersphere is 2. So our space-time, should show at least one sort of singularity then, a pole ?

________________________________________________________________________________

________________________________________________________________________________

Et le BIG BANG (*) c' est QUOI!?!

________________________________________________________________________________

And the BIG BANG (*) what' s that then!?!

________________________________________________________________________________

________________________________________________________________________________

Ainsi des considérations purement géométriques auraient permis de prévoir un des aspects les plus fantastiques de l' histoire du monde, découvert en même temps que le phénomène d' expansion de l' Univers.

________________________________________________________________________________

So purely geometric considerations have allowed us to perceive one of the most fantastic aspect of the history of the world, discovered at the same time as the expansion of the universe

________________________________________________________________________________

________________________________________________________________________________

(*) Voir BIG BANG (Editions BELIN).

________________________________________________________________________________

(*) See the BIG BANG

________________________________________________________________________________

________________________________________________________________________________
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SINGULARITÉS

________________________________________________________________________________

SINGULARITIES

________________________________________________________________________________

________________________________________________________________________________

L' ORDRE D' UNE SINGULARITÉ DE MAILLAGE est égal à l' angle dont la flèche tourne, positif ou négatif, divisé par 360° (2 ¶).

________________________________________________________________________________

THE ORDER OF SINGULARITY OF A WEAVE is equal to the angle of the arrow' s direction, positive or negative, divided by 360° (2¶)

________________________________________________________________________________

________________________________________________________________________________

le PÔLE c' est 1.

________________________________________________________________________________

The POLE is 1.

________________________________________________________________________________

________________________________________________________________________________

Voici des singularités d' ordre positif (à gauche) et négatif (à droite)

________________________________________________________________________________

Here, on the left are singularities of a positive order and on the right, of negative order

________________________________________________________________________________

________________________________________________________________________________

Quel intérêt ?

________________________________________________________________________________

What' s the point ?

________________________________________________________________________________

________________________________________________________________________________

Si tu mailles une surface fermée, tu aurais éventuellement des singularités. Eh bien la caractéristique d' Euler-Poincaré sera égale à la somme algébrique des ordres des singularités

________________________________________________________________________________

If you weave a closed surface, eventually you will have singularities. The Euler-Poincaré characteristic will be equal to the algebraic sum of the orders of singularities.

________________________________________________________________________________

________________________________________________________________________________
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Je peux mailler un TORE sans singularité. C' est normal: sa caractéristique d' Euler-Poincaré est nulle.

________________________________________________________________________________

I could weave a TORUS without singularity. That' s normal, its Euler-Poincaré characteristic is nil.

________________________________________________________________________________

________________________________________________________________________________

Et voilà une sphère maillée à l' aide de huit singularités d' ordre ¼...

________________________________________________________________________________

And here is a sphere with a grid using eight singularities of order ¼...

________________________________________________________________________________

________________________________________________________________________________

Ou avec une singularité ¾, une d' ordre ¼ et un PÔLE...

________________________________________________________________________________

or with a singularity ¾, and order ¼ and a pole...

________________________________________________________________________________

________________________________________________________________________________

Ou avec quatre singularités d' ordre ½.

________________________________________________________________________________

Or with four singularities of order  ½

________________________________________________________________________________

________________________________________________________________________________

Remarque:

Le lecteur qui aura lu LE TROU NOIR (édition BELIN), pages 14 à 36 aura sans doute remarqué la similitude entre les dessins des singularités de maillage et ce qui se rapportait, dans cet ouvrage, aux POSICÔNES, aux NÉGACÔNES et à la courbure. Toutes ces notions, essentiellement ANGULAIRES sont étroitement liées. La COURBURE TOTALE d' une surface, représentée dans notre espace à trois dimensions, est précisément égale à la caractéristique d' Euler-Poincaré, multipliée par 360° (ou par 2 ¶).

La Direction

________________________________________________________________________________

NOTE:

Those who have read BLACK HOLE, pages 14 to 36 will no doubt have noticed the similarity between the drawings of mesh singularities and those concerning POSICONES, NEGACONES and the curve. All these ideas, essentially ANGULAR, are closely linked to the TOTAL CURVATURE of a surface, represented in our space of three dimensions, which is exactly equal to the Euler-Poincaré characteristic multiplied by 360° (or by 2¶)

________________________________________________________________________________

________________________________________________________________________________
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Dommage que de telles choses ne servent strictement à rien, comme le grec ou le latin.

________________________________________________________________________________

It' s a pity that such things are useless, like greek and latin.

________________________________________________________________________________

________________________________________________________________________________

Pas du tout, Léon! Les singularités, la nature en est pleine!

________________________________________________________________________________

Not at all Leon! There are lots of singularities in nature!

________________________________________________________________________________

________________________________________________________________________________

mais où ?

________________________________________________________________________________

Where ?

________________________________________________________________________________

________________________________________________________________________________

craquer une fermeture éclair

________________________________________________________________________________

Pull apart a zip fastener

________________________________________________________________________________

________________________________________________________________________________

Un ensemble de singularités +¼ -½: une toile posée sur des piquets

________________________________________________________________________________

An ensemble of singularities +¼ – ½: a sheet laid on tent pegs.

________________________________________________________________________________

________________________________________________________________________________
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et que fabriquez-vous, maintenant ?

________________________________________________________________________________

Now what are you making ?

________________________________________________________________________________

________________________________________________________________________________

Des CHAMPS MAGNÉTIQUES.

________________________________________________________________________________

MAGNETIC FIELDS

________________________________________________________________________________

________________________________________________________________________________

Ce système fabrique un champ magnétique UNIFORME et les lignes de ce champ sont alors de simples droites parallèles

________________________________________________________________________________

This system produces a UNIFORM magnetic field, its lines and fields are simple parallel straight lines.

________________________________________________________________________________

________________________________________________________________________________

Maintenant j' ajoute dans ce champ une spire qui va créer en son centre un champ de direction opposée

________________________________________________________________________________

But if I put a coil into the field it will create another field in its centre going in the opposite direction.

________________________________________________________________________________

________________________________________________________________________________

contact!

________________________________________________________________________________

Contact!

________________________________________________________________________________

________________________________________________________________________________

Ici le champ est seulement affaibli au centre.

________________________________________________________________________________

Here the field is just weakened in the centre

________________________________________________________________________________

________________________________________________________________________________

Mince! Tu as fait apparaître deux PÔLES (les traces du solénoïdes dans le plan de figure) et deux singularités d' ordre -1. La somme faisant zéro. Les singularités négatives apparissent là où le champ B s' annule.

________________________________________________________________________________

Oh! You' ve made two POLES appear (the traces of the solenoid seen from the front in figure 1) and two singularities of order -1. The sum making zero. The negative singularities appear where the B field is cancelled out.

________________________________________________________________________________

________________________________________________________________________________

!?

________________________________________________________________________________

!?

________________________________________________________________________________

________________________________________________________________________________
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En fait, le système à une symétrie de révolution et nous avons un exemple de maillage avec des lignes de singularité.

________________________________________________________________________________

In fact the system has a symetry of revolution and we' ve got an example of a mesh with lines of singularity.

________________________________________________________________________________

Je vais maintenant monter le courant de manière à annuler la valeur du champ magnétique au centtre du solénoïde

________________________________________________________________________________

I' m now going to increase the current so as to cancel out the value of the magnetic field in the centre of the solenoid.

________________________________________________________________________________

________________________________________________________________________________

Les deux points de champ nul, dans le plan de  figure, se sont maintenant fondus en un seul, d' ordre -2 (exemple de CONFLUENCES DE SINGULARITÉS)

________________________________________________________________________________

The two points of the nil field, seen from the front in the drawing, have now joined into one, of the order -2 (an example of CONFLUENCES OF SINGULARITY)

________________________________________________________________________________

________________________________________________________________________________

C' est marrant, ce truc. On pousse encore le champ ?

________________________________________________________________________________

Yes this is fun. Shall we push the field further ?

________________________________________________________________________________

Est-ce que ça ne risque pas de devenir dangereux ?

________________________________________________________________________________

It might be risky and become dangerous.

________________________________________________________________________________

________________________________________________________________________________
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Qu' est-ce que tu redoutes, Léon ? Qu' on crée des alterations irréversibles dans l' espace-temps ? Il n' y a que cent gauss, mon-vieux...

________________________________________________________________________________

What are you afraid of Leon ? That we create irreversible changes in space-time ? It' s only 100 Gauss after all old fellow.

________________________________________________________________________________

________________________________________________________________________________

Depuis LE MUR DU SILENCE, Léon fait une véritable fixation sur les champs magnétiques!

Since THE SILENCE BARRIER, he' s had a real fixation on magnetic fields.

________________________________________________________________________________

________________________________________________________________________________

Superbe!

________________________________________________________________________________

Superb!

________________________________________________________________________________

________________________________________________________________________________

Le champ magnétique B s' est inversé au centre de la spire. La singularité s' est dédoublée en deux singularités d' ordre -1. On a créé un vortex magnétique à géométrie torique

________________________________________________________________________________

The magnetic field B has inverted in the centre of the coil. It' s singularity is doubled into two singularities of order -1. We' ve created a magnetic VORTEX with toric geometry

________________________________________________________________________________

les maillages, les singularités sont à tous les carrefour de la physique...

________________________________________________________________________________

You find meshes and singularities at all the crossroads of physics...

________________________________________________________________________________

________________________________________________________________________________
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Les CRISTAUX sont des mines de singularités. Dans ce cristal plan à maille carré, si on crée un DEFAUT en enlevant un élément, le comblement du vide se fera au prix d' une singularité -½ et de deux singularités ¼

________________________________________________________________________________

CRYSTALS are a mine of singularities. In this top view of a crystal with a square mesh, if we create a FAULT, by removing a element, the hole will be made at a cost on singularity of -½ and two singulrities ¼

________________________________________________________________________________

________________________________________________________________________________

Ici un effort de CISAILLEMENT va entrainer un réarrangement dans le maillage plan au prix de deux singularités d' ordre ¼ et de deux singularités d' ordre -¼

________________________________________________________________________________

A SHEARING mouvement will cause a rearrangement of the grid, which requires two singularities of order¼ and two singularities of order -¼

________________________________________________________________________________

J' enlève un carreau.

________________________________________________________________________________

I' ve removed a tile

________________________________________________________________________________

________________________________________________________________________________

CLOP!

________________________________________________________________________________

CLOMP!

________________________________________________________________________________

________________________________________________________________________________

40

ça me fait penser à un truc

That reminds me of something

________________________________________________________________________________

________________________________________________________________________________

Mais à quoi, mon cher Tirésias ?

________________________________________________________________________________

And what would that be Tiresias ?

________________________________________________________________________________

________________________________________________________________________________

Supposons que l' univers soit une sorte de...

________________________________________________________________________________

Suppose that the universe was a sort of...

________________________________________________________________________________

...de cristal ?

________________________________________________________________________________

...a sort of cristal ?

________________________________________________________________________________

________________________________________________________________________________

Si l' univers était fait de sortes de cases, les PARTICULES ÉLÉMENTAIRES pourraient être des défauts ou des dislocations, combinaisons de singularités de PAVAGE (*). Le mouvement, ou les interactions correspondraient à des réarrangements de tout cela...

________________________________________________________________________________

What if the universe was made up of sorts of slots, ELEMENTARY PARTICLES could be the faults of dislocations, combinations of PAVING (*) singularities. The mouvement, or the interactions would correspond to the rearrangements of the whole thing...

________________________________________________________________________________

________________________________________________________________________________

Pour une belle idée, c' est une belle idée!

________________________________________________________________________________

For a good idea that' s a good idea!

________________________________________________________________________________

je...euh...

________________________________________________________________________________

I...er...

________________________________________________________________________________

________________________________________________________________________________

(*) le MAILLAGE  se réfère aux  objets à 2 dimensions. Le PAVAGE en est l' équivalent, mais pour un nombre de dimensions supérieur

________________________________________________________________________________

(*) MESH refers to objects with two dimensions. PAVING is the equivalent for a superior number of dimensions.

________________________________________________________________________________

________________________________________________________________________________
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Tout ce qui va suivre va être maintenant illustré à l' aide de DESSINS ANIMÉS FEUILLETABLES repérés par les lettres A, B, C, D.

La Direction

All that follows will be illustrated using LEAFING ANIMATED CARTOONS, sorted by the letters A,B,C and D

The Management

________________________________________________________________________________

________________________________________________________________________________

A TRANSFORMATION DU RUBAN DE MÖBIUS EN SURFACE DE BOY

________________________________________________________________________________

A TRANSFORMATION OF A MOEBIUS STRIP INTO A BOY SURFACE

________________________________________________________________________________

________________________________________________________________________________

B IDEM: COURBE-BORD ET ENSEMBLE D' AUTO-INTERSECTION

________________________________________________________________________________

B DITTO: CURVE-EDGE AND AUTO-INTERSECTION ENSEMBLE

________________________________________________________________________________

C MISE EN CONJONCTION DES POINTS ANTIPODAUX

________________________________________________________________________________

C MAKING A CONJONCTION OF ANTIPODAL POINTS

________________________________________________________________________________

________________________________________________________________________________

D INVERSION APPARENTE DU TEMPS

________________________________________________________________________________

D APPARENT INVERSION OF TIME

________________________________________________________________________________

________________________________________________________________________________

LA SURFACE DE BOY

________________________________________________________________________________

THE BOY SURFACE

________________________________________________________________________________

Bon, on s' est bien amusé, mais, en attendant, ce pauvre Amundsen est toujours dans le potage...

________________________________________________________________________________

Right we' ve have fun but in the meantime poor Amundsen is still in the soup...

________________________________________________________________________________

________________________________________________________________________________

Et on ne sait toujours pas ce qu' est cette fichue planète sans pôle sud!

________________________________________________________________________________

And we still don' t know anything about this mad planet with no south pole

________________________________________________________________________________

________________________________________________________________________________

Attendez...pour qu' elle n' est qu' un pôle, il faut que sa caractéristique d' Euler-Poincaré soit égale à 1. Par ailleurs elle semble être UNILATÈRE...

________________________________________________________________________________

But wait...for there to be only one pole, the Euler-Poincaré characteristic must be equal to 1. It seems to be UNILATERAL...

________________________________________________________________________________
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Un ruban de Möbius a une caractéristique nulle. Je pourrais coudre le long d' une courbe fermée, qui a aussi une caractéristique zéro, un simple disque par exemple...

________________________________________________________________________________

A Moebius strip has a nil characteristic. I could sew it along a closed curve, which also has a zero characteristic, a simple disc for example...

________________________________________________________________________________

________________________________________________________________________________

L' ensemble aurait effectivement une caractéristique unité, et cela serait une surface fermée unilatère. Mais, au lieu de coudre, pourquoi n' utilises-tu pas la TRAVERSINE ?

________________________________________________________________________________

The ensemble will have a unitary characteristic and will be a closed unilateral surface. But instead of stitching it, why not use some TRAVERSINE

________________________________________________________________________________

________________________________________________________________________________

L' histoire du ruban de Möbius qui se transforme en surface de BOY est à voir sur les dessins animés A et B. Voici l' objet final:

________________________________________________________________________________

The sequence of turning a Moebius strip into a BOY surface can be seen on the drawings A and B.      Here' s the final object:

________________________________________________________________________________

voici les «PARALLÈLES» de la surface de BOY. C' est aussi l' évolution du BORD du ruban de Möbius correspondant à la séquence A

________________________________________________________________________________

Here are the «PARALLELS» of the BOY surface. It' s also the development of the EDGE of the Moebius strip corresponding to the sequence A.

________________________________________________________________________________

________________________________________________________________________________

Drôle de parallèles...

________________________________________________________________________________

Funny sort of parallels...

________________________________________________________________________________

________________________________________________________________________________

Bande «équatoriale»

«equatorial» strip

________________________________________________________________________________

________________________________________________________________________________
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c' est un travail de VANNERIE, Léon. Il faut simplement prolonger les «méridiens» du ruban de Möbius en les amenant jusqu' au fond du panier, jusqu' au pôle.

________________________________________________________________________________

It' s WEAVING work Leon. We just have to prolong the «meridians» of the Moebius strip to bring them to th bottom of the basket, the pole.

________________________________________________________________________________

________________________________________________________________________________

SURFACE DE BOY AVEC RUBAN DE MÖBIUS INITIAL

________________________________________________________________________________

BOY SURFACE WITH INITIAL MOEBIUS STRIP

________________________________________________________________________________

________________________________________________________________________________

méridien

________________________________________________________________________________

Meridian

________________________________________________________________________________

autrement dit, il faut souder les tiges libres du ruban de Möbius sur celles du « fond du panier»

________________________________________________________________________________

In other words you have to join the free can of a Moebius strip to those of the «bottom of the basket».

________________________________________________________________________________

________________________________________________________________________________

Les VOISINAGES de ces «méridiens» sont des rubans de Möbius à un demi-tour.

________________________________________________________________________________

The NEIGHBOURHOODS of the «meridians» are Moebius strips with one half turn.

________________________________________________________________________________

________________________________________________________________________________

LE PREMIER MODÈLE DE LA SURFACE DE BOY AVEC SON ENSEMBLE «MÉRIDIENS» + «PARALLÈLES» A ÉTÉ IMAGINÉ PAR L' AUTEUR. UNE BELLE MAQUETTE,  RÉALISÉE PAR LA SUITE PAR LE SCULPTEUR MAX SAUZE, EST VISIBLE DANS LA «SALLE  ¶» DU PALAIS DE LA DÉCOUVERTE DE PARIS.

LA DIRECTION

THE FIRST MODEL OF THE BOY SURFACE WITH ITS ENSEMBLE «MERIDIANS» + «PARALLEL», WAS IMAGINED BY THE AUTHOR. A FINE MODEL, WAS THEN MADE BY THE SCULPTOR MAX SAUZE WHICH IS VISIBLE IN THE «¶ ROOM» OF THE PALACE OF DISCOVERY IN PARIS FRANCE.

The Management

________________________________________________________________________________

________________________________________________________________________________
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Nous avons cheminé sur l' un de ces rubans lorsque, partant du «PÔLE NORD», nous étions allés à la recherche du «PÔLE SUD».

_______________________________________________________________________________

We' ve moved long one these strips, leaving the «NORTH POLE» to look for the «SOUTH POLE»

________________________________________________________________________________

________________________________________________________________________________

Et comme de bien entendu, nous sommes retombés sur la pointe du piquet de Perry!

________________________________________________________________________________

And of course we came back to Perry' s flagpole!

________________________________________________________________________________

Mais si nous avons cheminés sur une surface de Boy, comment ce fait-il que nous n' ayons pas décelé les régions d' auto-intersections ?

________________________________________________________________________________

But if we moved along a Boy surface, how come we didn' t detect the autointersection regions ?

________________________________________________________________________________

________________________________________________________________________________

Tu sais bien que cette IMAGE d' auto-intersection n' est qu' un effet de l' immersion de la SURFACE DE BOY dans l' ESPACE DE REPRÉSENTATION TRIDIMENSIONNEL. En fait la surface de BOY et la bouteille de KLEIN EXISTENT EN TANT QU' OBJET A 2 DIMENSIONS INDÉPENDAMMENT DE L' ESPACE DANS LESQUELS ON LES REPRÉSENTE.

________________________________________________________________________________

Remenber, this IMAGE of autointersection is just an effect of immersion of the BOY SURFACE into the REPRESENTATIONAL THREE-DIMENSIONAL SPACE. In fact, the Boy surface and the KLEIN bottle exist as TWO DIMENSIONAL OBJECTS INDEPENDENTLY OF THE SPACE IN WHITCH THEY ARE REPRESENTED.

________________________________________________________________________________

________________________________________________________________________________

Voici un bon moyen de faire abstraction de cette auto-intersection.

________________________________________________________________________________

Here' s a good method to forget about the idea of  autointersection.

________________________________________________________________________________

________________________________________________________________________________

45

Bon, une chose est claire: la planète est en surface de Boy et il n' y a qu' un seul pôle.

One thing is certain: The planet is a Boy surface and only has one pole.

________________________________________________________________________________

________________________________________________________________________________

Ce n' est pas moi qui irai annoncer cela à ce pauvre monsieur Amundsen

________________________________________________________________________________

Well I' m certainly not going to announce that to poor old Amundsen

________________________________________________________________________________

________________________________________________________________________________

Il est toujours en état de choc.

________________________________________________________________________________

He' s still in state of shock

________________________________________________________________________________

RUBAN DE MÖBIUS A BORD CIRCULAIRE

________________________________________________________________________________

MOEBIUS STRIP WITH A CIRCULAR EDGE

________________________________________________________________________________

________________________________________________________________________________

LA BOY-CUBE

________________________________________________________________________________

THE BOY-CUBE

________________________________________________________________________________

________________________________________________________________________________

Eh bien moi...

________________________________________________________________________________

Erm, I' m not so sure...

________________________________________________________________________________

je vais peut-être vous paraître un peu demeuré, mais j' avoue que, même avec ces dessins, ces coupes, ces vues diverses, je n' ai pas compris la surface de Boy...

________________________________________________________________________________

I might seem a bit nuts to you but I must admit, even with the drawings, the cross sections, various views, I still haven' t understood the Boy surface...

________________________________________________________________________________

________________________________________________________________________________
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Tu as du mal à saisir sa topologie ?

Are you having trouble understanding its topology?

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Sa ?.. euh... oui... ça doit être cela.

It's?… erm…yes..it must be that

________________________________________________________________________________

________________________________________________________________________________

Attends, Léon, j' ai trouvé quelque chose qui va t' aider

Wait Leon, I've found something that will help you.

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Léon, une sphère ou un cube, c' est pareil! Même topologie, même caractéristique d' Euber-Poincaré, même courbure totale.

Leon, a sphere or a cube, it's the same thing. The same topology, the same Euber-Poincaré characterisitc, the same total curvature

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Moui...

Mmm..ok

________________________________________________________________________________

________________________________________________________________________________

Et ça c' est un TORE

And that's a TORUS

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

Et alors, ça c' est une KLEIN-CUBE ?

And so, that's a KLEIN-CUBE?

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

tout juste

Exactly

________________________________________________________________________________

________________________________________________________________________________
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Et voilà la BOY-CUBE brevetée Lanturlu: 28 sommets 43 arètes 16 faces X=28-43+16=1

________________________________________________________________________________

And here' s a BOY-CUBE patented by Archibald. 28 summits 43 edges 16 faces X=28-43+16=1

________________________________________________________________________________

________________________________________________________________________________

On peut faire de très jolies modèles avec des éléments d' étagères REYNOLDS (tubes carrés en dural, pièces d' angle en plastique).

________________________________________________________________________________

Nice models can be made using REYNOLDS shelves (square Dural tube and angle pieces in plastic).

________________________________________________________________________________

________________________________________________________________________________

Page suivante, un découpage qui vous permet de monter vous-même votre BOY-CUBE

________________________________________________________________________________

On the following page there are drawings to cut out and make your own BOY-CUBE

________________________________________________________________________________
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________________________________________________________________________________
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POINT TRIPLE

________________________________________________________________________________

TRIPLE POINT

________________________________________________________________________________

________________________________________________________________________________

PÔLE

________________________________________________________________________________

POLE

________________________________________________________________________________
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REVÊTEMENTS

________________________________________________________________________________

COVERINGS

________________________________________________________________________________

________________________________________________________________________________

Alors, c ' est la fin de l' histoire ?

________________________________________________________________________________

So that' s the end of the story then ?

________________________________________________________________________________

________________________________________________________________________________

Non. Je vois un rebondissement imprévu...

________________________________________________________________________________

No, there a sudden surprise...

________________________________________________________________________________

Le REVÊTEMENT A DEUX FEUILLETS d' un objet UNILATÈRE, INORIENTABLE, est BILATÈRE, ORIENTABLE, et a une caractéristique double

________________________________________________________________________________

The TWO-LEAFED COVERING of a UNILATERAL, NON ORIENTABLE OBJECT is BILATERAL, ORIENTABLE and has a double characteristic.

________________________________________________________________________________

________________________________________________________________________________

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

________________________________________________________________________________

What is all this nonsens ?

________________________________________________________________________________

________________________________________________________________________________

C' est simple: prends un ruban de Möbius et recouvre-le de peinture sur son UNIQUE côté, puis enlève le ruban...

________________________________________________________________________________

It' s simple. Take a Moebius strip and cover it with paint on its UNIQUE side, then take the strip away...

________________________________________________________________________________

...en ne gardant que la peinture!

________________________________________________________________________________

...and just keep the paint!

________________________________________________________________________________

________________________________________________________________________________
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Cette nouvelle bande, fermée sur elle-même, a deux faces, puisque l' une d' elle était en contact avec le ruban de Möbius. Mais tu peux aussi explorer la séquence d' images C:

________________________________________________________________________________

This new strip, closed on itself, has two faces because it was in contact with the Moebius strip. You can see the sequence in the images C:

________________________________________________________________________________

________________________________________________________________________________

+ segment

________________________________________________________________________________

+ segment

________________________________________________________________________________

Sa caractéristique et celle du ruban de Möbius sont nulles.

________________________________________________________________________________

Both its characteristic and that of the Moebius strip are nil.

________________________________________________________________________________

________________________________________________________________________________

Attends voir...si je peins...une BOUTEILLE DE KLEIN sur son UNIQUE FACE et que j' enlève la bouteille en conservant la peinture, j' obtiens une surface FERMÉE, BIEN REGULIÈRE, avec DEUX FACES et possèdant une caractéristique d' Eubert-Poincaré égale à 2x0=zéro.

________________________________________________________________________________

Look...If I paint a KLEIN BOTTLE on its UNIQUE FACE then take away the bottle to just leave the paint, I will obtain a CLOSED, REGULAR SURFACE, with TWO FACES and possessing a Euler-Poincaré characteristic of 2x0=ZERO

________________________________________________________________________________

________________________________________________________________________________

C' est-à-dire une immersion du TORE!

That is to say an immersion of a TORUS!

________________________________________________________________________________

________________________________________________________________________________
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Tirésias, où es-tu ? ______________________________________________________________________________

Tiresias, where are you ?

________________________________________________________________________________

________________________________________________________________________________

ici!

________________________________________________________________________________

Here!

________________________________________________________________________________

________________________________________________________________________________

De la même façon, si je prends une surface de Boy et que je l' enduis de peinture, si j' enlève la BOY et que je conserve la peinture, j' obtiendrai une surface FERMÉE, BIEN REGULIÈRE, AVEC 2 FACES, et possèdant une caractéristique d' Euler-Poincaré égale à 2x1=2...

________________________________________________________________________________

In the same way if I take a BOY surface and cover it with paint then remove the BOY and keep the paint I will obtain a CLOSED, REGULAR surface WITH 2 FACES and having a Euler-Poincaré characteristic of 2x1=2...

________________________________________________________________________________

...c' est à dire une IMMERSION DE LA SPHÈRE!

________________________________________________________________________________

...in other words, an IMMERSION OF THE SPHERE!

________________________________________________________________________________

________________________________________________________________________________
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Est-ce que je peux RÉELEMENT «déplacer» cette bizarre sphère et la transformer en sphère «ordinaire» ?________________________________________________________________________________

Can I REALLY «unfold» this weird sphere and turn it into an «ordinary» sphere ?

________________________________________________________________________________

________________________________________________________________________________

Avec de la TRAVERSINE, pas de problème et c' est la même chose pour le TORE

With TRANSVERSINE, no problem, the same for a TORUS

________________________________________________________________________________

________________________________________________________________________________

Procédons inversement. Supposons que je veuille «replier» une sphère sans faire de pli!

________________________________________________________________________________

Lets go in the opposite direction...suppose that I want to «refold» a sphere without any folds!

________________________________________________________________________________

________________________________________________________________________________

CROISEMENT DES NAPPES TERMINÉ

________________________________________________________________________________

CROSSED STRIPS RESULT

________________________________________________________________________________

Il faut utiliser du RÉTRÉCISSOL

________________________________________________________________________________

You need some SHRINKASOL

________________________________________________________________________________

________________________________________________________________________________
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On commence par relier chaque point de la sphère avec son ANTIPODE à l' aide de fils trempés dans du RÉTRÉCISSOL.

________________________________________________________________________________

We bigin by joining each point of the sphere to its ANTIPODE using strings soaked in SHRINKASOL

________________________________________________________________________________

________________________________________________________________________________

Ces fils se contractent jusqu' à devenir de longueur nulle, tandis que la surface de la sphère reste constante. On amène ainsi chaque point en CONJONCTION avec son ANTIPODAL.

________________________________________________________________________________

These strings contract to the point where they have zero length while the surface of the sphere remains constant. We bring each point into CONJONCTION with its ANTIPODAL.

________________________________________________________________________________

________________________________________________________________________________

Mais vous verrez cela dans un autre album, consacré au RETOURNEMENT DE LA SPHÈRE. En attendant, la série d' images du film C montre comment l' ÉQUATEUR de la SPHÈRE se replie, en devenant l' ÉQUATEUR de la BOY. Le pôle nord vient évidement se mettre contre le pôle sud.

La Direction

But as you' ll see all that in another album, dedicated to turning a SPHERE inside out. In the meantime, the series of images in the «filmstrip» C show how the EQUATOR of the SPHERE folds it on itself, becoming the EQUATOR of the BOY. The NORTH pole then, obviously, sticks itself next to the SOUTH pole.

The Management

________________________________________________________________________________

________________________________________________________________________________

Tous les méridiens et les parallèles de la sphère viennent se recouvrir les uns les autres.

________________________________________________________________________________

All the meridians and parallels of the sphere cover each other.

________________________________________________________________________________

________________________________________________________________________________
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Imagine une araignée qui vit sur une surface de BOY dont le maillage est constitué par ses parallèles et ses méridiens. Elle croierait vivre...sur une sphère!

________________________________________________________________________________

Imagine a spider living on a BOY surface whose mesh is made of its parallels and meridians. It would think it lived...on a sphere!

________________________________________________________________________________

FERMETURE DES TROIS «TYMPANS»

________________________________________________________________________________

Closure of the three «tympani»

________________________________________________________________________________

________________________________________________________________________________

Bon, maintenant que le déjeuner est assuré, je vais aller faire un tour

________________________________________________________________________________

Right, now that I've got dinner sorted out, I' m going off for a walk.

________________________________________________________________________________

________________________________________________________________________________

CHEMIN SUIVI PAR L' ARAIGNÉE

________________________________________________________________________________

THE SPIDER' S ROUTE

________________________________________________________________________________

Tiens, une deuxième toile. Ma collègue habite sur une autre face et elle a aussi attrapé une mouche

________________________________________________________________________________

Oh, another web. A colleague must live on the other side and he' s caught a fly too. That' s nice.

________________________________________________________________________________

________________________________________________________________________________
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Personne en vue ? Bon...je lui mange sa mouche

________________________________________________________________________________

Ah, nobody looking, I' m going to eat the fly.

________________________________________________________________________________

________________________________________________________________________________

Bon...rentrons

________________________________________________________________________________

Mmm, let' s go home.

________________________________________________________________________________

BURP!

________________________________________________________________________________

BURP!

________________________________________________________________________________

________________________________________________________________________________

Ah la vache! Pendant que j' étais partie, l' autre araignée est venue et a dévoré ma mouche!

________________________________________________________________________________

Oi! While I was away the other spider has been here and eaten MY fly!

________________________________________________________________________________

________________________________________________________________________________

Hi Hi Hi

________________________________________________________________________________

Ha Ha Ha

________________________________________________________________________________

En fait il n' y avait qu' une seule araignée et qu' une seule mouche

________________________________________________________________________________

In fact, there was only one fly and one spider.

________________________________________________________________________________

________________________________________________________________________________

je vais l' attendre et quand elle se pointera je lui ferait sa fête...

________________________________________________________________________________

I' ll get you even if I wait all night, and you' ll see when I catch you...

________________________________________________________________________________

________________________________________________________________________________
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Mais...l' histoire de l' araignée...ça me donne une idée. Pour Amundsen, nous avons la solution

But the spider story...that make me think of something. We' ve got a solution for Amundsen.

________________________________________________________________________________

________________________________________________________________________________

Comment cela ?

________________________________________________________________________________

How' s that ?

________________________________________________________________________________

________________________________________________________________________________

monsieur Amundsen, tout est arrangé! On a retrouvé votre pôle sud...

________________________________________________________________________________

Mr Amundsen, we' ve sorted every thing out, we' ve found your south pole.

________________________________________________________________________________

________________________________________________________________________________

Ah...

________________________________________________________________________________

Ah...

________________________________________________________________________________

AMORCE DES «OREILLES»

________________________________________________________________________________

APPEARANCE OF «EARS»

________________________________________________________________________________

________________________________________________________________________________

Vous repartez mais avec ça...

________________________________________________________________________________

You can go but take this with you...

________________________________________________________________________________

________________________________________________________________________________

On a donné le même à Perry.

They gave the same thing to Perry

________________________________________________________________________________

________________________________________________________________________________

...et vous le POSEZ seulement!

________________________________________________________________________________

...and you just PUT IT DOWN

________________________________________________________________________________

________________________________________________________________________________

ET TOUT RENTRA DANS L' ORDRE...

________________________________________________________________________________

AND EVERYTHING SORTED ITSELF OUT

________________________________________________________________________________

PÔLE NORD POLE SUD

________________________________________________________________________________

NORTH POLE SOUTH POLE

________________________________________________________________________________

________________________________________________________________________________
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Quel beau jour!

________________________________________________________________________________

Ah, what a nice day!

________________________________________________________________________________

________________________________________________________________________________

ça vous a quand même de la gueule

________________________________________________________________________________

Now that really looks like something

________________________________________________________________________________

________________________________________________________________________________

Monsieur Amundsen, la photo historique

Monsieur Amundsen, the historic photo please...

________________________________________________________________________________

________________________________________________________________________________

Allez vous en, je veux être seul sur ma photo historique

________________________________________________________________________________

Shoo, I want to be alone in my historic photo

________________________________________________________________________________

________________________________________________________________________________

PÔLE SUD

________________________________________________________________________________

South Pole

________________________________________________________________________________

En science, c' est comme pour tout. Quelque fois, il vaut mieux ne pas trop creuser...

________________________________________________________________________________

In science it' s like in anything else, sometimes you shouldn' t dig too far...

________________________________________________________________________________

________________________________________________________________________________

...chaque pôle à sa place et les vaches seront bien gardées...

________________________________________________________________________________

...each pole has its place and the stable doors are properly bolted.

________________________________________________________________________________

________________________________________________________________________________

Et d' ailleurs, si on creusait, sous le pôle Nord, on aurait peut-être des surprises.

________________________________________________________________________________

Not only that but if we dug under the North pole we might get some nasty surprises.

________________________________________________________________________________

Et il y en a qui déchanteraient, allez

________________________________________________________________________________

And someone here might get very upset about that.

________________________________________________________________________________
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Bon, voilà une affaire réglée. Mais que fait Lanturlu ?

________________________________________________________________________________

Right, that' s one thing done then. What' s Archie up to ?

________________________________________________________________________________

________________________________________________________________________________

Tu sais ce que c' est une glace sans tain. On voit à la fois le reflet et au travers. Eh bien, je suis en train de transformer ce ruban de Möbius en glace sans tain.

________________________________________________________________________________

Do you know what a twoway mirror is ? You can see a reflection in it and look through it at the same time. Well I' m changing a Moebius strip into a two-way mirror.

________________________________________________________________________________

________________________________________________________________________________

LE STADE DU MIROIR

________________________________________________________________________________

THE MIRROR STAGE

________________________________________________________________________________

Pour attraper des pieuvres

________________________________________________________________________________

To catch squid.

________________________________________________________________________________

________________________________________________________________________________
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Qu' est-ce qui se passe!?! la pieuvre à l' air saisie de stupeur.

________________________________________________________________________________

What' s happening!?! The squid seems to be stupefied

________________________________________________________________________________

________________________________________________________________________________

Elle se gratte désespérément la tête

It' s scratching its head desperately

________________________________________________________________________________

________________________________________________________________________________

Et elle ne sent RIEN Parce que son vrai bras gratte l' image de sa tête alors que le bras «image» gratte sa vraie tête!

________________________________________________________________________________

And it isn' t feeling anything because its real arm is scratching the image of its head while its «image arm» is scratching its real head.

________________________________________________________________________________

________________________________________________________________________________

pauvre bête...

________________________________________________________________________________

Poor thing...

________________________________________________________________________________

Comme le miroir est unilatère, en faisant le tour, son bras est passé «de l' autre côté».

________________________________________________________________________________

As the mirror is unilateral, by going round it, its arm has «passed to the other side»

________________________________________________________________________________

________________________________________________________________________________

Et comme le miroir est parfaitement semi-transparent elle n' est pas fichue de s' en apercevoir!!!

________________________________________________________________________________

And as the mirror is perfectly semi-transparent it can' t manage to work it out!!!

________________________________________________________________________________

________________________________________________________________________________

ça à l' air de drôlement la paniquer!

________________________________________________________________________________

It' s looking pretty freaked out!

________________________________________________________________________________

mets-toi à sa place!

________________________________________________________________________________

Put yourself in its place!

________________________________________________________________________________

________________________________________________________________________________

Tu vois, si un jour tu te grattes l' oreille devant un miroir et que tu ne sens rien c' est que ce miroir est unilatère (*)

You see, if  one day you scratch your ear in front of a mirror and feel nothing, it means that the mirror is unilateral (*)  _____________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

(*) VOUS POUVEZ AUSSI FABRIQUER DE TELS MIROIRS À PARTIR DE VIEILLES BOUTEILLES DE KLEIN DE RÉCUPÉRATION.

(*) YOU CAN MAKE MIRRORS LIKE THIS OUT OF ANY OLD KLEIN BOTTLES YOU FIND LYING AROUND

________________________________________________________________________________

________________________________________________________________________________
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Si on transformait une surface de BOY en glace sans tain, l' univers serait indissociable de sa propre image.

________________________________________________________________________________

If we transformed a BOY surface into a see-through mirror the universe would be indisassociable from its own image.

________________________________________________________________________________

________________________________________________________________________________

Mais, est-ce que ça ne risquerait pas d' être dangereux ? Je ne sais pas...saisi par une sorte de contradiction logique, l' univers ne risquerait-il pas de disparaître ? (*)

________________________________________________________________________________

Wouldn' t that be dangerous ? I don't know...the universe seized by a sort of logical contradiction, it might make it disappear (*)

________________________________________________________________________________

L' ESPACE-TEMPS EN FOLIE

________________________________________________________________________________

SPACE-TIME GONE MAD

________________________________________________________________________________

________________________________________________________________________________

On peut étudier la topologie de l' espace-temps grâce à des modèles à deux dimensions, une pour l' espace et une pour le temps.

________________________________________________________________________________

We can' t study the topology of space-time using twodimensional models, one for space and one for time

________________________________________________________________________________

________________________________________________________________________________

CRÉATION D' UN POINT TRIPLE

________________________________________________________________________________

CREATION OF A TRIPLE POINT

________________________________________________________________________________

________________________________________________________________________________

ça fait un maillage

That makes a grid or mesh

________________________________________________________________________________

________________________________________________________________________________

(*) L' EXPÉRIENCE N' A JAMAIS ÉTÉ TENTÉE

(*) NO ONE HAS EVER TRIED THIS

________________________________________________________________________________

________________________________________________________________________________
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On a vu dans le BIG BANG que le modèle d' univers CYCLIQUE de FRIEDMANN pouvait être représenté par une image en chapelet de saucisses infini, chaque étranglement étant un nouveau BIG BANG

________________________________________________________________________________

We saw in the BIG BANG that FRIEDMANN' s CYCLIC universe model could be represented by a image of a infinite string of sausages, each tied point a new BIG BANG

________________________________________________________________________________

________________________________________________________________________________

PASSÉ TEMPS FUTUR BIG BANG

PAST TIME FUTURE BIG BANG

________________________________________________________________________________

________________________________________________________________________________

Chaque BIG BANG étant une singularité de type POLAIRE

________________________________________________________________________________

Each BIG BANG being a POLAR type singularity

________________________________________________________________________________

________________________________________________________________________________

Comment est-ce qu' on RACCORDE ces singularités ?

________________________________________________________________________________

How come these singularities are CONNECTED ?

________________________________________________________________________________

Tu prends un cône et tu le repasses.

________________________________________________________________________________

Take a cone and flatten it.

________________________________________________________________________________

________________________________________________________________________________

On peut aussi imaginer que les mêmes évènements puissent se rééditer à l' infini, auquel cas on aurait ceci...

________________________________________________________________________________

Would could also imagine that these events could repeat themselves infinitly, in which case we' d have this...

________________________________________________________________________________

________________________________________________________________________________

Où on peut supposer que le TEMPS a simplement un COMMENCEMENT et une FIN, comme ceci

________________________________________________________________________________

Or we can suppose that TIME is simple a BEGINNING and an END, like this

________________________________________________________________________________

________________________________________________________________________________

BIG BANG NOUS SOMMES ICI ESPACE TEMPS temps EXPANSION CONTRACTION

BIG BANG YOU ARE HERE SPACE TIME time EXPANSION CONTRACTION

________________________________________________________________________________

________________________________________________________________________________

Dans ce modèle classique d' ESPACE-TEMPS SPHÉRIQUE, un des pôles est le BIG BANG et l' autre l' ANTI BIG BANG. L' espace est assimilé aux courbes parallèles, l' équateur figurant l' état d' extinction maximale. Les «lignes de temps» correspondent aux méridiens

________________________________________________________________________________

In this classic model of SPHERICAL SPACE-TIME, one of the pole is the big bang and the other the ANTI BIG BANG. SPACE can be considered to be parallel curves, the equator being the maximum extension of the «time lines» corresponding to the meridians.

________________________________________________________________________________

________________________________________________________________________________
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Pour parcourir ces méridiens du temps, ces LIGNES D' UNIVERS, rien ne vaut un bon CHRONOSCAPHE 

________________________________________________________________________________

To travel along these meridians, these UNIVERSE LINES, there' s nothing better than a CHRONOSCAPE

________________________________________________________________________________

CRÉTATION DU POINT TRIPLE

________________________________________________________________________________

CREATION OF A TRIPLE POINT

________________________________________________________________________________

________________________________________________________________________________

On pourait emprunter une de ces machines. Cela ne me déplairait pas d' explorer cet espace-temps

________________________________________________________________________________

We could borrow one of these machines. I wouldn' t mind exploring space-time

________________________________________________________________________________

________________________________________________________________________________

où sont passés Léon et Tirésias ?

________________________________________________________________________________

Where are Leon and Tiresias ?

________________________________________________________________________________

Avec Tirésias, on a fait un excellent coup!

________________________________________________________________________________

Me and Tiresias have just had some fun!

________________________________________________________________________________

________________________________________________________________________________

On a pris tous les points de cet espace-temps et on les a joint aux ANTIPODAUX avec des fils...

________________________________________________________________________________

We took all the points of this space-time and joined them to the ANTIPODALS with strings...

________________________________________________________________________________

________________________________________________________________________________
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...puis on a trempé tous les fils dans du RÉTRÉCISSOL. Tirésias a dit que cela pouvait faire une chouette expérience spatiotemporelle ________________________________________________________________________________

Then we soaked the strings in SHRINKASOL. Tiresias reckoned that it would be an interesting spatio-temporal experiment

________________________________________________________________________________

Vous êtes complètement frappés, tous les deux. Vous ne mesurez pas les concéquences!!!

________________________________________________________________________________

You' re completely mad, both of you. You can' t imagine the consequences!!!

________________________________________________________________________________

________________________________________________________________________________

et que va-t-il se passer ?

________________________________________________________________________________

Why, what will happen ?

________________________________________________________________________________

________________________________________________________________________________

A cause de cet animal de Tirésias, l' ESPACE-TEMPS est en train de se replier sur lui-même. Tous les ÉVÈNEMENTS correspondant à la phase d'EXPANSION, c' est-à-dire depuis le BIG BANG jusqu' à la situation d' EXTENSION MAXIMALE, vont se retrouver en CONJONCTION avec les évènements correspondant de la phase de CONTRACTION, par mise en coïncidence des RÉGIONS ANTIPODALES.

________________________________________________________________________________

Because of what Tiresias did, SPACE-TIME is now collapsing on itself. All EVENTS corresponding to its EXPANSION phase, that is to say since the BIG BANG and to the point of MAXIMUM EXTENSION, will find themselves in CONJUNCTION with the corresponding events of the CONTRACTION phase, because of the coincidence of the ANTIPODAL REGIONS.

________________________________________________________________________________

Le BIG BANG et l' ANTI BIG BANG vont se trouver confondus, non ?

________________________________________________________________________________

You mean the BIG BANG and the ANTI BIG BANG are going to get mixed together ?

________________________________________________________________________________

________________________________________________________________________________

Comme c' est bizarre, comme c' est étrange et quelle coïncidence!

________________________________________________________________________________

It strange, weird and a real coincidence

________________________________________________________________________________

________________________________________________________________________________

Je suppose que cela a déjà été envisagé ? (*)

I suppose someone has already thought about this ? (*)

________________________________________________________________________________

________________________________________________________________________________

je n' aurais jamais dû écouter Tirésias.

________________________________________________________________________________

I should never have listened to Tiresias

________________________________________________________________________________

________________________________________________________________________________

(*) par HOYLE et SAKHAROV

________________________________________________________________________________

(*) HOYLE and SAKHAROV

________________________________________________________________________________

________________________________________________________________________________
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Mais ce phénomène de conjonction va faire que des régions de l' espace-temps, confrontées à leurs antipodes vont se retrouver vis-à-vis de celle-ci en OPPOSITION TEMPORELLE. ________________________________________________________________________________

The conjunction phenomenon will bring space-time regions face to face with their antipodes and so in TEMPORAL OPPOSITION to them.

________________________________________________________________________________

Impossible!

________________________________________________________________________________

Impossible!

________________________________________________________________________________

________________________________________________________________________________

Pas du tout! Prends par exemple la région située au voisinage de l' équateur de cet espace-temps sphérique, et qui correspond à l' état d' extension maximale. On la voit très bien se replier sur elle-même dans le film D

________________________________________________________________________________

Not at all. Take the region near the equator of this spherical space-time for example, which corresponds to the state of maximum extension. We can see clearly how it folds in on itself in the filmstrip D.

________________________________________________________________________________

________________________________________________________________________________

les FLÊCHES DU TEMPS se mettent en OPPOSITION

The TIME ARROWS put themselves in OPPOSITION.

________________________________________________________________________________

________________________________________________________________________________

Tu veux dire que ce qui serait le PASSÉ pour certains pourrait s' appeler FUTUR pour leurs ANTIPODIENS ?

________________________________________________________________________________

You mean that what is the PAST for some, is the FUTURE for their ANTIPODEANS ?

________________________________________________________________________________

________________________________________________________________________________

GULP...

________________________________________________________________________________

GULP...

________________________________________________________________________________
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Mon cher Léon, vous avez fait du beau travail

________________________________________________________________________________

Well done Leon, good work

________________________________________________________________________________

________________________________________________________________________________

Vous voulez dire que ceci risque de plonger l' univers dans une situation de contradiction insoutenable ?

________________________________________________________________________________

You mean that this will probably plunge the universe into a situation of insupportable contradiction ?

________________________________________________________________________________

________________________________________________________________________________

Une sorte d' impasse logique

________________________________________________________________________________

A sort of logical dead end.

________________________________________________________________________________

________________________________________________________________________________

Lorsque le RÉTRÉCISSOL aura fait son effet, l' Univers va se télescoper lui-même et nous allons prendre le temps à rebrousse poil de plein fouet

When the SHRINKASOL has had its effect, the universe will telescope in on itself and we' ll find time going backwards very fast.

________________________________________________________________________________

________________________________________________________________________________

Au fait, où est passé Tirésias ?

________________________________________________________________________________

Where' s Tiresias by the way ?

________________________________________________________________________________

________________________________________________________________________________

Montons dans le chronoscaphe on peut essayer de lui lancer un appel.

________________________________________________________________________________

Let' s get into the Chronoscape. We can try and call him.

________________________________________________________________________________

Un avis de recherche ?

________________________________________________________________________________

Calling all snails ?

________________________________________________________________________________

________________________________________________________________________________
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Allô, Tirésisa, tu m' entends ?________________________________________________________________________________

Hello, Tiresias, can you hear me ?

________________________________________________________________________________

________________________________________________________________________________

Attends, si Tirésias est pour nous RÉTROCHRONE et si on réussit à entrer en contact avec lui, il saura tout ce qu' on va lui dire

But wait, if Tiresias has become RETROCHRONIC for us and if we manage to get in contact with him he' ll know already what we are going to say.

________________________________________________________________________________

Pire, en fait, ce message, dans son TEMPS PROPRE c' est lui qui l' émettra!!

________________________________________________________________________________

Even worse, he' ll be the one transmitting this message in his PROPER TIME!!

________________________________________________________________________________

________________________________________________________________________________

Mon dieu!

________________________________________________________________________________

Good heavens!...

________________________________________________________________________________

________________________________________________________________________________

Et, de toute façon, si on le croise, ça sera bien pire!

________________________________________________________________________________

Anyway if we do come across him it' ll be even worse still!

________________________________________________________________________________

Pourquoi ?

________________________________________________________________________________

Why ?

________________________________________________________________________________

________________________________________________________________________________

Feynmann pensait que l' antimatière prenait le temps à l' envers!

________________________________________________________________________________

Feynmann thought that antimatter lived in inverted time!

________________________________________________________________________________

________________________________________________________________________________

Et l' abbé LEMAÎTRE (*) pensait que l' antimatière était de la matière vue À L' ENVERS! (*)

________________________________________________________________________________

And the Abbé LEMAÎTRE (*) thought that antimatter was matter seen BACK TO FRONT (*)

________________________________________________________________________________

Alors, si par malheur on croisait Tirésias, il serait devenu un ANTI-TIRESIAS

________________________________________________________________________________

If we had the bad luck to come across Tiresias he would have become an ANTI-TIRESIAS

________________________________________________________________________________

________________________________________________________________________________

Et alors BOUM!

________________________________________________________________________________

And so, BOOM!

________________________________________________________________________________

________________________________________________________________________________

Comment cela, BOUM ?

What do you mean, BOOM ?

________________________________________________________________________________

________________________________________________________________________________

(*) VOIR BIG BANG (Ed. BELIN)

________________________________________________________________________________

(*) See the BIG BANG

________________________________________________________________________________

________________________________________________________________________________
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Tirésias! Où étais-tu passé ?________________________________________________________________________________

Tiresias! Where were you ?

________________________________________________________________________________

________________________________________________________________________________

CLONK!

________________________________________________________________________________

CLONK!

________________________________________________________________________________

J' étais allé me dégourdir les jambes

________________________________________________________________________________

I went to stretch my legs.

________________________________________________________________________________

________________________________________________________________________________

Hé, le CHRONOSCAPHE! Il s' est mis en marche...

________________________________________________________________________________

Huh! The CHRONOSCAPE has started up by itself...

________________________________________________________________________________

________________________________________________________________________________

Si vous n' aviez pas claqué la porte aussi fort, aussi!

You shouldn' t have slammed the door so hard!

________________________________________________________________________________

________________________________________________________________________________

Comment ça s' arrête, ce truc ?

________________________________________________________________________________

How do we stop this thing ?

________________________________________________________________________________

________________________________________________________________________________

tu sais bien que ça ne s' arrête pas!

________________________________________________________________________________

You know full well that it doesn' t stop!

________________________________________________________________________________

Et comment le conduit-on ?

________________________________________________________________________________

So how do we drive it ?

________________________________________________________________________________

________________________________________________________________________________

toi et tes idées!!

________________________________________________________________________________

You and your ideas!!

________________________________________________________________________________

________________________________________________________________________________

mi!

________________________________________________________________________________

eek!

________________________________________________________________________________

________________________________________________________________________________

On ne conduit pas un CHRONOSCAPHE. C' est lui qui vous conduit. Et il suit une LIGNE D' UNIVERS, c' est tout...

You can' t drive a CHRONOSCAPE, it drives you and it follow a LINE OF THE UNIVERSE, that' s all...

________________________________________________________________________________

________________________________________________________________________________
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Hé! regardez ce qu' il y a droit devant!

________________________________________________________________________________

Hey, look at that! Straight ahead!

________________________________________________________________________________

________________________________________________________________________________

On dirait un nombril

________________________________________________________________________________

It looks like a navel

________________________________________________________________________________

Notre ligne d' Univers va droit dessus!

________________________________________________________________________________

Our universe line is going straight towards it!

________________________________________________________________________________

________________________________________________________________________________

ça m' a tout l' air d' un TROU NOIR!

________________________________________________________________________________

It looks very much like a BLACK HOLE to me!

________________________________________________________________________________

________________________________________________________________________________

c' est une singularité de quel ordre ?

________________________________________________________________________________

What order of singularity is it ?

________________________________________________________________________________

Ah, c' est bien le moment de se poser pareil question!

________________________________________________________________________________

Oh yes, just the right time to ask a question like that!

________________________________________________________________________________

________________________________________________________________________________
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On dirait une sorte de boutonnière de l' espace-temps

________________________________________________________________________________

It looks like a sort of space-time buttonhole.

________________________________________________________________________________

________________________________________________________________________________

les lignes d' univers SORTENT maintenant de la singularité, ici bas

________________________________________________________________________________

Now the universe lines are LEAVING the singularity, down here

________________________________________________________________________________

Je crois que nous émergeons maintenant selon une FONTAINE BLANCHE

________________________________________________________________________________

Now we' re coming out of a WHITE FOUNTAIN I think

________________________________________________________________________________

________________________________________________________________________________

Nous voilà sur l' envers de l' Univers

________________________________________________________________________________

We' re on the other side of the universe.

________________________________________________________________________________

________________________________________________________________________________

ça ressemble furieusement à ce qu' il y avait de l' autre côté, sauf qu' on suit un chemin inverse. Et puis j' éprouve un certain sentiment de déjà vu, pas vous ?

________________________________________________________________________________

It looks very much like the other side except that it goes the opposite way. And I have a distinct impression of «déjà vu» don' t you ?

________________________________________________________________________________

71

Mais, ça y est, j' y suis! Le MIROIR!...

________________________________________________________________________________

Ah, I' m getting it, the MIRROR!...

________________________________________________________________________________

________________________________________________________________________________

quel miroir ?

________________________________________________________________________________

What mirror ?

________________________________________________________________________________

________________________________________________________________________________

Ces deux moitié d' Univers sont en miroir l' une par rapport à l' autre. Mais c' est un MIROIR SPATIO-TEMPOREL. De l' autre côté du trou noir, tout est inversé par rapport au temps. Les lois de la physique paraissent inversées: la singularité repousse la matière au lieu de l' attirer!! (*)

The two halves of the universe are mirrored in relation to each other but it' s a SPATIO-TEMPORAL MIRROR. On the other side of the black hole every thing is inverted in relation to time, the laws of physics: singularity repels matter instead of attracting it!! (*)

________________________________________________________________________________

________________________________________________________________________________

Alors cela signifie que nous allons revivre cette bande dessinée à rebours

________________________________________________________________________________

Does that mean that we' re going to relive this book in the other direction ?

________________________________________________________________________________

________________________________________________________________________________

Eh oui. Le CHRONOSCAPHE va s' arrêter, puis Anselme ouvrira la porte et Tirésias ira faire un tour . Puis...

________________________________________________________________________________

Yes. The CHRONOSCAPE will stop, then Archie will open the door, then Tiresias will go out for a crawl, then...

________________________________________________________________________________

________________________________________________________________________________

BANDE BILATÈRE POINTS ANTIPODAUX LIÉS

________________________________________________________________________________

BILATERAL STRIP ANTIPODAL POINTS JOINED

________________________________________________________________________________

FIN

________________________________________________________________________________

FIN

________________________________________________________________________________

________________________________________________________________________________

(*) LA MÊME STRUCTURE PEUT EXISTER A 4 DIMENSIONS

________________________________________________________________________________

(*) THE SAME STRUCTURE CAN EXIST IN 4 DIMENSIONS.

________________________________________________________________________________

________________________________________________________________________________
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ANNEXE SCIENTIFIQUE

SCIENTIFIC ANNEX

________________________________________________________________________________

________________________________________________________________________________

BOY, élève de Hilbert, découvrit sa surface en 1902. La première représentation analytique en fut donnée en 1981 par Jérôme SOURIAU (fils du mathématicien J.M. SOURIAU) et l' auteur. La méthode, semi-empirique, consiste à assimiler les méridiens de la surface à des ellipses, qui sont ensuite paramétrées. Le point courant est donné par:

________________________________________________________________________________

BOY, a pupil of Hilberg, discovered his surface in 1902. The first analytical representation of it was given in 1981 by Jérôme Souriau, son of the mathematican J. M. Souriau, and the author of this book. The semiempirical method used assimilates the meridians of the surface to ellipses which are then given parameters. The current point is given by:

________________________________________________________________________________

________________________________________________________________________________

avec:

________________________________________________________________________________

________________________________________________________________________________

méridiens: courbesµ=Cte; Ø variant de 0 à 2¶, µ variant de 0 à ¶.

________________________________________________________________________________

Meridians: curvesµ=Cte; Ø variant of  0 à 2¶, µ variant of  0 à ¶.

________________________________________________________________________________

________________________________________________________________________________

Le programme BASIC ci-après donne le tracé figuré sur les pages de garde:

________________________________________________________________________________

The following programme in BASIC traces the drawing on the cover pages:

________________________________________________________________________________

________________________________________________________________________________

du semi-empirique

________________________________________________________________________________

Semi-empirical

________________________________________________________________________________

________________________________________________________________________________

quelle horreur!

Shocking!

________________________________________________________________________________

________________________________________________________________________________
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________________________________________________________________________________
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CHPLOP!

________________________________________________________________________________

SHPLOP!

________________________________________________________________________________

OUF!...

________________________________________________________________________________

OOF!

________________________________________________________________________________

________________________________________________________________________________

ciel, mon mari!

________________________________________________________________________________

Goodness, my husband!

________________________________________________________________________________

________________________________________________________________________________

Extrait du RETOURNEMENT NON TRIVIAL DU TORE, comptes rendus de l' Académie des Sciences de Paris 20 Nov 1978 par Jean Pierre PETIT.

________________________________________________________________________________

Taken from NON-TRIVIAL TORUS TURNING, account given by Jean-Pierre PETIT at the Academie des Sciences, Paris, the 20TH November 1978

________________________________________________________________________________

Et pour la Science, Jan 1979

________________________________________________________________________________

And for «la science» in Jan 1979

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

