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beautés banales des gravures de mode de la mathématique

[o..]

les “fractales” comme “top-models” de la mathématique

Jacques Roubaud (dans Mathématique : 1998)

(refers to fractals as fashionable objects)

This fashion began like that...
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Figure: Brooks & Matelski
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it evolved like that
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Figure: Arnaud Chéritat



A “Fatou dust”

The notion (if not the picture) was invented in
1906 ... and ... more systematically in 1917



A “Fatou dust”

The notion (if not the picture) was invented in
1906 ... and ... more systematically in 1917



1917... 1914-1918
War and mathematics, or war and science...



1917... 1914-1918
War and mathematics, or war and science...

for instance, chemical warfare
was invented during this war






For this talk, WWI and
(French) mathematicians.

And the invention of Julia sets.



1915, the subject of a prize.

The iteration [...] namely, the construction of a system of successive
points P, P, ..., P,, ..., each of them being deduced from the previous
one by the same operation [...| appears in several classical theories
and in some of the most famous papers of Poincaré.

The Academy considers that it would be interesting to proceed from
here to the examination of the whole domain of the values taken by
the variables. In this spirit, it opens a competition, for the year 1918,
on the following question:

To improve in an important point the investi-
gation of the successive powers of a same sub-
stitution, the exponent in the power increasing
indefinitely.



Why?



ANALYSE MATOEMATIOUR. —— Sur fes solutions un tfortees de ecertalnes -
tions fonctionnetles. Note de M. Favou, préseniée par M. Appell.

Soit 6{x) une fraclion rationnelle de degré g > 1; posons w, = 0(u),
u,= {u, ) elsoil o une racine de

(1) u—t(w)=o0  [1¥(x)| <]

Il existe alors un cercle G:|u — x| = r, tel que, pour « inlérieur a C,
on ait :
| ety = | fe |t —u], limu, — = (k< 1).

Si, au conlraire, |8 ()| > 1, 1, ne peul pas tendre vers & ('). Mais lors-
gu'on fait décrire & # le plan complexe tonl entier, la délimitation des
omaines de convergence correspondant avx divers poinis-racines de (1)
est généralement difficile. 1/'étude de certains cas parliculiers montre
qu'eflectivement les frontiéres sont en général de nature compliguée.

[. Supposons que I'éguation (1) ail une seule racine vérifiant la condi-
tion |#'(a) | <7 1, 50l « = 0. Supposons que C puisse élre choisi assez grand
pour renfermer 4 son intéricur tous les points critiques de la fonclion
algébrique inverse de §{u). Supposons en oulre (hien que cela ne soit pas
indispensable) que () soit nulle & Pinfini. Soit I, Uensemble des points u
Lels f'lut‘: V'on ait
[el=e el o lmalzn  [wlZr b f€n. oy

=1 4

E,., est conlenn dans L,; L, est P'ensemble des poinls intérieurs i

e

C ompées-rendus de-ldAecadémiesdes sciences
October 15™ 1906




ANALYSE MATHEMATIQUE. -~ Sur les solutions untformes de certaines égua-
tions fonctionnetles. Note de M. Favou, préseniée par M. A ppell.
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He found that, iterating a function,
you can get two different behaviors,
both unexpected.



Either...

... a dust...



Either...

... a dust...



Or...

a non smooth curve



At that time, all of this was new,
and even considered pathological.

The science academy probably wanted
to encourage
Pierre Fatou to continue his 1906 work.



e Fatou

(© Famill

As an astronomer,

he could not spend
as much time

as he wanted to his

purely mathematical work.



However, this is a story of Julia sets.



born in

Sidi Bel Abbes
ENS 1911
graduated 1914

Gaston Julia
(1893-1978)



Gaston Julia
(1893-1978)

born in

Sidi Bel Abbes
ENS 1911
graduated 1914

lieutenant
of infantry



The 1914-1918 war

killed invalids
World |8 000 000|6 000 000
France|1 400 0001 200 000

Among the French killed

killed /serving in the army

soldiers 16,8%

infantry officers |30%

students of ENS 41%






Julia was severely injured in the face in 1915
(his nose was obliterated, his jaw was smashed)
(he was a “gueule cassée” (broken face),

and would wear for the rest of his life

a leather mask



He had to undergo numerous operations

and spent a lot of time in various hospitals.
During this time, he worked on mathematics.
He started by a thesis (in algebra)

that he defended in 1917.



Then he decided to work on the subject of the
Academy of sciences competition.

He was helped by several

(senior) mathematicians



among whom Emile Picard
the Permanent Secretary
of the Academy of sciences

\who had lost two children
at war



1917



Pierre Fatou

a3060 ACADEMIE DES SCIENCES.

CORRESPONDANCE.

M. le Mixistee nE na Goeane (ail connaltre 4 UAcadémie les noms des
Membres de la Mission seientifigue frangase quiil a decidé d'envoyer anx

Frats-1 nis.

ANALYSE MATHEMATIOUE. - Sur fes substitutions ralionnelles,
Note (') de M. P. Farouo.

Lorsquon fait I'itération d'une substitubion definie par la relation
/i —0(z), ot 0(z) désigne une fonetion rattonnelle de la varmable com-
plexe = el gu’on cherche a délimiter les domaines de convergence corres
imru’]e‘:[]l anx dilérents ir,lu.f':se'.a* lemetes que peat g'JC-%_":ni-dr.l‘ la substitution, on
pent avoir & envisager des circonstances compliquées qui font apparaitre

somme Lres dillicils la solation générale de celle question.

Comptes rendus, May 21%" 1917



Gaston Julia

In a sealed envelope, June 4™ 1917



So that... Julia can read Fatou’s papers,



So that... Julia could read Fatou’s papers,
but
Fatou did not know what Julia was doing.



I have just read with interest M. Fatou’s Note that was published
in the Compte rendu of December 17% 1917. The essential results
it contains I wrote down myself earlier in a series of four sealed en-
velopes [...| On opening these envelopes, the Academy will be able
to record that the results given by M. Fatou, up to notation and
examples, are written there, with an indication on the methods em-
ployed, one of which uses, an amazing coincidence, precisely the re-
sults of M. Montel on normal sequences of analytic functions used by
M. Fatou. The Academy will judge, with regard to the methods and
also the results, to whom priority should be attributed. I add that
my four sealed envelopes contain more results than those stated by
M. Fatou, and other methods. And, in relation to the results stated
by M. Fatou, some further details may be added
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I have just read with interest M. Fatou’s Note that was published
in the Compte rendu of December 17% 1917. The essential results
it contains I wrote down myself earlier in a series of four sealed en-
velopes [...| On opening these envelopes, the Academy will be able
to record that the results given by M. Fatou, up to notation and
examples, are written there, with an indication on the methods em-
ployed, one of which uses, an amazing coincidence, precisely the re-
sults of M. Montel on normal sequences of analytic functions used by
M. Fatou. The Academy will judge, with regard to the methods and
also the results, to whom priority should be attributed. I add that
my four sealed envelopes contain more results than those stated by
M. Fatou, and other methods. And, in relation to the results stated
by M. Fatou, some further details may be added.

published by the Comptes rendus, December 24" 1917



The Academy decided to attribute priority to
Gaston Julia.

Remember the very hysteric ambience, and
the fact that Fatou, for health reasons,

was not incorporated in the army.



Then Julia sent a manuscript for the prize
and Fatou did not... although he continued
to work on the topic and to publish papers
on the subject of the prize.






Report on the prizes, December 2"! 1918

Grand Prix des sciences mathématiques : Gaston Julia
Fondation Becquerel : Pierre Fatou

Prix Francceur : Paul Montel

As his research progressed, M. Julia wrote his results
in sealed envelopes, sent to the Academy;

after the deposit of the last envelope, in December 1917,

a known geometer, M. Fatou, to whom the theory of
iteration already owed interesting and novel results,
published almost the same results in the Comptes rendus,
that he himself had obtained, also using the properties of the
normal families of M. Montel

this is not the first time in the history of science that two
top scientists have arrived simultaneously at the same
discovery using the same approach.



1918, end of the war.
And then?



1918, end of the war.

And then?
A missing generation



1918, end of the war.

And then?

A missing generation

A boycott of German scientists
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1922, invitation of Einstein to Paris

BEOEON Fabisibeas

e e
BOCEIL 178 B3 cInEh TAAT
BIWE 3 o, g, 8 3L Lo i1

15 cent.

e
P 5

ERE EB TI

OH D’E PAHIB

'§LE PLUS FORT TIRAGE DES JOURNAUX DU MONDE ENTIER

Eiﬂ»mﬁ-ﬁ pages

EINSTEIN

WA perveai Ofueer ima aisndrle,
b s Toix destowtlene il vebelblrmbr,
| glane bes. Balkinice

B m u mﬁdthﬁnﬂ -~
H‘lwmw e

faz ﬂmuﬂhﬂﬂl I Pf'ﬁf;: "ﬂ:imﬁ"‘ar:"
ciaer H s ¥
‘:I@im'::wpf:} gﬂﬂ nedpaes Frerile ke

rtetingrne o Flinstaln,
E-H.'H.hﬂ'i up’ savand HiEtee L veais
0% moies . ufd wmrra
3 Irinn obgcuns,. la
meuh bl g olais itk

EMAM# Y .ﬂ Hm modiles Lra-

%%

Fimatei H b, sk i en, By
[ mm o 'fp«g: nyviir l‘nni
. N -‘lhm'h-u al Gisn i B
-"-:,_lﬁ-um-ﬂenm‘mim

: rlix
eefirad (du i 1nmm;‘wtedﬂm
-:i 'mbﬂ"a masnes et digakd eon-
lro o lll-llI b, Aclamnnd Iyl 8 ap-

;puu il w5 prem oot e

rpnl-.un pleine gornre. a0
wontitier oo devoir daliangd et le sooci
ab J il F R B AT
umr.d: quall dn:a L el
=inE, sl vl

Anx yuu-. ios F

W:&,
'|‘ i Ei L bristn=, 1T Fl
1 ‘h’mnp.mvwa nafri

! Ao, nolee ploks
%}uﬂnn ‘wil ERVATL

o Emnl. engE, it o s
gy sn ;m dhes il liens, o s
-ﬁi.rﬂ:‘nh

iqoes skqules )
-lnuWM whabmn o unlilees

ﬁ;ﬂnﬁ' '|'ulh.|.n: i rl.ie =

L L

La L\quﬁrmn danid s s t:.dume Ay Fronce
i A

g - (L

i e e e
O, q-u.u:qal an falt

e

o abisrren Flen a.im-- jiay Ins -Drﬂw
altrmudoe I:Iri.'rlurl{ﬁ‘:l', S (5 T T
portanmg Lee: appsiry poss s mis

e, Conrmend woplapier coflo ouns
tradiabian,

Hp mime o, o moige s eadiae
bings Iominsiess wogriclissqil d'ine

| Fualn ddu rafiations movedies - pedtims X,

enypunrment do eadleny, et Mol i
tre= Linn salenen pdivede adifingl qul

apprl & Uespicietice |

Il n’est pas question
d'élever le prix du pain

sl go's dn osee dic Tildesllen dy
rix des [siife, | ernulioel dey mmmees ds
L mard . ais par guistel b

i W froes,
IFAVNEF Tmn réparssEslan gor o peix

{ | venle du pain somms ourinins perwiEen

incridmdrg ¥ Noos myome posd ja qmmiion
i AL Duranisl sseediaire gindea] da evndi-
el patFanal lju Ix Boulangerie.

Biurs wmped dvidemnient ‘anleds, abl
e ] rlll-:luﬂ.ltl.li'llc: |ll‘ i

ol dons s
faPina SompaeEnt U [P e Vet G dabyl da
{ e T | p b pain, - Wk e mmhrilan
nelielle o'ral pool-fite quiins Muckadie 2w

mankingg e s f Cusl - alboewdse speciqies
s, au it Jumph b eures de mereradl,
flmr agvnir 8l olle Dy ge pas sl Uz
pilesa 3l enils hnosde aw mmilnlemall  Lup
la.:l?!r-l._ﬁl mal plie slieil garmeplgest, Y

e varriom oblipds s rovénle oo opric da
I .I'.l' 03 Mals, pedar Tlnstanl, LaoaildmShe nfist
piis ehsiiigha ol s v i v ee-
wigel 1y quesban,

Pl e g ek AU Ball oem se rappeile
an'u W sy d'ane sonfirenae Saine & ok
préafechiure de pimdce sl M, Tadllier @
b roprtanclande alne secidlin Juslitors 4
nlimetlent Parss st n Hiear, dos dars-
oiere nolooppenel A dbmiomes 1la diE sem-
Lhwwgs oo difre le pielx de didal,

Gusl i partle e v iniin gee gelle
beiage enite on applization, Inbl ‘aepx
anne vemhy dianemnie o fe, O S e

Modires, & e prngios, I|| B [T3 Haary' (=
T, mlurlhlh ihe Ljuznl‘
ln peided e poibes, sirguel 1] & commoetipnd
e eaelaln nondnes o st feln-
thver & i comparaizon dvs ogirs & i Hivs
duzlivn 2t & 1o sonsomonation. 0@ sotape-
el apEpeld ang nibendion e In Epr-
putljug cupakléable Eerisbanl snlre s pris
dic Intl e provined e iy pro do liae @
Prrie,

[FuiilFe DL &

éF prlseper A0 erellimes

et le lait n'est plus qu'a 0,90 |
& partir de ce matin |

ool ez TRrined i @ e ginal poriee 4 '
Qetls mapornlion  chque=t-ede |

LE DEBAT DF POLITIQUE EXTERIEURE A Lk CHAMBRE

Interrogé, M. Poincaré fait des déclarations caté-
goriques sur lattitude que la France adoptera
& Génes & !'égard des soviets

Beprenpil Je débdil giie [8 (ilitigiee exld-
| Pl |6 Chambre o entendy, loer, ML
| Mawnn of Erileh, Les obavrvalions (d it
mine Al 48 s Les nogueinbineys do Faon-
died ol 8 Casmes. L Briand, de aoovesd
moy. eh tafiah, & SEAFIMA T inawilen s
nremien la parolo dung gu débial ik g H—
el g @il BUr ek Il;n'u.ll
de MM, Ta Cour ieandmaizon of Magne
s - iy prfsenlie i DAkl in l§egn

osd 0 palithges, exfdztes, M. Erliol

rasbé des pPelafians v\-!-'lllp\"ln\ ave i
Hnasin, an celnsand & emvinger T relatlons
Nu-lu;.m & eontiddcent eomme fnls =3
dnhangys vanmmessinig soae Te el ded
govieis, A maictes ob moinies Foprises -pn
ety i cn anoet I pedstdest dn Conseil
it rcasanl o base di gomiverpesi e, 88—
prortd fes rpedifenlints on Ty prdclsiana
gi‘anpinienl Tus parofes tes ormleurs. I
a mntpmment it ol -pwsg [ores a6l nel-
Iwtd, - g appisndisseminiy e Dhasmemiblen
e Jes ennediLinos pokfeas dans |8 mfnosan—
duarn e vue dn Ja mieanes g Gne sbe
sistaiend joldrealemenl = guavant @8 pas-
wie ol Tarsdee o - Jour de o confErenes Jes
ibldguds frangals rrigoralent que les pe-
priveplnte des ssvisls furnbasenl des -
riissbies i e Donme fod.

" =
Wioce, & g Tiaer 4%, AL Sagne  diveol b 2 |uhmd.l|llm

e s lee emurements gl Eeraed £
pris-por l= précidanl sahinel, bt Tre
Ermsm fom (i "|||||‘!I.rh ilod . Fhjianee lf"ll‘i =
eharait [a Frapee pliy  spgirsd qn'is’ pe
eprrRbl +o Chista Taite 1|qa-pt|u:|l'rl.l b re=
pau_-lly. il s ey sl ales Fimneps *
sl b grueaboon guee pess s e ddsneke il
Lleryl 3 eln Gy et & dvsquer les divers
Iaakdantd anl aet cntmied b minetons dn

i podler §oune lelin eneplisild aeen s
orime.

AueTm esmamires steieem pamstut M Eeileh
Nl prewiie nvm e Hossle, laok goe e ?.1';-
varnomnent =k sovicks e l = MR, [Ap-
rwilsrmcei O dreltd of @n ceniTe)

La flllll'mqu wilit plue :'l-hl l‘ in-a- il Emila
pour in

Uug-1-1i e vhn! o Dane iRt pird-

-u_-.l ! Moo & mdliuns de poeonuieess = poor
s i 4 il

nn I frumezarss de CRrmda Touge s,

Liorateur mﬁm‘.r.n qaton inkses Elsi=
(15 L TR 11T [T .-r:nUia'dn anviabigmed an
Froped, sur des die £ e CoMnTEIT RIS,

M Pl — I sl e eneiplin qualines-
fals dex rrecmmamtElan dF commEmE f ;IL u!a:h-
Eidns  siravail (o ibe el [T 2
Lmires,

M. dFin (fssnn. — IrnMInn asl wrmn Tnl-
sdmao b Perid aven o peisegpart luse,

W Peovsinl — e dirmandersd- & hisardhls
s e e prdeleer . od cenmplene nieiis it
a t-c; o L L nfl L g POIEsET IR
T

M. OEwath, — Ln R O
T T an e Je mﬁ”ﬂ“‘

A K, =1 i. Parle un reproemiaal
fen ovicta, I.rdumﬂlnu [T
TPy

A ?‘uurmm' —_ I..ml. Dol e

mm'.ihl. AT wik
J.'ﬁ.umn. ﬂ'.“ i ui,

Linrorpalintene izoimve. anns|r an - Tl
ke o agesly svniLiies Enimper noa

cooHmetils: el Fea mrtra mse e
pveariures = qui pezyveal lour aofifer fies-
TR e vie a0 Car H A" & cien de chosad
c NMuswie auvistiqne of 3L Exlih ST
) I:-&mu‘rgnm i Oaehi ponr e soutes
siey BLokba eppel Prlslqut e mivsel istos
eevolulioiakirds mfermes doss I vrisons

M. MILLERAND
décore le drapeau

i Wolte & do Darmiine. BamPe Jot uepﬁq-r
apicinl |

et rw g

LE COMITE | nlmm
ACCEPTE LE STADE PERSHI*G

Tt Comild olvmaigu Temtea s el réui
& ] Bler solr 2l sranoe u:m:aﬁ
altyee movcal; 28, roe’ de Olsshy Ve




15 cent.

BOLEIR Fev Ab 3 manzh T 1N
1( AHETE; . . B pL b e oap |
| s

TEMPS PROBABLE:
BEOCON Fakidladar

Tirmyir BT

prelgie. Wenl Ininle  piesdi
i,

BOCEIL Fey 3 B35 crnch Th AN
AR pr. o, 0 L

EINSTEIN

Lig pervena oo bmaiciisbiond gimiele,
In fois destAertsie of rofotiplrsciyar,

' LE PLUS FoR

= i m
Fﬂh!lrl.a-fih I_“ TR

Frene et Ll 83w
[ -
B =

IIJ.-H 1
'lmmmnﬁ:

g enpsid perdel dans s DhikraEe
EINST | = in e gy Bk Jli-L[llERAND
o rervens e s B e [k pecendsakal qul; diang fous {in € 1€ drapeau
.'.‘.‘T.n‘”l’:mihi’““'. Iﬂ'n‘f I=3 ilpmaiies e 0 proste; o ‘eilnres da ?n:l: Llﬂtﬂ'iﬂil&l‘lt
e il o C AP |98 le-nﬁi- -1-|'I.|'I-.'I|.'|'.'1' PO [ ot AT,
2z dnmaiuey e I pl“'n:"n J
sugiee e gt doiate gl ES O, Hedepaes brante) o=
-'E:“rmu&tl?m L;Tdml!ﬂhll [ ] E.J'lclu-ﬁtlglﬂlll.“ll'tl_i L |l |-'1"|-'|:|In—
Ll iy #0s  Moes

BEE, p-rcrn:mh- gl paeton
hifbes de Fronca as fallo
jpliis sicianme of b szl
wifiona.

L'l rrarras
Hinatein. oa ks sail, esk o

n guwranie=dony . Aprd
) wixm, dladie ol gaset
B, & Hv Wppsle - n Bt
AR, CELE POl ¥ preli

dllrtm' s sk endang
ches spphigutes Ay prbile
myshinies di b -jliysique
o pefisd (e sipner e mead
ol prakeakd aves masneg el
o ot mankfeste, Adlyniand
}‘il.lpebu Al p:a pe
Less—Fh b, gl v pleine
m&wﬂiﬂr H] mr[u i aakicn
d.u Jn. whpib B mpp.um

bR qu
m'-nwnl- 'L&:p =ulurl.a

B sovilant un savsit fhustre & vems
iposer almas a0 oD WS dAmiavie
peaie, prolonds sl parinin ohecars, 1o
ollése 40 Frouca ue Ta:l quicdsfin &55
plos sionnes o A2 plis nohies ire-
diltinma.

Iy osrrrczaies
I".J::I:urlﬂm o bo snib, est e b Lm, iy
aranie=tenx’ 5. Aprid avity g

hﬂ:‘f wium, ludio ol upanmum- CIk SiEiE-
it T ippele b Berln nvsol la

_ﬁli

......

Depndtre Hanee Jin “H"Mﬂl

poe i mﬁh’-ﬂﬂu ' r I"'"I!iﬂlm =

g, improchiie, Nous u,pr'.tr mﬂm Taonir oy EreleasiT e e |ll'l'£ nmmm
%ﬂ"uﬂ:‘““ﬁm :[nr’r.n':ﬂLi Lm- sure 'armdeniie de cechor- { fr. LE STADE PERSHIVG

mmm e i g ""F’F' Al pml:'lll.'rrn-:'l bez Jhile= s &

ﬂlﬂw Dﬂr'.lr rl:nrll'l'r""' '|1lh|.

R T S

pysbieleux e b puhoys by e, 17

@ pefisd de Spmar 1o marklesie des (G -
-li poaheald mwee mesnre oL llgnubs 8091- | La mnfdesnie dannis Biee xu Endlige e Fronee | 90 -'r
b rn mantfesie. Allepand loyal bHoap- | pir AF poesfeaaoe Sl of diwd s T

b cels #lile 55 peu nummleeaes ;f:;:*gﬂ"ﬂ“;nﬂ'lmhflfP‘%ﬂri: s bl i 21
N i TENH : i FFims, gl g uiime
MLTE"-H'hh gl e 'FIJ'ITIIIIFC EI:II'II:'I'L e ety flesiee 4 Uedlive i eanisdie ﬂ'!lll'.i;-.\:l_ H I

uum.ﬁm- bp garir tialivennd et le oo

« mlans . perammaa, G B Py EREPEALE,

R T

g ey Tommdats o=l rdom

!IE‘I" of BbiT l!mmll:mel: i
=i, roe’ de Oishy hrmu






Paul Dubreil, who entered the ENS in 1923,
remembered:



Shortly after the start of the academic year,
the “Ecole” was awarded the War Cross,
during a ceremony in which the sacrifice

of its Sons, dead and alive, was exalted.
When Dupuy finished reading the long list
of those who fell, we saw you [Julia] move

forward to receive the Cross of the Ecole
and to carry it to the Memorial. Among the
memories I have that are related to the
1914—-1918 war, this is one of the deepest;

it still gives me a striking impression

of seriousness and greatness.
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A new generation of French mathematicians
appear.

They will create “Nicolas Bourbaki”
and deeply transform the mathematics
of the twentieth century.






Pictures of Julia sets appeared...
. only with personal computers












Julia (draft) Julia (paper)

At

Tan Lei (and her computer)



