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Warning to the reader

It <i best to avoid reading this album :

- In the evening before going to bed
- after 2 heavy meal
- or when you're certain about nothing, because this will only make it worse

The uthor



THE PLANET WITHOUT
A SOUTH POLE

WE'VE DISCOVERED THE NORTH POLE | )

Congratulations Mr PERRYD

leaves me the
South Pole A

I'm going to follow
a MERIDIAN

. | w ' ” ”‘

Ok then, I, Amundsen, am going Hmm, I'm not very keen on taking

toHdigcwep the SWW a woman on guch an expedition...
o [ E

My colleagues and
I can recount your

story, tell of
your exploits

Can we come
with you?




(" Ah that's different.. No, I'm using Molluscamouths,
an old cross between the snail
and the mammouth. Robust animals,
spemallg trained to follow MERIDIANS.

~..and even though
I am exceptionally P

M)
F\\(«

You aren't goin
to use Huckies?

It looks like we're already crossing the

- Mush, mugh. Follow me on : _ ng t.
Q Equator, it's hard keeping up with him...

the MERIDIAN LINE, it's
STRAIGHT AHEAD !

I can see the South pole
MY North pole|




But!?
What's this??
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So! Hag anyone got an
to say about it?

ing




My flag!

And not a word to anyone
It's disappearingl!!

about thig OK!

LR
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Hey, have l;gou finisl;ed? /Pu’nn; [ sounded Like
mucking about you lot. the voice of Mr Perry..
e VOl Y

__—-———-'-.—/
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-
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Come on Mr Amunds\

en,
let's go home /J
N
)

We'll try to
find out what
thig ig all about




He's still raving,
I had to tie

)

The Molluscamouthe ¢lid along without a sound on the frozen meridians

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

No wait...the SOUTH

Thic ic all .
ol o POLE flag, does it

completely crazy

I think I'm starting
to understand.
(7 7;{'?’."‘"" A
"""a fi"”ﬂ/"'
5 %



It's obvious if we consider the NEIGHBOURHOOD of the meridian
we followed to be a2 UNILATERAL SURFACE (), a MOEBIUS STRIP,
with a single side (see "Here's Looking at Euclid”, pS4) /

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

/ Vs -
ADHALF TURN \:?

%
It's rather strange’j F So vlrhat'g happening ? D{
Apparently we've lost
the south pole
% Q nice oilj
Let's think. =

//,V;ell according to Sophie we

are on a sort of sphere
with only one side |..

(k) A strip that ic twisted
a half turn before the
two endg are stuck, it
then hag only one side.
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of this strange planet. Let's use some basic principles

-~

Well if we want to get Mr Amundsen out of hig difficult

situation, firet of all we have to understand the SHAPE
of TOPOLOGY. For that, we'll decompose all objects into:

~ CONTRACTILE
CELLS

Thie indecompogable object
"\_ seeme to be a POINT..

What can you do
with a point 7

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

@i f — ROUGH ITSELF j &
% D

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

Ah yes, the position of a point on thi
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:




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

Ie every curve

Ly

——

AR Just like mercurg
| in a thermometer.

CONTRACTILE then 7

No, CLOSED

Yes but gou just need to cut it !
// ot
OK, but then the CURVE becomes a

SEGMENT. It is no longer CLOSED.

A CIRCLE i< therefore not
CONTRACTILE and the same
goes for any a closed curve,

whether it's planar or not.

w

If I take a circle for instance,
I can shrink it according to 2
point like this no?
/44 Y,
([

-~ _

R

No, that doesn't work because
it no longer runs through itself,

it develops outside the space |
that it occupied in the beginning. ;

However a DISC, a SURFACE
element, IS contractile.

10



Thig digc is 2 SURFACE element,
g0 ie 2 TWO DIMENSIONAL object.
OK. So what TWO DIMENSIONAL
object ic to a digc as a circle
i¢ to a segment 7

——

To contract a closed curve
you have to break it. Same
thing for a s ere or an
object of the PE spher

<
{

S

) (S
. An eggshell
for example I

]

Quite right Tiresias, in t;%

same way as a cut circle

behaves like a segment.

©
Y
Ab but this sphere with 2

HOLE in it is no longer
a closed surface called
a sphere.

But SOPHIE, the VOLUME inside
the sphere, in the egq, i
that a contractlle object 7

/
//\
e

z\l "o

N
That is the
question...

Exactly. The "sphere surface" S2 ()
is not contractlle but the "sphere volume" is.

PRI T

TR

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

———

%] See: HERE'S LOOKING AT EUCLID.




Yee I can gee that, if I don't cut
it, the most I can do ig to
contract it like a circle.

g Are there are such things as

non-contractile volumes 7 :
\y //”
R

\7./30 the "TORUS-surface What are you
isn't contractile either up to exactly 7

Yes, é "TORUS-volume"
for ingtance.

Mind your
own business

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

Do you honestly think
well get out of here

by chopping up bits £
; ofl;as%a.g 1 / # A

Hie GEONEUROSIS is of geometrical
origin. I think we'll only find a
cure for it if we take our

geometric concepts even further. J

Hie whole beihg wae dedicated to the discovery
of the SOUTH POLE and he'd completely invested
himgelf in it, both personally and socially.

\_-[ ( [ = —— pinigu N




Alas yes, his misadventure has nice, but the only real solution
brou ht him face to face with ig to find out where the blinkin'
a mtuatlon he can't handle South Pole has gone.

'@ An sudden, brutal
callmg into question
% of hie Self |

CELLULAR
DECOMPOSITION

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

So what dimension doeg
a POINT have?

~ By extension we can gay tha
a POINT has ZERO dlmenswn

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,

13



A "TORUS VOLUME"?
Well | just need

to cut it
with 2

A "SPHERE SURFACE" S2 can

be decomposed into two

caps and a segment closed
bg a point.

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

G.OO

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

I cut it with a circle which
itelf is cut at a point

And for a "TORUS SURF.ACN

N

Here i¢ another solution with one point,
two segment¢ and one face, where all the

elements are contractile.
CD % =

g Ok, but what good ic all that toue ? )

To help understand
the world apparently.




THE EULER-POINCARE
CHARACTERISTIC -

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

For the SPHERE SURFACE
\((\X =1-1+42=2 Q\\\
s\ segment, two caps

=
The characteristic of the SPHERE- |
VOLUME i¢ obviously -1, whereas

//

So for the
circle X=1-1=0

that of the TORUS-VOLUME ig
1-1=0 (see the drawing on the

toF right
of page
i

Let's cee, for the torus-curface,
one point, two segments, one
gurface element

X=12+1=0 /

and | contractile surface
element.

()Which immediately extende to a number of
" dimengiong superior to three (it's an alternate sum)



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

N For example, this closed curve has been cut
\ into eight segments lnked by eight points
) but its characteristic ig still nil.

. (@ %7% It certainly is.

Let's look at thi¢
decomposition of a sphere:

4 cummits, 6 segments, 4 faces,

so I've got X = 4-6+4 = 2

. And here, & summits,
1 2 segments, 6 faces
g0 X= 81246 = 2

‘

You can try in any way
you W;nt, you'll still
end up with 2
[

Well Astonishing |
doggone!




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

T Meragorent

g'hﬂorus-‘/olume hae¢ a characterigtic @

If a handle is added,
a unit is being added

to the charactenmstic.

By extension the FOUGASSE-VOLUME (7)
will have a characteristic equal to
the number of holes less one unit.

I suppose that it's
the same for a
FOUGASSE-SURFACE 7

=~
=/
* Fougasse: An olive oil based bread made in southern France

17



BN
2 Not at all | A FOUGASSE-SURFACE can't contract
like a dige with N holes, be serioug |
O
O@@. @ - Wecango\

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.

So the characteristic of the FOUGASSE-SURFACE
ie equal to 2 lese twice the number of holes |

—

The curface of a piece of Gruyere
cheese with N holes i¢ made up of
N sphere-surfaces plus the exterior

of the sphere. So ite characteristic ig

r””\ X=2(1+N)

\\__\ ) //

AN

So to build a GRUYERE-VOLUME, we start with a full
ephere (x="1) and we remove N engembles SPHERE-VOLUME
+ SPHERE-SURFACE (X+2-1=1). So the characteristic of
the GRUYERE-VOLUME i¢ equal to (1+N)

Yeah but surelgm
think that you're going to

cure poor old Amundsen of
hig geoneurogi¢ with thig
sort of nongense |

18



THE WORLD IN
WHICH WE LIVE

We can caleulate 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 =

Let's calculate the charactenstic
of this Hypersphere S3. As we saw
in "HERE'S LOOKING AT EUCLID" the
equator (7) i< a sphere S2 whose
characterictic hag a value of 2.

mERE'S LOOKING AT EUCLID" we

presented the concept of a

HYPERSPHERE S§3, with three dimensions,
a three dimensional space completely

CLOSED ON ITSELF

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

—_—41-1+2=0

AP’
St‘ *Which separates
the object into
two similar
B@ L- elements |

( So the characterictic of 2 hgpers'phere S3 i nil |

19




Right, let's move on to a That ic. 2 h heri
hypersphere §4, with four at 15, a hyperspheric
dimensions space S3 evolving cyclically

in time (°). This hypersphere
S4 will have as equator a
. hypersphere S3,and the two
hemisphere? both ¢ounting
2. or |

So the characteristic X in
this spacetime, of the
hypersphere 54, will

once again be 1+1+0 = 2

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

And ¢o on...The Euler
Poincaré characteristic

Oil If thic carries on N
I might do like Amundsen.  /

of a hypersphere Sn is <\
2 if N 1s EVEN, and O LN _
if it is it ODD. Lo NN

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

20



So thls Euler-Poincar /( ,\

characteristic has helped Z/
u¢ put a bit of order
mto the jungle of
geometrical Ob_]ECtS W’ A

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

ut what do you think
of thig object ?

A MOEBIUS STRIP, which has only
one side. As we can't give it

a BACK or a FRONT we say that

K it is INORIENTABLE.

/

T

T ——

\ In fact any strip that hag an ODD number
0 of HALFTURNS are Moebiug stripe and
' INORIENTABLE. But these two strips seem

different somehow...

21



N

Theyre not TURNED in the ¢ame
DIRECTION. In fact one i¢ the

mirror of the other; we say
they are ENANTIOMORPHIC.

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

A \
Just a¢ my left hand i¢ a mirror
image of my right hand.
_gg\
All these bands, which can contract

according to a closed curve, have a
characteristic equal to O.

Of cource, INORIENTABLE
SPACES with N dimengiong

(*) exist Eo.,)
[
S &/
A MOEBIUS STRIP is an INORIENTABLE !\P};’

eurface which hag an EDGE. Are there
such things as INORIENTABLE SURFACES
WITHOUT AN EDGE, CLOSED ON THEMSELVES? /(5

C Angwer in the next chapterb

22 (%) See"HERE'S LOOKING AT EUCLID" page 59
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EDGE ON EDGE

C 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,

o page 17) When a bilateral strip is closed with two
disce along two closed curves, we have made a
Xz SPHERE-SURFACE S2 (with two dimensions)

We could also stitch two bilateral
strips one on the other, along two

closed curves and we'll get a
TORUS-SURFACE T2

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

We'll have to use
some TRANSVERSINE (*)

) TRANSVERSINE is extracted 22
from the shelle of HOMOMOLES



If we smear TRANSVERSINE 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!

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

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

Two croge
gectiong




lte characteristic is nil because it's

made up of two Moebius strips (¥=0) and

a closed curve (x=0). It in't eacyto
find your way round one of these.

[//\ © OOﬂf courge, if you

7 «/P
\ find a Moebiug strip
on a surface it's means
N R it only has one side.
\———-—__

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

i

It' etty st
K

Up to now we've only touched 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




PLUNGES AND
IMMERSIONS

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 an end, can be situated in
an infinity of wayge on a plan.

When it doesn't cut itseh%/\j
I would say that it has
PLUNGED INTO THE PLANE,
otherwige I would say that
it i¢ IMMERSED (*)

I suppose they're charactericed

by the number of intersecting points cg:;’in ]ﬁ?;ife}g rlm
N these curves I can make
M £ \| the POINT COUPLES appear and
/( P disappear. But what will sta
~I\| the came is the NUMBER OF TURNS.
14, D, VY ’ 7

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

2 S (*) a plunge i< a special case of immersion



By reqular deformation (without broken lines) in the PLANE, I can
go from curve [ to curve III. In doing thie we have the total
rotation of the arrow (36 0°) when crossing each curve

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

L
e A

Well I've tried everything
and I can't change this
EIGHT into a CIRCLE |.

Ny

T,
N{.\\ :

\g\‘;?

S
REAT

\
L,

R

e

% g .:':"

That's normal. The arrow doesn't
do the game number of turns. On

the EIGHT, the algebraic eum is il é@

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

;j\/

It's not <o simple !




It depends on the space
uged to represent the object.
Look at this curve for
instance. On a PLANE there
is no way to get rid of the

two double points.

But on 2
SPHERE...
O ®
e O
I /
So some things that seem impossible in such a \

REPRESENTATIONAL SPACE (here the PLANE) become
possible by chan mg this space, with a
different topo ogg And viceversa,

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

But Tiresias, in our SPACETIME
there are things that are
definitely ossﬂ:le or
deflmtelg 1mp0991ble aren't there?
that g wom_.]mg




Do you know the topology We just live appearances...
of our spacetime 7 and even...

e

The cloged curve's intersection

point¢ only hold up through Fundamentally

their mode of repregentation on there is only

a curface. A bidimencional image one object in

is only a projection, all this: THE
CLOSED UNIDIMENSIONAL

CURVE

. <

In a space reprecented
by 4 dimensions, the
KLEIN bottle no longer
cuts through iteelf |

So by changing the representational
space I can do anything. Change a
Klein bottle into a ;phere for

ingtance

No, there are characteristice that remain \
INDEPENDENT OF THE REPRESENTATIONAL SPACE

S~ I

29



TOPOLOGY

Such a¢ the Euler-Poincare
characteristic, orientability,
clogedness.

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

= %
. 2D
So how's Amundsen ¥ GEONEUROSIS? No, I
diagnose a
| N TOPONEUROSIS

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

I we can't bring back 2 minimum of coherence to
our friend's view of things he'll continue to
refuse the sensorial world.




BASKET WEAVING

I've found another good way of
representing surfaces: BASKET WEAVING
‘ "‘\‘ “ :“‘:‘

Well that is
obviously a cylinder.

. .
/H’mm, it ien't <o

easy to make a sphere

¥

L) M@
A KLEIN
==
\ = i @
e //' ,Qh

But I don't get it, O
I didn't need them N
for the torugs or

the Klein bottle...

The EulerPoincare characteristimes you
the number of poles you need to VE your
surface. For the TORUS or the KLEIN bottle
it's zero. For the sphere it's 2,

31



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

Unlegs we're mistaken the
universe, according to the
FRIEDMANN (°) cyclic model,
i¢ an S4 hypersphere. So |
can see that we can PAVE a
three dimensional space using
cubi¢ structures. But what
about one with 4 dimencions?

Hypercubes?

Simple, you pave it Really...

with HYPERCUBES

But, let's see... The
characteristic of an S4
hypersphere is 2. So our
gpacetime, should show

at least one sort of
singularity then, a pole?

And the BIG BANG(),

) what's that then 17|
= So purely geometric

congiderations have allowed
ug to perceive one of the
most fantastic aspects of
the history of the world,

discovered at the same time

as the expansion of the Universe

39 (*) See the BI6 BANG



JINGULARITIED

THE ORDER OF SINGULARITY OF A WEAVE is ecci[ual to the angle of
the arrow's direction, pogsitive or negative, divided by 360° (27)

f / The POLE ]'S l.

Here, on the left are 1/

sinqularities of a

positive order and on

the right, of negative
order

=

If you weave a closed surface,
eventually you will have sinqularities.
The EulerPoincaré characteristic
will be equal to the algebraic sum of
7 the orders of sinqularities.




* I could weave a TORUS without sinqularity. That's no‘rm—aD

ite EulerPoincare characteristic is nil.

And here's a sphere
with a grid using
eight cinqularities

of order 1/4..

or with a sinqularit
3/4, and order 1/

(m singularities of order 1/2 é%ym

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 Fuler-Poincaré
characteristic multiplied by 360° (or by 2m)

L —
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It's a pity that such things are totally useless,
like Greek and Latin.

—~

D

An engemble of
sinqularities
cheet laid on

tent pegs.

+1/4-1/2: 2

\
W
N
.m”wﬂooooow/ AN,
TRy Y

]
ST

sinqularities

Not at all Leon!

There are lots of

Pull apart a
zip fastener




Now what are is system produces a UNIFORM
magnetic field, its lines and
fields are simple parallel
% straight lines.

f
But if I put a coil into the fild
it will create another field in itg

centre going in the opposite direction.

|

Here the field
is just weakened
~___In the centre

| T

e g

Y5>
Rhg AT At

. . 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 cum making zero. The negative
| sinqularities appear where the B
field is cancelled out.

36



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

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

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)

Yes thic i¢ fun, Shall

Qe push the field further?
/

It might be risky
and become dangerous.




What are you afraid of Leon ?
That we create irrevercible changes
in spacetime? It's only 100 Gauss
after all old fellow.

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

The magnetic field B has
inverted in the centre of
the coil. Its sinqularity
i doubled into two
sinqularities of order -1.

We've created a magnetic
VORTEX with toric geometry

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




mesh, if we create a FAULT, by removing an element, the hole will be made at a

FRYSTALS are a mine of singularities. In this top view of a crystal with a square
cost one <ingularity of -1/2 and two sinqularities 1/4

A shearing movement will cause a
rearrangement of the grid, which
requires two sinqularities of order
1/4 and two singularities of order -1/4

[




That reminds me
of something

And what would
that be Tiresias 7

- SuPpose that the e e ;
Universe was a sort of. .a gort of crystal *

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

For a good idea
that's 2 good idea !

4-() (') MESH refers to objects with two dimensions. PAVING is the
equivalent for a superior number of dimengions.



All that follows will be
illugtrated u¢ing LEAFING
ANIMATED CARTOONS, sorted
by the letters ABC and D

She Management

THE BOY
SURFACE

And we still don't
know anything ab
out this mad planet
with no South Pole

—
Right we've had fun
but in the meantime

poor Amundsen is still

in the soup...

_—

But wait..for there to be only
one pole, the EulerPoincare
characteristic must be equal to
1. It seems to be unilateral..

([ ﬁ )
TRANSFORMATION
OF A MOEBIUS

STRIP INTO A
L BOY SURFACE -

r B ﬁ
DITTO:
CURVE-EDGE AND

AUTO-INTERSECTION
ENSEMBLE

MAKING A
CONJUNCTION

OF ANTIPODAL
POINTS

- J
g D —
APPARENT

INVERSION
OF TIME

41



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

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

use some TRANSVERSINE

4_/__,/

—_

The sequence of turning 2 Moebius
strip into a BOY surface can be
seen on the drawings A and B.

Here's the final object:

8 Here are the
"PARALLELS" of
the BOY surface.
It's al¢o the
development of
the edge of the
Moebius strip
corresponding to
the sequence A.

Funny sort of
parallels..

i S— —
- \ i

"Equatorial" strip

K2



It's weaving work Leon. We just
have to prolong the "meridians"
of the Moebiug strip to bring them
to the bottom of the basket, the pole.

|

BOY SURFACE
WITH INITIAL
MOEBIUS STRIP

In other words you
have to join the

free canes of a2 Moebius
strip to thoge of the
"bottom of the backet".

Meridian

The NEIGHBOURHOODS of
the "meridians" are Moebius
stripe with one half turn.

THE FIRST MODEL OF THE BOY SURFACE WITH ITS
ENSEMBLE "MERIDIANS"+"PARALLELS", WAS IMAGINED

BY THE AUTHOR. A FINE MODEL WAS THEN MADE BY

THE SCULPTOR MAX SAUZE WHICH IS VISIBLE IN THE
"TTROOM" OF THE PALACE OF DISCOVERY in PARIS, FRANCE.

The Management




We've moved along one of these strips, leaving the
"NORTH POLE" to look for the "SOUTH POLE"

And of courge
we ¢came back to

Perry's flagpole! -/

~~ But if we moved along a Boy surface,
[ how come we didn't detect the

S)‘ auto-iptersection regions ? / AT '

.
A0 L1

of autointersection
ig 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 WHICH THEY
AKE REPRESENTED.

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




One thing is certain : The planet is 2
Boy surface and only has one pole.
)5-\ Well I'm certainly not going to
announce that to poor old Amundsen

He's etill in 2
state of shock

MOEBIUSSTRP |
WITH A CIRCULAR EDGE

THE BOY CUBE

7 |

. = ) @
/’-—, /
I might seem a bit nute to you but I must
admit, even with the drawings, the cross =
sections, various views, I still haven't
understood the Boy surface...




are you having trouble
understanding its topology ?

It's. erm... yes...
it must be that

wait, Léon, I've found
something that will

Léon, a sphere or
a cube it's the same thing.

The same topology, the Same Euler-Poincaré
characteristic, the same total curvature

And so, that's a
KLEIN - CUBE ?

¥

pe  Com D



And here's a
BOY-CUBE patented
by Archibald.

28 summits

43 edges

16 facee

Nice models can be .
made using REYNOLDS

chelves (square

Dural tubes and

angle pieces

in plastic).

On the following
page there are &d.
drawings to cut ST

out and make your
own BOY-CUBE










COVERINGS

So that's the end
of the story then?

No, there's a
= / sudden surprise..

 The TWOLEAFED COVERING
of a UNILATERAL, NON
ORIENTABLE OBJECT is
BILATERAL, ORIENTABLE
and hag a double characteristic,

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




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

/ Look..If I paint 2 KLEIN BOTTLE on its
unique face then take away the bottle to
Jjust leave the paint, I will obtain 2
CLOSED, REGULAR SURFACE, with TWO FACES
and possessing a EulerPoincaré
characteristic of 2 X O = ZERO

That ic to say an
immersion of a TORUS!




Tinecias, where are you?

In the same way if | take a2 BOY
curface 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 EulerPoincaré
characteristic of 2 x 1 = 2..

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




thic weird sphere and

turn it into an
"ordinarg" sphery

With TRANSVERSINE,
no problem, the
same for 2 TORUS

Can I REALLY "unfold" \

~ Lets go in the opposite

direction...suppose that
[ want to "refold" a
w\nﬁthout any folds |
e

\

\Dh STRIPS |

—
You need some
SHRINKASOL




T
We begin by joining each
point of the sphere to its
antipode using strings
soaked in SHRINKASOL

4——/

\

These strings contract to the point
where they have zero length, while
the surface of the sphere remains

constant. We bring each point into
CONJUNCTION with ite ANTIPODAL.

But as you'll see all that in another album, dedicated to

” turning a SPHERE in¢ide out. In the meantime, the series
of images in the 'filmstrip' 6 show how the EQUATOR of
the SPHERE folds in on itself, becoming the EQUATOR of
the BOY. The NORTH pole then, obviously, sticks itself
next to the SOUTH pole,

The Management

€ All the meridians and
% R parallels of the gphere
% ‘ cover each other.
L2
70N U0
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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!

e
o A
d g -

> }gg R ol Clogure of the

RS Tz ’ " .

ot 5% &Xﬁ%ﬂ _ three "tympani

/fh

Ve "‘}i : = A
SOBRE 45
Right, now that - _ ‘ \/\ \g\/}g
I've got dinner 7 :
sorted out, I'm / N
o)

\ going off for

a walk.

THE
ROUTE

Oh, another web, A .|
colleague must live OO
on the other side (

and he's caught a

Wa That's nic’e./ '



Ah, nobody looking,
I'm going to eat its fly. ) @
) i D g

0il While I wag away
the other spider has
been here and eaten

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

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



i But the spider story..

that makes me think of
something. We've got a
golution for Amundsen.

[ ——————

% X 4 ;- N
\ How's that? . /7\

You can go but take

Mr Amundsen, we've
sorted everything out,
we've found your
south pole. -

APPEARANCE
' OF "EARS"

thie with yow.. -
Wy
37 s
(\?’ 2R \égﬁ
/

5

(7

..and you just
PUT IT DOWN

They gave the sama
thing to Perry

AND EVERYTHING
SORTED ITSELF OUT




A
@w that really looks like something

Mongieur

Amundgen,
the historic
photo please...

———/f
Shoo, I want to be alone
in my historic photo

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

.each pole hag ite place and
the stable doors are properly bolted.

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

_.
L

ot \’—/
@e here might get very upset about that.

58
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Right, that's one thing done
then. What's Archie up to?
GO
,77';7%

Do you know Wha; NN
two-way mirrop ig’
You can see a reflection in it and —Z

look through it at the same time. Well

I'm changing a Moebius strip into a twoway mirror.

THE MIRROR
STAGE
To catch squid. )

'R



“’i‘imma A )
e, AN A
'frﬁ::r iy ey
What's happening /7! The And it isn't feeling anything
squid seems to be stupefied because its real arm ig
Y scratching the image of its head

- b while ite "image arm" is
8 sCratching . scratching its real head.
ite head J _,_//

desperately

Poor thing.. \

Co
2 —_— e -

As the mirror is unilateral,
by going round it, its arm
hag "passed to the other side”

It's looking
pretty freaked
out |

And as the mirror i¢
perfectly semitransparent

it ¢an't manage to work
it out I

You see, if one day you scratch your ear
in front of 2 mirror and feel nothing,
it meang that the mirror is unilateral (°)

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



If we transformed a BOY surface into a seethrough
mirror the universe would be indisassociable from
it own image.

Wouldn't that be dangerous?
I don't know...the universe
seized by a sort of logical

contradiction, it might make

it disappear (°)

r »'///;//

SPACE-TIME
GONE MAD

We can study the topology of spacetime
using two-dimensional models, one for
space and one for time

\J

CREATION OF A
TRIPLE POINT

m makes 2 -
u grid or mesh

(*) NO ONE HAS EVER TRIED THIS



We saw in the BIG BANG that FRIEDMANN's CYCLIC universe
model could be represented by an image of an infinite
string of sausages, each tied point a2 new BIG BANG

How come thege
sinqularities
are CONNECTED 7

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

Or we can suppose that TIME h 6 BANG
ie simple a BEGINNING and B

In thi¢ classic model
of SPHERICAL SPACETIME,
one of the poles is the

BIG6 BANG and the other
the ANT! BIG BANG. Space
¢an be considered to be paralle] curves,
the equator being the maximum extension

of the "time lines" corresponding to the meridians.




To travel along these meridiang,
these UNIVEKSE LINES, there's
nothing better than a CHRONOSCAPE

CREATION OF A
TRIPLE POINT

We could borrow one
of these machines.
[ wouldn't mind
exploring spacetime

r—

%‘! R
- ; Y Where

-

Me and Tiresias have
just had some fun |

We took all the points of
thie spacetime and joined
them to the ANTIPODALS

k with strings...




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

R

N2

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

Why, what will happen 7

Because of of what Tiresias
did, SPACETIME 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 phage, because of the coincidence
—__of the ANTIPODAL REGIONS.

You mean the BIG BAN_G and the

ANTI BIG Bang are going to get
mixed together 9

o’

I suppose someone hag

It strange, weird already thought about thig ? (°)

and 2 real
comcidence

I should never
have listened
to Tiresias




The conjunction phenomenon
will bring spacetime regions
face to face with their
antipodes and <o in TEMPORAL
OPPOSITION to them.

Not at all. Take the region near
the equator of this spherical

/‘MS‘ spacetime for example, which
= corresponds to the state of maximum

extension. We can see clearly how it
_ ' folds in on itself in the filmstrip D.
The time arrows

themselves in OPPOSI TION

You mean that what
i¢ the PAST for some,
i¢ the FUTURE for

}(%D’\ their ANTIPODEANS 7
ﬁ .. (BULP..




Well done Leon,
good work

You mean that this will pro]::atbllf3 lplunge the universe
into a gituation if unsupportable contradiction 7

When the SHRINKASOL has had
ite effect, the universe will

@Zf ogea ded nd. )

. Where's Tiresias
by the way 7

—

ﬁ telescope in on itself and

P we'll find time going
Lﬁ}_é\backwards very fast.

Letwet into the Chronoscape. \
e can try and call him.




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,

Hello, Tiresias, %
¢an you hear me 7

s
Even worse, he'll be the

one tranemitting thig
mesgage in hic PROPER TIME!!

Angwm

acrogs him it'll be
even worge still |

jf Feynmann thought
that antrmatter
lived in inverted time !

N

thought that antimatter
wag matter seen BACK

TO FRONT (7)

\ [ And the Abbé LEMAITRE (*)
]

| 1f we had the bad luck
to come acrose Tiresiag
he would have become

an ANTI-TIRESIAS/

e 9

What do you
mean, BOOM 7 /

() See the BIG BANG



Tirecias |
Where

were you 7

e
i

= How do we stop this th
4 P j
~ < )

i¢ thing ?
oSN

Huh | The CHRONOSCAPE has th
started up by itself..

\ A8

You shouldn't have ¢lammed - You }tnow ﬁ%ll well I '
the door so hard ! | that it doeen't stop !
e L — L e J

So how do we dnive it Q You and your ideasl!

’—\N S
| | ‘\k—/\ SN, i

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




/Kile;,io;; at

i
£
i

straight towards it |

Our Universe line is going

that | Straight ahead | )

7

RN

| What order of
sinqularity is it 7

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

e




t looks like a2 sort of
~ gpacetime buttonhole,

Now we're ¢coming
out to 2 WHITE
FOUNTAIN [ think

H iiffh}imi'\
7 7

7 Wereonthe other

> ade of the universe,

—_—

]
Tl

It looks very much like the other side except that
it goes the opposite way, And I have a dictinct
VYz 0 impression of 'déja vu' don't you ?




1

the MI%ROR ..

The two halves of the universe are mirrored
in relation to each other but it's 2
SPATIOTEMPORAL mirror. On the other side of
the black hole everything is inverted in
relation to time, the laws of physics:
sinqularity repels matter instead of

attracting it 1I(*)

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

Yes. The CHRONOSCAPE will stop,’
then Archie will open the door, T T——
then Tiresias will go out for BILATERAL STRIP
a cIaan' thenm ANTIPODAL POINTS JOINED

T LiITTg

\//
WL

71

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



SCIENTIFIC
ANNEX

BOY, a pupil of Hilbert, discovered his surface in 1902,
The firet analytical representation of it was given in
1981 by Jerome Souriau, son of the mathematician
JM. SOURJIAU, and the author of thig book. The
semiempirical method used assimilates the meridians of

the surface to ellipses which are then given parameters.
The current point ¢ given by :

’ 1 T
A = KaCorp —Z g A X Aun X,z 2 =B L AGu6 -~ Bsin b
- )(4 A£ -:'Z. Al;wb(,;:-o VAT _
'j"z"m‘(fb ? I Ls- VA TR + 74 CedB + B S B
3.—_ 4

o = %4&3/& Ap) = 10 + 14t (G}«-—“/g)-{- 1,98 Sim (34 - T/6 )
B(p) =40 + 141 40m (61 ~T/3)~ 1,98 Son (3 - TC/g)

Meridians: curves = ¢k , Ovariant of O to 27, Mvariant of O to T

The following programme in BASIC traces the drawing on the cover pages
1 REM  TRACE MERIDIENS DE LA SURFACE DE POY

3 HOME : TEXT

50 PI = 3.141592:pP3 =PI / 3:P6 =PI / B:PB =PI / 8

60 HGR : HCOLOR= 3 ‘

90 FOR MU = 0 TO PI STEP 0.1

95 P = P + 1

100 D = 34 + 4.794 * SIN (6 * MU ~ P3)

110 B = 6.732 * SIN {3 * MU - P6)

120A=D+E:B=D-E

130 SA = SIN {P8 * SIN (3 * MU)) . .
140 C2 = SOR (A * A+ B * B):C3 = (4 * D * E) / C2 Semiempirical
160 CM COS (MU)Y:SM = SIN (MU)

180 FOR TE = 0 TO 6.288 STEP .06

190 TC = A * COS (TE}:TS = B * SIN (TE)
200 X1 =C3 +1TC - TS

210 2 = C2 + TC + 1S

250 REM WOICI LES 3 COORDONNEES

300 X =%x1 *CM —- 21 * SA * oM

310 Yy = X1 * sM + 21 * SA * (M

350 REM PRCGRAMME DE DESSIN

360 HPLOT 130 + X,80 + Y

400 NEXT TE: NEXT MU

12

n o i

Y]







Taken from
NON-TRIVIAL TORUS
TURNING, account
given by JeanPierre
PETIT at the Académie
des Sciences, Paris,
the 20th November 1978

‘,

("And for 'La Science' in Jan 19 @
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