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B.!"#$%9-+!+&)-.&)!/.&(!";'-%i6+!&+!-+(('-=-.!,.(!.,-9(!('&!%&)+-.6='&!$#"=,"+!
L-*\+]%'&:!.5('-,='&M!.<+6!"+(!,.-'%(!/+!".!6.<%)*!
!

! !b.(!/+!-*\+]%'&:!,.(!/+!)-.&($%((%'&O!1(>4+D*4'15'/*&6$'4*+&'
!
!
4.7'&&+$+&)!)8+-$%F#+!
!
B+!-.7'&&+$+&)!*).5"%!g!";%&)*-%+#-!/+!";+&6+%&)+!68.#?*+!,+#)!(;*68.,,+-!,.-!"+!
)-'#R!N%!".!).%""+!+()!(#|(.$$+&)!-*/#%)+!,'#-!F#+!".!,+-)+!/x*&+-0%+!"#$%&+#(+!
('%)!&*0"%0+.5"+!,.-!-.,,'-)!g!"x*&+-0%+!/%(,'&%5"+!g!"x%&)*-%+#-!/+!".!6.<%)*O!,.(!
/+!,+-)#-5.='&!/+!".!/%()-%5#='&!%&)+-&+!/+!"x*&+-0%+!
!

! !C#E*44%2%4)'1%'M"#4/N!*$%(!,.-!";'-%i6+!
!
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C5('-,='&!)')."+!
!
k&!,8')'&!)-.<+-(+-.%)!&'-$."+$+&)!+&!"%0&+!/-'%)+!"+!-.7'&!/#!N'"+%"!+&!P!
(+6'&/+(!
!
C#!"%+#!/+!6+".:!%"!>.#)!,-9(!/;#&!$%""%'&!/;.&&*+!,'#-!F#+!";*&+-0%+!('%)!+])-.%)+!
/#!N'"+%"!L.5('-,='&(!+)!-**$%((%'&(!$#"=,"+(M!
!

! !B+!N'"+%"!+()!)-9(!.5('-5.&)!,'#-!(+(!,-',-+(!,8')'&(O!/*&6$'4*+&'
!
4.7'&&+$+&)!)8+-$%F#+!
!
B+(!,8')'&(!F#%!(;*68.,,+&)!L01&(&'01/,-M!-+,-*(+&)+&)!#&+!%&i$+!>-.6='&!/+!
";*&+-0%+!0"'5."+!/#!N'"+%"!
!

! !C#E*44%2%4)'1%'M"#4/N!/+!)+$,*-.)#-+!{,8')'(,89-+!
!
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7'"+!(,+6)-+!/#!N'"+%"!+()!6'$,.-.5"+!.#!
(,+6)-+!/;#&!6'-,(!&'%-!/+!{!I!WK_EE!~'
! !"+(!()*+"%$'(2%O%4)'%4'6&%2+;&%'#66&*:+2#D*4'/*22%'
1%$'/*&6$'4*+&$'
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[&/%6+!/+!6'#"+#-:!*)'%"+!+)!6'-,(!&'%-!
!
B;%&/%6+!/+!6'#"+#-!+()!"+!&#66*&)'1%$'L5:'$)%""#+&%$!-+f#(!/.&(!/+#]!0.$$+(!/+!
"'&0#+#-!/;'&/+!L/+#]!n!6'#"+#-(!oM!
!
B+(!*)'%"+(!*$+H+&)!+&!,-+$%9-+!.,,-']%$.='&!6'$$+!/+(!/*&6$'4*+&$!/+!
)+$,*-.)#-+!{,8')'(89-+!!I!{(#->.6+!
!
B.!6'#-5+!/#!6'-,(!&'%-!L\#]!+&!>'&6='&!/+!".!"'&0#+#-!/;'&/+M!/*,+&/!#&%F#+$+&)!
/+!".!)%26(&#)5&%'
!

! ',=+41+/%'1%'/*5"%5&'2%$5&%'"#')%26(&#)5&%'1%'$5&I#/%'1%'"=()*+"%'
'
B;%&/%6+!G3U!/#!/%.0-.$$+!134!,+#)!Z)-+!.<.&).0+#(+$+&)!-+$,".6*!,.-!".!
)+$,*-.)#-+'

'
!
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@'-,(!&'%-:!"+!-+)'#-!
!
B.!,#%((.&6+!)')."+!-.7'&&*+!,.-!#&%)*!/+!(#->.6+!/;#&!6'-,(!&'%-!L%&)*0-."+!/+!".!
/%()-%5#='&!(,+6)-."+M!+()!,-','-='&&+""+!g!".!,#%((.&6+!F#.)-+!/+!".!)+$,*-.)#-+'
!

! ',*+'1%'-)%I#4BP*")Q2#44'
'

p!L`T$PM!I!�EÄ![l!/l!I!s!{
V ! !s!I!KRQS!DE3_!`R$3PR~3V!

'
• !p!+()!".!"52+4*$+)('$5&I#/+<5%!L$3PM!8*"*2()&+<5%!L∀!lM!

!
•  s!+()!".!/*4$)#4)%'1%'-)%I#4'

'
!
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B#$%&'(%)*!/;#&+!*)'%"+!
'
,52+4*$+)('1=54'/*&6$'4*+&'$60(&+<5%!/+!-.7'&!4O!"'%!/+!N)+>.&3G'")2$.&&!J!!
(#->.6+!/;#&+!(,89-+!/+!-.7'&!4!
!

B!I!p!Vp4P!I!Vp4P!s!{V!
!

B.!"52+4*$+)('1=54%'()*+"%'/+!)+$,*-.)#-+!{!+)!/+!-.7'&!4!+()!,-','-='&&+""+!g!
4P!+)!{V!

!
b'#-!#&+!)+$,*-.)#-+!/'&&*+:!#&+!*)'%"+!+()!,"#(!"#$%&+#(+!(%!+""+!+()!,"#(!
<'"#$%&+#(+!
!

! !!"#$$%'1%'"52+4*$+)('"+(%'R'"#')#+""%'1%'"=()*+"%'
!

[.T[5O!(#,+-0*.&)+(!T![[O!0*.&)+(!"#$%&+#(+!T![[[O!0*.&)+(!T![UO!('#(30*.&)+(!
UO!&.%&+(!T!U[O!('#(3&.%&+(!T!U[[O!&.%&+(!5".&68+(!

!

!
'
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b'#-F#'%!/+(!*)'%"+(!/+!$Z$+!)+$,*-.)#-+!$.%(!/+!-.7'&!/%?*-+&)c!
'
17,')89(+!&.)#-+""+O!*)'%"+(!/+!2#$$%!/%?*-+&)+!!
!
b".#(%5"+!(%!1%4$+)('2*E%44%!%/+&=F#+!,'#-!)'#)+(!"+(!*)'%"+(!L$.((+!<'"#$%F#+M!
!

! !17,')89(+!R'H(&+>%&mmm!
!

Å+(#-+!/+!".!$.((+!/+(!*)'%"+(!
'
b.-.$9)-+!,87(%F#+!.!,-%'-%!%$,'((%5"+!g!/*)+-$%&+-!/%-+6)+$+&)!,'#-!#&+!
*)'%"+!%('"*+O!$.((+!Ç!,8')'&(!Iu!6#$'1%'2%$5&%'1+&%/)%!/+!$.((+!,'((%5"+!
L/%?*-+&)!/#!6.(!/+!".!)+$,*-.)#-+!'#!/+!".!"#$%&'(%)*M!
!
1+#-+#(+$+&):!".!$.((+!(+!$.&%>+()+!,.-!".!"'%!1=#O&#/D*4'54+H%&$%""%'
!

! ![&)*-Z)!/+(!$E$);2%$'1*58"%$'

!
'
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b.-.$9)-+(!,87(%F#+(!/#!N'"+%"!
'
,52+4*$+)('15'-*"%+"O!"%*+!.#!\#]!-+f#!(#-!{+--+!L&*6+((.%-+!/+!6'&&.l)-+!".!/%().&6+!
N'"+%"3{+--+!É!kC!É!+)!"+!-.7'&!/+!".!{+--+M!
!
S%26(&#)5&%'15'-*"%+"O!'5)+&#+!,.-!"+!(,+6)-+!('".%-+!L6'-,(!&'%-!Iu!
)+$,*-.)#-+!/+!(#->.6+M!
!
@+#2;)&%'15'-*"%+"O!/*/#%)!/+!".!"'%!/+!N)+>.&3G'")2$.&&!LBJ{!Iu!4M!

-*"%+"'

B#$%&'(%)*! YR_!DEPQ!`!

{+$,*-.)#-+!/+!(#->.6+! K_EE!~!

d%.$9)-+!,8')'(,89-+! DRYX!DEQ!w$!
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{-'%(%9$+!"'%!/+!~+,"+-!0*&*-."%(*+!LDQ_SM!
'
'
'
'
• !CO!1%2+B3&#41'#:%'/+!".!)-.p+6)'%-+!+""%,=F#+!/+!".!{+--+!L"%*!g!";kCM!

• !bO!6(&+*1%'*&8+)#"%!L".!{+--+!)'#-&+!.#)'#-!/#!N'"+%"!+&!D!.&!I!0),$&5-*5-*
,)3&!"9&%M!

• !yO!/*4$)#4)%'3&#H+)#D*44%""%'L6'&().&)+!#&%<+-(+""+M!

• '-*22%'1%$'2#$$%$O!".!$.((+!/+!".!{+--+!+()!(#,,'(*+!&*0"%0+.5"+!,.-!-.,,'-)!
g!".!$.((+!/#!N'"+%"!
!
! !A&!,+#)!/*/#%-+!".!2#$$%'15'-*"%+"!/+!6+H+!-+".='&:!g!6'&/%='&!/+!6'&&.l)-+!

y!+)!C!/.&(!"+!(7()9$+!%&)+-&.='&."!/;#&%)*(!Å~N!LÇ!kC:!:(:!.&M!
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d*)+-$%&.='&!/+!";kC!+)!/+!".!6'&().&)+!y!
'
b-'5"9$+!/%|6%"+!F#%!'66#,.!,87(%6%+&(!L$+(#-+!/+!y!,.-!!#H%41+$0!+&!DSX_M!+)!
.()-'&'$+(!.#!D_+!(%96"+!L/#"+8&#D*4'1%'"=TU!+&!(7()9$+!Å~NM!
!
• !y!I!QRQS!DE3DD!e!$P!w03P !6'&().&)+!0-.<%).='&&+""+!

• !C!I!DVXRQ!DEX!$ ! !#&%)*!.()-'&'$%F#+!

• !b!!I!YQKRPK!]!PV!]!YQEE!( !.&&*+!
!

! !9#$$%'15'-*"%+"'O!DRXX!DEYE!w0!
!

C!<*-%i+-!O!2#$$%'1%'"#'S%&&%!&*0"%0+.5"+!,.-!-.,,'-)!g!".!$.((+!/#!N'"+%"!c!
!



{-'%(%9$+!"'%!/+!~+,"+-!.,,"%F#*+!.#!(7()9$+!{+--+3B#&+!
'
'
'
'
'
• !.O!-.7'&!/+!"=*&8+)%'1%'"#',54%'I!EREEPKS!kC!

• !,O!6(&+*1%'1%'&(H*"5D*4'V$*'./#"%W'1%'"#',54%'I!ERESK!.&!LPS!p'#-(M!

• !yO!/*4$)#4)%'3&#H+)#D*44%""%'L6'&().&)+!#&%<+-(+""+M!

• '-*22%'1%$'2#$$%$O!".!$.((+!/+!".!B#&+!+()!(#,,'(*+!&*0"%0+.5"+!,.-!-.,,'-)!
g!".!$.((+!/+!".!{+--+!
!

! !B+!-.,,'-)!.YT,P!L-+(,R!CYTbPM!/*,+&/!#&%F#+$+&)!/+!#;!L-+(,R!:'M!
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4.,,'-)(!.YTbP!/.&(!"+!(7()9$+!('".%-+!
!
b'-5!+&!.&:!.!+&!kC!Iu!.

YTbP!+&!$.((+!('".%-+!:'*
*
*
*
*
*
*
*
*
*
*
a0."!g!D!:'!L(%!'-5%)+!.#)'#-!/#!N'"+%"M!'#!YRE!DE

3Q!:'!L.#)'#-!/+!".!{+--+M!
'

!! ! !b'-5!! !. !!!.YT!bP!!!!!!
!
B#&+!! ! !ERESK !EREEPKS!!!!!YRE!DE3Q!!!
Å+-6#-+!!! !ERPV !ERY_S!!!!!!!!!!DRE!
U*&#(!! ! !ERQP! !ERSPY!!!!!!!!!!DRE!
{+--+!! ! !D !D!!!!!!!!!!!!!!!!!!DRE!
Å.-(!! ! !DR__! !DRKPV!!!!!!!!!!DRE!
^#,%)+-!! ! !DDR_Q !KRPEY!!!!!!!!!!DRE!
N.)#-&+!! ! !PXRVQ !XRKV!!!!!!!!!!!!DRE!
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d*)+-$%&.='&!/+!$.((+!/+!".!{+--+!
'

Soleil! Terre!

Luminosité! 3.8 1026 W!

Température! 5800  K!

Diamètre! 1.39 106 km! 110 fois moins!

Masse! 1.99 1030 kg! 330 000 fois moins!
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N7()9$+!N'"+%"3{+--+!
'
,*+'1%'X%6"%&'#="+!,'#-!/*)+-$%&+-!$.((+!/#!N'"+%"!!
!
e*6+((%)+!".!6'&&.%((.&6+!/+!".!1+$)#4/%!N'"+%"3{+--+:!/+!".!6(&+*1%'*&8+)#"%'+)!
/+!";87,')89(+!L<*-%i*+M!0$'YY')1&
!

! !{-.&(,'(.5"+!.#]!$E$);2%'1=()*+"%$'1*58"%$'c!
!

N7()9$+!/;*)'%"+(!/'#5"+(!
'
@+K/5")($'#O%415%$O!/*)+-$%&.='&!/+!".!(*,.-.='&:!/+!".!,*-%'/+!'-5%)."+:!
$.((+(!.!,-%'-%!/+!$Z$+!'-/-+!/+!0-.&/+#-!
!
e*6+((%)+!6'&/%='&(!,.-=6#"%9-+(!/#!(7()9$+!'5(+-<*!L'.'(/#-*<$%+$,-*3$'"-!MO!
$*)8'/+!&'&!0*&*-."%(.5"+:!$+(#-+!/+!".!$.((+(!/+(!*)'%"+(!0*&*-."+$+&)!
+4#//%$$+8"%'JY'6'$$+&)!%&)+-,-*)+-!"+!/%.0-.$$+!134c!
!
! !d;.5'-/!$%+#]!6'&&.l)-+!".!60E$+<5%'1%$'()*+"%$:!+&!6'$$+&f.&)!,.-!"%'-*"%+"'

!
'

!
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B.!(#->.6+!('".%-+!
'
B.!(#->.6+!<%(%5"+!/#!N'"+%"!6'&(=)#+!".!60*)*$60;&%!
!
["!(;.0%)!/+!".!-*0%'&!/;'Ñ!"+(!,8')'&(!,+#<+&)!$=(/0#66%&!(.&(!Z)-+!-*.5('-5*(:!
,.-6+!F#;+""+!6'--+(,'&/!g!#&+!5-#)."+!68#)+!/+!".!/+&(%)*!
!

! !a,.%((+#-!WZ[['N2'I!ERESÖ!/#!-.7'&O!"+!5'-/!/#!N'"+%"!+()!&+)!
!

'

!
'

!
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B.!(#->.6+!('".%-+!
'
B.!(#->.6+!<%(%5"+!/#!N'"+%"!6'&(=)#+!".!60*)*$60;&%!
!
["!(;.0%)!/+!".!-*0%'&!/;'Ñ!"+(!,8')'&(!,+#<+&)!$=(/0#66%&!(.&(!Z)-+!-*.5('-5*(:!
,.-6+!F#;+""+!6'--+(,'&/!g!#&+!5-#)."+!68#)+!/+!".!/+&(%)*!
!

! !a,.%((+#-!WZ[['N2'I!ERESÖ!/#!-.7'&O!"+!5'-/!/#!N'"+%"!+()!&+)!
!

N)-#6)#-+!0-.&#".%-+!/+!".!(#->.6+!
'
b-*(+&6+!/+!n!0-.%&(!/+!-%2!o!'#!3&#45"%$!g!!".!(#->.6+!
'
d#-*+!/+!<%+!/+!Z'R'\['2+45)%$!

'
!
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B.!(#->.6+!('".%-+!
'
B.!(#->.6+!<%(%5"+!/#!N'"+%"!6'&(=)#+!".!60*)*$60;&%!
!
["!(;.0%)!/+!".!-*0%'&!/;'Ñ!"+(!,8')'&(!,+#<+&)!$=(/0#66%&!(.&(!Z)-+!-*.5('-5*(:!
,.-6+!F#;+""+!6'--+(,'&/!g!#&+!5-#)."+!68#)+!/+!".!/+&(%)*!
!

! !a,.%((+#-!WZ[['N2'I!ERESÖ!/#!-.7'&O!"+!5'-/!/#!N'"+%"!+()!&+)!
!

N)-#6)#-+!0-.&#".%-+!/+!".!(#->.6+!
'
b-*(+&6+!/+!n!0-.%&(!/+!-%2!o!'#!3&#45"%$!g!!".!(#->.6+!
'
d#-*+!/+!<%+!/+!Z'R'\['2+45)%$'
!
! !!%""5"%$'/*4H%/DH%$7!".!$.=9-+!68.#/+!-+$'&)+!,.-!"+!6+&)-+!/;#&+!6+""#"+:!".!

$.=9-+!>-'%/+!(;+&>'&6+!<%.!"+(!5'-/('

!
'

!
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B+(!2'&+(!68.#/+(!('&)!5-%"".&)+(:!"+(!2'&+!n!>-'%/+(!o!('&)!('$5-+(O!
6'&(*F#+&6+!/+!".!"'%!/+!N)+>.&3G'")2$.&&O!p!I!s{V!
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!

!
'
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!

!
'
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!
U4*2#"+%$'"*/#"%$!/#!68.$,!$.0&*=F#+O!,"#(!5.((+!)+$,*-.)#-+!"%*+!.#!
)-.&(,'-)!$'%&(!+|6.6+!/+!".!68."+#-!,.-!".!6'&<+6='&!/.&(!6+(!2'&+(!g!68.$,!
$.0&*=F#+!>'-)!
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!
U4*2#"+%$'"*/#"%$!/#!68.$,!$.0&*=F#+O!,"#(!5.((+!)+$,*-.)#-+!"%*+!.#!
)-.&(,'-)!$'%&(!+|6.6+!/+!".!68."+#-!,.-!".!6'&<+6='&!/.&(!6+(!2'&+(!g!68.$,!
$.0&*=F#+!>'-)!
!

! !C,,.-.%((+&)!,.-!6#+&%$!L,r"+(!/+!";.%$.&)M!
!

!
'

!

La 
Structure 

de l’Univers 



La 
Structure 

de l’Univers 

B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!
U4*2#"+%$'"*/#"%$!/#!68.$,!$.0&*=F#+O!,"#(!5.((+!)+$,*-.)#-+!"%*+!.#!
)-.&(,'-)!$'%&(!+|6.6+!/+!".!68."+#-!,.-!".!6'&<+6='&!/.&(!6+(!2'&+(!g!68.$,!
$.0&*=F#+!>'-)!
!

! !C,,.-.%((+&)!,.-!6#+&%$!L,r"+(!/+!";.%$.&)M!
!

@76"+!('".%-+!
'
!E/"%'541(/%44#"'LDD!.&(M!/;.6=<%)*!('".%-+!L/+-&%+-!$.]%$#$!/;.6=<%)*O!!PEDYM!

'
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!
U4*2#"+%$'"*/#"%$!/#!68.$,!$.0&*=F#+O!,"#(!5.((+!)+$,*-.)#-+!"%*+!.#!
)-.&(,'-)!$'%&(!+|6.6+!/+!".!68."+#-!,.-!".!6'&<+6='&!/.&(!6+(!2'&+(!g!68.$,!
$.0&*=F#+!>'-)!
!

! !C,,.-.%((+&)!,.-!6#+&%$!L,r"+(!/+!";.%$.&)M!
!

@76"+!('".%-+!
'
!E/"%'541(/%44#"'LDD!.&(M!/;.6=<%)*!('".%-+!L/+-&%+-!$.]%$#$!/;.6=<%)*O!!PEDYM!
!
dÜ!g!";+?+)!/+!".!&*)#D*4'1+_(&%4D%""%'/#!('"+%"!(#-!('&!68.$,!$.0&*=F#+:!F#%!
(+!)'-/!,-'0-+((%<+$+&)!

'
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B+(!).68+(!('".%-+(!
'
b-*(+&6+!/+!)#/0%$'4*+&%$!g!".!(#->.6+!/#!N'"+%"!
!
S]^[[['Xm!a""+(!.,,.-.%((+&)!&'%-+(!,.-!6'&)-.()+!
!
U4*2#"+%$'"*/#"%$!/#!68.$,!$.0&*=F#+O!,"#(!5.((+!)+$,*-.)#-+!"%*+!.#!
)-.&(,'-)!$'%&(!+|6.6+!/+!".!68."+#-!,.-!".!6'&<+6='&!/.&(!6+(!2'&+(!g!68.$,!
$.0&*=F#+!>'-)!
!

! !C,,.-.%((+&)!,.-!6#+&%$!L,r"+(!/+!";.%$.&)M!
!

@76"+!('".%-+!
'
!E/"%'541(/%44#"'LDD!.&(M!/;.6=<%)*!('".%-+!L/+-&%+-!$.]%$#$!/;.6=<%)*O!!PEDYM!
!
dÜ!g!";+?+)!/+!".!&*)#D*4'1+_(&%4D%""%'/#!('"+%"!(#-!('&!68.$,!$.0&*=F#+:!F#%!
(+!)'-/!,-'0-+((%<+$+&)!

! !M&*)58(&#4/%'$*"#+&%'L/.&(!".!68-'$'(,89-+M!
'

!
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a)+&/#+!/+!0.2!68.#/!+)!)*&#!.#3/+"g!/+!".!(#->.6+!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• '!0&*2*$60;&%7'KEE3PVEE!w$:!DE!EEE!~!
!
j%&!"%(+-*!-'#0+:!/Ü!g!"=(2+$$+*4'A`'LQKQ!&$M!/+!";87/-'09&+!%'&%(*'
!

! !U%(%5"+!,+&/.&)!"+(!(/"+6$%$')*)#"%$'/+!N'"+%"!
!
'

!
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a)+&/#+!/+!0.2!68.#/!+)!)*&#!.#3/+"g!/+!".!(#->.6+!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• '!0&*2*$60;&%7'KEE3PVEE!w$:!DE!EEE!~!
!
j%&!"%(+-*!-'#0+:!/Ü!g!"=(2+$$+*4'A`'LQKQ!&$M!/+!";87/-'09&+!%'&%(*'
!

! !U%(%5"+!,+&/.&)!"+(!(/"+6$%$')*)#"%$'/+!N'"+%"!
!

B%+#!/+(!,-')#5*-.&6+(!('".%-+(!
'
j%".$+&)(!('".%-+(!(#%<.&)!"+(!8*5/"%$'2#34(D<5%$'
'
a$%((%'&(!+&!<%(%5"+:!Ta!+)!-.7'&(!z'
!

! !{*"+(6',+!SCU!.O!{-.&(%='&!4+0%'&!.&/!@'-'&."!a],"'-+-!
!
'

!
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b".($.!+])-Z$+$+&)!)*&#!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• '@8-'$'(,89-+O!KEE3PVEE!w$:!DE!EEE!~!
• !!*5&*44%7!PVEE3$%""%'&(!/+!w$:!D3Y!$%""%'&(!/+!/+0-*(!~!
!
B.!1%4$+)(!68#)+!/-.(=F#+$+&)!L>.6)+#-!DEEE!+)!,"#(M:!,".($.!%&<%(%5"+!,.-!-.,,'-)!
g!".!,8')'(,89-+'
!

! !U%(%5"+!,+&/.&)!"+(!*6"%,(+(!)')."+(!/+!N'"+%"!'#!<%.!#&!/*&*4*3&#60%'
!

!
'
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b".($.!+])-Z$+$+&)!)*&#!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• '@8-'$'(,89-+O!KEE3PVEE!w$:!DE!EEE!~!
• !!*5&*44%7!PVEE3$%""%'&(!/+!w$:!D3Y!$%""%'&(!/+!/+0-*(!~!
!
B.!1%4$+)(!68#)+!/-.(=F#+$+&)!L>.6)+#-!DEEE!+)!,"#(M:!,".($.!%&<%(%5"+!,.-!-.,,'-)!
g!".!,8')'(,89-+'
!

! !U%(%5"+!,+&/.&)!"+(!*6"%,(+(!)')."+(!/+!N'"+%"!'#!<%.!#&!/*&*4*3&#60%'
!

b8*&'$9&+(!*-#,=>(!
'
.&56D*4'$*"#+&%O!/#+!g!#&!,8*&'$9&+!/+!-+6'&&+]%'&!$.0&*=F#+!
L-*.--.&0+$+&)!/#!68.$,!$.0&*=F#+:!/'$.%&+!/+!".!$.0&*)'87/-'/7&.$%F#+M'
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b".($.!+])-Z$+$+&)!)*&#!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• '@8-'$'(,89-+O!KEE3PVEE!w$:!DE!EEE!~!
• !!*5&*44%7!PVEE3$%""%'&(!/+!w$:!D3Y!$%""%'&(!/+!/+0-*(!~!
!
B.!1%4$+)(!68#)+!/-.(=F#+$+&)!L>.6)+#-!DEEE!+)!,"#(M:!,".($.!%&<%(%5"+!,.-!-.,,'-)!
g!".!,8')'(,89-+'
!

! !U%(%5"+!,+&/.&)!"+(!*6"%,(+(!)')."+(!/+!N'"+%"!'#!<%.!#&!/*&*4*3&#60%'
!

b8*&'$9&+(!*-#,=>(!
'
.&56D*4'$*"#+&%O!/#+!g!#&!,8*&'$9&+!/+!-+6'&&+]%'&!$.0&*=F#+!
L-*.--.&0+$+&)!/#!68.$,!$.0&*=F#+:!/'$.%&+!/+!".!$.0&*)'87/-'/7&.$%F#+M'
'
.b%/D*4'1%'2#$$%'/*&*4#"%O!*p+6='&!+],"'(%<+!/+!,.-=6#"+(:!+&!.//%='&!/#!<+&)!
('".%-+!6'&=&#!

!
'
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U+&)!('".%-+!
'
@'&(=)#*!/;%'&(!+)!/;*"+6)-'&(O!6#&D/5"%$'/0#&3(%$'L\#]!/+!,".($.M!
!
U%)+((+!$'7+&&+!/+!^Z['N2F$'
!
Å%(!+&!*<%/+&6+!,.-!".!P9$+!F#+#+!/+(!/*2;)%$'

!

!
'
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U+&)!('".%-+!
'
@'&(=)#*!/;%'&(!+)!/;*"+6)-'&(O!6#&D/5"%$'/0#&3(%$'L\#]!/+!,".($.M!
!
U%)+((+!$'7+&&+!/+!^Z['N2F$'
!
Å%(!+&!*<%/+&6+!,.-!".!P9$+!F#+#+!/+(!/*2;)%$'

!
!

@8.$,!$.0&*=F#+!)+--+()-+!
'
._%)'1E4#2*O!"+!&'7.#!$*).""%F#+!"%F#%/+!/+!".!{+--+!+&!-').='&!+&0+&/-+!#&!
68.$,!$.0&*=F#+!
!

! !9#34()*$60;&%'
!
Å.0&*)'(,89-+!1(I*&2(%!,.-!"+!<+&)!('".%-+!
!
a?+)!6&*)%/)%5&!,'#-!".!<%+!L(%&'&!-./%.='&(!%'&%(.&)+(!%&)+&(+(M!

'
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@+%&)#-+!/+!U.&!C""+&!
'
@*58"%'Q*4%')*&*c1#"%!/+!".!$.0&*)'(,89-+!6'&)+&.&)!#&+!0-.&/+!/+&(%)*!/+!
,.-=6#"+(!+)!+&6+-6".&)!".!{+--+!!
!
!%+4)5&%'+4)(&+%5&%O!,-%&6%,."+$+&)!/+(!,-')'&(:!%((#(!/#!<+&)!('".%-+!L+)!/#!
-.7'&&+$+&)!6'($%F#+M!+)!,%*0*(!,.-!"+!68.$,!$.0&*=F#+!)+--+()-+'
!
!%+4)5&%'%:)(&+%5&%O!!,-%&6%,."+$+&)!/+(!*"+6)-'&('

!
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@+%&)#-+!/+!U.&!C""+&!
'
@*58"%'Q*4%')*&*c1#"%!/+!".!$.0&*)'(,89-+!6'&)+&.&)!#&+!0-.&/+!/+&(%)*!/+!
,.-=6#"+(!+)!+&6+-6".&)!".!{+--+!!
!
!%+4)5&%'+4)(&+%5&%O!,-%&6%,."+$+&)!/+(!,-')'&(:!%((#(!/#!<+&)!('".%-+!L+)!/#!
-.7'&&+$+&)!6'($%F#+M!+)!,%*0*(!,.-!"+!68.$,!$.0&*=F#+!)+--+()-+'
!
!%+4)5&%'%:)(&+%5&%O!!,-%&6%,."+$+&)!/+(!*"+6)-'&('

!
!

C#-'-+!5'-*."+!
'
B'-(!/;#&+!*-#,='&!('".%-+:!"+(!6+%&)#-+(!/+!U.&!C""+&!0-'((%((+&)!p#(F#;g!
.H+%&/-+!";.)$'(,89-+!)+--+()-+!g!,-']%$%)*!/+(!,r"+(!$.0&*=F#+(!I!*H#"%'
#5&*&#"'
'
!*""+$+*4!/+(!,.-=6#"+(!('".%-+(!.<+6!"+(!.)'$+(!/+!".!8.#)+!.)$'(,89-+!LDEE!
w$MR!

! !U5&*&%'6*"#+&%!
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b+-)#-5.='&(!*"+6)-'$.0&*=F#+(!6.#(*+(!,.-!"+(!6'#-.&)(!%&/#%)(!/.&(!"+(!"%0&+(!
.*-%+&&+(!g!8.#)+!)+&(%'&!
!
b.&&+!/+!6'#-.&)O!DXQK!.#]!kNC!+)!DX_X!.#!á#*5+6!

La 
Structure 

de l’Univers 



La 
Structure 

de l’Univers 

La 
Structure 

de l’Univers 

{-'%(!2'&+(!,-%&6%,."+(!
'
• !b8')'(,89-+O!E3KEE!w$:!K_EE!~!
• !@8-'$'(,89-+O!KEE3PVEE!w$:!DE!EEE!~!
• !@'#-'&&+O!PVEE3$%""%'&(!/+!w$:!D3Y!$%""%'&(!/+!/+0-*(!~!
'

!

C6=<%)*!('".%-+!
'
• !y-.&#".='&!/+!".!(#->.6+!('".%-+!
• !{.68+(!('".%-+(!
• !b-')#5*-.&6+(!('".%-+(!
• !U+&)!('".%-+!
• !a-#,='&!('".%-+!
• !ap+6='&!/+!$.((+!6'-'&."+!

!
!

! !-*5&/%'1=(4%&3+%'/#!N'"+%"!c!


