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Introduction
&H� FRXUV� G
pOHFWULFLWp� DERUGH� WRXWHV� OHV� SULQFLSDOHV� QRWLRQV� QpFHVVDLUHV� j� OD� SUDWLTXH� GH

O
pOHFWURQLTXH�DQDORJLTXH�� /RUVTXH� OHV� LQIRUPDWLRQV� WKpRULTXHV� FRUUHVSRQGHQW�j� XQ� H[HUFLFH� RX� j

GHV�WUDYDX[�SUDWLTXHV��OH�SUpVHQW�GRFXPHQW�\�IHUD�UpIpUHQFH�

Effet résistif et résistances
/
HIIHW�UpVLVWLI�VH�SURGXLW�ORUVTXH�TX
XQ�FRXUDQW�WUDYHUVH�XQ�pOpPHQW��FRQGXFWHXU�RKPLTXH��DORUV�TXH

FHOXL�FL�HVW�VRXPLV�j�XQH�WHQVLRQ�� ,O�VH�SURGXLW�DORUV�XQH�GLVVLSDWLRQ�G
pQHUJLH�GDQV�OH�FRQGXFWHXU�

&H�FRQGXFWHXU�D�WHQGDQFH�j�V
pFKDXIIHU�

Résistance d'une tige conductrice

6RLW�XQH�WLJH�GH�VHFWLRQ�6�HW�GH�ORQJXHXU�O��

/D�UpVLVWDQFH�GH�FH�FRQGXFWHXU�V
H[SULPH�HQ�2KPV��Ω���

/6
S

L
R ×= ρ

5���5pVLVWDQFH�GX�FRQGXFWHXU��Ω�
ρ���5pVLVWLYLWp���Ω���P��
6���6HFWLRQ��P��

/D�UpVLVWDQFH�G
XQ�FRQGXFWHXU�RKPLTXH�GpSHQG�GRQF�GH�SOXVLHXUV�SDUDPqWUHV�HW�QRWDPPHQW�GH�OD

UpVLVWLYLWp�TXL�GpSHQG�GX�PDWpULDX��

&XLYUH ����������Ω�P
$UJHQW� ���������Ω�P
3ORPE�� ��������Ω�P
0HUFXUH�� ��������Ω�P
$OXPLQLXP�� ��������Ω�P

Valeur de la résistivité à 15 °C

)DLUH�([HUF)DLUH�([HUFLLFH��FH������������²�²�3DJH�3DJH�����

Effet capacitif et condensateurs
&HW�HIIHW�HVW�SULPRUGLDO�HQ�pOHFWURQLTXH��/RUVTX
RQ�DSSOLTXH�XQH�GLIIpUHQFH�GH�SRWHQWLHO�j�GHX[

FRQGXFWHXUV� LVROpV� OHV� XQV� GHV� DXWUHV�� RQ� DVVLVWH� j�XQH� DFFXPXXQH� DFFXPXOODWLRQ� GH� FDWLRQ� GH� FKKDUJHV�DUJHV� SSDU� LQIOXHQFHDU� LQIOXHQFH
pOHFWURVWDWLTXHpOHFWURVWDWLTXH�� &
HVW� FHOD� O
O
HHIIHW� FIIHW� FDDSDSDFFLWLILWLI�� ,O� SHXW� rWUH� DUGHPPHQW� UHFKHUFKp� HW� GDQV� FH� FDV� RQ

IDEULTXH�GGHV�FRQGHQVDWHXUV�SUpFLHV�FRQGHQVDWHXUV�SUpFLVV�RX�GH�JUDQGH�FDSDFLWp��7UqV�VRXYHQW��O
HIIHW�FDSDFLWLI�HVW�SUpVHQW

j� WLWUH� SSDUDVLDUDVLWWDLUHDLUH� FRPPH� SDU� H[HPSOH� ORUV� G
DFFXPXODWLRQ� GH� FKDUJHV� HQWUH� GHX[� OLJQHV

FRQGXFWULFHV��'DQV�FH�FDV��RQ�FKHUFKH�j�PLQLPLVHU�VHV�HIIHWV�VXU�OH�WHPSV�GH�UpSRQVH�GH�OD�OLJQH�

Définition de la capacité

3RXU�XQ� FLUFXLW� GRQQp��RQ�GpILQLW� VD�FDFDSSDFLWp�&DFLWp�&� FRPPH� OH� UDSSRUW�GH� OD� FKDUJH�DFFXPXOpH� VXU� OD

WHQVLRQ�DSSOLTXpH�j�VHV�ERUQHV��VRLW�HQ�IDLW�VRQ�VRQ�DDSWLWXGH�j�SWLWXGH�j�HPHPPPDDJJDDVLQHU�GHV�FKDVLQHU�GHV�FKDUUJHV�pOHFWULTXHV�JHV�pOHFWULTXHV�
GH�O
pQHUJLH�pOHFWURVWDWLTXHGH�O
pQHUJLH�pOHFWURVWDWLTXH�

(Q�pOHFWULFLWp��

U

Q
C =

R��4��&RXORPE��UHSUpVHQWH� OD�TXDQWLWp�GH�FKDUJH�GX�V\VWqPH�HW�8� �9ROWV��� OD�WHQVLRQ

DX[�ERUQHV�GH�FH�V\VWqPH�

&�V
H[SULPH�HQ�)DUDG�
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Le condensateur

&H�FRPSRVDQW�GLVFUHW�HVW�SUpVHQW�GDQV�OD�SOXSDUW�GHV�PRQWDJHV�pOHFWURQLTXHV

$

%

9RLFL� OD� UHSUpVHQWDWLRQ� QRUPDOLVpH� GX� FRQGHQVDWHXU�� /H� FRQGHQVDWHXU� HVW� FRQVWLWXp� GH

GHX[� VXUIDFHV� FRQGXFWULFHV� VpSDUpHV� SDU� XQ� LVRODQW�� /HV� VXUIDFHV� FRQGXFWULFHV� VRQW� OHVOHV

DUDUPPDWXUHV� GX� FRQGHQVDWHXUDWXUHV� GX� FRQGHQVDWHXU� HW� O
LVRODQW� �PLFD�� SDSLHU� KXLOp�� SRO\VW\UqQH�� SRO\HVWHU�� SRO\

FDUERQDWH��YHUUH��HVW�OH�GLpOGLpOHHFWULTXHFWULTXH�

$

%

$UPDWXUHV 'LpOHFWULTXH

Capacité d'un condensateur

/D� FDSDFLWp� G
XQ� FRQGHQVDWHXU� GpSHQG� GH� VD� IRUPH�� GH� VHV� GLPHQVLRQV� HW� GH� OD� QDWXUH� GX

GLpOHFWULTXH��3RXU�XQ�FRQGHQFRQGHQVVDWHXU�SODQDWHXU�SODQ���OD�FDSDFLWp�D�SRXU�H[SUHVVLRQ��

e

S
C rεε ⋅= 0

&���&DSDFLWp�HQ�)DUDG

ε����HQ�)DUDG���PqWUH��3HUPLWWLYLWp�GX�YLGH�

εU���VDQV�GLPHQVLRQ��3HUPLWWLYLWp�GX�GLpOHFWULTXH�

6����HQ�P���6XUIDFH�G
XQH�DUPDWXUH�

H���HQ�P��(SDLVVHXU�GX�GLpOHFWULTXH�

9DOHXUV�GH�9DOHXUV�GH�εεUU����
$LU����

%DNpOLWH������

0LFD����

3DSLHU������

9HUUH������

j�QRWHU�TXH� mF /
1036

1
90 ×⋅

=
π

ε �HW�TXH�εU�GpSHQG�GX�W\SH�GH�GLpOHFWULTXH�HW�HVW�VDQV

GLPHQVLRQ�

Effet inductif et self inductance
/RUVTX
XQ� FRXUDQW� FLUFXOH� GDQV� XQ� FRQGXFWHXU�� LO� HVW� UHVSRQVDEOH� GH� OD� FUpDWLRQ� G
XQ� FKDPS

G
LQGXFWLRQ�PDJQpWLTXH��6L�OH�FRXUDQW�HVW�YDULDEOH�GDQV�OH�WHPSV��OH�FKDPS�G
LQGXFWLRQ�OH�VHUD�DXVVL

HW�DORUV�LQWHUYLHQW�OH�SKpQRPqQH�G
DXWR�LQGXFWLRQ���FH�FKDPS�YDULDEOH�UpWURDJLW�VXU�OH�FRXUDQW�TXL�OH

FUpH��HQ�UDOHQWLVVDQW�OD�YDULDWLRQ�GH�FH�FRXUDQW��&HW�HIIHW�FRUUHVSRQG�j�XQ�VWRFNDJH�G
pQHUJLH�GDQV

OH�FLUFXLW�DXWR�LQGXFWLI��VRXV�IRUPH�PDJQpWLTXH�

V\PEROH

(Q�UpVXPp��IDLUH�SDVVHU�XQ�FRXUDQW�YDULDEOH�GDQV�XQH�LQGXFWDQFH�UHYLHQW�j�FUpHU�XQH

IRUFH�pOHFWURPRWULFH� �I�H�P��TXL� YD� V
RSSRVHU�DX[� YDULDWLRQV� GH� FH� FRXUDQW��(Q� HIIHW�

SRXU�REWHQLU�FHV�YDULDWLRQV�GH�FRXUDQW��LO�IDXW�XQH�WHQVLRQ�SURSRUWLRQQHOOH�

Inductance d'un solénoïde

l

SN
L

⋅⋅=
2µ

O���ORQJXHXU�GX�VROpQRwGH�HQ�P

µ���SHUPLWWLYLWp�GX�PLOLHX��HQ�9�V�$���P����µ ��SRXU�O
DLU
6���6HFWLRQ�HQ�P�

1���1RPEUH�GH�6SLUHV

/
LQGXFWDQFH�G
XQH�ERELQH�V
H[SULPH�HQ�+HQUL��+�

Relations de Kirchoff et loi d'Ohm
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Notion de dipôles

8Q�GLS{OH�HVW�XQ�pOpPHQW�FRQFHSWXHO�FDUDFWpULVp�SDU�XQH�UHODWLRQ�WHQVLRQ�²�FRXUDQW��

)RUPDOL)RUPDOLVVDWLRQDWLRQ ��HUHU�H[�H[HHPSOH�GPSOH�GH�H�GLS{OHGLS{OH ��qqPHPH�H[�H[HHPSOH�GH�GPSOH�GH�GLLS{OHS{OH

'
LS
{O
H

X

L L

H

5

X �H���5�L

L

5 X �5�L

Loi des mailles

'DQV�XQ�UpVHDX�pOHFWULTXH�FRPSRVpV�GH�GLS{OHV��LO�H[LVWH�GHV�EUDQFKHV��GHV�Q±XGV�HW�GHV�PDLOOHV�

/HV� JUDQGHXUV� pOHFWULTXHV� WHOV� TXH� OH� FRXUDQW� RX� OD� WHQVLRQ� �� VXLYHQW� GHV� UqJOHV� pQRQFpHV� SDU

.LUVKRII�

X�

X�

X�

X�

$

%

&

'

PDLOOH

Loi de mailles – Réseau de Kirshoff

'DQV�OH�VFKpPD�FL�GHVVXV��OH�FLUFXLW�IHUPp�FRPSRVp�GHV�SRLQW�$�%�&�HW�'�HVW�DSSHOp�XQH�PDLOOH��/HV

WHQVLRQV�VRQW�RULHQWpHV�DUELWUDLUHPHQW�PDLV�VL�O
RQ�SDUFRXUH�OD�PDLOOH�GDQV�OH�VHQV�DQQRQFp�SDU� OD

IOqFKH��RQ�SHXW�pFULUH�O
LGHQWLWp��

04321 =+−+ uuuu

&HWWH�pJDOLWp�H[SULPH�OD�ORL�GHV�PDLOOHV�DSSOLTXpH�j�OD�PDLOOH�$�%�&�'���3RXU�REWHQLU�XQH�WHOOH�pJDOLWp�

LO�VXIILW�GH��

9 &KRLVLU�XQ�SRLQW�GH�GpSDUW�DUELWUDLUH

9 &KRLVLU�XQ�VHQV�GH�SDUFRXUV�DUELWUDLUH

9 eFULUH� OD�VRPPH�DOJpEULTXH�GHV� WHQVLRQV�HQ�SUHQDQW�VRLQ�G
DIIHFWHU�XQ�VLJQH�PRLQV�j� WRXWHV� OHV

WHQVLRQV�GRQW�O
RULHQWDWLRQ�V
RSSRVH�DX�VHQV�GH�SDUFRXUV�GH�OD�PDLOOH�

Í (Q�UpVXPp��OD�ORLOD�ORL�GHV�GHV��PPDLOOHVDLOOHV�DSSOLTXpH�j�XQH�PDLOOH�G
XQ�UpVHDX�YRLW�OD�VRPPH�GHV�VHV�WHQVLRQV�rWUH�QXOOH

Exemple 1

6RLW�OH�VFKpPD�VXLYDQW

H

X� X�

X�

X�

/D�ORL�GHV�PDLOOHV�DSSOLTXpH�j�OD�PDLOOH�FL�FRQWUH

QRXV�GRQQH��

04321 =−−−− uuuue ���G
R�

4321 uuuue +++=
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Loi des nœuds

'DQV�XQ�UpVHDX�FRQVWLWXp�GH�Q±XGV�HW�GH�EUDQFKHV�� OD� ORL�GHV�Q±XGV�SUpFLVH�TXH�OD�VRPPH�GHV

FRXUDQWV�DUULYDQW�GHV�EUDQFKHV�HVW�QXOOH��

L�

L�L�

L�

3RXU�OH�Q±XG�FL�GHVVXV���OD�ORL�GHV�Q±XGV�GLW�TXH�OD�VRPPH�GHV�FRXUDQWV�HVW�QXOOH��,O�VXIILW�DORUV

G
DIIHFWHU�XQ�VLJQH�DX[�FRXUDQWV�UHQWUDQW�RX�VRUWDQW��

04321 =+++− iiii

/D�UHODWLRQ�SHXW�V
pFULUH��

4321 iiii ++=

,O�GHYLHQW�DORUV�SOXV�VLPSOH�GH�FRQVLGpUHU�TXH�OD�VRPPH�GHV�FRXUDQWV�HQWUDQW�HVW�pJDOH�j�OD�VRPPH

GHV�FRXUDQWV�VRUWDQWV�

Í /D�ORL�GHV�Q±XGV�DSSOLTXpH�j�XQ�Q±XG�G
XQ�UpVHDX���GLW�TXH�OD�VRPPH�GHV�FRXUDQWV�HQWUDQW�HVW�pJDOH�j�OD
VRPPH�GHV�FRXUDQWV�VRUWDQW�

Exemple 2

6RLW�OH�VFKpPD�VXLYDQW��

H

X�

X�

X�

L�

L�

X�0DLOOH

�

0DLOOH

�

/RL�GHV�PDLOOHV��PDLOOH�����

021 =−− uue ��G
R�� 21 uue +=
/RL�GHV�PDLOOHV��PDLOOH�����

0432 =−− uuu �G
R�� 432 uuu +=

G
R�� 431 uuue ++= �� 2Q� UHPDUTXH� TXH� OD� ORL� GHV� PDLOOHV� DSSOLTXpH� j� OD� JUDQGH� PDLOOH

FRQVWLWXpH�GH�X���X���X��HW�X��GRQQH�OH�PrPH�UpVXOWDW�

2Q�SHXW�pJDOHPHQW�DSSOLTXHU�OD�ORL�GHV�Q±XGV��

321 iii +=

La loi d'ohms

/D�ORL�G
RKP�SUpFLVH�TXH�OD�WHQVLRQ�DX[�ERUQHV�G
XQH�UpVLVWDQFH�HVW�SURSRUWLRQQHOOH�DX�FRXUDQW�TXL

OH�WUDYHUVH���/D�YDOHXU�GH�OD�UpVLVWDQFH�LQWHUYLHQW�GLUHFWHPHQW�GDQV�OD�UHODWLRQ�SXLVTXH��

IRU ×=
8�HQ�9ROWV����5�HQ�2KPV�HW�,�HQ�$PSqUHV

&HWWH�pJDOLWp�SHUPHW�GH�PHWWUH�HQ�UHODWLRQ�OD�WHQVLRQ��OH�FRXUDQW�HW�OD�UpVLVWDQFH��(OOH�HVW�OD�EDVH�GH

OD�SOXSDUW�GHV�FDOFXO�HQ�pOHFWURQLTXH�

Exemple 3

'
DSUqV�OH�VFKpPD�GH�O
H[HPSOH��
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H

X�

X�

X�

L�

L�

X�0DLOOH

�

0DLOOH

�

1RXV�REWHQLRQV��

431 uuue ++= �HW� 321 iii +=

RU�QRXV�VDYRQV�TXH�8� �5�,�GRQF�

TXH� 343311 iRiRiRe •+•+•=

5HPSODoRQV�L��SDU�VD�YDOHXU��

3433321 )( iRiRiiRe •+•++•=

G
R�� )( 431321 RRRiiRe ++•+•=

)DLUH�([HUF)DLUH�([HUFLLFH���HWFH���HW������²�3DJ��²�3DJH�H�����

Association de résistances et condensateurs
/HV�UqJOHV�G
DVVRFLDWLRQ�GH�UpVLVWDQFHV�GpFRXOHQW�GHV�UHODWLRQV�GH�.LUVKRII�H[SOLFLWpHV�SOXV�KDXW�

Résistances en parallèle

6RLW���UpVLVWDQFHV�HQ�SDUDOOqOH�HW�OD�UpVLVWDQFH�pTXLYDOHQWH�

5HT

5�

5
�

L

L

X

X

3RXU�FDOFXOHU�OD�UpVLVWDQFH�pTXLYDOHQWH���RQ�DSSOLTXH�OD�ORL�GHV�Q±XGV��

21
21 R

u

R

u
iii +=+= �RU�G
DSUqV�OD�ORL�G
2KP���

eq
eq R

u
iiRu =⇔×=

2Q�HQ�GpGXLW�TXH��

2121

111

RRRR

u

R

u

R

u

eqeq

+=⇔+=

6L�RQ�JpQpUDOLVH�FH�FDOFXO�j�Q�UpVLVWDQFHV���RQ�REWLHQW��

∑=
n neq RR

11

Résistances en série

5HT5� 5� LL

X
X

/H�FDOFXO�GRQQH� 21 RRReq +=

(Q�JpQpUDOLVDQW�� ∑= neq RR
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Condensateurs en parallèle

/RUVTXH�GHV�FRQGHQVDWHXUV�VRQW�DVVRFLpV��HQ�SDUDOOqOH�RX�HQ�VpULH��OH�FRQGHQVDWHXU�pTXLYDOHQW�HVW

FHOXL� TXL�� VRXPLV� j� OD� PrPH� WHQVLRQ� TXH� O
DVVRFLDWLRQ� FRQVLGpUpH�� DFFXPXOH� OD� PrPH� TXDQWLWp

G
pOHFWULFLWp�TXH�FHOOH�FL�

(Q�WHUPH�GH�TXDQWLWp�GH�FKDUJH���FKDTXH�FRQGHQVDWHXU�DFFXPXOH��

UCQ ⋅= 11

UCQ ⋅= 22

( ) UCCQQ ⋅+=+⇒ )( 2121

$

&
�

4
�

4
�

�4
�

�4
�

&
�

%

2U��� 21 QQQ += HW� UCQ ⋅=

GRQF��� 21 CCC +=

Í /HV�FDSDFLWpV�GHV�FRQGHQVDWHXUV�HQ�SDUDOOqOH�V
DMRXWHQW�

Condensateurs en série

(Q�WHUPH�GH�TXDQWLWp�GH�FKDUJH���FKDTXH�FRQGHQVDWHXU�DFFXPXOH��

111 UCQ ⋅=

222 UCQ ⋅= 1

1
1 C

Q
U = �HW�

2

2
2 C

Q
U =$

&
�

4
�

8
�

8

8
�

4
�

&
�

%

'RQF���

2

2

1

1
21 C

Q

C

Q
UUU +=+=

6L�O
RQ�FRQVLGqUH�TXH�OHV�FRQGHQVDWHXUV�pWDLHQW�LQLWLDOHPHQW�GpFKDUJpV��

C

Q
UUCQQQ =⇒⋅=== 21 �HW�RQ�GpGXLW�TXH�

21 C

Q

C

Q

C

Q +=

(Q�VLPSOLILDQW�SDU�4��

21

111

CCC
+= �HQ�JpQpUDOLVDQW�j�Q�FRQGHQVDWHXUV��� ∑=

n neq CC

11

([HUFLF([HUFLFHHV���V�������HW���HW�����²�3DJ��²�3DJH�H�����

Sources de tension et de courant
/HV�VRXUFHV�VRQW�GHV�REMHWV� LQFRQWRXUQDEOHV�HQ�pOHFWURQLTXH��(OOHV�VRQW� OD�EDVH�GH�EHDXFRXS�GH

FDOFXO� HW� OH� IUXLW� GH� PRGpOLVDWLRQ�� � (OOHV� UHSUpVHQWHQW� OH� OLHQ� HQWUH� XQ� V\VWqPH� UpHO� HW� VD

PRGpOLVDWLRQ�

Sources idéales

6RXUFH�GH�WHQVLRQ�FRQWLQXH

X

L X

L�W�

6\PEROH &DUDFWpULVWLTXH
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6RXUFH�GH�FRXUDQW�FRQWLQX

L X�W�

X�W�

L

6\PEROH &DUDFWpULVWLTXH

,O� FRQYLHQW� GH� QRWHU� TX
HQ� pOHFWURQLTXH� DQDORJLTXH�� GHV� VRXUFHV� QRQ� FRQWLQXHV� VRQW� VRXYHQW

XWLOLVpHV��&HV�VRXUFHV�SURGXLVHQW�GHV�VLJQDX[�VLQXVRwGDX[��SpULRGLTXHV�RX�PrPH�DSpULRGLTXHV�YRLU

DOpDWRLUHV��/RUVTXH�OHV� VLJQDX[� VRQW� FRQWLQXV�� LOV� VRQW�QRWpV�DYHF�GHV� OHWWUH�PDMXVFXOHV��3RXU� OHV

VLJQDX[�QRQ�FRQWLQXV��OD�QRWDWLRQ�GpSHQG�DXVVL�GX�WHPSV���8�SRXU�XQH�VRXUFH�GH�WHQVLRQ�FRQWLQXH

HW�X�W��SRXU�XQ�VLJQDO�QRQ�FRQWLQX�

Sources affines (Non idéales)

Exemple d'une pile électrique

&LUFXLW

3LOH

/D�SLOH�FRQQHFWpH�DX�FLUFXLW�YD�GpELWHU�XQ�FHUWDLQV�FRXUDQW��6L�FH�FRXUDQW�HVW�WURS�LPSRUWDQW��LO�YD�VH

FUpHU� XQH� FKXWH� GH� WHQVLRQ� DX[� ERUQHV� GH� OD� UpVLVWDQFH�� &HFL� GRQQH� OD� FDUDFWpULVWLTXH� HW� OD

PRGpOLVDWLRQ�VXLYDQWH��

X

X
�

L

L

X
�

5

X

&DUDFWpULVWLTXH 0RGpOLVDWLRQ

Modèles de Thévenin et Norton
,O� HVW�SRVVLEOH�GH� UHSUpVHQWHU�XQH�VRXUFH�DIILQH� VHORQ���PRGqOHV� GLIIpUHQWV�� &HV���PRGqOHV� VRQW

pTXLYDOHQWV�pOHFWULTXHPHQW�HW�VRQW�LQWHUFKDQJHDEOHV�DXWDQW�TXH�QpFHVVDLUH�

5L
1 X

WK

5

0RGqOH�GH�1RUWRQ 0RGqOH�GH�7KpYHQLQ

Théorème de Thévenin

/
LQWpUrW� G
XWLOLVHU� GHV� �PRGqOHV� HVW� GH� SRXYRLU� VLPSOLILHU� GHV� PRQWDJHV� HQ� OHV� UDPHQDQW� j� GHV

UHSUpVHQWDWLRQV�SOXV�VLPSOHV�

/H�WKpRUqPH�GH�/H�WKpRUqPH�GH�7KpYHQLQ�SUpFLVH�TXH��7KpYHQLQ�SUpFLVH�TXH��

7RXW�GLS{OH�OLQpDLUH�TXHOFRQTXH�SHXW�rWUH�UDPHQp�j�XQ�PRGqOH�pTXLYDOHQW�V\PEROLVp�SDU�XQH�VRXUFH

GH�WHQVLRQ�HQ�VpULH�DYHF�XQH�UpVLVWDQFH��9RLU�PRGqOHV�3DJH����

�� /D�UpVLVWDQFH�pTXLYDOHQWH�HVW�pJDOH�j�OD�UpVLVWDQFH�GX�GLS{OH�ORUVTX
RQ�FRXUW�FLUFXLWH�WRXWHV�VHV

VRXUFHV�GH�WHQVLRQ�
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�� /D�WHQVLRQ�GH�VRXUFH�GH�7KpYHQLQ�HVW�OD�WHQVLRQ�j�YLGH�GX�GLS{OH��F
HVW�j�GLUH�FHOOH�TXH�O
RQ�SHXW

REVHUYHU�j�VD�VRUWLH�ORUVTX
LO�QH�GpELWH�SDV�GH�FRXUDQW�

([([HHPSOH��PSOH��

6RLW�OH�GLS{OH�VXLYDQW�GRQW�RQ�FKHUFKH�OH�PRGqOH�pTXLYDOHQW�GH�7KpYHQLQ

H

5�

5�

�� &RXUW�FLUFXLWRQV�OD�VRXUFH�GH�WHQVLRQ���QRXV�REWHQRQV���UpVLVWDQFHV�HQ�SDUDOOqOH

'
R��

21

21
21 //

RR

RR
RRRth +

⋅==

�� /D�WHQVLRQ�j�YLGH�ORUVTXH�OH�GLS{OH�QH�IRXUQLW�SDV�GH�FRXUDQW�HVW��

e
RR

R
Eth ⋅

+
=

21

2

/H�PRGqOH�pTXLYDOHQW�HVW�GRQF�OH�VXLYDQW��

(
WK

5
WK

Théorème de Norton

/H�WKpRUqPH�GH�/H�WKpRUqPH�GH�7KpYHQLQ�SUpFLVH�TXH��7KpYHQLQ�SUpFLVH�TXH��

6RLW�XQ�GLS{OH�OLQpDLUH�TXHOFRQTXH��,O�SHXW�rWUH�UDPHQp�j�XQ�PRGqOH�pTXLYDOHQW�V\PEROLVp�SDU�XQH

VRXUFH�GH�FRXUDQW�HQ�SDUDOOqOH�DYHF�XQH�UpVLVWDQFH��9RLU�PRGqOHV�3DJH����

�� /D�UpVLVWDQFH�pTXLYDOHQWH�HVW�pJDOH�j�OD�UpVLVWDQFH�GX�GLS{OH�ORUVTX
RQ�RXYUH�WRXWHV�VHV�VRXUFHV

GH�FRXUDQW��FLUFXLW�RXYHUW��

�� /H�FRXUDQW�GH�VRXUFH�GH�1RUWRQ�HVW�OH�FRXUDQW� O
RQ�SHXW�REVHUYHU�j�VD�VRUWLH� ORUVTXH�OH�GLS{OH

HVW�HQ�FRXUW�FLUFXLW

([([HHPSOH��PSOH��

L

5
�

5
�

��� 2XYURQV� OD� VRXUFH� GH� FRXUDQW�� $XFXQ

FRXUDQW�QH�SDVVHUD�GDQV�FHWWH� EUDQFKH�� ,O� QH

UHVWH�TXH�5�

2RRN =
L

5
�

5
�

���&RXUW�FLUFXLWRQV�OH�GLS{OH
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L

5�

5�

/H�FRXUDQW�GDQV�5��HVW�QXO�HW�OH�FRXUDQW�GH�FRXUW�FLUFXLW�HVW�L�

/H�PRGqOH�pTXLYDOHQW�VHUD�GRQF�OH�VXLYDQW��

L 5  51 �

)DLUH�([HUF)DLUH�([HUFLLFH���jFH���j�����²��²�33DJH�DJH�����

Relations de Milmann et de superposition

Enoncé du théorème de Millmann

/HV�ORLV�GH�.LUVKRII�YXHV�SUpFpGHPPHQW�SHUPHWWUH���SRXU�WRXW�V\VWqPH�OLQpDLUH���G
REWHQLU�XQH

UHODWLRQ�j�FRHIILFLHQWV�FRQVWDQWV��

5�

5� X�

X�

X�

X

5�

6RLW� OH� PRQWDJH� FL�FRQWUH� j� �� EUDQFKHV�� (VVD\RQV� G
H[SULPHU� OD� WHQVLRQ� X� HQ

IRQFWLRQ�GH�X����X����X����5����5��HW�5����

ORL�GHV�Q±XGV��

00
3

3

2

2

1

1
321 =++⇔=++

R

u

R

u

R

u
iii RRR
RRR

ORL�GHV�PDLOOHV��

11 uuuR −= ��� 22 uuuR −= �HW� 33 uuuR −=

3

3

2

2

1

1

3213

3

2

2

1

1 111
0

R

u

R

u

R

u

RRR
u

R

uu

R

uu

R

uu ++=





++⋅⇔=−+−+−

9RLFL�O
H[SUHVVLRQ�ILQDOH�GH�X��

321

3

3

2

2

1

1

111

RRR

R

u

R

u

R

u

u
++

++
=

/H�WKpRUqPH�GH�0LOPDQQ�SURSRVH�XQH�H[WHQVLRQ�GH�FHW�H[HPSOH�j�Q�EUDQFKHV��

∑

∑
=

n n

n n

n

R

R

u

u
1

1er Cas particulier

'DQV�OH�FDV�R��Q ����RQ�REWLHQW��

21

1221

21

2

2

1

1

11 RR

RuRu

RR

R

u

R

u

u
+

⋅+⋅=
+

+
=
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2ème cas particulier – Le pont diviseur de tension

'DQV�OH�FDV�R��Q ��HW�TXH�X� �Y��

5�

5�X
� X

/D�UHODWLRQ�SUpFpGHQWH�V
pFULW��

1
21

2

21

121 0
u

RR

R

RR

RRu
u ⋅

+
=

+
⋅+⋅=

&H�PRQWDJH�HVW�XQ�SRQW�GLYLVHXU�GH�WHQVLRQ��/D�WHQVLRQ�X�HVW�XQH�IUDFWLRQ�GH�OD

WHQVLRQ�X�

Í /H�SRQW�GLYLVHXU�GH�WHQVLRQ�SHXW�VH�GpPRQWUHU�IDFLOHPHQW�VDQV�DYRLU�UHFRXUV�DX�WKpRUqPH�GH�0LOOPDQ

Théorème de superposition

'DQV� OH�FDV�R�� O
RQ�SHXW�FRQVLGpUHU� OH� V\VWqPH�FRPPH� OLQpDLUH�� OH�GLW� �SULQFLSH�GH� VXSHUSRVLWLRQ�

H[SULPH� TXH� O
RQ� SHXW� GpFRPSRVHU� OH� VLJQDO� G
HQWUpH� HW� VRPPHU� OHV� VLJQDX[� GH� VRUWLH

FRUUHVSRQGDQWV��

6\VWqPH�OLQpDLUH

I���RSpUDWHXU�OLQpDLUH

X �X� �
I�X �X � I�X ��I�X �

� � � �

3RXU�WRXW�GLS{OH�RX�TXDGULS{OH�GLW�OLQpDLUH���DSSOLTXHU�OH�WKpRUqPH�GH�VXSHUSRVLWLRQ�UHYLHQW�j�LVROHU

OHV�VRXUFHV�GH�WHQVLRQ�RX�GH�FRXUDQW�HQ�OHV�FRQVLGpUDQW�FRPPH�XQ�V\VWqPH�j�SDUW�

6RLW�OH�PRQWDJH�VXLYDQW��

H
�

H
�

5�

5
�
X

/HV���VRXUFHV�GH�WHQVLRQ�VRQW�FRQVLGpUpHV�FRPPH�GHV�V\VWqPHV�GLIIpUHQWV�

'RQF���QRXV�DOORQV�REVHUYHU�OD�WHQVLRQ�X�GDQV���FDV�GLIIpUHQWV��

�� /H�FDV�R��H�� ��

�� /H�FDV�R��H�� ��

H
�

5�

5
�
X

H
�

5�

5
�
X

'DQV�FH�FDV� 1
21

2 e
RR

R
u ⋅

+
= 2

21

1 e
RR

R
u ⋅

+
=

'
DSUqV�OD�ORL�VXU�OD�OLQpDULWp�GX�V\VWqPH���OD�VXSHUSRVLWLRQ�GHV�H[SUHVVLRQV�GH�X�HVW�SRVVLEOH��

2
21

1
1

21

2 e
RR

R
e

RR

R
u ⋅

+
+⋅

+
=

Í /H� FRXUDQW� GDQV� XQH� EUDQFKH� �UHVSHFWLYHPHQW� OD� WHQVLRQ� HQWUH� GHX[� SRLQWV�� HVW� pJDO� j� OD� VRPPH
DOJpEULTXH� GHV� FRXUDQWV� �UHVSHFWLYHPHQW�� GHV� WHQVLRQV�� TXH� O·RQ� REWLHQGUDLW� HQ� IDLVDQW� DJLU� VpSDUpPHQW

FKDFXQH�GHV�VRXUFHV�LQGpSHQGDQWHV�GX�FLUFXLW�

/HV� DXWUHV� VRXUFHV� LQGpSHQGDQWHV� VRQW� pWHLQWHV��PDLV� OHV� VRXUFHV� FRPPDQGpHV� UHVWHQW� DFWLYHV�
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8QH�VRXUFH�GH� WHQVLRQ�pWHLQWH�GHYLHQW�XQ�FRXUW�FLUFXLWXQ� FRXUW�FLUFXLW��8QH�VRXUFH�GH� FRXUDQW�pWHLQWH�GHYLHQW�XQXQ

FLUFXLW�RXYHUW�FLUFXLW�RXYHUW�
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Exercices

Résistance d'une tige conductrice

Exercice 1

'RQQH]� OD� UpVLVWDQFH�pTXLYDOHQWH�j�XQ� ILO� GH��PP�� GH�VHFWLRQ� VDFKDQW�TXH� OD� ORQJXHXU� HVW� GH��

PqWUHV�HW�TXH�OH�ILO�HVW�HQ�FXLYUH�

Exercice 2

2Q� PHVXUH� DYHF� XQ� RKP�PqWUH� OD� UpVLVWDQFH� G
XQ� ILO� GH� FXLYUH� j� ��Ω�� 6DFKDQW� TXH� OD� VHFWLRQ
6 ��PP�

4XHOOH�HVW�OD�ORQJXHXU�GX�ILO�"

Exercice 3

&RPPHQW� YDULH� OD� UpVLVWDQFH� G
XQH� WLJH� PpWDOOLTXH� FLUFXODLUH�� ORUVTXH� O
RQ� GLPLQXH� WRXWHV� VHV

GLPHQVLRQV�G
XQ�IDFWHXU����HQ�FRQVHUYDQW�OH�PrPH�PDWpULDX�"

Loi des mailles , loi des nœuds, loi d'ohms

Exercices 4 et 5

([HUFLFH�� ([HUFLFH��

H

X�
L

X�

5�

5�

�([SULPHU�8��HQ�IRQFWLRQ�GH�H��5��HW�5�

VDQV�OHV�FRXUDQWV�

H
�

H
�

5�

5
�
X�

([SULPHU�X��HQ�IRQFWLRQ�GH�H���H���5��HW�5�

Modèles de Thévenin et Norton et association de résistances

Exercice 6

6RLW�OHV���PRGqOHV�GH�7KpYHQLQ�HW�1RUWRQ�

5
Q

L
1

L
RXW

X
WK

5
WK

L
RXW

0RGqOH�GH�1RUWRQ 0RGqOH�GH�7KpYHQLQ

(Q�XWLOLVDQW�OHV�ORLV�IRQGDPHQWDOHV�GH�O
pOHFWULFLWp��/RL�GHV�PDLOOHV��GHV�Q±XGV���WURXYH]���UHODWLRQV

TXL�SURXYHQW�O
pTXLYDOHQFH�GH�FHV���PRGqOHV�
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Exercice 7

�� &DOFXOHU�O
H[SUHVVLRQ�GH�OD�UpVLVWDQFH�pTXLYDOHQWH�GX�PRQWDJH�VXLYDQW��

5�

5� 5�

5�

5�

5�

$

%

�� 6DFKDQW�TXH�5�� �5�� �5�� �5�HW�5� 5�� �5�� ���5�'RQQH]�5HT

Exercice 8

���'RQQHU�OH�PRGqOH�pTXLYDOHQW�GH�7KpYHQLQ�GX�PRQWDJH�VXLYDQW��

H
�

H
�5� 5�

5�5�

$

%

���$SSOLFDWLRQ�QXPpULTXH���5�� ����NΩ���5� ���NΩ���5� ���NΩ���5� ��NΩ���H� �Y�HW�H� ���Y

Exercice 9

�� 'RQQHU�OH�PRGqOH�pTXLYDOHQW�GH�7KpYHQLQ�HW�GH�1RUWRQ�GX�PRQWDJH�VXLYDQW��

$

%

H�

5�
5�

L� 5�

���$SSOLFDWLRQ�QXPpULTXH���5�� �5�� ���NΩ����5� �NΩ���H� ��Y�HW�L� �P$

Association de condensateurs et résistances

Exercice 10

2Q�DVVRFLH���FRQGHQVDWHXUV�GH�FDSDFLWpV�UHVSHFWLYHV�&����&��HW�&��WHOOHV�TXH��

12 2 CC ⋅=
HW� 13 3 CC ⋅=

�� ,QLWLDOHPHQW�FHV�FRQGHQVDWHXUV�QH�VRQW�SDV�FKDUJpV�� ,OV�VRQW�DVVRFLpV�HQ�VpULH�HW� O
HQVHPEOH

HVW�VRXPLV�j�XQH�WHQVLRQ�8�GH�����9���4XHOOH�HVW�OD�WHQVLRQ�8��DX[�ERUQHV�GH�&��"

�� $VVRFLpV�HQ�SDUDOOqOH��LOV�IRUPHQW�XQ�GLS{OH�GH�FDSDFLWp�& ��µ)���&DOFXOHU�OD�FDSDFLWp�GH�&��

Exercice 11

/HV� DUPDWXUHV� G
XQ� FRQGHQVDWHXU� SODQ� j� DLU� VRQW� GLVWDQWHV� GH� H �� PP�� RQ� GpVLUH� REWHQLU� XQ

FRQGHQVDWHXU�GH�FDSDFLWp�& ��S)�

4XHOOH�GRLW�rWUH�OD�VXUIDFH�6�GH�FKDTXH�DUPDWXUH�"


