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VXWZY\[G]_^_`baGcJdfe gihEWjg�kmln^�hoY!]pgqh�g rtsvuUe Y\k ln^pkwhwsfaGcxcy^ps!z{^_sw`{| }Y
sfk ln^~hmg }Y h��gnln^~hwY!]_g�a(k�|�c�Y6kpc�Y\k��g�^���cJa(e Y\[��ml�Wjg�|�c }Y hwa(`�g
��^\|�|m�g�hoY6kpc�[�Y ��[(s�|���g0cJaGc�gi[#^_k�]�smg�sf`�� ��^\|�|Ja#��[#g�����k
h��g0c�g�`be a(kmg���`v�gn��smg�e e g�k�c.lng0c�c�g�[�a(e a�c�g Y���k hmg ln^_e ��Y\`�g�`.[#g�|
��g�`¡��^_`be Y6kmlng�|¢^\��c�g�k�smg�|£Yn¤¥gnl�h¦W§Y6s�cJ`�g�|£e �g0cJdm^~h�g�|�h�g�ln^�hoY!]pg��
VXWZY\[G]_^_`baGcJdfe gihEWjg�kmln^�hoY!]pgqh�g rtsvuUe Y\k ��g�s�cq¨g0c�`�g �g�km^_k�l��g
ln^_e e g�|JsfaGc>©
ª ��� `�h�^_kwk�g�`�hmgt��Y�«ln^_k h��gnl�`�^_aL|¬|JY\kpc�g�[<g�|.l>Y\`�Y
l0c�}g�`�g�|�}Yig�kmln^�hmg�`

­E® |¬g�[<^_k [#g�sw`.�o`�^��BY
�oa�[(a�cf�gqh¦W§Y¯�w�BY6`�a�cJa<^pk ° ® �
± ��²³^pk�|�c�`bsfa�`�gisfk Y\`���`�g�h¦Wjg�k�ln^~hwY!]_g g�k �BY\`´c�Y\kpc�hmg�[�Y ��k¦�

²³gnl�a�ln^pk�|ya#|�c�g }Y Y�cbcJ`�a#��s�g�`¢Y\s¥µ hmg�s�µ l>Y6`¬Y¯l0c>}g�`�g�|�[#g�|£e ^pa�k~|
��`��gn�~smg�k�c�|�[<g�|�|�¶fe ��^_[#g�|£· g0c ª �

¸ ��¹xg�e �o[�Y
lng�`.hoY\k~|£[�Y [(a#|�c�gqlng�|�h�g�s�µ l>Y\`�Y
l0c�}g�`�g�|x��Y\`xsfk
l>Y6`¬Y¯l0c>}g�`�g�ln^_k!z{^_a(kpc ­Eº
»E¼´½*º h�^_kpct[�Y ��`�^��BY¯��a([�a�cf�g
hEW§Y
�f�BY\`ba�cJa<^_k g�|�c�° º
»E¼¿¾ ° º ��²³gqk�^_s�¤¥g>Y6s l>Y\`�Y
l0c>}g�`�g
`�gn�o`v�g�|¬g�kpc�g swk |¬^_e e g0c�h�gq[�W§Y\`��o`�gqh¦W4g�kmln^~hwY!]_g��

À ��¹ �gn�³�g0c�g�`Á[�Y ��`�^vl��g�hfsw`�g�g�k ln^_e ��a(koY\k�c }Y km^ps�¤¥g>Y\s [#g�|£h�g�s�µ
l>Y6`¬Y¯l0c>}g�`�g�|�h�g��o[�s~|x��Y\a<�o[<gi�o`�^��BY
�oa�[(a�cf�g��!z�s�|¬�~s¦WÂ}Y lng �~s�g
c�^_s~|£[#g�|�l>Y\`�Y
l0c>}g�`�g�|�Y\a#g�kpcÃswk�gÄcJ`�Y\k~|�l�`ba#��cJa<^pk hfa#|�cJa�k�l0c�g��
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Æ Ç ÈÉfÊÌËfÍÉ�Î É Ï�É Ð Ç�ÑEÒÓÒ Ê Ò Ô [Ug�|bc³c�^_s!z{^_sf`�|���^\|�|Ja#��[#g h�g
hfa�e a�k�s�g�`¢Y\`��oaGcJ`�Y\a(`�g�e g�kpct[�Y `�g�h�^_kwhwY\kmlngqÕiÖ×�BY\`³[�Y
�,^_`be Y�cJa#^_k hmgÄ]�`�^_s��Øg�|£h�g�l>Y6`¬Y¯l0c>}g�`�g�|qÙ�|yaU[#g�|¢]�`�^_sm��g�|¢|¬^_kpc
Y!|¬|¬gKÚq[<^_k�]p|�Û0�

ÜÝµfg�e �o[<g�hmg ln^~h�gihmgirtsvuUe Y\k
­E® ° ® ­E® ° ® ­E® ° ® Þ ° ®
ß ·fà ¸ ß ·fà ¸ á ��² ·fà À�À ß �§â �§Ü ·fàLã\ä
á ·fà ± À â ��Ü ·fà ± ä ß ·fà ¸ á �§² ·fà À�À
² ·fà ± á ·fà ± À â �§Ü ·fà ± ä
â ·fà ª ã ² ·fà ±
Ü ·fà ª�ª

²³g�e �gnl>Y\kwaL|ye g���`�^�hwswa�ctg�k e ^>¶¥g�kfkmg [#g�|te g�a([�[#g�sw`{|�ln^~h�g��
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­¦® ln^~h�g ° ® ° ® [G] ¼
æ�ç è ® ° ®

ß ª�ª ·fà ¸ ·fàLã ±�ª ·fàLä
á · ª ·fà ± À ·fà À�é¯À ·fà À¥ê
² ·�· ·fà ± ·fà À ä À ·fà À
â ª · ª ·fà ª ã ·fà À ª�ª ·fà À ã
Ü ª ·�· ·fà ª\ª ·fà ¸ ã\· ·fà ¸\¸

± à ± À · ± à ± ä�·

V¦^pk~]�s�g�sw`xe ^>¶¥g�kwk�g hmg�|£e ^¯c�|.ln^~h��g�|>© � ë ± à ± ä�·m�
Ü�kpcJ`�^\��a#gqh�gq[�Y |¬^_sf`�lng�© ì ë ± à ± À ·��
¹xg�hm^_kfhoY\k�lngiY¯��`0}g�|xln^�hoY!]_g�© Õ Ö ë ·fàG· ± �
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VXWZY\[G]_^_`baGcJdfe gih�g�ln^�hoY!]_g�hmgirtsvuUe Y\k g�|�c£sfkmg�hmg�|
c�gnl0dwkfa<��smg�|£svc�a([(a#|��gng�|t��^_sf`x[�Y ln^_e ��`�g�|¬|ya#^_k hmg�hm^_kfk��gng�| �×V¦g
�os�cth�gÄc�^_svc�gÄc�gnl0dwkfa<��smg�hmg ln^_e ��`�g�|�|Ja#^_k g�|�c£h�gq`��g�hwsfa�`�g�[�Y
`�g�hm^pkwhoY6kmlng �Ø^_sf`xe a(kwa(e aL|�g�`x[<g�c�g�e �f|�hmg�c�`�Y\k~|Je a#|�|Ja#^_kE�

â W§Y\svcJ`�g�|Ác�gnlKdfkwa#�~s�g�|thmg ln^_e ��`�g�|�|Ja#^_k |¬^_kpc>©
î ï Y
l0ð6g�h hmgnl�a(e Y\[�Ù á ²�â ln^~h�g���^_sf`³g�kmln^�hmg�`¢h�g�|�l0dwa�uU`�g�|�Û
î ²³^�hoY!]pgqh�g��o[�Y!]pg�|�^_s �BY\`���[#^vl�| Ù,cm�g�[y�g�ñ2ln^���a#g�^_s a�e Y!]_g�|�Û
î ò¥ï ÜÓó Ù ò ^_a(kpc ï dm^
c�^6]¥`¬Y¯��dwa#l ÜÝµf��g�`´c�|�ó�`�^_s���Û
î ô ï ÜÓó Ù ô ^
cJa#^_k ï a#l0c�sf`�g Üõµm�Øg�`´c¬|�ó�`�^_sm�BÛ
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V¦g ln^~hwY!]_g �BY\`Á��[�Y!]_g�| Ù�úüû�ý þ�ÿ�ý������ ÿ>ý��	��

�%ý��6Û³g�|�ctsvcJa�[(a#|��g
��^_sw`Áln^~h�g�`¢hmg�[#^_k~]�s�g�|�l0doY�¨ �(kmg�|£h�gqh�^_kwk��gng�|¢��a(koY6a�`�g�|£�~sfa
ln^_k�c�a#g�kwk�g�kpc���g>Y\s�ln^_sm� h�g�ÚE�g�`�^\|�©
î sfk |b¶me �Ø^p[<g�hmg�ð ��a�c¬|ta�kfhwa#�~smgi[<gqkm^_e �o`�g h�gq· �o`v�g�|¬g�kpc¬|
g�k�c�`�g�hmg�s¥µ ª �

î ��^_sf`³ln^~h�g�`xh�g�|£[<^pk~]�s�g�|�lKdwY�¨ �(kmg�|£h�g�ÚE�g�`�^\|��m[<g |b¶me �Ø^p[<g�kmg
ln^pkpc�g�koY\kpcx��smgih�g�| ª a�kfhwa#�~s�g swk k�^_e ��`�g hmg�· hmg ±���� ª
�o[�s~|t[<g�¤�Y\[#g�sw`�h�g�|¢|�¶fe ��^_[<g�|x|JsfaG¤�Y6kpc¬|>�

��� É�Î ����É ©�·�·�·�·\·�· ª ·�·\·�·�·�·�·\·�·�·�·�·\· ª ·�·�· ª ln^_kpcJa<g�k�cthmg�|
l0doY�¨ ��k�g�|£hmg�· hmg�[<^_k�]�smg�sf`{|£äm� ª À g0c ¸ �×Ü�k s�cJa([�aL|�Y6kpc�hmg�|
|�¶fe ��^_[#g�|£hmg � ë ¸ ��a�c¬|�^_k ^��~c�a#g�kpc>©

ª�ª · ª�ª�ª�ª\ª�ª ·�·�·\· ª�ª

Yn¤¥gnl ª�ª · ©Xä�� ª�ª�ª\ª�ª�ª ·�·\· ©�� ¾ � ¾ · ë ª À �f· ª�ª © ¸

��k Y Y\[#^_`{|¢|JY\s�¤Ó�g ¸ ê�� �
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V Y h�^_kwk��gng�g�|�ct[�Y `�gn�o`v�g�|¬g�kpc�Y�cJa<^pk hmg�[�WZa(k~�,^_`be Y�cJa<^pk }Y
cJ`�Y\k�|ye g0cbcJ`�g���� k hwaL|bcJa(k~]�s�g hmg�s¥µ ��^_`be g�|�©

ÑEÒ×Ñ ��Ê#"%$�&('XÉ ©Q¤�Y6[<g�sf`�|�ln^pkpcJa�k�s�g�|qÙ�g��A]o�Q¤¥^_aZµ ^_s a�e Y!]_g
`�gn�o`v�g�|¬g�kpcm�gng��BY\`.hwa�u��g�`�g�k�c�|�kwa�¤¥g>Y\s¥µ hEWZa(kpc�g�k�|yaGcm�g Û��

Ò '×Î ÈÉoË�$)&*'�É ©Q¤�Y6[<g�sf`�|thfa#|¬l�`0}g0cyg�|qÙ%g�� ]��Ýcyg�µ�c�gi`�gn��`��g�|�g�k�cf�g���Y\`
h�g�|�l>Y\`�Y
l0c�}g�`�g�| ß�+ ² Ô�Ô ^¦}s l0doY
��smg�l>Y\`�Y
l0c�}g�`�g ln^p`�`�g�|¬�Ø^pkwh�| }Y
sfkmg�|m�gn��smg�kmlng�h�g � ^_s ê ��a�c¬|�Û��
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V Y h�^_kwk��gng�g�|�c�g�k�ln^~h��gngÄ|ysw`xsfk |JaG]�kwY\[£�g�[<gnl0cJ`�^_e Y!]¥kmg0cJa<��smg ^_s
[(swe a(kmg�s¥µ �~swaE[�Y c�`�Y\k~|���^_`´c�g�|ysw`³swk e �g�hfa�sfe Y\h��gn��soY�c�g��

numérique: impulsion de voltage

analogique : A sin(2π

A: amplitude
F: fréquence
Φ : phase
t: temps

ft + Φ )
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VXWMa�k���^p`�e Y�cJa<^_k Y\kwY\[#^6]�a#�~smg�g�|bc£`�gn�o`v�g�|¬g�kpcm�gng��BY6`xhmg�|x|JaG]�koY6s�µ¿�
+ g�[<^_k [�Y cJd��gn^p`�a#g�hmg43f^_sw`ba#g�`��fsfk |JaG]�kwY\[U�³�g�`ba<^�hwa#�~smg
��smg�[#ln^_km��smgq��g�s�c�¨g0c�`�g�h��gnln^_e ��^\|��g�g�k swk�g |yswa�c�gqh�g��,^_kml0cJa#^_k�|
�³�g�`ba#^~hfa<��smg�|�|ya�k�s~|�^65 ��hwY\[<g�|�©×[#g�| �7�
8 9:��;=<¥ý>��ÿ?; �@<�úA8 ��ýB�DC>ûEÿA;ü�

E ÙGFJÛ�ë
ª
±IHKJ ¾

L
º6M¦¼ H

º |ya�k¿Ù ±ONQPSR FJÛ ¾
L
º6M¦¼

T º ln^\|>Ù ±UNQPSR FJÛ0à Ù ª Û

R ë ¼V ��`v�gn��smg�k�lng��,^_kwhwY\e g�kpc�Y\[#g
H ºXW T º Y\e ��[(aGcJswh�g�|thmg�|�ln^pe �Ø^6|�Y\k�cyg�|¢doY6`�e ^_kwa#�~s�g�|
Ytk |yaG]�koY\[¦`�gnl0c�Y\k~]¥[<g�g�|bc¢ln^_e ��^\|m�g�hEWZswk km^_e �o`�g�a(k���kwa¦h�g
ln^_e �Ø^\|JY\kpc�g�|³|Ja(k�s~|�^65 �(hoY6[<g�|�Yn¤¥gnl�swk�gÄ��`��gn�~smg�k�lng
�,^_kwhwY\e g�kpc�Y\[#g R g0ct[#g�|te sw[�cJa<�o[<g�| ¸ZR W ã R W à¯à!à
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²¢Y\`�Y
l0cm�g�`ba#|�cJa<��smg�|¢��`v�gn��smg�kpcJa#g�[�[#g�|Ãhmg�|¢|yaG]�koY\s¥µ c�`�Y\k~|Je a#|�Y\s�µ
h��gn�oaGc¬|£k�^_`be Y\[(a#|��g�|x|¬g�[<^pk [�Y `�gnln^pe e Y\kfhoY�cJa#^_k � � ª hfs
²�² Ô)��� �~|ysw`xsfkmg�¤¥^_a#g�cm�g�[y�gn�odm^_kfa<��smgqYn¤¥gnl�swkmg�[�Y\`¡]_g�sw`¢h�g
��Y\kwh�g Ù��7<¥ý�
mÿ�9:<�;�;=<¥ý>�{ÿ�Û ¸ ·�·�ñ ¸ À ·�· rxÚ_©

á �f| � Ùùe |�gnl Û ï `�g�e a�}g�`�g�doY6`�e ^_kwa#�~s�g Ù r¢Ú!Û � doY6`�e ^_kwa#�~s�g�|
¸ ·\· ± äm���6ä ¸ �~�Zã ê ·
ä�·\· ª\ª � ±�± �\ã À ·
ª>± ·\· äm�ZäZ� ª ã\· ± ·
± À ·\· ¸ � ¸�¸ ¸ ·�· ª ·
À�ê ·\· ª �ZäZ� ä\·�· ã
é ä�·\· ·m� ê ¸ ª>± ·�· ±
ª é ± ·\· ·m� À ± ± À ·�· ª
¸ ê¯À ·\· ·m� ±�ª À�ê ·�· ·

  l dpb q ] x ` l ` q�m�l�� jlv~ ] qA~ ]p`cb1] mul6lnqt{ b m h x `i]poGg lvsn�t}�� be` l ` ~ beg|h���]_^ �����¡�a�
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Ô [B¶ Y g�k `v�g>Y\[(a�cf�g�hws �o`bswa�c£�BY\`�Y¯|ya�cyg |Jsf`x[#g�|£[(aL]�k�g�|Ãhmg
cJ`�Y\k�|ye aL|¬|ya#^_k¦��²³g��o`�sfaGc�|>W4g�µf��`ba(e g �BY\`.`¬Y¯�w��^_`´c }Y [�Y
�oswaL|¬|JY\kmlng�s�cJa([<gihws |yaL]�kwY\[�cJ`¬Y6k�|ye a#|�©

`�Y
�f�Ø^_`´c¢|JaG]�koY6[U|ysw`Á��`bswa�c>© ¤6¥¤§¦
¨�© �g�k�g�`¡]�a<g�hws |yaG]�koY\[��ª¨�« �g�k�g�`{]¥a<g�hws �o`�sfaGc>�

V Y ��soY\kpcJa�cf�g�hmg ��`bsfaGc£g�|�c¢g�µf��`ba(e �gng�g�k Ï ÈÉª¬�$�­³É®� © ª ·×[#^6] ¤6¥¤ ¦h á �
V¦g�km^pe ��`�g hmg�kwa�¤¥g>Y\s¥µ |yaG]�kwa��wl>Y�cJaL��|Äh��gn�Øg�kfh hmg¯¨�© g0c°¨±«t©

² ³ ª ¾
¨�©
¨�« Ù ± Û
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V Y l>Y
��Y
l�a�cf�g�hmg�cJ`¬Y6k�|ye a#|�|ya<^_k hEWZsfk l>Y\koY\[�g�|�c>©

¶ ë · ¸6[G]UÙ ª ¾
¨�©
¨±« Û Ù ¸ Û

��� É�Î ����É ©X�BY\kfhmg �BY¯|�|JY\kpc�g�© ¸ ·�·�·_r¢Ú_���o`bswa�c © ± ·�h á
¶ ë ¸ ·�·�·×[L]�Ù ª ¾ ª ·�·_Û×ë ª é�é � À ��a�cº¹!|¬gnl��

+ aE[�W4^_k c�`�Y\k~|Je g0cx|ysw`.swk�gÄ¤¥^pa<g Ù%l>Y6koY\[�ÛÁ��g�`¡cJsf`��Á�gng�h�g
l>Y
��Y
l�a�cf�g ¶ swk�g�a(k~�,^_`be Y�cJa#^_k }Y sfk h��gn��a�cµ» �fa�[Ug�µoaL|�cyg�g�k
]��g�k��g�`�Y\[Øswk�g���^\|�|Ja#��a([�a�cm�g hmg�ln^~hwY!]_gih�gÄ¤_^_a<g��Øg�`be g0cbc�Y\kpc�h�g
`��g�hwsfa�`�g�[�Y ��`�^���Y
��a([�a�cm�gih¦W4g�`b`�g�sf`xh�gÄcJ`�Y\k�|ye aL|¬|ya#^_k }Y swkmg
¤�Y6[<g�sf`�Y\`���a�cJ`¬Y6a�`�g�e g�kpcx�%Y6a<�o[<g��w�Ø^_sf`¢Y\svc�Y\kpc¢�~smg4» ³ ¶ �
Ù � d��gn^_`0}g�e g¯¼ �
�¢;A½ �t�@<¥ýEýÝÿ>þ±�7�U

�ùý�� hmg + doY\kfkm^_koÛ0�
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¾ ��møù�U�³��� ��	��¿�×�B÷Ì���6����� �µ´���� � �����6�B÷¦�

Ô [B¶ Y cy^ps!z{^_sw`{|£sfk h��g�[�Y6a�g�kpcJ`�g�[�W¡�g�e aL|¬|ya#^_k h¦WMswk |yaL]�kwY\[
Ù�^��~c�a#�~s�g��Á�g�[#gnl0cJ`ba<��smg�^ps `¬Y6hwa#^�Û�}Y swk ��^_s�c£h¦WMswk e �g�hwa(swe g0c
|JY `v�gnlngn�~c�a#^_k }Y [�W§Y\svcJ`�g��Ø^ps�c>�Ó²³gnl�aØg�|�cÃY
�f�Øg�[��gq[#g 
À¿ÿ>þÁ<
�Â
mÿ
9�ú��A9:<O�K<X�i�D��ý 
ÄÃOû�ýÝÿ �9úº<¥ýÅ;A8 �G;7;A�Æ�¥ýE�XÇ æ �fhEWZswk e �g�hfa�sfe �

Ç æ ë hwaL|bc�Y\k�lng��odp¶~|ya#�~smg�g�k e }g0cJ`�g�|
¤fa�c�g�|¬|¬gih�g��o`�^��BY!]�Y�cJa<^_k g�k e }g0cJ`�g�|³�BY\`�|�gnln^_kfhmg

â�Y\k�|�[<gqe g�a([�[#g�sw`�h�g�|�l>Y¯|��f[<g |JaG]�koY6[Ø|�g ��`�^���Y!]_g�hoY\k~|£[<gÄ¤fa(hmg
}Y [�Y ¤maGc�g�|�|�gqhmg�[�Y [�sfe a�}g�`�g Ù ¸ È ª ·�É�e | »U¼ Û��×V�Y ¤maGc�g�|�|�gqhmg
�o`�^\�BY!]vY c�a#^_k ��^_sw`.hmg�|.��[L| }Y �BY\a(`�g�|xcy^p`�|JY\h��gng�|x^_s hmg�|xlv¨Y
��[#g�|
ln^¥Y�µoa�Y\s�µ g�|bc�hmg�[�Wj^_`bhw`�gqhmg ± È ª ·�É£e | »U¼ �
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Ê�^p`�e Y\[<g�e g�kpc>��[#g�|thm^_kfk��gng�|x|¬^_kpc³cJ`¬Y6k�|ye a#|¬g�|���Y\`Á�o[<^�l�|Ãhmg
�oaGc¬|�g0c>� }Y [�Y `��gnlngn��cJa<^pk h¦WZsfk ��[#^vl��wswk Y¯lnl�s�|m�g�h�gq`��gnlngn��cJa#^_k
g�|�c�g�kp¤_^>¶��g }Y [�W4g�µf�³�g�hfaGc�g�sw`K��Y£k �BY\`�Y\e }g0cJ`�g a�e �Ø^_`´c�Y\kpc��Ø^psw`
sfk [�a#g�k h�gÄcJ`�Y\k~|Je aL|�|Ja#^_k hmg�hm^pkwk��gng�|xg�|bcx|�^pk úº�¥û�ý�

ËÌ�9út�Í9

mÿ>þÁ<
½i�~sfaUg�|bc£h��g0��kwa�ln^pe e g [�Y hfsw`��gng g�k�c�`�g�[�W¡�g�e aL|¬|ya<^pk hfs
�o`�g�e a<g�`Á��a�cÃh¦WMswk �o[<^�lqg0ct[�Y `��gnlngn��cJa#^_k hfs hmg�`bkwa#g�`.��a�cÃh�g
[�W§Y
lnl�s~|m�g�hmg�`��gnlngn��cJa<^pk¦�×²³gnl�aEh��gn�Øg�kfh hws c�g�e �m|¢��`baL|��Ø^psw`
cJ`�Y\k�|ye g0cbcJ`�g [<g���[#^vlÂÎ [#g 
À¿ÿ>þÁ<
�µ
mÿ � ú�<¥ýÅ;A8 �¢;�;A�D�¥ý Ç�ÏµÎ g0c
hfs h��g�[�Y6aEhmg ��`�^��BY�]vY�cJa<^pk Ç æ ��V¦g���^_a(h�|t`�g�[�Y�cJaL�Xhmg lng�|�h�g�s�µ
c�g�e �m|³¤�Y\`ba#g�|¬g�[<^pk [#g�|thwa�u��g�`�g�kpc¬|³c´¶���g�|£hmg�[�a#g�k�|�����k g�µm��`ba�e g
|¬^_s�¤_g�kpc�lng�|�hmg�s�µ c�g�e �m|¢ln^_e e g [<gq`�Y
�w��^_`´c H ©

H ë Ç æÇ Ï
^E}s

Ç�Ï�ë k�^_e ��`�g h�g��oaGc¬| }Y cJ`¬Y6k�|ye g0cbc�`�g
h��gn��a�cthws [(a#g�k g�k �oaGc¬|��BY6`Á|¬gnln^_kwh�g à
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ÐÒÑ �m� ��ø��k£Ä�!�m� ��� ��� �
	��U���¯� �����¯�����

ã\· e h�g�lv¨Y
�o[<g �BY6a�`�g�|xc�^_`{|�Y6h��gng�|>� ª · ð¥�w�m|>�fe g�|¬|JY!]_g�|.g�k ��[#^vl
h�giã\·\· �oaGc¬|��

Ç æ ë Ó JÔ?Õ ¼ JÌÖ§×
ë ± à#ã È ª · »ªØ E

Ç�Ï ë Ó Õ ¼ J �¼ JÚÙ
ë ·fàG·pã E

H ë Ô Ó Õ ¼ J Ö§ÛÓ Õ ¼ J Ö �
ë ã È ª · » Ó E

H Ü ª © Ç�Ï h�^_e a(koY\kpcqÙ���s�lng Û
H Ý ª © Ç�Ï W Ç æ a�kßÞ�smg�kmlng �gK]vY\[#g Ù ÜTcJd�g�`�k�g0c�Û
H à ª © Ç æ hm^_e a�kwY\kpcqÙ�|JY�c�g�[([�a�c�g Û
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Ð �X���Q�×�B÷¦�

V¦g�|�hm^_kfk��gng�|�k�sfe �g�`ba<��smg�|³|�^_k�c�g�k�ln^~h��gng�|¢|¬^_a�c�|ysw`.swk |yaL]�kwY\[
k�sfe �g�`ba<��smg���|¬^_a�c�|ysw`xsfk |JaG]�kwY\[¿Y\koY\[#^6]�a#�~s�g��

Donnée numérique
...001101011...

Donnée analogique
voix, image, ...

signal analogique

signal numérique
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Ð �X���Q�×�B÷¦� �õ��� ���	��Gáõ��� â �Q��� ���	 ��áõ���

V¦g�|�hm^_kfk��gng�|�k�sfe �g�`ba<��smg�|³|�^_k�c£dwY
��a�cJsmg�[([<g�e g�k�cÃ`�gn��`��g�|�g�kpcm�gng�|
��Y\`xsfkmg�|JsfaGc�g�hmg ��a�c�| T Ù¢FJÛ0��²³g0cbcygÄ|yswa�c�g�g�|�c�g�kmln^�h��gngÄ|Jsf`xsfk
|yaL]¥koY\[¦k�sfe �g�`�a#�~s�g��XV¦g�|£e �g0cJdm^�hmg�|¢h¦Wjg�k�ln^~hwY!]_g Ùùk�sfe �g�`ba<��smg£ñ
k�sfe �g�`ba<��smg ÛÓ��`ba�k�l�a<��Y\s�µ |¬^_kpc>©
î ²³^�hoY!]pgqk�^_kvñ´`�g0cy^psw`q}Y ÚE�g�`�^
î ²³^�hoY!]pg��oa<��^_[�Y\a�`�g
î ²³^�hoY!]pg��oa<�odoY¯|¬g
î ²³^�hoY!]pg ô Y\k�lKd�g�|bc�g�`.hwa�u£�g�`�g�kpcJa#g�[
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Ð �X���Q�×�B÷¦� �õ��� ���	��Gáõ��� â �Q��� ���	 ��áõ���

ô �g0cJdm^�hmg�hmg ln^~hwY!]_g ß [L]_^p`�a�cJdwe gqhmg ln^~hwY!]_g
k�^_kvñ´`�g0c�^_sw`�}Y Ú¦�g�`�^ ª ë doY6s�c�kwa�¤¥g>Y\s

· ë �BY!|�kwa�¤¥g>Y\s
�oa<�odoY¯|¬g ª ë c�`�Y\k~|Ja�cJa<^pk doY\svcäã ��Y¯|XY\s e a([�a#g�s

h�gq[�WZa(kpc�g�`´¤�Y\[([<g
·Äë c�`�Y\k~|Ja�cJa<^pk �BY¯|#ã doY\svc�Y\s e a([�a#g�s
h�gq[�WZa(kpc�g�`´¤�Y\[([<g

�oa<��^_[�Y\a(`�g ª ë
cJ`�Y\k~|Ja�cJa<^_k Y6s h��gn��svc hmg [�WMa�k�cyg�`´¤�Y6[�[#g
g�k Y6[Gc�g�`bkoY\k�ct[#g�|��Ø^_[�Y\`ba�cf�g�|
· ë �BY!|�hmg�cJ`�Y\k�|yaGcJa#^_k

ô Y\k�l0dmg�|�cyg�`³hwa�u��g�`�g�kpcJa<g�[ c�^_s�z�^psw`{| sfkmg cJ`�Y\k�|ya�c�a#^_k Y6s e a([�a#g�s
h�gq[�WZa(kpc�g�`´¤�Y\[([<g
ª ë �BY¯|Ähmg�cJ`�Y\k�|ya�c�a#^_k Y\s h��gn��svc�hmg
[�WZa(kpc�g�`´¤�Y\[([<g
· ë cJ`¬Y6k�|yaGcJa#^_k Y\s h��gn��svc hmg
[�WZa(kpc�g�`´¤�Y\[([<g
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� �Q�Ó�B÷¦� ��������ø9�U��	��

suite de bits

horloge de l’émetteur

codage bipolaire

données reçues

horloge extrait

+
0
-

0 0 1 1 1 0 11
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� �Q�×�B÷¦� ���%���������

0 0 1 1 1 0 11

horloge extrait

données reçues

suite de bits

codage biphase

horloge extrait
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� �Q�Ó�B÷¦� å �U�X�p�����>����	 ����S ���	��m�¿�
���mø

ou{

0 0 1 1 1 0 11suite de bits

horloge de l’émetteur

horloge extrait

codage Manchester
différentiel

données reçues
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)�*,+.-0/213154*6*,+.18739 4*;:=<<�870*,+>+?/21A@B*;1�C6/D-54*6*,+B*;1 +�<FE
1HGI7
J
GK1LGKMN/IE
<#�D70*,+OG6PQ*6CRMSG @?*6CUTL13<<�870*V-0*VW X!Y[Z�\^]`_Ka�Xcbed�)'G
C6/21APQ*;:f+�<N/21 <g1hPQ*;:f+?*i*,+j@kGml3ln*;M?4*6*VY op W XqYrZr\^]�_Ka XsbBdrt>*,+
u /210CU@�<N/21L1LGKMg<F@04*,+.+?/21A@v:
4*wGKMg<N+�4*6*,+Bl�GK:x7L1 W XqY p W d$)yG
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GK9 l�Mg<F@�7L-�*�/27 +�G u :�4*6�870*;10C6*Ad

� X!Y[Zr\(]`_Ka Xsb YB��]�W �[\�a&_KZ�Y py� -0*;7
J -3<F�.4*;:�*;1h@�+.13<FPQ*wGI7
J -0*
P2/2MF@�G�Eh*R+�/21h@.78@�<SMg<|+04*,+.l`/27L:e:�*6lH:�4*,+�*;1h@?*;:�� *U@V�Ad�)yG
u :
4*6�D70*;1�C6*R:j*,+j@?*RC6/h1�+j@�GI1h@?*Ad

� X!Y[Zr\(]`_Ka Xsb Y p ��� op�� Z p b$� py� -�*;7
J   /27 l�Mg7�+{<N*;7L:f+�¡
u :
4*6�D70*;1�C6*,+.-3<F�.4*;:�*;1h@?*,+v:�*6l�:
4*,+?*;1A@{*;1A@.� *U@V�Ad�)q�¢GK9 lHMS<�@�7L-�*
:�*,+j@?*RC6/21D+=@�GK1A@{*Ad

� X!Y[Zr\(]`_Ka Xsb Y p �r£�]#¤ py� MzG l�TLG�+�*V-�*VM&��/213-0*iln/h:¥@?*;7D+?*¦PAGK:=<�*
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´ µq¶ �8· ��� � ���$��%���¸m���y	

0
¹

1 0
¹

1 1 0
¹

0
¹

1 0
¹

0
¹

1 0
¹

0
¹

(a)

(b)

(c)

(d)

changements de phaseº
»½¼�¾6¿^ÀÂÁ­ÃÄ¼­Å�Ã ÆÈÇ�ÉÊzË ÀÂÌ Æ Ê­Í »ÏÎÐ¾6Ñ3Ò(ÓÈÆÈÅÂ¼ÕÔ|ÀÖÒ&ÃDÓ�×Ø¼­Ç
Ù�ÅÂÀÖÔFÆÈÓ ÊÕÍ »½ÚÛ¾ÜÑ3Ò^Ó�ÆÈÅÝ¼ÕÔFÀÂÒ&Ã�Ó Ê�ÞÏË ÉÊ Ì Æ Ê ÃÈÚ ÊÕÍ »ÏÓÐ¾
Ñ3Ò(ÓÈÆÈÅÂ¼ÕÔ|ÀÖÒ&ÃDÓ Ê ÙÈßÄ¼Õà Ê­á »Ïâ?¼­Ã Ê Ã ÎÄ¼­ÆÈÇ.ã�ÀÂÁ á�ä�åNæ�ç ¾
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é>�8· ·�� ¶�¶ �ê�6¸�· ��� ¸����#	!·m� �&·�·m�&�y	
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ì MN*,+B+jîD+j@w}*;9 *,+e-0*k@�:�GK1�+{9 <|+�+{<N/21 l�GK:�/21L-�*,+V  u GI<N+�C6*wGK7
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ì C6/2GwJH<SGKMq �4*6l�GK<|+B/27 9 <g10C6*²¡
ì ~L¯H:j*i/AlD@�<N�D7�*  ^9 /21�/29 /8-0*¦/27 9 73MF@�<g9 /D-�*²¡
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