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/HV�FDOFXODWULFHV�VRQW�DXWRULVpHV�

352%/(0(�'(�3+<6,48(�&+,0,(�

&8,95(�(7�6835$&21'8&7,9,7(�

8QH�DQQH[H�GRQQDQW�OH�GLDJUDPPH�(�S+�GX�FXLYUH��GHV�GRQQpHV�HW�XQ�IRUPXODLUH�

JOREDO�VH�WURXYH�HQ�ILQ�G¶pQRQFp�HQ�SDJHV����HW����
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$� (WXGH�FULVWDOORJUDSKLTXH�GX�FXLYUH���

/H�FXLYUH�FRPPH�GH�QRPEUHX[�PpWDX[�FULVWDOOLVH�VXLYDQW�OD�VWUXFWXUH�FXELTXH�j�IDFH�FHQWUpH��

�� 5HSUpVHQWHU�HQ�SHUVSHFWLYH�O¶DOOXUH�G¶XQH�PDLOOH�pOpPHQWDLUH��

�� 'pILQLU� HQ� XQH� SKUDVH� OH� WHUPH� GH� FRRUGLQHQFH�� 3UpFLVHU� VD� YDOHXU� GDQV� OH� FDGUH� GH� OD�

VWUXFWXUH�pWXGLpH��

�� &RPPHQW�V¶HIIHFWXH�OH�FRQWDFW�HQWUH�OHV�DWRPHV�"�(Q�GpGXLUH�OD�UHODWLRQ�HQWUH�OH�SDUDPqWUH�GH�

PDLOOH�D�HW�OH�UD\RQ�DWRPLTXH�5��

�� &RPELHQ�\�D�W�LO�G¶DWRPHV�SDU�PDLOOH�"�

�� 'pILQLU�OD�FRPSDFLWp�&��GRQQHU�VRQ�H[SUHVVLRQ�OLWWpUDOH�SXLV�O¶pYDOXHU�QXPpULTXHPHQW��(VW�FH�

XQH�VWUXFWXUH�FRPSDFWH�"�

�� 6RLHQW�0�OD�PDVVH�PRODLUH�GX�FXLYUH��5�VRQ�UD\RQ�DWRPLTXH��1D�OH�QRPEUH�G¶$YRJDGUR�HW�ρ

OD�PDVVH�YROXPLTXH�GX�FXLYUH��GpWHUPLQHU�OD�UHODWLRQ�HQWUH�0��5��1D�HW�ρ��

�� $SSOLFDWLRQ�QXPpULTXH���pYDOXHU�0��(Q�GpGXLUH�OD�SpULRGH�GH�OD�FODVVLILFDWLRQ�GHV�pOpPHQWV�j�

ODTXHOOH�DSSDUWLHQW�OH�FXLYUH��

%� 'LDJUDPPH�(�S+�GX�FXLYUH���

/HV�HVSqFHV�SULVHV�HQ�FRPSWH�VRQW���&X�V���&X
��
��&X�2�V���&X

�
�HW�&X�2+���V���2Q�QH�WLHQW�GRQF�

SDV�FRPSWH�GX�GHJUp�G¶R[\GDWLRQ��,,,��

2Q�VXSSRVHUD�TXH�OD�FRQFHQWUDWLRQ�WRWDOH�HQ�HVSqFHV�GLVVRXWHV�YDXW���
��
�PRO�/

��
��

�� &ODVVHU� OHV� HVSqFHV� SDU� GHJUp� FRPPXQ� G¶R[\GDWLRQ� HW� GpWHUPLQHU� SRXU� FKDTXH� GHJUp�

G¶R[\GDWLRQ�OHV�GRPDLQHV�GH�SUpGRPLQDQFH�GH�FKDFXQH�GHV�HVSqFHV�HQ�IRQFWLRQ�GX�S+��

(WXGH�GX�FRXSOH�&X�,,��&X�,����

/¶DOOXUH�GX�GLDJUDPPH�(�S+�GX�FRXSOH�&X�,,��&X�,���ILJXUH����HVW�OH�VXLYDQW���

����F��

)LJXUH�����GLDJUDPPH�(�S+�GX�FRXSOH�&X�,,��&X�,��

�D��

,,�

(�

�E��

S+�

,,,� ,9�

,�
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�� 5HSURGXLUH�VXU�YRWUH�FRSLH�O¶DOOXUH�GH�FH�GLDJUDPPH�(�S+�HQ�\�SODoDQW�OHV�HVSqFHV�

QXPpURWpHV�GH�,�j�,9��

��� 4XHOOH�HVW�OD�YDOHXU�GX�SRWHQWLHO�GX�VHJPHQW�KRUL]RQWDO��D��"�

��� 'pWHUPLQHU�OD�SHQWH�SXLV�O¶pTXDWLRQ�FRPSOqWH�GX�VHFRQG�VHJPHQW��E���

2Q�DGPHWWUD�TXH�OD�SHQWH�GX��WURLVLqPH�VHJPHQW��F��HVW�GH��������9�XQLWp�GH�S+��

(WXGH�GX�FRXSOH�&X�,��&X������

/¶DOOXUH�GX�GLDJUDPPH�(�S+�GX�FRXSOH�&X�,��&X�����ILJXUH����HVW�OH�VXLYDQW���

)LJXUH�����GLDJUDPPH�(�S+�GX�FRXSOH�&X�,��&X����

��� 'pWHUPLQHU�OHV�FRRUGRQQpHV�GX�SRLQW�$�DLQVL�TXH�OD�SHQWH�GX�VHFRQG�VHJPHQW��β���(Q�GpGXLUH�

O¶pTXDWLRQ�FRPSOqWH�GX�VHJPHQW��β���

'LDJUDPPH�(�S+�SURYLVRLUH���

��� 6XSHUSRVHU� OHV� GHX[� GLDJUDPPHV� (�S+� SUpFpGHQWV�� &RPPHQWHU�� 3UpFLVHU� OH� S+�

G¶LQWHUVHFWLRQ�GHV�VHJPHQWV��E��HW��β���

'LDJUDPPH�(�S+�GX�FXLYUH���

��� 'pWHUPLQHU�OH�SRWHQWLHO�VWDQGDUG�(��&X
��
�&X�V���GX�FRXSOH�&X�,,��&X�����

��� 'RQQHU�O¶pTXDWLRQ�GX�SRWHQWLHO�FRUUHVSRQGDQW�j�OD�IURQWLqUH�&X�,,��&X����SRXU�S+������(VW�LO�

QpFHVVDLUH�G¶pWXGLHU�FH�FRXSOH�SRXU�S+�!���"�-XVWLILHU��

��� 6XU�YRWUH� FRSLH�� UHSURGXLUH� OH�GLDJUDPPH�(�S+�GX�FXLYUH� IRXUQL� HQ� DQQH[H��&RPSOpWHU� OD�

IURQWLqUH�PDQTXDQWH�HW�SODFHU� OHV�GLIIpUHQWHV�HVSqFHV�GX�FXLYUH��/D�UHSUpVHQWDWLRQ�GRLW�rWUH�

FODLUH�HW�VRLJQpH�FDU�HOOH�VHUYLUD�j�QRXYHDX�SDU�OD�VXLWH���

(β) 

(α) 
$�

(�

S+�
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17) On considère la réaction chimique : 2 Cu
+ 

= Cu(s) + Cu
2+

. Comment nomme-t-on ce type de 

réaction ? Evaluer sa constante d�équilibre Kdis°. 

C) Diagramme E-pH de l�eau ou de ses ions : 

L�eau (ou ses ions) peut agir comme oxydant ou comme réducteur. 

Dans cette partie, on supposera les pressions égales à la pression standard, soit 

2 2H O
P P P= = ° , avec P° = 1 bar ou 10

5
 Pa. 

18) Ecrire les deux demi-réactions d�oxydoréduction dans lesquelles interviennent les couples 

de l�eau. En déduire les deux équations des deux droites E = f(pH), figurant dans le 

diagramme E-pH de l�eau. 

19) Superposer le diagramme E-pH de l�eau sur le diagramme E-pH du cuivre tracé à la 

question 16). 

20) Pourquoi le cuivre est-il qualifié de métal noble ? Justifier son utilisation dans la marine 

antique (scaphandre, poulie�). Connaissez-vous d�autres métaux nobles ? En citer deux. 

D) Lixiviation du cuivre et préparation d�une solution de cuivre II : 

21) Définir en une phrase le terme de lixiviation acide. 

22) On considère la réaction chimique : Cu(OH)2(s) + 2 H3O
+
 = Cu

2+
(aq) + 4 H2O. 

Evaluer la constante d�équilibre Klix° de cette réaction. 

23) A partir de quelle valeur de pH faut-il travailler pour obtenir une solution de concentration 

minimale égale à 1 mol.L
-1

 de cuivre (II) dissous ? 

On désire réaliser une solution d�acide sulfurique satisfaisant cette condition. 

24) En remarquant que la 1
re

 acidité est forte (réaction totale), que la 2
e
 acidité est faible et, en 

ne considérant que la (ou les) réaction(s) prépondérante(s), établir une relation entre la 

concentration C d�une solution d�acide sulfurique et la concentration en ions H3O
+
. 

25) Quelle est la valeur minimale de C pour que le pH soit inférieur à 4 ? 

E) Détermination expérimentale de la composition d�une céramique supraconductrice : 

Les céramiques supraconductrices de formule générale YBa2Cu3On présentent un état 

supraconducteur pour des températures supérieures à celle de l�azote liquide sous la pression 

atmosphérique et sont ainsi qualifiées de supraconducteurs à haute température critique. Elles 

contiennent des anions oxydes, des cations Y
3+

 et Ba
2+

, ainsi que des ions Cu
2+

 et Cu
3+

 en 

proportions variables. 

La détermination expérimentale de leur composition peut s�effectuer en réalisant les deux 

expériences suivantes. 
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([SpULHQFH������

� XQH� SHWLWH� TXDQWLWp� GH� VROLGH� �GH� O¶RUGUH� GH� ��
��
�PRO�� HVW� GLVVRXWH�� j� FKDXG�� GDQV� ���P/�

G¶XQH�VROXWLRQ�G¶DFLGH�FKORUK\GULTXH�j���PRO�/
���
���

� RQ� DMRXWH� HQVXLWH� XQ� H[FqV� G¶LRGXUH� GH� SRWDVVLXP�� 2Q� REVHUYH� DORUV� OD� IRUPDWLRQ� G¶XQ�

SUpFLSLWp�G¶LRGXUH�FXLYUHX[�&X,�HW�O¶DSSDULWLRQ�GH�GLLRGH���

� OH�GRVDJH�GX�GLLRGH�IRUPp�QpFHVVLWH�XQ�YROXPH�9�pT�GH������P/�GH�WKLRVXOIDWH�GH�VRGLXP�j�

�����PRO�/
��
���

([SpULHQFH������

� OD�PrPH� TXDQWLWp� GH� VROLGH� HVW�PDLQWHQDQW� GLVVRXWH�� j� IURLG�� GDQV� ���P/� G¶XQH� VROXWLRQ�

G¶DFLGH�FKORUK\GULTXH�j���PRO�/
���
���

� RQ� DMRXWH� HQVXLWH� XQ� H[FqV� G¶LRGXUH� GH� SRWDVVLXP�� 2Q� REVHUYH� DORUV� OD� IRUPDWLRQ� G¶XQ�

SUpFLSLWp�G¶LRGXUH�FXLYUHX[�&X,�HW�O¶DSSDULWLRQ�GH�GLLRGH���

� OH�GRVDJH�GX�GLLRGH�IRUPp�QpFHVVLWH��FHWWH�IRLV��XQ�YROXPH�9�pT�GH������P/�GH�WKLRVXOIDWH�

GH�VRGLXP�j������PRO�/
��
���

��� (Q� V¶DSSX\DQW� VXU� O¶pFKHOOH� GHV� SRWHQWLHOV� VWDQGDUGV� HW� O¶DEVHQFH� G¶LRQV� LRGXUH�� TXHOOH�

UpDFWLRQ�G¶R[\GR�UpGXFWLRQ�V¶DWWHQG�RQ�j�REVHUYHU�SRXU�OHV�LRQV�&X
��
�HQ�VROXWLRQ�DTXHXVH�j�

S+� ���"�

��� &HWWH�UpDFWLRQ�Q¶HVW�SDV�REVHUYpH�j�IURLG��3URSRVHU�XQH�H[SOLFDWLRQ��

��� D�� $SUqV� GLVVROXWLRQ� j� FKDXG� GH� OD� FpUDPLTXH� VXSUDFRQGXFWULFH� GDQV� OD� VROXWLRQ� G¶DFLGH�

FKORUK\GULTXH��VRXV�TXHO�V��IRUPH�V��LRQLTXH�V��VH�WURXYH�OH�FXLYUH�GDQV�O¶H[SpULHQFH���"�

E�� $SUqV� GLVVROXWLRQ� j� IURLG� GH� OD� FpUDPLTXH� VXSUDFRQGXFWULFH� GDQV� OD� VROXWLRQ� G¶DFLGH�

FKORUK\GULTXH��VRXV�TXHO�V��IRUPH�V��LRQLTXH�V��VH�WURXYH�OH�FXLYUH�GDQV�O¶H[SpULHQFH���"�

��� (FULUH�OD��RX�OHV��UpDFWLRQ�V��FKLPLTXH�V��TXL�DERXWLW�VVHQW��j�OD�IRUPDWLRQ�GX�SUpFLSLWp�&X,��

��� (FULUH�OD�UpDFWLRQ�GH�GRVDJH�GX�GLLRGH�SDU�OH�WKLRVXOIDWH��

��� 2Q�QRWH�UHVSHFWLYHPHQW�[�HW�\�OHV�QRPEUHV�GH�PROHV�LQLWLDOHV�GH�&X
��
�HW�GH�&X

���
FRQWHQXHV�

GDQV�OD�SDVWLOOH�VXSUDFRQGXFWULFH�VROLGH�TXL�D�pWp�GLVVRXWH��

'pWHUPLQHU�XQH�UHODWLRQ�HQWUH�[��\��9�pT�HW�9�pT��(YDOXHU�OH�UDSSRUW�
[

\
��

��� 'pWHUPLQHU�OD�YDOHXU�GH�Q�GDQV�OD�IRUPXOH�EUXWH�GH�OD�FpUDPLTXH�VXSUDFRQGXFWULFH��

� �
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)� &UpDWLRQ�G¶XQ�FKDPS�PDJQpWLTXH�LQWHQVH�j�O¶DLGH�G¶XQ�VROpQRwGH���

/¶LPDJHULH�PpGLFDOH�D�EHVRLQ�GH�FKDPS�PDJQpWLTXH�LQWHQVH��SHUPDQHQW�HW�XQLIRUPH��2Q�VH�

SURSRVH�LFL�GH�GLPHQVLRQQHU�XQH�ERELQH�GDQV�ODTXHOOH�UqJQH�XQ�FKDPS�PDJQpWLTXH�GH���7��

5pVLVWDQFH�pOHFWULTXH�G¶XQ�FRQGXFWHXU�RKPLTXH���

2Q�FRQVLGqUH�XQ�FRQGXFWHXU�RKPLTXH��ILJXUH�����GH�FRQGXFWLYLWp�pOHFWULTXH�γ���GH�VHFWLRQ�6��

GH� ORQJXHXU� K�� SDUFRXUX� SDU� XQ� FRXUDQW� pOHFWULTXH� FRQWLQX� XQLIRUPpPHQW� UpSDUWL� GH� GHQVLWp��

H H ]M M H=
G

G

��

)LJXUH�����FRQGXFWHXU�RKPLTXH�

��� ([SULPHU�� HQ� IRQFWLRQ� GH� γ� HW� HM
G

� OH� FKDPS� pOHFWULTXH� (
G

� TXL� UqJQH� j� O¶LQWpULHXU� GH� FH�

FRQGXFWHXU��

��� 'RQQHU�� HQ� IRQFWLRQ� GH� γ�� HM � HW� GHV� FDUDFWpULVWLTXHV� JpRPpWULTXHV� GH� FH� FRQGXFWHXU�� OHV�

H[SUHVVLRQV�GX�FRXUDQW�pOHFWULTXH�,�WUDYHUVDQW�FH�FRQGXFWHXU�HW�GH�OD�GLIIpUHQFH�GH�SRWHQWLHO�

8�DX[�ERUQHV�GH�FH�FRQGXFWHXU��

��� (Q� GpGXLUH�� HQ� IRQFWLRQ� GH� γ� HW� GHV� FDUDFWpULVWLTXHV� JpRPpWULTXHV� GH� FH� FRQGXFWHXU�� OD�

UpVLVWDQFH�pOHFWULTXH�5Ω�GH�FH�FRQGXFWHXU��

&DUDFWpULVWLTXHV�GH�OD�ERELQH�j�WHPSpUDWXUH��DPELDQWH���

2Q�VXSSRVH�LFL�TXH�OD�ERELQH�HVW�PDLQWHQXH�j�WHPSpUDWXUH�DPELDQWH�7� �����.��

/D�ERELQH��ILJXUH����SDJH����HVW�DVVLPLOpH�j�XQ�VROpQRwGH�G¶D[H�2]��GH�ORQJXHXU�/��GH�UD\RQ�

PR\HQ�5PR\� DYHF�5PR\� ���/�� � /HV� HIIHWV� GH� ERUGV� VRQW� QpJOLJpV�� OH� VROpQRwGH� HVW� GRQF� FRQVLGpUp�

FRPPH�LQILQL��,O�HVW�FRQVWLWXp�GH�VSLUHV�MRLQWLYHV�G¶XQ�ILO�GH�FXLYUH�GH�GLDPqWUH�G�HW�GH�FRQGXFWLYLWp�

pOHFWULTXH� γ&X�� &KDTXH� VSLUH� HVW� SDUFRXUXH� SDU� XQ� FRXUDQW� ,�� ,O� FRPSRUWH� S� FRXFKHV� GH� ERELQDJH�

VXSHUSRVpHV��

]�

6HFWLRQ�6

K
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)LJXUH�����ERELQH��

��� D�� 6XU� XQH� VHXOH� FRXFKH� GH� ERELQDJH�� FRPELHQ� \� D�W�LO� GH� VSLUHV� MRLQWLYHV� SDU� XQLWp� GH��

ORQJXHXU�GH�VROpQRwGH�"�

E��&RPELHQ�GH�VSLUHV�SDU�XQLWp�GH�ORQJXHXU�FRPSRUWH�FH�VROpQRwGH�"�

��� D��'RQQHU��HQ�IRQFWLRQ�GH�G��S��,�HW�µ���O¶H[SUHVVLRQ�GX�FKDPS�PDJQpWLTXH�FUpp�j�O¶LQWpULHXU�

GX�VROpQRwGH��

E��$SSOLFDWLRQ�QXPpULTXH���%� �����7��G� �����PP��,� ����$��'pWHUPLQHU�S��

��� D��(Q�DVVLPLODQW�OH�UD\RQ�GH�FKDTXH�VSLUH�DX�UD\RQ�PR\HQ��5PR\��H[SULPHU��OD�ORQJXHXU��/ILO��

GH�ILO�QpFHVVDLUH�j�OD�UpDOLVDWLRQ�GH�FHWWH�ERELQH�HQ�IRQFWLRQ�GH�5PR\��G��S�HW�/��

E��$SSOLFDWLRQ�QXPpULTXH���/� �����P�HW�5PR\� ����FP��(YDOXHU�/ILO��

���� D��([SULPHU�HQ�IRQFWLRQ�GH�γ&X��GH�/ILO�HW�GH�G�OD�UpVLVWDQFH�pOHFWULTXH�5pOHF�GH�OD�ERELQH��

E��$SSOLFDWLRQ�QXPpULTXH���pYDOXHU�OD�SXLVVDQFH�3-� GLVVLSpH�SDU�HIIHW�-RXOH�GDQV�OD�ERELQH��

&RPPHQWHU��

&DUDFWpULVWLTXHV�GH�OD�ERELQH�UHIURLGLH�j����.���

2Q�VXSSRVH�LFL�TXH�OD�ERELQH�HVW�PDLQWHQXH�j�OD�WHPSpUDWXUH�GH����.��

3RXU�GLPLQXHU�OD�SXLVVDQFH�GLVVLSpH��RQ�SHXW�HQYLVDJHU�GH�UHIURLGLU�OH�FRQGXFWHXU�HQ�FXLYUH�

SDU�O¶LQWHUPpGLDLUH�G¶XQ�EDLQ�G¶D]RWH�OLTXLGH�j����.��2Q�SHXW�DORUV�LPSRVHU�GDQV�XQ�FRQGXFWHXU�GH�

FXLYUH��GH�PrPH�GLDPqWUH�G� ���PP��XQ�FRXUDQW�SOXV�LPSRUWDQW�,¶� ����$��2Q�UpGXLW�DLQVL�OH�QRPEUH�

GH�VSLUHV�GH�OD�ERELQH�HW�GRQF�VD�UpVLVWDQFH�pOHFWULTXH�HW�VRQ�UD\RQ�PR\HQ��

����D��4XHO�HVW�DORUV�OH�QRPEUH�GH�FRXFKHV�GH�ERELQDJH��S¶��j�VXSHUSRVHU�SRXU�REWHQLU�XQ�FKDPS�

PDJQpWLTXH�GH���7�"��

E��(Q�DVVLPLODQW�OH�UD\RQ�GH�FKDTXH�VSLUH�DX�QRXYHDX�UD\RQ�PR\HQ��


PR\5 � ����FP��pYDOXHU�

OD�QRXYHOOH�SXLVVDQFH�GLVVLSpH�SDU�HIIHW�-RXOH�� 

-3 ��GDQV�OD�ERELQH��

&RPSWH�WHQX� GX� FR�W� GH� OD� UpIULJpUDWLRQ� GH� OD� ERELQH� j� ��� .�� LO� IDXW� WHQLU� FRPSWH� GH�

O¶HIILFDFLWp�GH�OD�PDFKLQH�WKHUPLTXH�DVVXUDQW�OH�PDLQWLHQ�GH�FHWWH�EDVVH�WHPSpUDWXUH��

G

5PR\
]

S�FRXFKHV�GH�ERELQDJH�/
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����2Q�FRQVLGqUH�XQH�PDFKLQH�IULJRULILTXH�F\FOLTXH�HW�UpYHUVLEOH�TXL�DVVXUH��SDU�O¶LQWHUPpGLDLUH�

G¶XQ� IOXLGH� FDORSRUWHXU�� OHV� WUDQVIHUWV� WKHUPLTXHV� HQWUH� GHX[� VRXUFHV� GH� WHPSpUDWXUHV�

FRQVWDQWHV�7I�HW�7F���

D�� (Q� HIIHFWXDQW� XQ� ELODQ� pQHUJpWLTXH� HW� XQ� ELODQ� HQWURSLTXH� VXU� XQ� V\VWqPH� ELHQ� GpILQL��

H[SULPHU�O¶HIILFDFLWp��HUpY��GH�FHWWH�PDFKLQH�HQ�IRQFWLRQ�GH�7I�HW�GH�7F��

E��$SSOLFDWLRQ�QXPpULTXH���7I� ����.�HW�7F� �����.��(YDOXHU�HUpY��

����(YDOXHU�OD�SXLVVDQFH�3¶��PLQLPDOH��QpFHVVDLUH�SRXU�DEVRUEHU�OD�SXLVVDQFH� 

-3 ��GLVVLSpH�GDQV�OD�

ERELQH�HQ�FXLYUH�UHIURLGL��&RPPHQWHU��

*� 3XLVVDQFH�GLVVLSpH�GDQV�OH�VXSUDFRQGXFWHXU�ORUV�GHV�UpJLPHV�WUDQVLWRLUHV���

6L�OHV�VXSUDFRQGXFWHXUV�VRQW�GpSRXUYXV�GH�SHUWHV�HQ�UpJLPH�FRQWLQX��LO�Q¶HQ�HVW�SDV�GH�PrPH�

HQ�UpJLPH�YDULDEOH��3RXU�OHV�ERELQHV�DOLPHQWpHV�HQ�FRXUDQW�FRQWLQX��FHV�SHUWHV�RQW�OLHX�ORUV�GHV�GHX[�

UpJLPHV�WUDQVLWRLUHV�TXL�FRUUHVSRQGHQW�HQ�GpEXW�G¶XWLOLVDWLRQ�GH�OD�ERELQH�j�O¶LQVWDOODWLRQ�GX�FRXUDQW�

GDQV�OH�FRQGXFWHXU��SXLV�HQ�ILQ�G¶XWLOLVDWLRQ�GH�OD�ERELQH��ORUV�GH�OD�UHGHVFHQWH�j�]pUR�GH�FH�FRXUDQW��

� 2Q� VH�SURSRVH� LFL� GH�GpWHUPLQHU� O¶RUGUH�GH�JUDQGHXU�GH� OD�SXLVVDQFH�GLVVLSpH�SDU�XQLWp�GH�

ORQJXHXU�GH�FRQGXFWHXU�� ORUV�GH� OD�SUHPLqUH�PRQWpH�GX�FRXUDQW��GDQV�XQH�VLWXDWLRQ�GLWH�GH�FKDPS�

SURSUH�� F¶HVW�j�GLUH� ORUVTX¶XQH� SRUWLRQ� GH� FRQGXFWHXU� HVW� VRXPLVH� DX[� YDULDWLRQV� WHPSRUHOOHV� GX�

FKDPS�PDJQpWLTXH�TX¶LO�FUpH�VXU�OXL�PrPH��

� 2Q�DVVLPLOH�OH�VXSUDFRQGXFWHXU��ILJXUH����j�XQ�ILO�UHFWLOLJQH�LQILQL�VXLYDQW�O¶D[H�2]��GH�UD\RQ�

5��2Q�DGRSWH�OHV�FRRUGRQQpHV�F\OLQGULTXHV��

)LJXUH�����VXSUDFRQGXFWHXU�

&RPSWH�WHQX�GHV�LQYDULDQFHV�GX�SUREOqPH���OD�GHQVLWp�YROXPLTXH�GH�FRXUDQW��QRWpH� HM
G

��GDQV�

OH�VXSUDFRQGXFWHXU�QH�GpSHQG�TXH�GH�U�HW�HVW�SRUWpH�SDU�OH�YHFWHXU�
]
H
G

��2Q�D��� H H ]M M �U�H=

G

G

��3RXU�XQ�

FRXUDQW�GH�WUDQVSRUW�,�GRQQp��OD�GHQVLWp�GH�FRXUDQW�Q¶HVW�SDV�XQLIRUPH�GDQV�OH�VXSUDFRQGXFWHXU���VRQ�

DPSOLWXGH�YDXW� �M± �RX����R�� �M �HVW�XQH�FRQVWDQWH��&H�FRXUDQW�VH�GLVWULEXH�GH� IDoRQ�j�SURWpJHU� OH�

FHQWUH�GX�VXSUDFRQGXFWHXU�GH�WRXWH�YDULDWLRQ�GH�FKDPS�PDJQpWLTXH��

���'pWHUPLQHU�HQ�IRQFWLRQ�GH� �M �HW�GH�5�OD�YDOHXU�PD[LPDOH�,F��GLWH�YDOHXU�FULWLTXH�GX�FRXUDQW�

GH�WUDQVSRUW�GH�FH�FRQGXFWHXU��

]�

5�
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�������

(WXGH�GH�OD�SUHPLqUH�PRQWpH�GX�FRXUDQW�GDQV�OH�VXSUDFRQGXFWHXU���

2Q�V¶LQWpUHVVH�LFL�j�OD�SUHPLqUH�PRQWpH�GX�FRXUDQW�,�W��GDQV�OH�VXSUDFRQGXFWHXU��

2Q� VXSSRVH� TXH� FHWWH� SUHPLqUH� PRQWpH� V¶HIIHFWXH�� SHQGDQW� XQH� GXUpH� 7�� VXLYDQW� XQH�

FRQVLJQH� HQ� UDPSH� GH� VRUWH� TXH��� �,,�W� W
7

= �� R�� ,�� HVW� OD� YDOHXU� ILQDOH� GX� FRXUDQW� GDQV� OH�

VXSUDFRQGXFWHXU��

&H�FRXUDQW�VH�GLVWULEXH�GH�IDoRQ�j�SURWpJHU�OH�FHQWUH�GX�VXSUDFRQGXFWHXU�GH�WRXWH�YDULDWLRQ�

GH�FKDPS�PDJQpWLTXH��GH�VRUWH�TX¶LO�VH�UpSDUWLW��j�XQ�LQVWDQW�W�GH�FHWWH�SUHPLqUH�pWDSH��j�OD�SpULSKpULH�

GX�VXSUDFRQGXFWHXU�GDQV�OD�]RQH�� U1�W����U���5��ILJXUH�����

2Q�D���MH�U�W�� ���SRXU�U���U1�W��HW�MH�U�W�� �M��SRXU�U�!�U1�W������

)LJXUH�����UpSDUWLWLRQ�GX�FRXUDQW�GDQV�OH�VXSUDFRQGXFWHXU�

���2Q�GpILQLW�SDU� �

F

,
X

,
= �OH�WDX[�G¶XWLOLVDWLRQ�GX�VXSUDFRQGXFWHXU��([SULPHU�X�HQ�IRQFWLRQ�GH�M���

5�HW�,���

��� D��'pWHUPLQHU�OD�UHODWLRQ�TXL�H[LVWH�HQWUH�,�W���M���U��W��HW�5��

E��(Q�GpGXLUH�O¶H[SUHVVLRQ�GH�U��W��HQ�IRQFWLRQ�GH�5��X��7�HW�W��

F��([SULPHU�U1�7��HQ�IRQFWLRQ�GH�X�HW�5��

��� D�� $� O¶DLGH� GH� SURSULpWpV� GH� V\PpWULH� HW� G¶LQYDULDQFH�� SUpFLVHU� GH� TXHOOH�V�� YDULDEOH�V�� GH�

O¶HVSDFH�GpSHQG�OH�FKDPS�PDJQpWLTXH� %
G

GDQV�OH�VXSUDFRQGXFWHXU�HW�SDU�TXHO�V��YHFWHXU�V��

GH�EDVH�LO�HVW�SRUWp��

E�� 3DU� DSSOLFDWLRQ� GX� WKpRUqPH� G¶$PSqUH�� GDQV� O¶DSSUR[LPDWLRQ� GHV� UpJLPHV� TXDVL�

VWDWLRQQDLUHV��VXU�XQ�FRQWRXU�TXH�O¶RQ�SUpFLVHUD��GpWHUPLQHU�j�O¶LQVWDQW�W�OH�FKDPS�PDJQpWLTXH�

%�U� W�
G

GDQV�OD�]RQH��� [ ]�U �� U �W�∈ ��

F��'H�PrPH��GpWHUPLQHU�HQ�IRQFWLRQ�GH� �µ �� M��HW�U��W���OH�FKDPS�PDJQpWLTXH� %�U� W�
G

GDQV�OD�

]RQH��� [ ]�U U �W��5∈ ��

G��7UDFHU�O¶DOOXUH�GH�OD�IRQFWLRQ� %�U� W�
G

j�XQ�LQVWDQW�W��SRXU� [ ]U ��5∈ ��

��� D��5DSSHOHU� O¶pTXDWLRQ� GH�0D[ZHOO�)DUDGD\��'RQQHU� OH� QRP�GX�SKpQRPqQH�SK\VLTXH� UpJL�

SDU�FHWWH�ORL��+LVWRULTXHPHQW��j�TXHO�VLqFOH�D�W�HOOH�pWp�GpFRXYHUWH�"�

5
�

U 1
�W
��

Téléchargé gratuitement sur www.PrepaMag.fr .

http://www.prepamag.fr/


CCP Physique 2 PSI 2014 — Énoncé 10/14

3RXU�OHV�TXHVWLRQV�����E��HW�����F���RQ�DGPHWWUD�TXH�WRXWH�FRQWULEXWLRQ�GX�FKDPS�pOHFWULTXH��

TXL�QH�GpSHQG�TXH�GH�O¶HVSDFH�RX�TXH�GX�WHPSV��VHUD�DVVLPLOpH�j�OD�IRQFWLRQ�QXOOH��

E� 4XH�YDXW�OH�FKDPS�pOHFWULTXH� ]( (�U� W�H=
G

G

�SRXU�U���U1�W��"��

F� (Q�UHPDUTXDQW�TXH�OH�FKDPS�pOHFWULTXH�HVW�FRQWLQX�HQ�U��W��HW�TX¶LO�SHXW�V¶pFULUH�VRXV�OD�

IRUPH��� ]( (�U� W�H=
G

G

��PRQWUHU�TXH� � �

�

, U
(�U� W� OQ� �

� 7 U �W�

µ
=

π
�SRXU� [ ]�U U �W��5∈ ��

���4XHOOH�HVW�O¶XQLWp�GH�(
G

�"�3URSRVHU��HQ�TXHOTXHV�OLJQHV��XQ�SURWRFROH�SHUPHWWDQW�GH�YLVXDOLVHU��

H[SpULPHQWDOHPHQW�OH�FKDPS�pOHFWULTXH�(�5�W��VXU�XQ�pFUDQ�G¶RVFLOORVFRSH�RX�G¶RUGLQDWHXU��

���'RQQHU�O¶H[SUHVVLRQ�GH�OD�GHQVLWp�YROXPLTXH�ORFDOH�HW�LQVWDQWDQpH�GH�SXLVVDQFH�GLVVLSpH�GDQV�

OH�VXSUDFRQGXFWHXU��QRWpH�SY�U�W����

D� GDQV�OD�]RQH��� [ ]�U �� U �W�∈ ��

E� GDQV�OD�]RQH��� [ ]�U U �W��5∈ ��

��� 3DU�LQWpJUDWLRQ�VXU�O¶HVSDFH��HQ�GpGXLUH��HQ�IRQFWLRQ�GH� �µ ��,���7��/VXSUD��X�HW�W��O¶H[SUHVVLRQ�

GH�OD�SXLVVDQFH�3pOHF�W��GLVVLSpH�GDQV�XQH�ORQJXHXU�/VXSUD�GH�VXSUDFRQGXFWHXU�j�O¶LQVWDQW�W�ORUV�

GH�OD�SUHPLqUH�PRQWpH�GX�FRXUDQW��

��� D��3DU�LQWpJUDWLRQ�VXU�OH�WHPSV��GpWHUPLQHU�O¶pQHUJLH�4�GLVVLSpH�ORUV�GH�OD�SUHPLqUH�PRQWpH�

GX�FRXUDQW��GDQV�XQ�VXSUDFRQGXFWHXU�GH�ORQJXHXU�/VXSUD�HQ�IRQFWLRQ�GH� �µ ��,���/VXSUD�HW�X��

E� (VW�LO�XWLOH�G¶DXJPHQWHU� OD�GXUpH�7�G¶pWDEOLVVHPHQW�GH�FH�FRXUDQW�SRXU� UpGXLUH� O¶pQHUJLH�

GLVVLSpH�GDQV�OH�VXSUDFRQGXFWHXU�"�

���/D� PDFKLQH� WKHUPLTXH� TXL� DVVXUH� OH� UHIURLGLVVHPHQW� GX� VXSUDFRQGXFWHXU� j� ���� .� D� XQH�

HIILFDFLWp�GH�������
��
��

2Q�GRQQH�,�� �����$��/VXSUD� ��������P�HW�X� ������(YDOXHU�O¶pQHUJLH�FRQVRPPpH�4DPE�SDU�OH�

UpIULJpUDWHXU� GHYDQW� DEVRUEHU� O¶pQHUJLH�4� GLVVLSpH� ORUV� GH� OD� SUHPLqUH�PRQWpH� GX� FRXUDQW��

&RPPHQWHU��

+� 6WDELOLWp�WKHUPLTXH�GHV�ILODPHQWV�VXSUDFRQGXFWHXUV��

(TXDWLRQ�GH�OD�GLIIXVLRQ�WKHUPLTXH�HQ�UpJLPH�SHUPDQHQW���

2Q�FRQVLGqUH�XQ�FRQGXFWHXU�WKHUPLTXH�F\OLQGULTXH��ILJXUH����SDJH�����VXSSRVp�LQILQL��VLqJH�

GH�FRQGXFWLRQ�WKHUPLTXH�ORQJLWXGLQDOH�VXLYDQW�
]
H
G

��2Q�QH�FRQVLGqUH�LFL�TXH�OH�UpJLPH�SHUPDQHQW��/D�

WHPSpUDWXUH� 7�]�� HVW� VXSSRVpH� XQLIRUPH� VXU� WRXWH� VHFWLRQ� GURLWH� 6� GX� FRQGXFWHXU�� 2Q� QRWH� N� VD�

FRQGXFWLYLWp�WKHUPLTXH��

� �
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)LJXUH�����FRQGXFWHXU�WKHUPLTXH�

���5DSSHOHU�OD�ORL�GH�)RXULHU�HW�SUpFLVHU�O¶XQLWp�GX�YHFWHXU�TXL�LQWHUYLHQW��

���(Q�UDLVRQQDQW�VXU�XQH�WUDQFKH�GH�FRQGXFWHXU�FRPSULVH�HQWUH�OHV�DEVFLVVHV�]�HW�]�G]��VDFKDQW�

TXH� QRWUH� FRQGXFWHXU� WKHUPLTXH� HVW� OH� VLqJH� G¶XQH� VRXUFH� GH� FKDOHXU� LQWHUQH� GH� GHQVLWp�

YROXPLTXH� GH� SXLVVDQFH� σY�� UHWURXYHU� O¶pTXDWLRQ� GH� OD� GLIIXVLRQ� WKHUPLTXH� HQ� UpJLPH�

SHUPDQHQW��

$SSOLFDWLRQ�DX�VXSUDFRQGXFWHXU���

� 2Q�UDSSHOOH�TX¶XQ�PDWpULDX�VXSUDFRQGXFWHXU�HVW�HIIHFWLYHPHQW�GDQV�O¶pWDW�VXSUDFRQGXFWHXU�VL�

VD�WHPSpUDWXUH�HVW�LQIpULHXUH�j�XQH�WHPSpUDWXUH�FULWLTXH�QRWpH�7F��

2Q�FRQVLGqUH� LFL� TXH�QRWUH� FRQGXFWHXU� F\OLQGULTXH�GH� UD\RQ�5� HVW� WUDYHUVp�SDU�XQ� FRXUDQW�

pOHFWULTXH�XQLIRUPpPHQW�UpSDUWL�GH�GHQVLWp� � ]M M H=

G

G

���

'H� SOXV�� OHV� SKpQRPqQHV� GH� FRQGXFWLRQ� WKHUPLTXH� ORQJLWXGLQDOH� pWDQW� ELHQ� SOXV� HIILFDFHV�

TXH�OHV�pFKDQJHV�FRQGXFWR�FRQYHFWLIV�GH�VXUIDFH��RQ�VXSSRVH�TX¶LO�Q¶\�D�SDV�G¶pFKDQJH�WKHUPLTXH�

HQ�U� �5��HQWUH�OH�FRQGXFWHXU�HW�OH�EDLQ�G¶KpOLXP�GDQV�OHTXHO�LO�WUHPSH��ILJXUH�����

)LJXUH�����FRQGXFWHXU�WKHUPLTXH�HW�EDLQ�G¶KpOLXP�

� $X� VHLQ� G¶XQ� VXSUDFRQGXFWHXU�� XQH� SHUWXUEDWLRQ� SHXW� IDLUH� WUDQVLWHU� XQH� ]RQH�

VXSUDFRQGXFWULFH�HQ�XQH�]RQH�UpVLVWLYH��GLWH�QRUPDOH���&HWWH�]RQH�QRUPDOH�SHXW�SDUIRLV�VH�UpVRUEHU�

G¶HOOH�PrPH� HQ� VH� UHIURLGLVVDQW� SDU� FRQGXFWLRQ� WKHUPLTXH� DYHF� VHV� ]RQHV� YRLVLQHV�

VXSUDFRQGXFWULFHV��2Q�VH�SURSRVH�GH�GpWHUPLQHU� LFL� O¶RUGUH�GH�JUDQGHXU�GH� OD� ORQJXHXU�PD[LPDOH��

/PD[��FDSDEOH�GH�VH�UpVRUEHU�G¶HOOH�PrPH��

,QWHUIDFH�DYHF�OH�EDLQ�G¶KpOLXP�

6� ]�

6� ]�
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��������

� 6XU�OD�ILJXUH����FL�GHVVRXV��RQ�D�UHSUpVHQWp�XQH�]RQH�QRUPDOH��7�!�7F���GH�ORQJXHXU�/��GRQW�

RQ�QRWH�ρQ�VD�UpVLVWLYLWp�pOHFWULTXH��/H�UHVWH�GX�FRQGXFWHXU�HVW�j�O¶pWDW�VXSUDFRQGXFWHXU�HW�HVW�GRQF�

GpSRXUYX�GH�WRXWH�UpVLVWLYLWp�pOHFWULTXH��2Q�VXSSRVH�TXH�OH�SURILO�GH�WHPSpUDWXUH�GH�SDUW�HW�G¶DXWUH�

GH�FHWWH�]RQH�QRUPDOH�HVW�OH�VXLYDQW���

)LJXUH�����SURILO�GH�WHPSpUDWXUH�

���D��4XHO�SKpQRPqQH�HVW�j�O¶RULJLQH�G¶XQH�GLVVLSDWLRQ�GH�SXLVVDQFH�GDQV�OD�]RQH�QRUPDOH�"��

E��'RQQHU� O¶H[SUHVVLRQ� GH� OD�GHQVLWp�YROXPLTXH�GH�SXLVVDQFH�σY�� GLVVLSpH�GDQV� FHWWH� ]RQH�

QRUPDOH�HQ�IRQFWLRQ�GH�ρQ�HW�GH�M���

��� -XVWLILHU�O¶DOOXUH�JpQpUDOH�GX�SURILO�GH�WHPSpUDWXUH�SRXU�
�/ �/

] �
� �

ª º
∈ −« »¬ ¼

���

���([SULPHU��HQ�IRQFWLRQ�GH�σY��/�HW�6��OD�SXLVVDQFH�GLVVLSpH�3GLV�GDQV�OD�]RQH�QRUPDOH��

��� D�� 'RQQHU�� HQ� IRQFWLRQ� GH� 7F�� 7��� N�� /� HW� ]H
G

�� O¶H[SUHVVLRQ� GX� YHFWHXU� GHQVLWp� GH� FRXUDQW�

WKHUPLTXH�
�4

M
G

GDQV�OD�]RQH�VXSUDFRQGXFWULFH�
�/ /

] �
� �

ª º
∈ − −« »¬ ¼

��

E�� 'RQQHU�� HQ� IRQFWLRQ� GH� 7F�� 7��� N�� /� HW� ]
H
G

�� O¶H[SUHVVLRQ� GX� YHFWHXU� GHQVLWp� GH� FRXUDQW�

WKHUPLTXH�
�4

M
G

GDQV�OD�]RQH�VXSUDFRQGXFWULFH�
/ �/

] �
� �

ª º
∈ « »¬ ¼

��

���(Q�GpGXLUH�OD�SXLVVDQFH�WKHUPLTXH�3WK�VRUWDQW�GH�OD�]RQH�QRUPDOH�HQ�IRQFWLRQ�GH�7F��7���N��/�

HW�6��

��� D��([SULPHU��HQ�IRQFWLRQ�GH�σY��7F��7��HW�N��OD�ORQJXHXU�PD[LPDOH�/PD[�G¶XQH�]RQH�QRUPDOH�

FDSDEOH�GH�VH�UpVRUEHU�G¶HOOH�PrPH��

E� $SSOLFDWLRQ�QXPpULTXH���ρQ� �����
��

ΩP��N� �����:�P
��
�.

��
��7F� �����.��7�� �����.�HW��

M�� ���
�
�$�P

��
��(YDOXHU�/PD[��

F� 3RXUTXRL� OHV� FRQGXFWHXUV� VXSUDFRQGXFWHXUV� VRQW�LOV� FRQVWLWXpV� G¶XQ� JUDQG� QRPEUH� GH�

ILODPHQWV�VXEPLFURQLTXHV�"�

7�

7F

]RQHV�VXSUDFRQGXFWULFHV�

]RQH�QRUPDOH�

]�
� � � �
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'RQQpHV���

&RQVWDQWH�G¶$YRJDGUR���1D� ��������
��
�PRO

��
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5D\RQ�DWRPLTXH�GX�FXLYUH���5� �����SP����SP� ���
���
�P��

'HQVLWp�GX�FXLYUH���G� ������
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�
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H
� DFLGLWp� HVW�

IDLEOH��2Q�GRQQH�S.D�+62�
�
�62�

��
�� ������

3URGXLW�LRQLTXH�GH�O¶HDX���S.H� �����

&RQVWDQWHV�SK\VLTXHV���
�

� � ���−µ = π +�P
��
��

&RQGXFWLYLWp�pOHFWULTXH�GX�FXLYUH����
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�6�P

��
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