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EPREUVE SPECIFIQUE - FILIERE PC!

!!!!!!!!!!!!!!!!!!!!"

!

PHYSIQUE 

 
Mercredi 4 mai : 8 h - 12 h!

!!!!!!!!!!!!!!!!!!!!"

N.B. : le candidat attachera la plus grande importance à la clarté, à la précision et à la concision de 

la rédaction. Si un candidat est amené à repérer ce qui peut lui sembler être une erreur d’énoncé, il le 

signalera sur sa copie et devra poursuivre sa composition en expliquant les raisons des initiatives 

qu’il a été amené à prendre.!
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)('%%,1$5!)'/2![2('!6#&6/&-'!:!)#(2,(!.'!&#!('&#2,1$!'9),(,8/'! ( )
K5W

L5Y<" ,-α= ⋅ !#7'6!"!'$!69!'2! ,-α

'$!M'N=!IE-$'(+,'!6,$-2,8/'!,-α !./!$1@#/!.EC-&,/9!;!-U'62-!'%2!619)(,%'!'$2('!;!'2!P!M'N=!!

\#(!#,&&'/(%5!&#!(*+&'!.'!](#++!-2#0&,2!&#!('&#2,1$!'$2('!&'%!7#&'/(%!.'%!)#(61/(%! K" !'2! <" !.E/$'!9[9'!

)#(2,6/&'! !5! .#$%! .'%!9,&,'/?! .'!9#%%'%! 71&/9,8/'%! .,BB-('$2'%! Kρ ! '2! <ρ 5! .'!9#%%'%! #219,8/'%!

91&#,('%!.,BB-('$2'%! K0 !'2! <0 !F! K < K

< K <

" 0

" 0

ρ

ρ
= ⋅ =!!

"1$$-'%!F! YK5Y KL
123

ρ −= ⋅ !+=69
OY
5! <P

123
0 = !+=91&

OK
5! K5L

)14
ρ = !+=69

OY
!'2! KZ

)14
0 = !+=91&

OK
=!
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&'$'!'!(%!"#$%#"&' (&)*"+' %#,#+-' ."#$/-' (-' $0(&"0/)&1&)2'α' +-' 3$2.-+)-' 0#/#+' (0+4-$' (,&$$0(&0)&"+'

-5)-$+-'6'

7-80$%#-'9'0))-+)&"+:';-.'$0<"++-8-+).'α'3-#1-+)'+20+8"&+.'=)$-'(0+4-$-#5'-+'/0.'(,&+4-.)&"+'"#'

(,&+>0;0)&"+?'

&'$'!')(%@&'#+-'A"+-'2)0&)' /"+)08&+2-'30$'(-.'+"<0#5'28-))-#$.'!:' B#.)-'03$C.' ;0' $".2-'(#'80)&+:'

.-$0&)*&;'3"..&D;-'(-'E"#$+&$'$03&(-8-+)'0#5'0#)"$&)2.'#+-'/0$)"4$03>&-'(-';0'A"+-'/"+/-$+2-'6'

&'$')(' @,&;' -.)' -..-+)&-;' (-' /"++0F)$-' ;,2+-$4&-' /&+2)&%#-' (-.' 30$)&/#;-.' !:' &;' -.)' 240;-8-+)'

&+(&.3-+.0D;-'(,210;#-$:'G'/>0%#-'&+.)0+)'!:';-'$<)>8-'(-.'(2.&+)24$0)&"+.'3"#$'-.)&8-$';-'+"8D$-'(-'

30$)&/#;-.' !' 28&.-.' 30$' .-/"+(-?' H+' 30$;-' 0;"$.' (,0/)&1&)2'!I!JKλ?"I!J:' "L'"I!J' -.)' ;-' +"8D$-' (-'

+"<0#5' $0(&"0/)&E.' 3$2.-+).' G' ;,&+.)0+)' !?' M-))-' 0/)&1&)2' -.)' -53$&82-' -+' N-/%#-$-;' IN%J?' O+'

N-/%#-$-;'/"$$-.3"+('G'#+-'(2.&+)24$0)&"+'30$'.-/"+(-?''

O+'/"83)04-'(#'+"8D$-'(-'+"<0#5'"'(,#+-'."#$/-'(-'3";"+&#8'PQR'-+'E"+/)&"+'(#')-83.'!'0'2)2'

$20;&.2' IE&4#$-' QPJ?' S' 30$)&$' (-' /-' 4$03>-:' 3$2/&.-$' ;0' ;"&' (,21";#)&"+'"I!J' (#' +"8D$-' (-' +"<0#5'

$0(&"0/)&E.'(-'3";"+&#8'PQR'-+'E"+/)&"+'(#')-83.'033-;2-';"&'(-'(2/$"&..0+/-'$0(&"0/)&1-?''

T+'(2(#&$-';0'/"+.)0+)-'$0(&"0/)&1-' λ '(#'3";"+&#8'PQR?'M"830$-$'/-))-'10;-#$'01-/';-.'$2.#;)0).'(-'

;0'30$)&-'&')?''

M0;/#;-$:' -+' 4$088-:' ;0'80..-' &+&)&0;-' R# ' (-' +"<0#5' $0(&"0/)&E.' (-' 3";"+&#8'PQR'3$2.-+).' (0+.'

;,2/>0+)&;;"+?''

U&4#$-'QP'9';"&'(-'(2/$"&..0+/-'$0(&"0/)&1-'(#'3";"+&#8'PQR!

!

"I!J!

"I!J!

"#$%%!

"#$%"!

"#$%&!

'(&!%(&!"(&!(&! "&&! %&&! '&&!&! !'-+'B"#$.!
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%&"&'(!"#!$%&'#'(!)*!+%,'-$.!,*$'-*/('0.! 123! !/-44.!%(*#(!)*!$5,%.!#%/.66*',.!+-5,!75.!)*!4-'('%!$.6!

#-8*59!,*$'-*/('&6!*'.#(!$'6+*,5:!;9+,'4.,! 123! !.#!&-#/('-#!$.! λ :!<,%/'6.,!)*!+%,'-$.!,*$'-*/('0.!$5!

+-)-#'54!31=!>!+*,(',!$.!)*!0*).5,!$.!λ !-?(.#5.!>!)*!75.6('-#!%&"&):!

@-50.#(A! -#! /-#6'$B,.! 75C')! 65&&'(! $C*((.#$,.! 1=! +%,'-$.6! +-5,! #.! +)56! 6.! +,%-//5+.,! $.! )*!

,*$'-*/('0'(%!'665.!$.!)C%/D*#('))-#:!E5C.#!+.#6.FG0-56!H!

%&"&"(!I-,6!$.!$%?*(6!/-#/.,#*#(!)C%#.,J'.!#5/)%*',.A!')!#C.6(!+*6!,*,.!$C.#(.#$,.!75.!).!+)5(-#'54!

.6(!+)56!,*$'-*/('&!75.!)C5,*#'54:!K!+*,(',!$5!(*?).*5!1A!%(*8.,!5#!$'6/-5,6!/-#6(,5'(!.(!*,J54.#(%!

+-5,! $-##.,! 0-(,.! *0'6! 65,! /.((.! *66.,('-#:! IC*/('0'(%!4*66'75.!!"! LM72JN! /-,,.6+-#$! >! )C*/('0'(%!

L'#'('*).N!+-5,!5#!J,*44.!$.!4*('B,.!,*$'-*/('0.:!

O6-(-+.

P-$.!$.!

$%6'#(%J,*('-#!

+,'#/'+*)

<%,'-$.!!

,*$'-*/('0.!

!123!L*#N!

K/('0'(%!

4*66'75.!

!"!LM72JN!

;#.,J'.!/'#%('75.!

4-8.##.!$.6!

α!.(!βG!%4'6!LP.QN

;4'66'-#!

(D.,4'75.!

LR2SJN!

3TU
V! α WA=X:1=

Y
! YA=:1=

X
! XAX! UAZ:1=

GU

3TY
V! α XAU:1=

[
! 1A3:1=

X
! XA3! YAT:1=

GZ

3TY
<5! α YWAW! ZAT:1=

11
! UAU! UAZ:1=

3

3T[
<5! α 3AX:1=

X
! 3AT:1=

[
! UA1! 1A[!

3X=
<5! α Z!U==! YAU:1=

[
! UA1! WA=!

3X1
<5! βG! 1XAX! TAY:1=

13
! WA=:1=

GT
! XAT!

3X3
<5! α TAY:1=

U
! 1AX:1=

Y
! XA[! =A1!

%&"&*(!IC*/('0'(%!4*66'75.!$5!+-)-#'54!31=!.6(!$.!1AW:1=
1X!
M72J:!I.!+-)-#'54!31=!*5,*'(!%(%!5(')'6%!

+-5,!.4+-'6-##.,!.(!(5.,!)C*J.#(!6./,.(!I'(0'#.#S-!.#!3==Z:!<-5,75-'!/D-'6',!/.(!%4.((.5,!α!+-5,!
5#!.4+-'6-##.4.#(!H!

%&"&+(!E5.!,.+,%6.#(.!+D86'75.4.#(!)C%4'66'-#!(D.,4'75.!'#$'75%.!$*#6!).!(*?).*5!1!H!

;#! 75-'! .6(G/.! 5#.! '#&-,4*('-#! 5(').! +-5,! (-5(! .9+)-'(*#(! $.! ,%*/(.5,! #5/)%*',.A! 6*/D*#(! 75.A! ).!

/-4?56('?).! #5/)%*',.! #.5&! #.! /-#('.#(! 75.! $.6! #-8*59! $C5,*#'54! 3TU! .(! 3TY! 4*'6! 75.A! *+,B6!

+*66*J.!$*#6! ).! ,%*/(.5,A! ).!/-4?56('?).!56*J%!/-#('.#(!$C*5(,.6!#-8*59!*++*,56! )-,6!$.6!$'0.,6.6!

,%*/('-#6!#5/)%*',.6!/-44.!/.59!'#$'75%6!$*#6!).!(*?).*5!1!H!

,-.$/0$123.4.53$

\*?).*5!1!]!/*,*/(%,'6('75.6!$.6!'6-(-+.6!$.!)C5,*#'54!.(!$5!+)5(-#'54!
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