Les aventures d'Anselme Lanturlu

The adventures of Archibald Higgins

Ingyendo nshakisha z’Anselimi Lanturlu 
Le Topologicon

TOPO THE WORLD

TOPOLOGIKONI
Jean-Pierre Petit

Jean-Pierre Petit

Johani-Petero Petit
Traduit par : John Murphy

Translated by: John Murphy

Bihinduwe na: Mohamed Abdel Aziz Kamanzi

________________________________________________________________________________

Effectivement, c'est bien un ruban de MÖBIUS.

________________________________________________________________________________

Yes, definitely a MOEBIUS strip

________________________________________________________________________________

By’ukuri, ni neza urugori rwa MOBIYUSI

________________________________________________________________________________

Savoir sans Frontières

Association Loi de 1901

Jean-Pierre Petit, Président de l’Association

Ancien Directeur de Recherche au Cnrs, astrophysicien, créateur d’un genre nouveau: la Bande Dessinée Scientifique. Crée en 2005 avec son ami Gilles d’Agostini l’association Savoir sans Frontières qui s’est donné pour but de distribuer gratuitement le savoir, y compris le savoir scientifique et technique à travers le monde. L’association, qui fonctionne grâce à des dons, rétribue des traducteurs à hauteur de 150 euros (en 2007) en prenant à sa charge les frais d’encaissement bancaire. De nombreux traducteurs accroissent chaque jour le nombre d’albums traduits (en 2007 : 200 albums gratuitement téléchargeables, en 28 langues, dont le Laotien et le Rwandais).

Le présent fichier pdf peut être librement dupliqué et reproduit, en tout ou en partie, utilisé par les enseignants dans leurs cours à conditions que ces opérations ne se prêtent pas à des activités lucratives. Il peut être mis dans les bibliothèques municipales, scolaires et universitaires, soit sous forme imprimée, soit dans des réseaux de type Intranet.

L’auteur a entrepris de compléter cette collection par des albums plus simples d’abord (niveau

12 ans). Egalement en cours d’élaboration : des albums « parlants » pour analphabètes et 

« bilingues» pour apprendre des langues à partir de sa langue d’origine. L’association recherche sans cesse de nouveaux traducteurs vers des langues qui doivent être leur langue maternelle, possédant les compétences techniques qui les rendent aptes à produire de bonnes traductions des albums abordés.

Pour contacter l’association, voir sur la homepage de son site

http://www.savoir-sans-frontieres.com

________________________________________________________________________________

The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre

Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many countries as possible and in as many languages as possible. To this end, all his popular scientific works, which cover a period of thirty years, and more particularly the illustrated albums he has created, are now freely accessible. Anyone is now free to duplicate the present file, either in digital form or in the form of printed copies and circulate these copies to libraries, within the context of schools or universities or associations whose aims would be the same as the association, provided that they do not derive any profit from this circulation and that they do not have any political, sectarian or confessional connotations. These pdf files may also be put on line in the computer networks of school and university libraries.

Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger

audience. Even illiterate people will be able to read them because the written parts will “speak” when the readers click on them. Thus it will be possible to use these works to support literacy schemes. Other albums will be "bilingual" in so far as it will be possible to switch from one language to another selected language with a mere click. Hence another tool made available to develop language skills.

Jean-Pierre Petit was born in 1937. He made his career in French research. He worked as a plasma physicist, he directed a computer science centre, he has created softwares, he has published hundreds of articles in scientific magazines, dealing with subjects ranging from fluid mechanics to theoretical cosmology. He has published about thirty books which have been translated in numerous languages.

The association can be contacted on the following internet site:

http://savoir-sans-frontieres.com

________________________________________________________________________________

Ubumenyi butagira Imipaka

Itegeko ryo mu 1901 rigenga amashyirahamwe

Jean-Pierre Petit, Perezida w’iri Shirahamwe

Uyu Jean-Pierre Petit, Peresida w’iri shyirahamwe ry’Ubumenyi butagira Imipaka, yahoze ari diregiteri w’ubushakashatsi mu kigo cy’inzobere cya CNRS, mu Bufaransa. Akaba kandi inzobere ihanitse muri Fizike y’inyenyeri (Asitorofizike); yahimbye uburyo bushyashya by’inyandiko bita: Ibitabo by’amashusho by’ubumenyi.
 “Ubumenyi butagira Imipaka” ni ishyirahamwe ryahimbwe mu 2005 n’abagabo babiri, Jean-

Pierre Petit na mugenzi we Gilles d’Agostini. Iri shyirahamwe ryihaye intego yo gukwirakwiza kw’isi hose ubumenyi ku buntu harimwo n’ubumenyi bwa tekinike, ubukorikori n’ikoranabuhanga. Iri shyirahamwe ribeshejweho n’inkunga rihabwa. Izo nkunga nizo ziriha abantu bahindura inyandiko mu zindi ndimi. Buri nyandiko (igitabo cy’amashusho cy’ubumenyi) ihindurirwa mu rundi rurimi ku mafaranga angana n’amayero 150 (150 euros) kuva mu 2007 kugeza ubu. Iri shyirahamwe rinariha amafaranga ajyanye n’iyoherezwa ucishije muri banke ry’ayo mafaranga y’ihinduranya mu zindi ndimi. Abahinduranyi b’indimi bagiye bongera, buri munsi, umubare w’ibyo bitabo bisomwa hose k’ubuntu. ( Nko kugeza mu 2007, hari hamaze kuboneka ibitabo magana abiri (200) bikurwa kuri interineti k’ubuntu kandi byanditse mu ndimi makumyabiri n’umunani (28) harimwo ikinyarwanda n’ururimi rwo muri Lawosi ).

Biremewe ko iki gitabo gikopororwa cyangwa gifotorwa,cyose cyangwa igice; kinakoreshwa n’abarimu mu masomo ariko mu buryo butari ububyara inyungu z’amafaranga. Gishobora gushyirwa mu masomero y’uturere, y’amashuri cyangwa ya za kaminuza, cyanditse ku mpapuro cyangwa cya shyizwe mu miyoboro y’imbuga z’ikoranabuhanga zigose (intranet).

Uyu mwanditsi w’ibi bitabo yatangiye kwandika ibindi byo byoroshye kandi bigenewe abana bato ( bari mu rugero rw’imyaka 12). Ibindi biriho bikorwa n’ibitabo by’amajwi avuga, bigenewe abatazi gusoma cyangwa abashaka kwiga urundi rurimi rutari urwo bakuriyemwo.

Iri shyirahamwe rishaka buri gihe abahinduranyi b’inyandiko bazishyira mu ndimi zabo zakavukire ariko bafite ubuhanga buhagije bwo gutanga inyandiko mpiduranyi nziza z’ibitabo basomye.

Ushatse kugira icyo ubaza cyangwa ugeza kuri iri shyirahamwe, wajya ku rubuga rwaryo ku interinete aha hakurikira: 

http://www.savoir-sans-frontieres.com
________________________________________________________________________________

Coordonnées bancaires France   Relevé d’Identité Bancaire (RIB) :

Etablissement     Guichet     N° de Compte     Cle RIB




20041                   01008        1822226V029       88

Domiciliation : La banque postale



Centre de Marseille



13900 Marseille CEDEX 20



France

For other countries   International Bank Account Number (IBAN) :

IBAN

FR 16 20041 01008 1822226V029 88

and   Bank Identifier Code (BIC) :

BIC

PSSTFRPPMAR

Les statuts de l’association ( en français ) sont accessibles sur son site. La comptabilité y est accessible en ligne, en temps réel. L’association ne prélève sur ces dons aucune somme, en dehors des frais de transfert bancaire, de manière que les sommes versées aux traducteurs soient nettes.

L’association ne salarie aucun de ses membres, qui sont tous des bénévoles. Ceux-ci assument eux-mêmes les frais de fonctionnement, en particulier de gestion du site, qui ne sont pas supportés par l’association.

Ainsi, vous pourrez être assurés, dans cette sorte « d’œuvre humanitaire culturelle » que quelle que soit la somme que vous donniez, elle sera intégralement consacrée à rétribue les traducteurs.

Nous mettons en ligne en moyenne une dizaine de nouvelles traductions par mois.

________________________________________________________________________________

Iranga-konti mu Bufaransa → Inyandiko ngaragaza mutungo muri (RIB)
	Ikigo
	Umwanya wo kwakiriramwo amafaranga
	Nimero ya konti
	Urufunguzo rwa RIB



	20041
	01008
	1822226V029
	88


Aho ikorera: Banki ya Posita

Hagati y’Umujyi wa Marseille

13900 Marseille CEDEX 20

Mu Bufaransa
Mu bindi bihugu → Ibanki Mpuzamahanga (International Bank) Nimero ya Konti (IBAN):

	IBAN

	FR 16 20041 01008 1822226V029 88


→ N’ Inyandikobanga ya banki (BIC) :
	BIC

	PSSTFRPPMAR


Amategeko agenga iri shyirahamwe agaragara ku rubuga rwa yo kuri interineti. Imibare ngaragaza mutungo nayo irahari kandi ihora ishyirwa ku gihe. Iri shyirahamwe nta mafaranga na make rikura ku nkunga rihawe uretse ayo kohereza, bicishijwe muri banki, ahemba abahinduranyi b’indimi ku buryo babona abagenewe yose.

Nta munyamuryango w’iri shyirahamwe n’umwe rihemba kuko bose ari abakoranabushake.

Abanyamuryango ubwabo nibo barihira amafaranga ishyirahamwe rikoresha ngo ribeho nk’ayo kwishyura no gukoresha urubuga rwa yo rwo kuri interineti kuko ayo atarihwa n’ishyirahamwe.

Bityo mugaragarizwa neza uko umutungo w’ishyirahamwe ukoreshwa kandi mukibonera ikizere ko, muri iyo “mirimo y’ubwitange mfashamuco”, inkunga yose mutanga ikoreshwa neza mu kwishyura abahindura ibitabo mu zindi ndimi.

Dushyira ku rubuga rwa interineti buri kwezi, ugereranije, nk’ibitabo cumi bihinduwe mu zindi ndimi.

________________________________________________________________________________

________________________________________________________________________________

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.

________________________________________________________________________________

Ikitonderwa ku basomyi

Byaba byiza mudasomye iyi alubomo :

· Nimugoroba mugiye kuryama

· Mumaze kurya ibiryo bitubutse kandi by’intungamubiri nyinshi

· Cyangwa igihe umangamanze mu mutwe, kuko bihita bibyunura.

Umwanditsi.
________________________________________________________________________________
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LA PLANÈTE SANS PÔLE SUD

________________________________________________________________________________

THE PLANET WITHOUT A SOUTH POLE

________________________________________________________________________________

PALANETE ITAGIRA POLE Y’AMAJYEPFO
________________________________________________________________________________

NOUS AVONS DÉCOUVERT LE PÔLE NORD!

________________________________________________________________________________

WE'VE DISCOVERED THE NORTH POLE!

________________________________________________________________________________

TWAVUMBUYE POLE Y’AMAJYARUGURU !

________________________________________________________________________________

Félicitations, monsieur Perry

________________________________________________________________________________

Congratulations Mr PERRY

________________________________________________________________________________

Ishimwe ryinshi Bwana PERRY

________________________________________________________________________________

Hmmm...il me reste le pôle sud

________________________________________________________________________________

Hmm. That just leave me the South Pole

________________________________________________________________________________

Hmmm…nsigaje pole y’amajyepho

________________________________________________________________________________

AAA...TCHOUM!

________________________________________________________________________________

AAAA....TCHOO!

________________________________________________________________________________

_AAA….TCHOO !

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

________________________________________________________________________________

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

________________________________________________________________________________

Ni byo, ni byiza, ariko Jyewe, Amundeseni, ndagiye kuvumbura pole y’amajyepfo !
________________________________________________________________________________

je vais suivre un MÉRIDIEN.

________________________________________________________________________________

I'm going to follow a MERIDIAN

________________________________________________________________________________

Ngiye gukurikirana MERIDIYE
________________________________________________________________________________

On peut venir avec vous?

________________________________________________________________________________

Can we come with you ?

________________________________________________________________________________

Dushobora kujyana na we ?
________________________________________________________________________________

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...

________________________________________________________________________________

Hmm…kujyana umugore mu rugendo nkuru rw’ubushakashatsi, ibyo byanvuna…
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Jye na bagenzi banjye, dushobora kwandika amateka yanyu, tukanavuga ubushakashatsi bwanyu.
________________________________________________________________________________
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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.

________________________________________________________________________________

Hum… nabyumvise, biratandukanye…naho nkunda kwicisha bugufi mu bihe byose, ndabyemeye.
________________________________________________________________________________

Vous n'utilisez pas de chiens esquimos?

________________________________________________________________________________

You aren' t going to use Huskies ?

________________________________________________________________________________

Ntimukoresha imbwa za ki eskimo ?
________________________________________________________________________________

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.

________________________________________________________________________________

Oya, nkoresha imbwa z’imvange zitwa ESIKARIMUTE, ni ibibyarirane bya kera hagati y’ibishorobwa na mamute. Ni inyamaswa zikomeye kandi nini, zatojwe byimazeyo mu gukurikirana za MERIDIYE. 
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Tugende.  Nkurikira kuri uyu murongo wa MERIDIYE, ni… UGUKOMEZA IMBERE NEZA, NTAGUKATA IRUHANDE ! 
________________________________________________________________________________

Ah Ah, je suis une bête.

________________________________________________________________________________

I' m a right tough guy.

________________________________________________________________________________

Aha, Aha, ndi igikoko.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Birasa naho turiho twambuka EKWATERI. Uyu muntu, Tumukurikire, …

________________________________________________________________________________

Ahrrr...la gloire

________________________________________________________________________________

Aaah...glory

________________________________________________________________________________

Aaah… Ibyubahiro by’ikirenga

________________________________________________________________________________

En passant par la Norvège, avec mes sabots.

________________________________________________________________________________

Walking to a winter wonderland

________________________________________________________________________________

Guhita muri Norvege n’izi rugabire zanjye.

________________________________________________________________________________

Allez! Allez!

________________________________________________________________________________

Mush! mush!

________________________________________________________________________________

Komeza ! Komeza !

________________________________________________________________________________

Le pôle sud est en vue, Mon pôle sud.

________________________________________________________________________________

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

Ndabona pole y’amajyepfo, Pole y’amajyepfo yanjye!

________________________________________________________________________________

Argl...

________________________________________________________________________________

Aaargh...

________________________________________________________________________________

Aaarraraaa…
________________________________________________________________________________
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Je suis le premier...

________________________________________________________________________________

I' m first...

________________________________________________________________________________

Ndi uwambere…
________________________________________________________________________________

la GLOIRE!

________________________________________________________________________________

GLORY!

________________________________________________________________________________

IBYUBAHIRO BY’ IKIRENGA !
________________________________________________________________________________

Mais!? qu' est-ce c' est que ça ??

________________________________________________________________________________

But!? What' s this ??

________________________________________________________________________________

Ariko !? ibi ni ibiki ??
________________________________________________________________________________

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

________________________________________________________________________________

Is this some sort of joke?

________________________________________________________________________________

Iyi byenda kunsetsa ni bwoko ki ?

________________________________________________________________________________

Hein!?

________________________________________________________________________________

Eh!?

________________________________________________________________________________

Eheee !?
________________________________________________________________________________

ça alors!

________________________________________________________________________________

Goodness!

________________________________________________________________________________

Aho ra!

________________________________________________________________________________

AHHRRR!

________________________________________________________________________________

GRRRRR!

________________________________________________________________________________

OROROROO !
________________________________________________________________________________

KKRAK

________________________________________________________________________________

CRACK

________________________________________________________________________________

KKRAK

________________________________________________________________________________

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

________________________________________________________________________________

So! Has anyone got anything to say about it ?

________________________________________________________________________________

Ngibyo ! Hari ufite icyo yongeraho ?
________________________________________________________________________________
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Et pas un mot de cela à qui que ce soit!

________________________________________________________________________________

And not a word to anyone about it OK!

________________________________________________________________________________

Nta numwe ufite n’akajambo kajyanye n’ibi ngo akatugezeho!

________________________________________________________________________________

Hep, regardez!

________________________________________________________________________________

Hey, look!

________________________________________________________________________________

Hee, Urambonera !

________________________________________________________________________________

Calmez-vous, monsieur Amundsen

________________________________________________________________________________

Calm down Mr Amundsen

________________________________________________________________________________

Tuza, Bwana Amundeseni
________________________________________________________________________________

mon drapeau! Il disparait!!!

________________________________________________________________________________

My flag! It' s disappearing!!!

________________________________________________________________________________

Idarapo ryanjye ! Rirabuze !!!

________________________________________________________________________________

Hein!!?!

________________________________________________________________________________

What!!?!

________________________________________________________________________________

Iki !!?!
________________________________________________________________________________

Dîtes, c'est bientôt fini vos âneries?

________________________________________________________________________________

Hey, have you finished mucking about you lot ?

________________________________________________________________________________

Vuga, mwavanye ubwo bugoryi bwanyu aho ?

________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Biteye amatsiko…wagirango ni ijwi rya Bwana Perry…

________________________________________________________________________________

TONK TONK TONK

________________________________________________________________________________

TONK TONK TONK

TONK TONK TONK

________________________________________________________________________________

Allons, monsieur Amundsen, nous allons rentrer.

________________________________________________________________________________

Come on Mr Amundsen, let's go home

________________________________________________________________________________

Turikumwe Bwana Amundeseni, tugiye gutaha rero.

________________________________________________________________________________

Quel choc!

________________________________________________________________________________

He' s in shock

________________________________________________________________________________

Mbega gutungudwa!

________________________________________________________________________________

Nous allons essayer d'éclaircir tout cela.

________________________________________________________________________________

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

________________________________________________________________________________

Tugiye kugerageza gusobanura ibyo byose.
________________________________________________________________________________

ARGL...

________________________________________________________________________________

GLGBL..

________________________________________________________________________________

ARGL…
________________________________________________________________________________
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Alors ?

________________________________________________________________________________

Well ?

________________________________________________________________________________

None se ?

________________________________________________________________________________

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

________________________________________________________________________________

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

Aracyateshaguzwa, byabaye ngombwa ko muzirika.
________________________________________________________________________________

Les escarmouths glissent sans bruit sur les méridiens gelés.

________________________________________________________________________________

The Molluscamouths slid along without a sound on the frozen meridians

________________________________________________________________________________

Esikarimute ziranyerera bucece kuri meridiye zikonje cyane.
________________________________________________________________________________

Vous êtes déjà de retour ?

________________________________________________________________________________

You back already ?

________________________________________________________________________________

Ese aka kanya muragarutse ?
________________________________________________________________________________

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!!

________________________________________________________________________________

Igihe mutari muhari habaye ikintu gitangaje. Idarapo ryanjye ryagize gutya rirarigita noneho nza kubona irindi ryahashinzwe ryanditseho « POLE Y’AMAJYEPFO » !! 
________________________________________________________________________________

Tout cela est totalement incompréhensible!

________________________________________________________________________________

This is all completely crazy!

________________________________________________________________________________

Ibyo byose ni ibintu bitumvikana na busa !
________________________________________________________________________________

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 ?

_______________________________________________________________________________

Oya, ba uretse… iryo DARAPO RYA POLE Y’AMAJYEPFO si ryo ryatangiye guserura umutwe ubwa mbere ?
________________________________________________________________________________

Si, mais comment le savez-vous ?

________________________________________________________________________________

Yes, why do you ask that ?

________________________________________________________________________________

Ni byo, ariko se ubizi ute ?

________________________________________________________________________________

Je crois que je commence à comprendre.

________________________________________________________________________________

I think I' m starting to understand.

________________________________________________________________________________

Ndumva ntangiye kubisobanukirwa noneho.
________________________________________________________________________________
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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)

________________________________________________________________________________

Ni ibintu bigaragara rwose, niba tugereranije ko AHEGEREYE iyo meridiye twakurikiye hateye nk’ubusitani bw’uruhande rumwe (*), u RUGORI RWA MOBIYASI, rw’uruhande rumwe (reba JEOMETRIKONI, icapiro BELIN, IPAJE YA 54)
________________________________________________________________________________

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 ?

________________________________________________________________________________

Urashaka kuvuga ko pole y’amajyepfo aho twari turi mu mwanya ushize atari incuramike ya pole y’amajyaruguru ?
________________________________________________________________________________

Mais, OÙ est le VRAI pôle sud ?

________________________________________________________________________________

So where is the REAL south pole?

________________________________________________________________________________

Ariko se, pole y’amajyepfo NYAYO iba HE ?

________________________________________________________________________________

tout ceci  est troublant...

________________________________________________________________________________

It' s rather strange

________________________________________________________________________________

Ibi byose ni amayobera…

________________________________________________________________________________

alors, que ce passe-t-il ?

________________________________________________________________________________

So what's happening?

________________________________________________________________________________

None se habaye iki ?
________________________________________________________________________________

il paraît qu'on a perdu le pôle sud.

________________________________________________________________________________

Apparently we lost the south pole

________________________________________________________________________________

Birasa nk’aho bataye pole y’amajyepfo.

________________________________________________________________________________

c' est la meilleure!

________________________________________________________________________________

Oh, nice one!

________________________________________________________________________________

Ibyo ni akarusho pe !

________________________________________________________________________________

Il faut réfléchir.

________________________________________________________________________________

Let's think.

________________________________________________________________________________

Dukwiye gutekereze.
________________________________________________________________________________

Qu' est-ce qu'ils disent ?

________________________________________________________________________________

What are they saying?

________________________________________________________________________________

Bariho baravuga iki ?
________________________________________________________________________________

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!..

________________________________________________________________________________

Ukurikije ibyo Sofiya avuga, ngo twaba tugeze ku mubumbe uteye nk’umupira ariko w’uruhande rumwe !
________________________________________________________________________________

C'est dénué de SENS!

________________________________________________________________________________

That's NUTS!

________________________________________________________________________________

Ibyo nta shinjye na rugero bifite !
________________________________________________________________________________

Alors, comment ça va chez toi ?

________________________________________________________________________________

Hi, how are things where you live?

________________________________________________________________________________

Nonese, bimeze bite aho iwawe ?

________________________________________________________________________________

Oh, tu sais, c'est comme ici.

________________________________________________________________________________

Oh, much like here really

________________________________________________________________________________

Ahaa, urabizi, ni nk’ino aha.

________________________________________________________________________________

(*) 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.

________________________________________________________________________________

(*) Umushumi uhotowe kujyeza hagati warangiza ukomekanya imitwe yombi, ugira uruhande rumwe.
________________________________________________________________________________
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Si nous voulons tirer monsieur 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 of 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:

________________________________________________________________________________

Nimba dushaka gukura bwana Amundeseni muri buriya buzima bubabaje arimwo, tugomba mbere ya byose gusobanukirwa n’imiterere, n’iforoma y’iriya palanete idasanzwe. Tugerageze gukoresha amahame y’ibanze ya TOPOLOJI. Kubera ibyo tugiye guhambura ikintu icyaricyo cyose muri :
________________________________________________________________________________

CELLULES CONTRACTILES

________________________________________________________________________________

CONTRACTILE CELLS

________________________________________________________________________________

CELILE NYEGERANYI
________________________________________________________________________________

L'objet indécomposable semble être le POINT...

________________________________________________________________________________

This indecomposable object seems to be a POINT...

________________________________________________________________________________

Ikintu kitiyegeranya ni akadomo…

________________________________________________________________________________

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

________________________________________________________________________________

Ikintu cyose kigereranwa n’itsinda ry’utudomo, kigira umwanya kicaramo. Kizitwa inyegeranyi iyo gishobora kwi yegeranya muri iyo nzira kicayemwo, kuburyo kigaruka kikaba akadomo.
________________________________________________________________________________

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

________________________________________________________________________________

Urugero twafata ni kariya gace k’umurongo w’umuzingi. Ni IKINTU CY’URUHANDE RUMWE RW’IKIRERE.

________________________________________________________________________________

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.

________________________________________________________________________________

Ah, yego. Aho akadomo runaka gahagaze kuri uriya murongo w’umuzingi hashobora gupimwa ukoresheje igipimo kimwe gusa : abusisi y’umuzingi, cyangwa uburebure bw’umugozi butandukanya ako kadomo n’akandi kafashwe nk’itangiriro. 
________________________________________________________________________________
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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...

________________________________________________________________________________

Nshobora gushyira icyo gice cy’umurongo w’umuzingi mu kintu kimeze nk’icyabya gifukuye kuburyo ako gace k’umurongo w’umuzingi uteretsemwo wakwiyegeranya, ugakomeza ukiyegeranya…
________________________________________________________________________________

comme le mercure dans un thermomètre.

________________________________________________________________________________

Just like mercury in a thermometer.

________________________________________________________________________________

Nka merikire muri terimometero.
________________________________________________________________________________

En fait, toute courbe est CONTRACTILE ?

________________________________________________________________________________

Is every curve CONTRACTILE then ?

________________________________________________________________________________

Ese mu by’ukuri, umurongo uwariwose ni inyegeranyi ?
________________________________________________________________________________

Non, pas les courbes FERMÉES.

________________________________________________________________________________

No, CLOSED curves aren't

________________________________________________________________________________

Oya, imirongo y’imizingi ifunze ntabwo ari nyegeranyi.

________________________________________________________________________________

Mais...il suffit de la couper!

________________________________________________________________________________

Yes but you just need to cut it!

________________________________________________________________________________

Yego… ariko haba habuze kuwukata gusa !

________________________________________________________________________________

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.

________________________________________________________________________________

Ariko rero, uwo  MUZINGI uhinduka UMURONGO. Ntuba ugifunze.

________________________________________________________________________________

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 ?

________________________________________________________________________________

Akarorero, iyo mfashe umuzenguruko. Nshobora kuyihinahina ikaba nk’akadomo nk’uku ?
________________________________________________________________________________

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.

________________________________________________________________________________

Oya, ibyo si byo kuko ntuba ukigarukamwo. Ica nyuma y’uburiri bwawo bwa mbere.
________________________________________________________________________________

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.

________________________________________________________________________________

UMUZENGURUKO ntabwo rero ari NYEGERANYI, ni kimwe n’indi mizingi yose, yaba ari ishashe neza cyangwa iyihese mu kirere.
________________________________________________________________________________

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

________________________________________________________________________________

However a DISC, a SURFACE element, IS contractile.

________________________________________________________________________________

Ibiramambo, IDISIKYE, agace k’UBUSO ko ni nyegeranyi.

________________________________________________________________________________
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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 ?

________________________________________________________________________________

Iyo disikye ni agace k’ubuso, ni ukuvugako ari ikintu k’impande ebyiri. Ese ni ikihe kintu k’impande 2 cyigyereranwa kuri disikye uko serikyere igereranwa n’agace k’umurongo ?
________________________________________________________________________________

La SPHÈRE

________________________________________________________________________________

The SPHERE

________________________________________________________________________________

SIFERI

________________________________________________________________________________

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.

________________________________________________________________________________

Kugirango wegeranye umuzingi ufunze ugomba kuwukata. Na siferi ni uko cyangwa ikindi kintu cyose cyo mu BWOKO bwa siferi.
________________________________________________________________________________

Exemple, la coquille d'un oeuf!

________________________________________________________________________________

An eggshell for example!

________________________________________________________________________________

Urugero ni igishishwa k’igi !
________________________________________________________________________________

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.

________________________________________________________________________________

Ariko iriya siferi itoboye ntiba ikiri buriya buso bufunze bita siferi. 
________________________________________________________________________________

Alors, c'est quoi ?

________________________________________________________________________________

So what is it ?

________________________________________________________________________________

Nonese ni iki ?
________________________________________________________________________________

C'est un DISQUE ?

________________________________________________________________________________

Is it a DISC ?

________________________________________________________________________________

Ni disikye se ?
________________________________________________________________________________

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.

________________________________________________________________________________

Ni byo ryose Tireziyasi, ni nk’uko serikeri ikase imera nk’igice cy’umurongo.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Nonese SOFI,  VOLIME iri muri siferi, mw’igi, ni nyegeranyi ?
________________________________________________________________________________

Là est la question.

________________________________________________________________________________

That is the question...

________________________________________________________________________________

Aho niho hari ikibazo…
________________________________________________________________________________

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.

________________________________________________________________________________

Urtyo. « siferi buso » S2 (*) ntabwo ari nyegeranyi ariko « siferi volime » yo ni yo.
________________________________________________________________________________

?!!

________________________________________________________________________________

?!!

________________________________________________________________________________

?!!
________________________________________________________________________________

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.

________________________________________________________________________________

Mu yandi magambo, igishishwa k’igi ntabwo kiri nyegeranyi ariko wa muhondo w’imbere wo ni wo.
________________________________________________________________________________

(*) Voir LE GÉOMETRICON éditions BELIN

________________________________________________________________________________

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

________________________________________________________________________________

(*) Reba JEOMETRIKONI icapiro BELIN.
________________________________________________________________________________
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Existe-t-il des volumes non contractiles ? _____________________________________________________________________

Are they such things as non-contractile volumes?

________________________________________________________________________________

Ese haba hariho za volime zitari nyegeranyi ?
________________________________________________________________________________

Oui, par exemple le «TORE-Volume».

________________________________________________________________________________

Yes, a «TORUS-volume» for instance.

________________________________________________________________________________

Yego pe, urugero ni « ingata-mubumbe ».

________________________________________________________________________________

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.

________________________________________________________________________________

Yego biragaragara. Naho ntayikata nshobora kuyegeranya ikaba nk’umuzingi wa serikere.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Ni ukuvugako n’  « ingata-buso » nayo itari nyegeranyi.
________________________________________________________________________________

Dîtes, vous jouez à quoi au juste ?

________________________________________________________________________________

What are you up to exactly?

________________________________________________________________________________

Mbwira, mu byukuri uri mu biki?
________________________________________________________________________________

t' occupe

________________________________________________________________________________

Mind your own business

________________________________________________________________________________

Kora ibikureba, di.
________________________________________________________________________________

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.

Sinziko mubibona ariko dufite umushakashatsi w’umukerarugendo w’intagondwa ku maboko yacu.
________________________________________________________________________________

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?

________________________________________________________________________________

Mu by’ukuri muratekereza ko tuzikura hano kubera ko twakase umutsima mwo kane gusa ?

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.

________________________________________________________________________________

UBURAKARI NJYANABUTAKA bwe bufite inkomoko muri jewometiri. Yenda tunononsoye ibitekerezo nyubakiro niho twabona umuti uzamuvura.
________________________________________________________________________________

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.

________________________________________________________________________________

Umubiri we wose urareze utegereje ivumburwa rya polu y’amajyepfo, icyo gitekerezo yaracyihebeye we ubwe no mu mibereho ye n’abandi.
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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

________________________________________________________________________________

Ubuyererezi bwe bwamushyize mu kibazo adashobora gukyemura ubwe.

________________________________________________________________________________

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.

________________________________________________________________________________

Muri make, umuti ushoboka w’ikibazo ni ukumenya aho iriya nyagwa ya pole y’amajyepfo yarengeye.
________________________________________________________________________________

DÉCOMPOSITION CELLULAIRE

________________________________________________________________________________

CELLULAR DECOMPOSITION

________________________________________________________________________________

ISHWANYAGURIKA RY ‘AMA SELILE.
________________________________________________________________________________

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.

________________________________________________________________________________

Ikintu cyose gifite imiterere ya geometiri gicikamwo uduce twibanze, uduselile mpfunyapfunya tw’ingero zose, nka : UTUDOMO, IBICE CY’UMURONGO, IBICE CY’UBUSO, IBICE BY’UMUBUMBE, n’ibindi n’ibindi… 
________________________________________________________________________________

Et le POINT est de quelle dimension ?

________________________________________________________________________________

So what dimension a POINT has ?

________________________________________________________________________________

Nonese,  AKADOMO gafite  impande zingahe ?

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

________________________________________________________________________________

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

________________________________________________________________________________

Twaguye imyumvire, twavuga ko akadomo nta ruhande kagira.
________________________________________________________________________________

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.

________________________________________________________________________________

Mu bundi buryo, ushaka gushwanyaguza umuzingi, uwufata nk’igice cy’umurongo imitwe ya cyo yahurijwe mu kadomo. Urebye rero, nkuyemwo ako kadomo hasigara igice cy’umurongo.
________________________________________________________________________________
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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.

________________________________________________________________________________

I « SIFERI BUSO » S2 ishobora gushwanyaguzwamwo kaloti ebyiri n’igice cy’umurongo gifungiye ku kadomo.
________________________________________________________________________________

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

________________________________________________________________________________

I « NGATA MUBUMBE » ?  Turebe, nayishwanyaguza nkoresheje i disikye.
________________________________________________________________________________

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

________________________________________________________________________________

Naho i « NGATA-BUSO » ? Turebe, nayikatisha i serikere ubwayo ikatishijwe akadomo. 
________________________________________________________________________________

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

________________________________________________________________________________

Iyo ngata yakaswe ihita yiyegeranya ikurikije i serikeri:

Nayo ikazashwanyuswa ihita itanga igice cy’umurongo n’akadomo.

________________________________________________________________________________

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.

________________________________________________________________________________

Dore ubundi buryo ukoresheje akadomo, uduce tubiri tw’umurongo n’ubuso bumwe ariko ibihimba byose bikaba ari nyegeranyi. 

________________________________________________________________________________

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

________________________________________________________________________________

Ok, but what good is all that to us ?

________________________________________________________________________________

Yego, ariko se ibyo byose tuzabikoresha iki ?
________________________________________________________________________________

Comprendre le monde parait-il...

________________________________________________________________________________

To help understand the world apparently.

________________________________________________________________________________

Ku bigaragara bizadufasha gusobanukirwa uko isi iteye.
________________________________________________________________________________
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LA CARACTÉRISTIQUE D' EULER-POINTCARÉ

________________________________________________________________________________

THE EULER-POINCARE CHARACTERISTIC

________________________________________________________________________________

IKIMENYIMENYI CYA EWULERI-PUWANKARE
________________________________________________________________________________

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

________________________________________________________________________________

Ikintu cyose rero kigiye gishwanyaguzwa muri ubwo buryo, twahimba umubare X ungana n’igiteranyo cy’umubare w’utudomo ukuyemwo umubare w’uduce tw’umurongo kongeraho umubare w’uduce tw’ubuso nyegeranyi, ugakuramwo umubare w’ibice by’imibumbe nyegeranyi (*), noneho uwo mubare tubonye X tukawita IKIMENYIMENYI CYA EWULERI-PUWANKARE
________________________________________________________________________________

Ainsi pour le cercle X=1-1=0

________________________________________________________________________________

So for the circle X=1-1=0

________________________________________________________________________________

Birtyo rero serikere yaba ifite X=1-1=0
________________________________________________________________________________

1 point, 1 segment

________________________________________________________________________________

1 point, 1 segment

________________________________________________________________________________

Akodomo kamwe, igice cy’umurongo kimwe
________________________________________________________________________________

Pour la SPHÈRE-SURFACE X=1-1+2=2

________________________________________________________________________________

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

________________________________________________________________________________

SIFERI BUSO yo yaba ifite X=1-1+2=2
________________________________________________________________________________

un point, un segment, deux calottes

________________________________________________________________________________

One point, one segment, two caps

________________________________________________________________________________

Akadomo kamwe, igice cy’umurongo kimwe, kalote ebyiri
________________________________________________________________________________

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

________________________________________________________________________________

Reka turebe noneho INGATA-BUSO, ivamwo akadomo,uduce tubiri tw’umurongo, n’agace kamwe k’ubuso ; ubwo 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.

________________________________________________________________________________

Ni ukuvuga akadomo kamwe, ibice bibiri by’umurongo, igice kimwe cy’ubuso mpfunyapfunyi.
________________________________________________________________________________

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)

________________________________________________________________________________

IKIMENYIMENYI CYA SIFERI-MUBUMBE ni ibyumvikana ko ari -1, ariko iy’INGATA-MUBUMBE ari 1-1=0 (reba igishushanyo cyo hejuru n’iburyo bw’urupapuro rwa 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)

* Bihita byiramburira ako kanya k’umubare wa dimansiyo zisumbye eshatu (ni igiteranyo k’imibare igenda ihushanyije.)
________________________________________________________________________________
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Et maintenant, 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)!!

________________________________________________________________________________

Ubu rero, byumve neza : kiriya kimenyimenyi X nti kigenwa na busa n’uburyo ukoresha mu gucagagura ( mu duce mpfunyapfunyi) !!
________________________________________________________________________________

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.

________________________________________________________________________________

Akarorero ni uyu murongo ufunze wakaswemwo ibice munani, bihujwe n’utudomo munani ariko kandi ikimenyimenyi cya wo kikaguma ari ubusa.
________________________________________________________________________________

Effectivement.

________________________________________________________________________________

It certainly is.

________________________________________________________________________________

Ni byo pe.
________________________________________________________________________________

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

________________________________________________________________________________

Turebe iri shwanyuzwa rya siferi : amasonga 4, ibice by’umurongo 6, impande 4, bikampa 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

________________________________________________________________________________

Hariya naho, amasonga 8, ibice by’umurongo 12, impande 6, bigatanga 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

________________________________________________________________________________

Ushobora kugerageza uburyo bwose ushaka, uzasanga aha X=2
________________________________________________________________________________

Boufre de boufre

________________________________________________________________________________

Well doggone!

________________________________________________________________________________

Mbega mbega !
________________________________________________________________________________

Etonnant, non ?

________________________________________________________________________________

Astonishing!

________________________________________________________________________________

Ntibitangaje, se ?
________________________________________________________________________________
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Voici un théorème utile: si un objet est la réunion de deux objets sa caractéristique est la somme de celles 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 ones of those objects that compose it. The management

________________________________________________________________________________

Dore teoreme y’ingirakamaro : niba ikintu kigizwe n’iteranywa ry’ibintu bibiri, ikimenyimenyi cya cyo kingana n’igiteranyo k’izibyo bintu bibiri bikigize. Ubuyobozi
________________________________________________________________________________

Le Tore-Volume a une caractéristique nulle

________________________________________________________________________________

The Torus-Volume has a characteristic nil

________________________________________________________________________________

I Ngata-Mubumbe ifite ikimenyimenyi kingana n’ubusa.
________________________________________________________________________________

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.

________________________________________________________________________________

Iyo twongeyeho umukondo-mubumbe tuba twongeyeho rimwe ku kimenyimenyi cya cyo.
________________________________________________________________________________

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.

________________________________________________________________________________

Muri iyo ntumbero y’ibitekerezo, tubonako FUGASE-MUBUMBE (*) igomba kuba ifite ikimenyimenyi kingana n’umubare w’imyobo ifite gukuramwo rimwe.
________________________________________________________________________________

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 ?

________________________________________________________________________________

Birtyo se byaba ari bimwe no kubijyanye na FUGASE-BUSO ?
________________________________________________________________________________

(*) sorte de pain du midi de la France

________________________________________________________________________________

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

________________________________________________________________________________

(*) ubwoko bw’umukati wo mu majyepfo y’u Bufaransa.
________________________________________________________________________________

18

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!

________________________________________________________________________________

Ntaho bihuriye! Nyabuneka, FUGASE-BUSO ntishobora kwipfunyapfunya ikurikije disike y’intoboro N! 
________________________________________________________________________________

planté...

________________________________________________________________________________

Oop. I blew it.

________________________________________________________________________________

Nsa nucanganikiwe…
________________________________________________________________________________

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.

________________________________________________________________________________

Ushobora gukora INGATA-BUSO ( ikimenyimenyi 2) ufashe INGATA-BUSO ( ikimenyimenyi ubusa) ukayongeraho umukondo-buso. Birtyo konjyeraho umukondo-buso bigabanya ikimenyimenyi cy’ubuso ho 2.
________________________________________________________________________________

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!

________________________________________________________________________________

Birtyo, ikimenyimenyi cya FUGASE-BUSO kingana na 2 gukuramwo umubare w’intoboro ifite !
________________________________________________________________________________

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)

________________________________________________________________________________

Ubuso bw’igice foromaje ya Guruyeri gifite intoboro N kigizwe na Siferi-Buso N hamwe na siferi y’inyuma. Birtyo ikimenyimenyi cya cyo ni 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)

________________________________________________________________________________

Ariko gukora GURUYERI-MUBUMBE, utangirira kuri siferi-mubumbe yuzuye (X= - 1) noneho ukanoboramwo amatsinda N, buri imwe igizwe na SIFERI-MUBUMBE + SIFERI-BUSO (X=2-1). Birtyo, ikimenyimenyi cya GURUYERI-MUBUMBE kingana na –(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!

________________________________________________________________________________

Uremerako koko uzashobora gukiza uriya muteragahinda Amundeseni uburakari nyabutaka bwe ?!!
________________________________________________________________________________
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CE MONDE OÙ NOUS VIVONS

________________________________________________________________________________

THE WORLD IN WHICH WE LIVE

________________________________________________________________________________

IYI SI TUBAMWO
________________________________________________________________________________

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

________________________________________________________________________________

Dushobora kugera ku kimenyimenyi cya siferi S2 tuyifashe nk’itsinda rigizwe na emisiferi ebyiri hamwe na ekwateri imwe, ibyo bikatugeza ku mubare wa 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

________________________________________________________________________________

Mu gitabo cya GEOMETRICON, twerekanye igitekerezo-mfatiro cya IPERISEFERI S3, ya dimansiyo eshatu, nka esipase mpandeshatu YIFUNGIYEHO hose.
________________________________________________________________________________

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.

________________________________________________________________________________

Tugiye gushaka tubara ikimenyimenyi cy’iyo iperisiferi S3. Nk’uko twabibonye mu gitabo cya GEOMETTRIKONI, ekwateri (*) nisiferi S2 y’ikimenyimenyi kingana na 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

________________________________________________________________________________

Iperisiferi S3 yacu rero igizwe n’imibumbe ibiri nyegeranyi, umwe wose ufite ikimenyimenyi cya -1.
________________________________________________________________________________

Hé, vous êtes dingues ?

________________________________________________________________________________

Are you nuts ?

________________________________________________________________________________

Yee, ubwo nti muri ibigoryi ?
________________________________________________________________________________

X=-1-1+2=0

________________________________________________________________________________

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!

________________________________________________________________________________

Birtyo rero, ikimenyimenyi cya iperisiferi S3 ingana n’ubusa !
________________________________________________________________________________

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

________________________________________________________________________________

(*) Which separates the object into two similar elements

________________________________________________________________________________

(*) Igabanya ikintu mwo ibice bibiri bisa. 
________________________________________________________________________________
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Passons à une hypersphère S4, à quatre dimensions

________________________________________________________________________________

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

________________________________________________________________________________

Tujye kuri iperisiferi S4, y’impande ennye.

________________________________________________________________________________

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

________________________________________________________________________________

Ni ukuvuga ikirere giteye nka iperisiferi S3 igira urugendo buri gihe isubiramwo(*). Iyo iperisferi S4 ekwateri yayo izaba ari iperisiferi S3, kandi za emisiferi ebyiri zizaba zo zibara imwimwe ikimenyimeyi cya1.
________________________________________________________________________________

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

________________________________________________________________________________

Ni ukuvugako ikimenyimenyi X cy’icyo kirere-mwanya, cy’iyo iperisiferi S4, izaba kandi ingana na 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.

________________________________________________________________________________

Ufashe iperisiferi S5 ya dimansiyo eshanu, ikimenyimenyi cya yo cyaba kandi ubusa kandi ekwateri yayo yaba ari iperisiferi S4.
________________________________________________________________________________

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.

________________________________________________________________________________

Dukomeje ducyo ….ikimenyimenyi cya Ewuleri-Puwenkare cya iperisiferi SN cyaba 2 iyo N igabanyika na kabiri, ubundi kikaba 0 iyo N ari igiharwe.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Nyabuneka, nibikomeza birtyo, jye ndahita nkora nka Amundeseni.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

(*) Reba BIG BANG na modeli za FIRIDIMANI kuri 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

________________________________________________________________________________

Rwose, iki kimenyimenyi cya Ewuleri-Puwenkare cyatumye dushobora gushyira ku murongo muri iriya nzitane y’ibintu biteye bwa jewometiri.
________________________________________________________________________________

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.+

________________________________________________________________________________

Birtyo, kiriya gice cya silenderi gisa mu buryo bwa topologi nk’idiskye ifite intoboro imwe, birtyo rero ikimenyimenyi cya yo kikaba ubusa.
________________________________________________________________________________

Mais, que penses-tu de cet objet-là ?

________________________________________________________________________________

But what do you think of this object ?

________________________________________________________________________________

Ariko se kiriya kintu ugitekerezaho iki ?
________________________________________________________________________________

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.

________________________________________________________________________________

Ni URUGORI RWA MOBIYUSI, ufite uruhande rumwe gusa. Nkuko nta waruha IMBERE cyangwa INYUMA, tuvuga yuko ari URUTAGANISHWA. 
________________________________________________________________________________

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...

________________________________________________________________________________

Mu by’ukuri, ingori zose zifite umubare UGABANYIKA NA KABIRI w’IBICE BY’UMUSINGI ni ingori za MOBIYUSI, ZITAGANISHWA. Ariko izo ngori ebyiri urebye neza ntizisa…
________________________________________________________________________________
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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

________________________________________________________________________________

Uko nagira kose, nzihindukiza, nzerekeza mu mpande zose, sinshobora kuzihindura ngo zise, zibe zimwe neza.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Ntabwo zihotowe ziganishwa mu CYEREKEZO kimwe. Mu by’ukuri, rumwe ni ishusho y’urundi mu ndorerwamu ; ubwo rero zitwa ENANSIYOMORUFIKE.
________________________________________________________________________________

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.

________________________________________________________________________________

Neza zimeze nk’uko ikiganza k’ibumoso giteye nk’ishusho yo mu ndorerwamu y’ikiganza cy’iburyo.
________________________________________________________________________________

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.

Izo ngori zose, zishobora kwipfunyapfunya zikurikije umurongo ufunze, zifite ikimenyimenyi kingana na 0.
Bien-sûr, il existe des ESPACES INORIENTABLES à N dimensions (*)

________________________________________________________________________________

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

________________________________________________________________________________

Yego pe, hariho IBINYABIRERE BITAGANISHWA bya dimansiyo N (*)
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

URUGORI RYA MOBIYASI ni ubuso BUTAGANISHWA, bufite URUHANDE.  Ese habaho UBUSO BUTAGANISHWA, BUTAGIRA URUHANDE, BWIFUNGIYE KURI BWO BWONYINE ?
________________________________________________________________________________

Réponse dans le chapitre suivant

________________________________________________________________________________

Answer in the next chapter

________________________________________________________________________________

Igisubizo kiri muri shapitiri ikurikira
________________________________________________________________________________

(*) Voir le GÉOMETRICON page 59

________________________________________________________________________________

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

________________________________________________________________________________

(*) Reba JEWOMETIRIKONI urupapuro rwa 59
________________________________________________________________________________
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BORD SUR BORD

________________________________________________________________________________

EDGE ON EDGE

________________________________________________________________________________

URUHANDE KU RUHANDE
________________________________________________________________________________

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)

________________________________________________________________________________

UMUZINGI UFUNZE (uvanwamwo igice cy’umurongo n’akadomo) ufite ikimenyimenyi kingana n’ubusa. Ni kimwe n’IGITAMBARO, cy’impande ebyiri cyangwa rumwe, gishobora kwipfunyapfunya gikurikije umurongo ufunze (reba teworeme urupapuro 17). Ufunze igitambaro cy’impande ebyiri na disikye ebyiri, ukurikije imirongo ibiri ifunze, usanga wakoze SIFERI-BUSO S2 (ya dimansiyo ebyiri)
________________________________________________________________________________

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

________________________________________________________________________________

Ushobora kandi gufatanya ibitambaro bibiri by’impande ebyiri, kimwe ukidodeye ku kindi ukurikije imirongo ibiri ifunze, birtyo ugahita ubona ko wakoze i NGATA-BUSO 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

________________________________________________________________________________

Ubwambere na mbere ngomba gufatanya ingori ebyiri za Mobiyusi nkurikije UMURONGO UMWE UFUNZE.
________________________________________________________________________________

Hé!?! ça coince

________________________________________________________________________________

Hey!! That' s tight

________________________________________________________________________________

Ye !?! birancanze.
________________________________________________________________________________

Attends, il faut utiliser de la TRAVERSINE (*)

________________________________________________________________________________

We' ll have to use some TRANSVERSINE (*)

________________________________________________________________________________

Ba uretse, ni ukugomba gukoresha TARAVERISINE (*)
________________________________________________________________________________

de la TRAVERSINE!?

________________________________________________________________________________

TRANSVERSINE!?

________________________________________________________________________________

TARAVERISINE !?
________________________________________________________________________________

(*) La TRAVERSINE est extraite des coquilles des HOMOTAUPES

________________________________________________________________________________

(*) TRANSVERSINE is extracted from the shell of HOMOMOLES

________________________________________________________________________________

(*) TARAVERISINE ivanwa mu bimene by’amagi ya HOMOTOPE 
________________________________________________________________________________
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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!

________________________________________________________________________________

Iyo usize TARAVERISINE ku kimene k’igi, gihita gikururuka gikurikije uruhande rwacyo, gishaka gukora igice cy’ubuso gifunze, ariko kandi kigaha ubwo buso, ububasha bwo KWINYURAMWO !
________________________________________________________________________________

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?

________________________________________________________________________________

Rwa ruhande rwarigise. Ariko se, uyo muzenguruko ni nyabaki ?
________________________________________________________________________________

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.

________________________________________________________________________________

Ni UMUZINGI W’IHURIRO, utari uruhande. Ushobora gusuzuma neza ko muri iri CUPA RYA KELEYINI ubuso bugendera ku intera imatanye kimwe hose.
________________________________________________________________________________

deux demi-coupes

________________________________________________________________________________

Two cross sections

________________________________________________________________________________

Ibimanyu bya kabiri bibiri
________________________________________________________________________________
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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.

________________________________________________________________________________

Ikimenyimenyi cya ryo kingana n’ubusa rikozwe n’ingore ebyiri za Mobiyusi (X=0) n’umurongo umwe ufunze (X=0). Ntawe bitorohera guhita abona rumwe muri izo ngori.
________________________________________________________________________________

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.

________________________________________________________________________________

Birtyo pe, iyo ubonye urugori rwa Mobiyusi k’ubuso, ni ukuvuga ko ubwo buso buba bufite uruhande rumwe.
________________________________________________________________________________

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 ?

________________________________________________________________________________

Ahubwo se Tireziasi, nti twabona urugori rwa Mobiyusi kuri icyo gishishwa cy’igi cya we ?
________________________________________________________________________________

Mi!

________________________________________________________________________________

er..!

________________________________________________________________________________

Era.. !
________________________________________________________________________________

Ah, vous deux ne commencez pas!

________________________________________________________________________________

Don' t start you two.

________________________________________________________________________________

Aha, mwe uko muri babiri nti mwongere !
________________________________________________________________________________

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

________________________________________________________________________________

It's a pretty strange surface all the same.

________________________________________________________________________________

Ariko ubundi, ni iki ni ubwoko bw’ubuso bwihariye…
________________________________________________________________________________

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

________________________________________________________________________________

Kugeza ubu, ubuso butinyuramwo, nka SIFERI, cyangwa INGATA, mw’iforoma yabwo isanzwe. Inyabuso zinyuramwo mu kirere cyacu bazita IBYIHINGUKEMWO.
________________________________________________________________________________

des...immersions ?

________________________________________________________________________________

Immersions ?

________________________________________________________________________________

Ama…ibyihingukemwo ?
________________________________________________________________________________
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PROLONGEMENTS ET IMMERSIONS

________________________________________________________________________________

PLUNGES AND IMMERSIONS

________________________________________________________________________________

UBUKWEDUKYE N’IBYIHINGUKEMWO
________________________________________________________________________________

________________________________________________________________________________

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.

Umuzingi ufunze, ni ikiremwo cya jewometiri y’uruhande rumwe, kizira impanuka z’urugendo kandi w’uburanga bumwe bwo kutagira ari itangiriro, ari ni iherezo. Birtyo rero rwose, hariho uburyo bwinshi bw’intabarika bwo kuwutereka muri ikibyatarare.
PLAN (PLONGEMENTS) PLAN (IMMERSIONS)

________________________________________________________________________________

PLANE (PLUNGE) PLANE (IMMERSION)

________________________________________________________________________________

IKIBYATARARE (UBUKWEDUKYE) IKIBYATARARE (IBYIHINGUKAMWO)
________________________________________________________________________________

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 (*)

________________________________________________________________________________

Iyo utinyuramwo, uba WIKWEDURA MU KIBYATARARE naho ubundi, navugako uba WIHINGUTSEMWO (*) 
________________________________________________________________________________

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

________________________________________________________________________________

Ndatekereza ko birangwa n’umubare w’utudomo tw’inyuranamwo
________________________________________________________________________________

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.

________________________________________________________________________________

Oya, kuko iyo nkomeje nkwedura iyi mizingi, nshobora kuzana cyangwa kurigisa ama TSINDA Y’UTUDOMO TUBIRI TUBIRI. Ariko ikitazahinduka ni UMUBARE W’INSHURO Z’UBUZENGURUKE.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Reba, nkora kuburyo i vegiteri ikomeza yitseta ku muzingi ku kadomo kamwe.
________________________________________________________________________________

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

________________________________________________________________________________

(*) a plunge is a special case of immersion

________________________________________________________________________________

(*) ubukweduke ni ukwihindukiramwo bidasanzwe.
________________________________________________________________________________
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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 parcours 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

________________________________________________________________________________

Ukoresheje ubukwedukye busanze (nta mirongo ivunitse), mu KIBYATARARE, nshobora kuva kumusingi I nkajya ku muzingi III.  Ibyo iyo bikorwa, ubuhindukire bwose bw’umwambi (360°) ntibuhinduka igihe cyo kunanara buri muzingi.
________________________________________________________________________________

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.

________________________________________________________________________________

Iki ni HOMOTOPIYA IBONEYE ikorerwa mu KIBYATARARE. Igumana wa mubare w’inshuro z’ubuzenguruke bw’umwambi witseta ku muzingi.
________________________________________________________________________________

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!..

________________________________________________________________________________

Nakoresheje uburyo bwose ariko nananiwe guhindura uyu MUNANI muri UMUZENGURUKO.
________________________________________________________________________________

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!

________________________________________________________________________________

Ni ibisanzwe. Umwambi ntukora inshuro z’ubuzenguruke zimwe. Ku UMUNANI, igiteranyo algeburikye cy’ubuzenguruke kingana n’ubusa.
________________________________________________________________________________

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

________________________________________________________________________________

Ufatiye kuri iryo tegeko ry’ubukwedure bw’imizingi ifunze (ubukomereze, ububonere), mu kinyabuso, hariho ibintu BISHOBOKA n’ibindi BIDASHOBOKA igihe cyose.
________________________________________________________________________________

Pas si simple!

________________________________________________________________________________

It' s not so simple!

________________________________________________________________________________

Ntibyoroshe !
________________________________________________________________________________
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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.

________________________________________________________________________________

Biterwa n’IKIRERE icyo kintu gishushanyijemwo. Dore, urugero, reba uyu muzingi. Kuri iki kibyatarare, nta buryo bwo kurigisa utu tudomo tubiri twa dubure.
________________________________________________________________________________

Par contre, sur une SPHÈRE:

________________________________________________________________________________

But on a SPHERE...

________________________________________________________________________________

Ariko kandi, kuri SIFERI :
________________________________________________________________________________

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.

________________________________________________________________________________

Birtyo ibintu bimwe bigaragara nkaho bidashoboka muri KIRERE CY’UBUSERUTSI naka (aha ikibyatarare) biza gushoboka uhinduye icyo kirere, ugakorera mu kindi gifite topoloji inyuranye. Ubundi naho uhinduye n’ibindi birahinduka.
________________________________________________________________________________

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

________________________________________________________________________________

Mu kibyatarare, uyu muzingi urabohoka mu buryo bworoshye, ariko ntushobora kubikora iyo wawushushanyije ku ingata buso.
________________________________________________________________________________

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 ?

________________________________________________________________________________

Ariko se rwose, Tirezias, muri ESIPASE-GIHE yacu, hariho ibintu BISHOBOKA cyangwa BIDASHOBOKA mu buryo budasubirwaho? Oya?
________________________________________________________________________________

l' angoisse...

________________________________________________________________________________

that' sworrying...

________________________________________________________________________________

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

Do you know the topology of our space-time ?

________________________________________________________________________________

Ese waba uzi, wowe, topoloji ya esipase-gihe yacu?
________________________________________________________________________________

Euh...non...

________________________________________________________________________________

Er...no...

________________________________________________________________________________

Eeeh…oya…
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Tubayeho mu byigaragaza gusa…ariko kandi !
________________________________________________________________________________

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.

________________________________________________________________________________

Utudomo huriro tw’umuzingi ufunze duterwa n’uburyo bwo kwerekana ibintu mu buso. Ishusho ya dimansiyo ebyiri ni igicapo gitumberejwe gusa ku kibwatarare.
________________________________________________________________________________

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

________________________________________________________________________________

Muri ibi byose hari mu by’ukuri ikintu kimwe gusa : UMUZINGI UFUNZE, IKIREMWA CYA DIMANSIYO IMWE.
________________________________________________________________________________

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!

________________________________________________________________________________

Muri esipase nyerekerwamwo ya dimansiyo 4, icupa rya KELEYINI ntiryinyuramwo !
________________________________________________________________________________

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?

________________________________________________________________________________

Ariko rero, iyo duhinduye esipase nyerekerwamwo, BYOSE nshobora kubikora. Nk’akarorero, icupa rya Keleyini rishobora guhindukamwo siferi ?
________________________________________________________________________________

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

________________________________________________________________________________

Oya, hariho ibimenyimenyi BIDAHINDUKANA  na ESIPASE NYEREKERWAMWO.
________________________________________________________________________________
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LA TOPOLOGIE

________________________________________________________________________________

TOPOLOGY

________________________________________________________________________________

TOPOLOJI
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Akarorero : ikimenyimenyi cya Ewuleri-Puwenkare, icyerekeranyi, ubufunjye.
________________________________________________________________________________

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

________________________________________________________________________________

Ku bintu bya dimansiyo imwe, byose byasobanurwa birtya : UMUZINGI UGOMBA KUBA UFUNGUYE CYANGWA UFUNZE.
________________________________________________________________________________

Alors, comment va Amundsen ?

________________________________________________________________________________

So how Amundsen ?

________________________________________________________________________________

None se, Amundeseni ameze ate ?
________________________________________________________________________________

Rien, toujours pareil...

________________________________________________________________________________

Nothing, still the same...

________________________________________________________________________________

Ntakuntu, nubu ni nka kwakundi…
________________________________________________________________________________

GÉONEVROSE ? Moi je pencherai plutôt pour une TOPONÉVROSE.

________________________________________________________________________________

GEONEUROSIS ? No, I diagnose a TOPONEUROSIS

________________________________________________________________________________

UBURAKARI NYABUTAKA ? Jyewe ahubwo nkyekako yaba UBURAKARI NYAMITERERE.
________________________________________________________________________________

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.

________________________________________________________________________________

Imiterere y’imyumvire y’ubwonko bwacu, IMITEKEREREZE yacu, uko tubona isi, bishingiye ku ndiba za jeometiri, zishobora gusaduka igihe icyaricyo cyose.
________________________________________________________________________________

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.

________________________________________________________________________________

Nitudashobora kugarura imiterere nyayo na micye mu mirebere mugenzi wacu afite y’ibintu bimwe na bimwe, hariho impungenge ko yakomeza gutsimbatarara yanga iyi si dukabakaba.
________________________________________________________________________________
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MAILLAGES

________________________________________________________________________________

BASKET WEAVING

________________________________________________________________________________

KUBOHA
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Nashoboye kubona ubundi burtyo bwo kwerekana ubuso : KUBOHA
________________________________________________________________________________

Ca, par exemple, c'est un cylindre:

________________________________________________________________________________

Well that is obviously a cylinder.

________________________________________________________________________________

Akarorero, iki ni silenderi
________________________________________________________________________________

Et un TORE:

________________________________________________________________________________

And a TORUS

________________________________________________________________________________

Ni INGATA
________________________________________________________________________________

une bouteille de KLEIN:

________________________________________________________________________________

A KLEIN bottle

________________________________________________________________________________

ICUPA RYA KELEYINI
________________________________________________________________________________

Pour la sphère j'ai des ennuis...

________________________________________________________________________________

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

________________________________________________________________________________

Mfite ibibazo kubijyanye na siferi
________________________________________________________________________________

Pour la SPHÈRE, tu dois introduire 2 PÔLES.

________________________________________________________________________________

For the SPHERE you have to introduce 2 POLES.

________________________________________________________________________________

Ku bijyanye na SIFERI, ugomba gushyiramwo POLE 2
________________________________________________________________________________

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...

________________________________________________________________________________

Ariko…simbyumva. Kubijyanye n’INGATA cyangwa icupa rya KELEYINI, sinzikeneye…
________________________________________________________________________________

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.

________________________________________________________________________________

Ikimenyimenyi cya Ewuleri-Puwenkare kiguha umubare wa POLE zikenewe kugirango UBOHE ubuso bwawe. Ku bijyanye n’INGATA cyangwa icupa rya KELEYINI, ni zero. Ariko kubijyanye na siferi ni 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.

________________________________________________________________________________

Iyo myumvire ishobora gukoreshwa, neza rwose, kuri za IPERIBUSO za dimansiyo 3,4,…N
________________________________________________________________________________

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?

________________________________________________________________________________

Usibye akabazo kandi, iniveri, ukurikije umudeli uhora ugaruka wa FRIYEDEMANI(*), ni iperisiferi S4. Ndabyumva ko ushobora gutaka esipase nyabutatu yose n’udutafari twifuruma ya kibe. Ariko se wabigenza ute kuri esipase ya dimansiyo ennye ?
________________________________________________________________________________

Simple, tu paves avec des HYPERCUBES

________________________________________________________________________________

Simple you pave it with HYPERCUBES

________________________________________________________________________________

Biroroshye, utaka hose ukoresheje za IPERIKIBE.
________________________________________________________________________________

des hypercubes ? Ah bon...

________________________________________________________________________________

Hypercubes ? Really...

________________________________________________________________________________

Iperikibe ? by’ukuri…
________________________________________________________________________________

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 ?

________________________________________________________________________________

Ariko, ba uretse turebe…ikimenyimenyi cya iperisiferi S4 ni 2. Byumvikane ko esipase-gihe yacu yakagombye kugaragaza byibuze ubwoko bw’akanyamwihariko, pole ?
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Naho se BIGI BANGE (*), ni iki !?!
________________________________________________________________________________

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

________________________________________________________________________________

Bityo, ishingiye gusa kuri jewometiri yaba yarashoboye guteganya imwe mu buranga bw’amateka y’iniveri atangaje yavumbuwe mu gihe kimwe na fenomene yo gukweduka kwa Iniveri.
________________________________________________________________________________

(*) Voir BIG BANG (Editions BELIN).

________________________________________________________________________________

(*) See the BIG BANG

________________________________________________________________________________

(*) reba GIGI BANGE ( Icapiro BELINI).
________________________________________________________________________________
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SINGULARITÉS

________________________________________________________________________________

SINGULARITIES

________________________________________________________________________________

IBINYAMWIHARIKO
________________________________________________________________________________

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¶)

________________________________________________________________________________

URWEGO RW’IKINYAMWIHARIKO CYO KUBOHA kingana n’imfuruka ifite umwambi uzenguruka mu ntumbero ya posotifu cyangwa ya negatifu, ugabanije na dogere 360 (2π)
________________________________________________________________________________

le PÔLE c'est 1.

________________________________________________________________________________

The POLE is 1.

________________________________________________________________________________

I POLE, ni 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

________________________________________________________________________________

Dore ibinyamwihariko by’urwego rwa pozitifu (I bumoso) ni ibya negatifu ( I buryo)
________________________________________________________________________________

Quel intérêt?

________________________________________________________________________________

What's the point?

________________________________________________________________________________

Inyungu ni iyihe ?
________________________________________________________________________________

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.

________________________________________________________________________________

Utatse ubuso bufunze, ugera kenshi ku binyamwihariko. Birtyo rero ikimenyimenyi cya Ewuleri-Puwenkare kizangana n’igiteranyo alijeburikye k’inzego z’ibinyamwihariko.
________________________________________________________________________________
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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.

________________________________________________________________________________

Nshobora gutaka INGATA nta kinyamwihariko. Ni ibisanzwe : ikimenyimenyi cya Ewuleri-Puwenkare cyayo kingana n’ubusa.
________________________________________________________________________________

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...

________________________________________________________________________________

Naho reba siferi itatse ukoresheje ibinyamwihariko munani by’urwego rwa ¼…
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Cyangwa n’ikinyamwihariko cya ¾ , kimwe cy’urwego rwa ¼ na POLE imwe…
________________________________________________________________________________

Ou avec quatre singularités d'ordre ½.

________________________________________________________________________________

Or with four singularities of order  ½

________________________________________________________________________________

Cyangwa  ukoresheje ibinyamwihariko bine by’urwego rwa 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¶)

________________________________________________________________________________

Uramenye :

Umusomyi uzaba yarasomye UMWOBO W’UMUKARA (icapiro BELINI), ipaje 14 kugeza kuri 36 azaba, ntagushidikanya, yarabonye imiterere imwe hagati y’ibishushanyo by’ibinyamwihariko by’ubutatsi n’ibiganisha, muri iki gitabo kuri za, POZIKONE, NEGAKONE n’ubuzingye. Ibi byigwa byose, bishingiye nka byose ku mfuruka, birafatanye cyane. UBUZINGYE BYOSE bw’ubuso, bwerekaniwe muri esipase yacu ya dimansiyo eshatu, bungana neza n’ikimenyimenyi cya Ewuleri-Puwenkare, ukubye na dogere 360 (cyangwa na 2π).

Ubuyobozi.
________________________________________________________________________________
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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.

________________________________________________________________________________

Ibyago ni uko ibintu nk’ibi nta kintu na kimwe bimara, ni nk’ikigirikyi cyangwa ikilatini.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Oya pe, Lewo ! ibinyamwihariko, ni byinshi cyane muri natiri !
________________________________________________________________________________

mais où ?

________________________________________________________________________________

Where ?

________________________________________________________________________________

Ariko se hehe ?
________________________________________________________________________________

craquer une fermeture éclair

________________________________________________________________________________

Pull apart a zip fastener

________________________________________________________________________________

Kocora ubufungire bwihuse
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Ikoraniro ry’ibinyamwihariko bya +1/4 – ½ : inyeyneri iteretse ku bishyitsi
________________________________________________________________________________
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et que fabriquez-vous, maintenant ?

________________________________________________________________________________

Now what are you making ?

________________________________________________________________________________

Nonese ubu uriho urakora iki ?
________________________________________________________________________________

Des CHAMPS MAGNÉTIQUES.

________________________________________________________________________________

MAGNETIC FIELDS

________________________________________________________________________________

IMIRIMA YA SUMAKU.
________________________________________________________________________________

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.

________________________________________________________________________________

Iyi sisiteme ikora imirima ya sumaku y’IMITERERE IMWE n’imirongo y’iyo mirima iba rero imirongo iteganye isanzwe.
________________________________________________________________________________

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.

________________________________________________________________________________

Noneho ubu nonjyeyeho i sipiri imwe igiye kubyara hagati ya yo umurima werekeza ahanyuranye.
________________________________________________________________________________

contact!

________________________________________________________________________________

Contact!

________________________________________________________________________________

Huza !
________________________________________________________________________________

Ici le champ est seulement affaibli au centre.

________________________________________________________________________________

Here the field is just weakened in the centre

________________________________________________________________________________

Aha umurima wacitse gusa agatejye hagati ya wo.
________________________________________________________________________________

Mince! Tu as fait apparaître deux PÔLES (les traces du solénoïde 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.

________________________________________________________________________________

Gato ! wagaragaje POLE ebyiri (aho solenoyide yaciye mu kibyatarare k’igicapo) n’ibinyamwihariko bibiri by’urwego rwa -1. Ubiteranije bikangana na zero. Ibinyamwihariko negatifu bivuka aho umurima wa sumaku B ungana n’ubusa.
________________________________________________________________________________

!?

________________________________________________________________________________

!?

________________________________________________________________________________

!?
________________________________________________________________________________
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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.

Mu by’ukuri, isisiteme yasimetiri y’ubwizengurukeho kandi dufite urujyero rwo kuboha ukoresheje imirongo y’ikinyamwihariko.  
________________________________________________________________________________

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

________________________________________________________________________________

Ubu jyewe ngiye konjyera amashanyarazi kuburyo agaciro k’umurima wa sumaku hagati ya solenoyide kaba ubusa.
________________________________________________________________________________

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)

________________________________________________________________________________

Utudomo tubiri tw’umurima wa sumaku ingana n’ubusa, mu kibyatarare cy’ishushanyirizo, twikubiye muri kamwe k’urwego rungana na -2 ( urugero rw’ihuriro ry’ ibinyamwihariko)
________________________________________________________________________________

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

________________________________________________________________________________

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

Iki kintu ni igiteshamutwe. Ese twongere umurima wa sumaku?
________________________________________________________________________________

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

________________________________________________________________________________

It might be risky and become dangerous.

________________________________________________________________________________

Ese ntibishobora guteza ingorane ?
________________________________________________________________________________
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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.

________________________________________________________________________________

Ese icyo utinya ni iki Lewo ? Ko dukora impinduka zidasubirinyuma muri esipase-gihe ? Hari gose 100 gusa, muzehe wanjye…
________________________________________________________________________________

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.

________________________________________________________________________________

Kuva ku gihe cy’URUKUTA  RWA BUCECE, Lewo areba atumbereye cyane imirima ya sumaku !
________________________________________________________________________________

Superbe!

________________________________________________________________________________

Superb!

________________________________________________________________________________

Ni igitangaza !
________________________________________________________________________________

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

________________________________________________________________________________

Umurima wa sumaku B wihinduranije hagati ya sipiri. Ikinyamwihariko cyiciyemwo kabiri, kibyara ibinyamwihariko bibiri cyimwe cyose gifite urwego rwa -1. Twakoze vorutegisi y’ingata mu buryo bwa jewometiri y’ingata. 

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

________________________________________________________________________________

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

________________________________________________________________________________

Kuboha, ibinyamwihariko biri hose mu masanganzira ya fisikye…
________________________________________________________________________________
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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

________________________________________________________________________________

AMABUYENGE ni indiri y’ibinyamwihariko. Muri iri buyenge ribyataraye rikozwe na za kare, ukuyemwo aga kare kamwe, uba uciye icyuho gisibwa n’ikinyamwihariko cy’urwego rwa -1/2 n’ibinyamwihariko bibiri by’urwego rwa 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

Ahangaha akabaraga ko GUKUNJAKUNJA kazatuma ihinduka ry’imipangire mw’iboha ribyataraye rihavutsa ibinyamwihariko bibiri by’urwego rwa ¼ n’ibinyamwihariko bibiri by’urwego rwa -1/4.
________________________________________________________________________________

J'enlève un carreau.

________________________________________________________________________________

I' ve removed a tile

________________________________________________________________________________

Ndakuramwo agakaro.
________________________________________________________________________________

CLOP!

________________________________________________________________________________

CLOMP!

________________________________________________________________________________

CLOPE !
________________________________________________________________________________
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ça me fait penser à un truc

That reminds me of something

________________________________________________________________________________

Byatumye ntekereza ikintu
________________________________________________________________________________

Mais à quoi, mon cher Tirésias ?

________________________________________________________________________________

And what would that be Tiresias?

________________________________________________________________________________

Ariko se watekereje iki, nshuti yanjye, Tireziasi ?
________________________________________________________________________________

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

________________________________________________________________________________

Suppose that the universe was a sort of...

________________________________________________________________________________

Leka dufateko iniveri ari nk’ikintu cy’ubwoko bwa…
...de cristal ?

________________________________________________________________________________

...a sort of cristal ?

________________________________________________________________________________

Bw’ibuyenge ?

________________________________________________________________________________

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...

________________________________________________________________________________

Iyaba iniveri yarigizwe n’ubwoko bw’utururi, IBICE BY’IBANZE byakabaye ibyuho cyangwa ibimenagure, impuza z’ibinyamwihariko z’IBYOMEKERANE(*). Muvoma, cyangwa imikoranire ya byo yasa n’ihinduka ry’imipangire y’ibyo byose… 
________________________________________________________________________________

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

________________________________________________________________________________

For a good idea that's a good idea!

Ku ibitekerezo byiza, icyo ni igitekerezo cyiza!
________________________________________________________________________________

je...euh...

________________________________________________________________________________

I...er...

________________________________________________________________________________

Jye…ur….

________________________________________________________________________________

(*) 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.

________________________________________________________________________________

(*) KUBOHA  birebana n’ibintu bya dimansiyo 2. KOMEKANYA bihwanye n’ibyo ariko kuri dimansiyo z’umubare wo hejuru.
________________________________________________________________________________
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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

________________________________________________________________________________

Ibikurikira byose bigiye gusobanurwa dukoreshejeINKURIKIRANE Z’ IBISHUSHANYO BISOMWA bigaragazwa n’inyuguti A,B,C na D.

Ubuyobozi
________________________________________________________________________________

A TRANSFORMATION DU RUBAN DE MÖBIUS EN SURFACE DE BOY

________________________________________________________________________________

A TRANSFORMATION OF A MOEBIUS STRIP INTO A BOY SURFACE

________________________________________________________________________________

A. IHINDURANYA RY’URGORI RWA MOBIYASI M’UBUSO BWA BOYI
________________________________________________________________________________

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

________________________________________________________________________________

B DITTO: CURVE-EDGE AND AUTO-INTERSECTION ENSEMBLE

________________________________________________________________________________

B. NKUKO : UMUZINGI-RUKUTA N’ITSINDA RY’IHWANIRO MU BWARYO
C MISE EN CONJONCTION DES POINTS ANTIPODAUX

________________________________________________________________________________

C MAKING A CONJONCTION OF ANTIPODAL POINTS

________________________________________________________________________________

C. GUSHYIRA MW’IHWANIRO Y’UTUDOMO NDWANYAPODALE
________________________________________________________________________________

D INVERSION APPARENTE DU TEMPS

________________________________________________________________________________

D APPARENT INVERSION OF TIME

________________________________________________________________________________

D. IKIGARAGARA NK’ICURIKWA RY’IGIHE
________________________________________________________________________________

LA SURFACE DE BOY

________________________________________________________________________________

THE BOY SURFACE

UBUSO BWA BOYI
________________________________________________________________________________

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...

________________________________________________________________________________

Byiza, twishimishije rwose, ariko, hagati aho, uriya munyagwa Amundesen aracyari mw’isupu…
________________________________________________________________________________

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

________________________________________________________________________________

Ariko ntabwo twari twamenya neza icyo iriya mburagasani ya palaneti itagira pole y’amajyepfo ari cyo!
________________________________________________________________________________

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...

________________________________________________________________________________

Buretse…kugirango ibeho ifite pole imwe, ikimenyimenyi cyayo cya Ewuleri-Puwenkare kigomba kuba kingana na rimwe. Kandi ubundi irasa n’aho ari INYARUHANDE RUMWE.
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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...

________________________________________________________________________________

Urugori rwa Mobiyusi rufite ikimenyimenyi kingana n’ubusa. Nk’akarorero, nhobora kurudoderaho idiskye isanzwe  nkurikije umuzingi ufunze, ufite nawo ikimenyimenyi kingana n’ubusa…
________________________________________________________________________________

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

________________________________________________________________________________

Uwo mwenda mushya uzaba ufite ikimenyimenyi kingana na rimwe, kandi waba ari inyabuso bufunze bw’inyaruhande rumwe. Ariko se, aho kudoda, kuki tutakoresha ubugeni bwa TARAVERISINE ?
________________________________________________________________________________

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:

Amateka y’urugori rwa Mobiyusi rwihinduramwo ubuso bwa BOYI wabirebera ku nkurikirane z’ibishushanyo A na B. Reba igishushanyo cya nyuma:
________________________________________________________________________________

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.

________________________________________________________________________________

Dore ama « PARALELE » y’ubuso bwa BOYI. Ni kandi ni indyanambere y’IHERERO-RUHANDE rw’urugori rwa Mobiyusi ruhura n’igice A
________________________________________________________________________________

Drôle de parallèles...

________________________________________________________________________________

Funny sort of parallels...

________________________________________________________________________________

Paralele zisetsa…

________________________________________________________________________________

Bande «équatoriale»

«equatorial» strip

________________________________________________________________________________

Ibande yi «  inyakwateri »
________________________________________________________________________________
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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.

________________________________________________________________________________

Ni akazi k’UBUBOSHYI, Lewo. Gusa ni ugukomeza «  za meridiye » z’urugori rwa Mobiyasi zikazagera ku ndiba y’inkangara, kugeza kuri pole.
________________________________________________________________________________

SURFACE DE BOY AVEC RUBAN DE MÖBIUS INITIAL

________________________________________________________________________________

BOY SURFACE WITH INITIAL MOEBIUS STRIP

________________________________________________________________________________

UBUSO BWA BOYI N’URUGORI RWA MOBIYUSI RW’IBANZE

________________________________________________________________________________

méridien

________________________________________________________________________________

Meridian

MERIDIYE
________________________________________________________________________________

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».

________________________________________________________________________________

Mu yandi magambo, tugomba gusudira, biriya bishingo byibunza by’urugori rwa Mobiyasi, n’   « ibyindiba y’inkangara »
________________________________________________________________________________

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.

________________________________________________________________________________

IBYEGERANYE n’ayo ma meridiye ni ingata za Mobiyasi z’igice cy’umuzenguruko.
________________________________________________________________________________

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

________________________________________________________________________________

UMUDELI WA MBERE W’UBUSO BWA BOYI HAMWE N’IGITERANYO « MERIDIYE » +  « PARALELI », WATEKEREJWE BWA MBERE N’UMWANDITSI W’IKI GITABO NAHO IGISHUSHANYO CYA BYO CYAKOZWE NYUMA YAHO N’UMUTATSI W’UMUBAJI MAX SAUZE KANDI KIRAGARAGARA MU CYUMBA CY’INGORO Y’UBUVUMBUZIY’I PARISI MU BUFARANXA.

UBUYOBOZI

________________________________________________________________________________
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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»

________________________________________________________________________________

Twagendagenze kuri imwe muri izo ngata igihe twaturukaga kuri « POLE Y’AMAJYARUGURU », turiho dushaka  «  POLE Y’AMAJYEPFO »
________________________________________________________________________________

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!

________________________________________________________________________________

Nk’uko byumvikana  twatungutse ku gasongero k’igishito cya Peri !
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 ?

________________________________________________________________________________

Ariko se nimba twaragendajyenze k’ubuso bwa Boyi, byagenze bite ngo nti tubone uturere tw’iyinjiranamwo ?
________________________________________________________________________________

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 LEQUEL 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.

________________________________________________________________________________

Urabizi neza ko iriya SHUSHO y’iyinjiranamwo ari mu byukuri ukwibira k’UBUSO BWA BOYI muri ESIPASE YA DIMANSIYO ESHATU YO KWEREKANIRAMWO. Mu by’ukuri ubuso bwa BOYI n’icupa rya KELEYINI BIBAHO NK’IBINTU BYA DIMANSIYO 2 KANDI NTIBITERWA NA ESPASE BABYEREKANIYEMWO.
________________________________________________________________________________

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

________________________________________________________________________________

Here's a good method to forget about the idea of auto-intersection.

________________________________________________________________________________

Dore uburyo bwiza bwo gusibanganya iryo yinjiranamwo.
________________________________________________________________________________
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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.

________________________________________________________________________________

Byiza, ikintu cyagaragaye : ipalanete ni inyabuso bwa Boyi kandi kandi hari i pole imwe rukumbi.
________________________________________________________________________________

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

________________________________________________________________________________

Ntabwo arijye wajya kubwira ibyo uriya munyagwa w’umugabo Amundeseni.
________________________________________________________________________________

Il est toujours en état de choc.

________________________________________________________________________________

He' s still in state of shock

________________________________________________________________________________

Aracha hungabanye.

RUBAN DE MÖBIUS A BORD CIRCULAIRE

________________________________________________________________________________

MOEBIUS STRIP WITH A CIRCULAR EDGE

________________________________________________________________________________

INGATA YA MOBIYUSI Y’UMUSOZO WA SERIKYERE
________________________________________________________________________________

LA BOY-CUBE

________________________________________________________________________________

THE BOY-CUBE

________________________________________________________________________________

BOYI-KYIBE
________________________________________________________________________________

Eh bien moi...

________________________________________________________________________________

Erm, I' m not so sure...

Yeee byiza ariko jye ndacyafite….
________________________________________________________________________________

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...

________________________________________________________________________________

Jye, yenda ndasa n’ubatungura ariko ndahamya ko, nakoresheje n’ayo mashusho, iyo mikatire, iyo mirebere inyuranye, ntarasobanukirwa icyo ubuso bwa Boyi aricyo… 
________________________________________________________________________________

46

Tu as du mal à saisir sa topologie ?

________________________________________________________________________________

Are you having trouble understanding its topology?

________________________________________________________________________________

Ufite ikibazo mu gusobanukirwa topoloji ya cyo ?
________________________________________________________________________________

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

________________________________________________________________________________

It's?… erm…yes..it must be that

________________________________________________________________________________

Yacyo ?... eeeh,,,,yego… bishobore kuba ari ibyo.
Attends, Léon, j' ai trouvé quelque chose qui va t' aider

________________________________________________________________________________

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

________________________________________________________________________________

Buretse Lewo,  nabonye ikintu kiza kugufasha.
________________________________________________________________________________

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.

________________________________________________________________________________

Lewo, siferi cyangwa kyibe, ni bimwe ! topoloji zimeze kimwe, ibimenyimenyi bya Ewuleri-Puwenkare bimeze kimwe, ubuzingye byose bumeze kimwe.
________________________________________________________________________________

Moui...

________________________________________________________________________________

Mmm..ok

Ariko…yego
________________________________________________________________________________

Et ça c'est un TORE

And that's a TORUS

________________________________________________________________________________

N’iki, ni i NGATA
________________________________________________________________________________

________________________________________________________________________________

Et alors, ça c'est une KLEIN-CUBE ?

And so, that's a KLEIN-CUBE?

________________________________________________________________________________

Noneho rero, iyi ni i KELEYINI-KYIBE
________________________________________________________________________________

tout juste

Exactly

Rwose pe.
________________________________________________________________________________
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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

________________________________________________________________________________

Dore BOYI-KYIBE yiswe Lanturlu : amasonga 28 imirongo yo mu nguni 43 impande 16 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).

________________________________________________________________________________

Dushobora gukora modeli nziza twifashishije ibikoresho bya etajere REYNOLDS (imiheha ya kare ikozwe muri durale, ibice by’imfuruka bya palasitike)
________________________________________________________________________________

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

I Paje ikurikira, harerekanwa imikatire yabyo ituma mwikorera ubwanyu BOYI-KYIBE yanyu.
________________________________________________________________________________
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________________________________________________________________________________
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POINT TRIPLE

________________________________________________________________________________

TRIPLE POINT

________________________________________________________________________________

AKADOMO NYABUTATU
________________________________________________________________________________

PÔLE

________________________________________________________________________________

POLE

________________________________________________________________________________

POLE
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REVÊTEMENTS

________________________________________________________________________________

COVERINGS

________________________________________________________________________________

GUFUNIKA
________________________________________________________________________________

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

________________________________________________________________________________

So that's the end of the story then?

________________________________________________________________________________

Noneho rero, niwo musozo w’inkuru ?

________________________________________________________________________________

Non. Je vois un rebondissement imprévu...

________________________________________________________________________________

No, there a sudden surprise...

Oya, hari igaruka rwabyo ritunguranye…
________________________________________________________________________________

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.

________________________________________________________________________________

Urwambiko rushya, inyuma n’imbere rw’ikintu cy’uruhande rumwe, KITAGANISHWA, gitanga IKINTU KIMPANDE EBYIRI,  KIGANISHWA kandi gifite ibimenyimenyi bibiri.
________________________________________________________________________________

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

________________________________________________________________________________

What is all this nonsens?

________________________________________________________________________________

Ese ibyo bikuru ni bwoko ki ?
________________________________________________________________________________

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...

________________________________________________________________________________

Biroroshye, fata urugori rwa Mobiyasi, urusige irangi ku ruhande rwarwo RUMWE RUKUMBI, nurangiza usokororemwo urwo rugori…
...en ne gardant que la peinture!

________________________________________________________________________________

...and just keep the paint!

________________________________________________________________________________

…kuburyo usa nusigarana irangi gusa !
________________________________________________________________________________
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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:

________________________________________________________________________________

Iyo bande nshyashya, yifungiye ubwayo kuri yo, ifite impande ebyiri, kuko rumwe rwahuraga n’urugori rwa Mobiyasi. Ubundi kandi ushobora kwitegereza neza igice cy’amashusho C :
________________________________________________________________________________

+ segment

________________________________________________________________________________

+ segment

+ igice cy’umurongo
________________________________________________________________________________

Sa caractéristique et celle du ruban de Möbius sont nulles.

________________________________________________________________________________

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

________________________________________________________________________________

Ikimenyimenyi cya cyo n’icyurugori rwa Mobiyasi byose binga n’ubusa.
________________________________________________________________________________

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

________________________________________________________________________________

Buretse ndebe…iyo nsize irangi… i CUPA RYA KELEYINI k’URUHANDE RWARYO RUMWE narangiza ngasokororamwo iryo cupa ariko ndahungabanije iryo rangi, mbona ikinyabuso GIFUNZE, GITUNGANYE NEZA, cy’IMPANDE EBYIRI kandi gifite ikimenyimenyi cya Ewuleri-Puwenkare kingana na 2x0=zero.
________________________________________________________________________________

C'est-à-dire une immersion du TORE!

That is to say an immersion of a TORUS!

________________________________________________________________________________

Ni ukuvuga ikihingukemwo cy’ingata
________________________________________________________________________________
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Tirésias, où es-tu ? ______________________________________________________________________________

Tiresias, where are you ?

________________________________________________________________________________

Tireziyasi, urihe ?
________________________________________________________________________________

ici!

________________________________________________________________________________

Here!

________________________________________________________________________________

Hano !
________________________________________________________________________________

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...

Nkomeje ntyo, ngafata inyabuso ya Boyi, nkayisiga irangi hanyuma ngasokororamwo iyo BOYI kuburyo iryo rangi rigumana iforoma yaryo nk’uko ryasizwe, nasigarana inyabuso IFUNZE, ITUNGANYE NEZA, Y’IMPANDE 2 kandi ifite ikimenyimenyi cya Ewuleri-Puwenkare kingana na 2x1=2…
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

…ni ukuvuga IKIHINGUKEMWO CYA SIFERI
________________________________________________________________________________
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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 ?

________________________________________________________________________________

Ese, MU BY’UKURI, nshobora « kwigizayo » iyi nyarwa ya siferi nkanayihinduramwo siferi « isanzwe » ?
________________________________________________________________________________

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

________________________________________________________________________________

Ukoresheje UBUJENI BWA TARAVERISINE, nta kibazo kandi bikorwa kimwe kubijyanye n’INGATA.
________________________________________________________________________________

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!

________________________________________________________________________________

Dukore duhereye inyuma. Reka dufateko nshaka « guhinduranya » i siferi utayizinze !
________________________________________________________________________________

CROISEMENT DES NAPPES TERMINÉ

________________________________________________________________________________

CROSSED STRIPS RESULT

________________________________________________________________________________

INYURANAMWO RY’IMIYOBORO  RYARANGIYE.
Il faut utiliser du RÉTRÉCISSOL

________________________________________________________________________________

You need some SHRINKASOL

________________________________________________________________________________

Ni ukugomba gukoresha RETERESISOLE
________________________________________________________________________________
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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

________________________________________________________________________________

Dutangire duhuza buri kadomo ka siferi na ANTIPODE YAYO dukoresheje imigozi yanyujijwe muri RETERESISOLE.
________________________________________________________________________________

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.

________________________________________________________________________________

Iyo migozi iriyegeranya kuburyo uburebure byayo buba ubusa, ariko kandi ubuso bya siferi buguma ari bumwe, budahinduka. Bityo tuzana buri kadomo mw’HWANIRO na NDWANYAPODALE ya ko.
________________________________________________________________________________

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

________________________________________________________________________________

Ariko ibyo muzabibona mu yindi alubomu, yajyenewe IHINDURANYA RYA SIFERI.  Hagati aho, ikurikirana ry’amashusho ya filime C yerekana uko EKWATERI ya SIFERI yikunja, igahinduka EKWATERI ya BOYI. Ku bigaragara, pole y’amajyaruguruiraza ikiyomeka kuri pole y’amajyepfo. 

Ubuyobozi
________________________________________________________________________________

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.

________________________________________________________________________________

Meridiye na paralele zose za siferi ziraza zimwe zikorosa izindi.
________________________________________________________________________________
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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!

________________________________________________________________________________

Tekereza igitagangurirwa kiba ku nyabuso ya BOYI iboshye kuburyo imitambiko yayo iteye nka za palalele naho imishingo nka za meridiye. Icyo gitagangurirwa kizagirango gituye… kuri siferi !
FERMETURE DES TROIS «TYMPANS»

________________________________________________________________________________

Closure of the three «tympani»

________________________________________________________________________________

FUNGA IZO « NGOMA Z’AMATWI » ESHATU.
________________________________________________________________________________

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.

________________________________________________________________________________

 Byiza, ubu ko ifunguro rya sasita rihari, ngiye gutembera gato.
________________________________________________________________________________

CHEMIN SUIVI PAR L'ARAIGNÉE ________________________________________________________________________________

THE SPIDER' S ROUTE

INZIRA IGITAGANGURIRWA CYACIYEMWO
________________________________________________________________________________

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.

________________________________________________________________________________

Aho re, ikindi kidasesa. Mugenzi wanjye atuye k’urundi ruhande kandi na we yakaciye isazi.
________________________________________________________________________________
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Personne en vue ? Bon...je lui mange sa mouche

________________________________________________________________________________

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

________________________________________________________________________________

Nta muntu ureba? Byiza…ngiye kurya kariya gasazi ke.
________________________________________________________________________________

Bon...rentrons

________________________________________________________________________________

Mmm, let' s go home.

________________________________________________________________________________

Eee…, dutahe.
BURP!

________________________________________________________________________________

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!

________________________________________________________________________________

Mbega ubugoryi ! igihe nari nagiye, cyagitagangurirwa kindi cyageze hano kimiragura kagasazi kanjye !
________________________________________________________________________________

Hi Hi Hi

________________________________________________________________________________

Ha Ha Ha

Hi Hi Hi
________________________________________________________________________________

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.

________________________________________________________________________________

Mu by’ukuri, hari igitagangurirwa kimwe n’isazi imwe
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Ngiye kugategereza, igihe kazongera gukandagira hano, nzakereka…
________________________________________________________________________________
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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.

________________________________________________________________________________

Ariko…inkuru y’igitagangurirwa… yampaye igitekerezo. Kubyerekeranye na Amundeseni, dufite igisubizo.
________________________________________________________________________________

Comment cela?

________________________________________________________________________________

How's that?

________________________________________________________________________________

Ibyo se bite ?
________________________________________________________________________________

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.

________________________________________________________________________________

Bwana Amundeseni, ibintu byose byatunganye ! twabonye pole yawe y’amajyepho.
________________________________________________________________________________

Ah...

________________________________________________________________________________

Ah...

Ah…
________________________________________________________________________________

AMORCE DES «OREILLES»

________________________________________________________________________________

APPEARANCE OF «EARS»

________________________________________________________________________________

ISERUKA RY’  « AMATWI »
________________________________________________________________________________

Vous repartez mais avec ça...

________________________________________________________________________________

You can go but take this with you...

________________________________________________________________________________

Muronjyeye muragiye ariko mujyane n’iki…
________________________________________________________________________________

On a donné le même à Perry.

They gave the same thing to Perry

________________________________________________________________________________

Na Peri twamuhaye nk’iryo.
________________________________________________________________________________

...et vous le POSEZ seulement!

________________________________________________________________________________

...and you just PUT IT DOWN

… kandi icyo ukora gusa ni UKURISHINGA !
________________________________________________________________________________

ET TOUT RENTRA DANS L'ORDRE...

________________________________________________________________________________

AND EVERYTHING SORTED ITSELF OUT

________________________________________________________________________________

KANDI BYOSE BYAGARUTSE MU BURYO BWIZA…
PÔLE NORD POLE SUD

________________________________________________________________________________

NORTH POLE SOUTH POLE

________________________________________________________________________________

POLE Y’AMAJYARUGURU POLE Y’AMAJYEPFO
________________________________________________________________________________
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Quel beau jour!

________________________________________________________________________________

Ah, what a nice day!

________________________________________________________________________________

Mbega umunsi mwiza !
________________________________________________________________________________

Ca vous a quand même de la gueule

________________________________________________________________________________

Now that really looks like something

________________________________________________________________________________

Ibi byari biyabavugishije.
________________________________________________________________________________

Monsieur Amundsen, la photo historique

Monsieur Amundsen, the historic photo please...

________________________________________________________________________________

Bwana Amundeseni, ifoto y’amateka.
________________________________________________________________________________

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

________________________________________________________________________________

Shoo, I want to be alone in my historic photo

________________________________________________________________________________

Ni mumvire aho mugende, ndashaka kuba jyenyine kuri iyi foto y’amateka.
________________________________________________________________________________

PÔLE SUD

________________________________________________________________________________

South Pole

________________________________________________________________________________

POLE Y’AMAJYEPFO
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...

________________________________________________________________________________

Muri siyanse, ni nk’ahandi hose. Rimwe na rimwe, biba byiza kudacukumbura cyane… 
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

… buri pole, mu mwanya wa yo ; icyo gihe n’inka zizaragirwa neza…
________________________________________________________________________________

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.

Kandi noneho, iyo ducukura, munsi ya pole y’amajyarurguru, yenda twari kuzagera ku bintu bitunguranye.
________________________________________________________________________________

Et il y en a qui déchanteraient, allez

________________________________________________________________________________

And someone here might get very upset about that.

________________________________________________________________________________

Kandi hari kuboneka abo bibabaza, igendera.
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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 ?

________________________________________________________________________________

Byiza, dore icyo cyo kirakemutse. Ariko se Lanturulu ariho arakora iki ?
________________________________________________________________________________

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 two way 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.

________________________________________________________________________________

Ese uzi icyari cyo indorerwamo itagira irangi-ntangira? Iyo uyirebyemwo, ubona ibiri inyuma ya yo n’ibikugarukaho. Neza na neza, ubu ndiho ndahindura uru rugori rwa Mobiyusi ngo ruvemwo indorerwamu itagira irangi-ntangira.
________________________________________________________________________________

LE STADE DU MIROIR

________________________________________________________________________________

THE MIRROR STAGE

I STADE Y’INDORERWAMU.
________________________________________________________________________________

Pour attraper des pieuvres

________________________________________________________________________________

To catch squid.

________________________________________________________________________________

Kugirango ufate ibitagangurirwa byo mu mazi.
________________________________________________________________________________
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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

________________________________________________________________________________

Habaye iki !?! igitagangurirwa cyo mu mazi kirasa n’igifite ubwoba
________________________________________________________________________________

Elle se gratte désespérément la tête

It's scratching its head desperately

________________________________________________________________________________

Arishima mu mutwe mu buryo bwo kwiheba. 
________________________________________________________________________________

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.

________________________________________________________________________________

Kandi NTACYO kizi kuko ukuboko kwacyo nyako kurashima ishusho y’umutwe wa cyo, naho ishusho y’ukuboko kwa cyo irashima umutwe wa cyo neza !
________________________________________________________________________________

pauvre bête...

________________________________________________________________________________

Poor thing...

________________________________________________________________________________

Igikoko cy’igipfayongo…
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»

________________________________________________________________________________

Nk’uko indorerwamu ifite uruhande rumwe, iyo ukoze umuzenguruko, ukuboko kwe kugaragara « mu rundi ruhande »
________________________________________________________________________________

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!!!

________________________________________________________________________________

Kandi nk’uko indorerwamu ibonerana rwose hagati na hagati, ntabwo ari igicucu kuburyo atabibona !!!
________________________________________________________________________________

ça à l'air de drôlement la paniquer!

________________________________________________________________________________

It's looking pretty freaked out!

Bigaragara nk’aho byamuteye ubwoba mu buryo butangaje!
________________________________________________________________________________

mets-toi à sa place!

________________________________________________________________________________

Put yourself in its place!

________________________________________________________________________________

Ishyire mu mwanya we !
________________________________________________________________________________

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 (*)  _____________________________________________________________________________

Urareba, nihaba umunsi uzishima ugutwi imbere y’indorerwamu kandi ntugire ikintu wumva, uzamenyeko ubwo iyo ndoredwamu imiterere yayo ari iy’uruhande rumwe. 
________________________________________________________________________________

________________________________________________________________________________

(*) 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

________________________________________________________________________________

(*) MUSHOBORA KANDI GUKORA  INDORERWAMU NK’IZO MU MACUPA YA KELEYINI ASHAJE MUTORAGUYE HIRYA NO HINO.
________________________________________________________________________________
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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.

________________________________________________________________________________

Iyaba twashoboraga guhindura ubuso bwa BOYI mu ndorerwamu itagira irangi-ntangira, iniveri yaba idashobora gutandukanywa n’ishusho ya yo.
________________________________________________________________________________

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 (*)

________________________________________________________________________________

Ariko se ibyo nti byazaba bishobora kuzagira ingaruka mbi ? simbizi… ese ubwo, iniveri yinjijwe mu by’ukuri mu kwivuguruza, ntiyaba iriho yishora mu nzira yo kuyonga burundu ? (*)
L' ESPACE-TEMPS EN FOLIE

________________________________________________________________________________

SPACE-TIME GONE MAD

________________________________________________________________________________

ESIPASE-GIHE BWASAZE
________________________________________________________________________________

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

________________________________________________________________________________

Umuntu ashobora kwiga topologie ya esipase-gihe akoresheje modeli za dimansiyo ebyiri, imwe ya esipase n’indi y’igihe.
________________________________________________________________________________

CRÉATION D'UN POINT TRIPLE

________________________________________________________________________________

CREATION OF A TRIPLE POINT

________________________________________________________________________________

IKORWA RY’AKADOMO NYABUTATU
________________________________________________________________________________

Ca fait un maillage

That makes a grid or mesh

________________________________________________________________________________

Byiboshye
________________________________________________________________________________

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

(*) NO ONE HAS EVER TRIED THIS

________________________________________________________________________________

(*) IGERAGEZWA NTIRYIGEZE RIKORWA
________________________________________________________________________________
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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

________________________________________________________________________________

Twabonye muri BIGI BANGE ko modeli ya iniveri NGARUKANYA ya FIRIDIMANI yashoboraga kwerekanwa n’ishusho iteye nk’ishapule igizwe n’isosiso zikurikiranye mu ruhererekane rudashira kandi ariko buri gace karemye nka BIGI BANGE nshya.
________________________________________________________________________________

PASSÉ TEMPS FUTUR BIG BANG

PAST TIME FUTURE BIG BANG

________________________________________________________________________________

INTAGIHE BIGI BANGE
________________________________________________________________________________

Chaque BIG BANG étant une singularité de type POLAIRE

________________________________________________________________________________

Each BIG BANG being a POLAR type singularity

________________________________________________________________________________

Buri BIGI BANGE iba iteye nk’ ikinyamwihariko cyo mu bwoko bwa POLE.
________________________________________________________________________________

Comment est-ce qu'on RACCORDE ces singularités ?

________________________________________________________________________________

How come these singularities are CONNECTED ?

________________________________________________________________________________

BAFATANYA bate ibyo binyamwihariko ?
Tu prends un cône et tu le repasses.

________________________________________________________________________________

Take a cone and flatten it.

________________________________________________________________________________

Ufata umutemeri ukawutera ipasi.
________________________________________________________________________________

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...

________________________________________________________________________________

Dushobora kandi gutekereza ko ibiza bisa bishobora kugaruka bikaba mu buryo buhoraho budashira, muri icyo gihe twaba dufite ibi… 
________________________________________________________________________________

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

________________________________________________________________________________

Cyangwa dushobora kuvuga duti IGIHE kigira ITANGIRIRO n’IHEREZO, nk’uku
________________________________________________________________________________

BIG BANG NOUS SOMMES ICI ESPACE TEMPS temps EXPANSION CONTRACTION

BIG BANG YOU ARE HERE SPACE TIME time EXPANSION CONTRACTION

________________________________________________________________________________

BIGI BANGE TURI HANO ESIPACE GIHE igihe IKWEDUKA IYEGERANYA
________________________________________________________________________________

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.

________________________________________________________________________________

Muri iyo modeli isanzwe ya ESIPASE-GIHE NYASIFERI, pole imwe ni BIGI BANGE naho indi ni ANTI BIGI BANGE. Esipase ikagereranywa n’imizingi paralele, ekwateri nayo ikagaragaza ibihe by’izima rya cyane ntarengwa. « imirongo y’igihe » ikagaragazwa na za meridiye.
________________________________________________________________________________
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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

________________________________________________________________________________

Kugirango umuntu ananare izo meridiye z’igihe, iyo MILONGO YA INIVERI, ntacyaruta  IKORONOGARAFE nziza.
CRÉTATION DU POINT TRIPLE

________________________________________________________________________________

CREATION OF A TRIPLE POINT

________________________________________________________________________________

IKORWA RY’AKADOMO NYABUTATU
________________________________________________________________________________

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

________________________________________________________________________________

Dushobora kujyana n’imwe muri ziriya mashine. Ibyo ntibyambabaza byo kujya kureba iyo esipase-gihe.
________________________________________________________________________________

où sont passés Léon et Tirésias ?

________________________________________________________________________________

Where are Leon and Tiresias ?

Ese Lewo na Tireziase bagiye he?
________________________________________________________________________________

Avec Tirésias, on a fait un excellent coup!

________________________________________________________________________________

Me and Tiresias have just had some fun!

________________________________________________________________________________

Hamwe na Tireziyasi, twakoze agatendo gahebuje !
________________________________________________________________________________

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...

________________________________________________________________________________

Twafashe utudomo twose tw’iyi esipase-gihe tuzihuza na ndwanyapodale dukoresheje imigozi…
________________________________________________________________________________
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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

________________________________________________________________________________

… hanyuma twinitse iyo migozi yose muri RETERESISOLE. Tereziasi yavuze ko ibyo bishoboro igeragezwa ryiza cyane ku birebana na esipase-gihe.
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!!!

________________________________________________________________________________

Mwebwe babiri, mwaracanganikiwe bihagije. Ntimupima ingaruka za byo !!!
________________________________________________________________________________

et que va-t-il se passer ?

________________________________________________________________________________

Why, what will happen ?

________________________________________________________________________________

None se hazaba iki ?
________________________________________________________________________________

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.

Bitewe n’iriya nyamaswa ya Tireziyasi, ESIPASE-GIHE iriho iriyegeranya. IBIZA byose bijyana n’interuro Y’IKWEDUKA, ni ukuvuga gutangirira kuri BIGI BANGE kugeza mu gihe ry’IRAMBUKA RY’UMURENGERA, bizisanga mw’IHWANIRO n’ibiza bijyanye n’interuro y’IYEGERANYA binyujijwe mw’ihuza ry’INTARA RWANYAPODALE. 
________________________________________________________________________________

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 ?

________________________________________________________________________________

BIGI BANGE na NDWANYABIGI BANGE bizisanga byahwanye, si byo ?
________________________________________________________________________________

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

________________________________________________________________________________

It strange, weird and a real coincidence

________________________________________________________________________________

Ko bisekeje, ko bitangaje, mbega ihuza !
________________________________________________________________________________

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

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

________________________________________________________________________________

Ndakyeka ko ibyo byigeze kuba bigamijwe ? (*)
________________________________________________________________________________

je n'aurais jamais dû écouter Tirésias.

________________________________________________________________________________

I should never have listened to Tiresias

________________________________________________________________________________

Iyo ntaza gutega amatwi na rimwe Tireziyasi.
________________________________________________________________________________

(*) par HOYLE et SAKHAROV

________________________________________________________________________________

(*) HOYLE and SAKHAROV

________________________________________________________________________________

(*) byakozwe na HOYILE na SAKAROVE
________________________________________________________________________________
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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.

Ariko iyo fenomene y’ihwaniro izakora kuburyo intara za esipase-gihe, ziteganye na ndwanyapode za zo zizisanga mw’IHANGANA MU BIHE n’izo ndwanyapode.
________________________________________________________________________________

Impossible!

________________________________________________________________________________

Impossible!

________________________________________________________________________________

Ntibishoboka !
________________________________________________________________________________

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.

________________________________________________________________________________

Habe na gato ! urugero, fata intara iri mu nkyengero za eqwateri y’iyi esipase-gihe nyasiferi ihwanye n’ibihe by’irambuka ntarengwa. Muyibona neza cyane yiyegyeranya kuri yo yonyine muri filime D
________________________________________________________________________________

les FLÊCHES DU TEMPS se mettent en OPPOSITION

The TIME ARROWS put themselves in OPPOSITION.

________________________________________________________________________________

IMYAMBI Y’IGIHE yishyira mw’IHANGANA.
________________________________________________________________________________

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 ?

________________________________________________________________________________

Urashaka kuvuga ko icyari kuba IMPITAGIHE kuri bamwe cyakwitwa IBIHE BIZAZA kuri BARI KU NDWANYAPODALE za bo ?
________________________________________________________________________________

GULP...

________________________________________________________________________________

GULP...

________________________________________________________________________________

GULP…
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Mon cher Léon, vous avez fait du beau travail

________________________________________________________________________________

Well done Leon, good work

________________________________________________________________________________

Nshuti yanjye Lewo, mwakoze akazi keza
________________________________________________________________________________

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 ?

________________________________________________________________________________

Murashaka kuvuga yuko ibi bishobora gushyira iniveri byo kwivuguruza ntashyigikirwa ?
________________________________________________________________________________

Une sorte d’impasse logique

________________________________________________________________________________

A sort of logical dead end.

________________________________________________________________________________

Ubwoko bw’amayobera nyakuri
________________________________________________________________________________

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.

________________________________________________________________________________

Igihe UBUGENI BWA RETERESISOLE  buzaba bwa koze, Iniveri izashobora kwirebera uturutse kure kandi tuzafa igihe cyo gusubira inyuma ningoga.
________________________________________________________________________________

Au fait, où est passé Tirésias ?

________________________________________________________________________________

Where's Tiresias by the way?

________________________________________________________________________________

Mu bigaragara, Tireziyasi yaciye he ?
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Reka twizamukire muri koronosikafe. Dushobora kugerageza tukamuhamagara.
Un avis de recherche ?

________________________________________________________________________________

Calling all snails ?

________________________________________________________________________________

Itangazo ryo gushakashaka ?
________________________________________________________________________________
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Allô, Tirésisa, tu m'entends ?________________________________________________________________________________

Hello, Tiresias, can you hear me ?

________________________________________________________________________________

Alo, Tireziyasi, uranyumva ?
________________________________________________________________________________

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.

Buretse, niba Tireziyasi ari, kuri twebwe, RETOROKORONE kandi se noneho dushoboye kuvugana na we, azaba icyaricyo cyose tuzamubwira.
________________________________________________________________________________

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!!

________________________________________________________________________________

Bibi nyuma y’ibindi byose, mu by’ukuri, ubwo butumwa, mu GIHE CYA BOWO NYACYO ni we uzabwitangira !!
________________________________________________________________________________

Mon dieu!

________________________________________________________________________________

Good heavens!...

________________________________________________________________________________

Nyagasani !
________________________________________________________________________________

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!

________________________________________________________________________________

Kandi ibyaribyo byose, niduhura, bizaba bibi kurusha !
Pourquoi ?

________________________________________________________________________________

Why ?

________________________________________________________________________________

Kubera iki ?
________________________________________________________________________________

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

________________________________________________________________________________

Feynmann thought that antimatter lived in inverted time!

________________________________________________________________________________

Feyinimani yatekerezaga ko indwanyamatsiyeri yafataga igihe ihereye inyuma !
________________________________________________________________________________

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 (*)

Naho padiri LEMETERE(*) yatekerezaga ko indwanyamatsiyeri yari matsiyeri irebwe uhereye inyuma(*)
________________________________________________________________________________

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

________________________________________________________________________________

Noneho, ku byago duhuye na Tireziyasi, yaba yarabaye INDWANYA-TIREZIYASI
________________________________________________________________________________

Et alors BOUM!

________________________________________________________________________________

And so, BOOM!

________________________________________________________________________________

None se, BUMU !
________________________________________________________________________________

Comment cela, BOUM ?

What do you mean, BOOM ?

________________________________________________________________________________

Bite se, BUMU?
________________________________________________________________________________

(*) VOIR BIG BANG (Ed. BELIN)

________________________________________________________________________________

(*) See the BIG BANG

________________________________________________________________________________

(*) REBA BIGI BANGE (Icapiro BELINE)
________________________________________________________________________________
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Tirésias! Où étais-tu passé ?________________________________________________________________________________

Tiresias! Where were you ?

________________________________________________________________________________

Tireziyasi! Wari waragiye he ? 
________________________________________________________________________________

CLONK!

________________________________________________________________________________

CLONK!

KOLONKE !

________________________________________________________________________________

J'étais allé me dégourdir les jambes

________________________________________________________________________________

I went to stretch my legs.

________________________________________________________________________________

Nari naragiye kunanura amaguru.
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

Hee, KORONOSIKAFE ! Yatangiye kugenda…
________________________________________________________________________________

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

You shouldn't have slammed the door so hard!

________________________________________________________________________________

Iyo mutaba mwakubise urugi cyane nk’uko, nk’uko !
________________________________________________________________________________

Comment ça s'arrête, ce truc ?

________________________________________________________________________________

How do we stop this thing ?

________________________________________________________________________________

Gihagarara gite, iki kintu ?
________________________________________________________________________________

tu sais bien que ça ne s'arrête pas!

________________________________________________________________________________

You know full well that it doesn't stop!

________________________________________________________________________________

Urabizi neza ko kidahagarara !
Et comment le conduit-on ?

________________________________________________________________________________

So how do we drive it ?

________________________________________________________________________________

Nane se iyoborwa ite ?
________________________________________________________________________________

toi et tes idées!!

________________________________________________________________________________

You and your ideas!!

________________________________________________________________________________

Wowe n’ibitekerezo bya we !!
________________________________________________________________________________

mi!

________________________________________________________________________________

eek!

________________________________________________________________________________

Aha !
________________________________________________________________________________

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...

________________________________________________________________________________

Ntawuyobora KORONOSIKAFE. Ni yo ibayobora. Kandi  ikurikira UMURONGO WA INIVERI, ni ibyo, nta kindi…
________________________________________________________________________________
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Hé! regardez ce qu'il y a droit devant!

________________________________________________________________________________

Hey, look at that! Straight ahead!

________________________________________________________________________________

Hee ! Reba ibiri imbere ya we neza !
________________________________________________________________________________

On dirait un nombril

________________________________________________________________________________

It looks like a navel

________________________________________________________________________________

Wagirango ni umukondo
Notre ligne d'Univers va droit dessus!

________________________________________________________________________________

Our universe line is going straight towards it!

________________________________________________________________________________

Umurongo wacu wa Iniveri ugenda imbere wemye !
________________________________________________________________________________

ça m'a tout l'air d'un TROU NOIR!

________________________________________________________________________________

It looks very much like a BLACK HOLE to me!

________________________________________________________________________________

Mbona isa n’ICYOBO CY’UMUKARA !
________________________________________________________________________________

c' est une singularité de quel ordre ?

________________________________________________________________________________

What order of singularity is it ?

Ni ikinyamwihariko cy’uruhe rwego?
________________________________________________________________________________

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

________________________________________________________________________________

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

________________________________________________________________________________

 Aha, ni igihe kiza cyo kwibaza ikibazo nk’icyo ! 
________________________________________________________________________________
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On dirait une sorte de boutonnière de l'espace-temps

________________________________________________________________________________

It looks like a sort of space-time buttonhole.

________________________________________________________________________________

Bijya gusa n’ubwoko bw’intereko y’ibipesu kuri esipase-gihe.
________________________________________________________________________________

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

________________________________________________________________________________

Now the universe lines are LEAVING the singularity, down here

________________________________________________________________________________

Imirongo ya iniveri ubu IRASOHOKA iturutse mu kinyamwihariko, hano hasi
Je crois que nous émergeons maintenant selon une FONTAINE BLANCHE

________________________________________________________________________________

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

________________________________________________________________________________

Ndemera ko ubu dutunguka nk’IRIBA RYERA
________________________________________________________________________________

Nous voilà sur l'envers de l'Univers

________________________________________________________________________________

We' re on the other side of the universe.

________________________________________________________________________________

Dore turi ku rundi ruhande rwa iniveri.
________________________________________________________________________________

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?

Birasa, mu buryo butangaje, nk’ibyari ku rundi ruhande, uretse ko turiho dukurikira izira icuritse. Kandi jye ndabona ibyo mbona nsa n’uwabibonye mbere, mwebwe se si uko?
________________________________________________________________________________
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Mais, ça y est, j' y suis! Le MIROIR!...

________________________________________________________________________________

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

________________________________________________________________________________

Ariko, byashobotse, nabigeze ho! INDORERWAMU!...
________________________________________________________________________________

quel miroir ?

________________________________________________________________________________

What mirror ?

________________________________________________________________________________

Indorerwamu iteye ite ?
________________________________________________________________________________

Ces deux moitiés 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!! (*)

________________________________________________________________________________

Ibi bice bibiri bya Iniveri birasa n’ibiteganye mu ndorerwamu. Ariko ni INDORERWAMU NYASIPESI-GIHE. Ku rundi ruhande rw’umwobo w’umukara, byose biracuritse ugereranije n’igihe. Amahame ya fisikye arasa nayo nka curitse : ikinyamwihariko kirasunika matsiyeri aho kuyikurura !! (*)
________________________________________________________________________________

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 ?

________________________________________________________________________________

Noneho rero ibyo biravuga ko tugiye gusubira kubaho dukurikije inzira icuritse yi by’aka gatabo k’amashusho. 
________________________________________________________________________________

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...

________________________________________________________________________________

Hee yego. KORONOSIKAFE igiye kwihagarika, noneho Anselimi azakingura umuryango hanyuma Tireziyasi ajye kuba atembera. Hanyuma rero…
________________________________________________________________________________

BANDE BILATÈRE POINTS ANTIPODAUX LIÉS

________________________________________________________________________________

BILATERAL STRIP ANTIPODAL POINTS JOINED

UMUYOBORO W’IMPANDE EBYIRI UTUDOMO NDWANYAPODALE DUFATANYE
________________________________________________________________________________

FIN

________________________________________________________________________________

FIN

________________________________________________________________________________

UMUSOZO
________________________________________________________________________________

(*) LA MÊME STRUCTURE PEUT EXISTER A 4 DIMENSIONS

________________________________________________________________________________

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

________________________________________________________________________________

(*) IMITERERE IMWE ISHOBORA KUBAHO MURI DIMANSIYO YA 4.
________________________________________________________________________________
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ANNEXE SCIENTIFIQUE

SCIENTIFIC ANNEX

________________________________________________________________________________

UMWIHARIKO W’UBUMENYI
________________________________________________________________________________

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:

________________________________________________________________________________

BOYI, umunyeshuri wa Hibert, yavumbuye ubwo buso bumwitirirwa mu1902. Iyerekanwa ryizwe neza rya mbere rya bwo ryakozwe mu 1981 na Jerome SURIYO (umuhungu w’umuhanga mu mibare J.M. SURIYO) afatanije n’uyu mwanditsi. Uburyo bakoresheje ni ubwa gikorikori butiranya meridiye z’ubwo buso na za elibuse zihita zipimwa. Akadomo kajyendajyenda gatangwa na :
________________________________________________________________________________

avec:

________________________________________________________________________________

With :

__________________________________________________________________________

Ukoresheje :

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 ¶.

________________________________________________________________________________

Meridiye : umuzingi µ= Cte ; Ø ufata igipimo kuva kuri 0 kugeza kuri 2, µ ufata igipimo kuva kuri 0 kugeza kuri.
________________________________________________________________________________

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:

________________________________________________________________________________

Porogsrame yo muri BAZIKE ikurikira itanga inzira yakurikijwe ku mpapuro za mbere zibanze:
________________________________________________________________________________

du semi-empirique

________________________________________________________________________________

Semi-empirical

________________________________________________________________________________

Bijya gusa n’ubukorikori
________________________________________________________________________________

quelle horreur!

Shocking!

________________________________________________________________________________

Mbega ibintu biteye ubwoba!
________________________________________________________________________________
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________________________________________________________________________________
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CHPLOP!

________________________________________________________________________________

SHPLOP!

________________________________________________________________________________

CHPLOP !
OUF!...

________________________________________________________________________________

OOF!

________________________________________________________________________________

OOF !
________________________________________________________________________________

ciel, mon mari!

________________________________________________________________________________

Goodness, my husband!

________________________________________________________________________________

Juru, mugabo wanjye !
________________________________________________________________________________

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

Igice k’inyandiko kw’IHINDURANYA  RIDASANZWE RY’INGATA, inyandiko yashyikirijwe  Akademi y’Ubumenyi y’i Paris na Yohani Petero PETIT tariki ya 20 Ukwakira 1978 
________________________________________________________________________________

Et pour la Science, Jan 1979

________________________________________________________________________________

And for «la science» in Jan 1979

________________________________________________________________________________

No kubyerekeranye n’ubumenyi, Mutarama 1979
________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
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