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!
!
!"#$%&%#'(')'*&+,$-.#'/012'3&.2-+'%-$$4'5'#",$-%,&62'/07-$862&91#3'
!"#$%&%'"#($)"#$*+,',-."/#$#-$)"$/&"0#",.-#)*$,&"-$.,,&/'+,$#"$,+*'#$-#1$2)#$/3#,-$*#4*+,#"-+$#"$5'6)*#$78$

9! :&"-*#*$2)#$1.$5&"/-'&"$0#$-*.",5#*-$0)$5'1-*#$,3+/*'-;$ $

!
!!
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<"$.$=$>$7?$@A($B$>$7?7(C$"D$#-$E>7?$!  
    Figure 1. 
Les courbes de gain et de phase sont donnŽes ci-dessous :!
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!"$,'6".1$ /.**+$Q!K-M$0#$Q.1#)*$@&R#""#$")11#($03.@41'-)0#$S$#-$0#$5*+2)#"/#$5"$,#$0+/&@4&,#$,&),$1.$5&*@#$03)"#$,&@@#$
0#$,'"),&T0#,$; 
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( 3'$$U'$S>7V($/.1/)1#*$1#,$.@41'-)0#,$0#,$2).-*#$4*#@'#*,$W.*@&"'2)#,$0#$Q!K-M$;$S#($S$($S%$#-$S&8 
        Tracer le spectre dÕamplitude de ! ! "#$!"#$#%& aux harmoniques 1, 3, 5 et 7. 
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$

$

 

@&%2/+7,'A'B.1/)1#*$13.@41'-)0#$0#,$W.*@&"'2)#,$$0#$*."6$7(C($H$#-$I$0)$,'6".1$0#$,&*-'#$Q( K-M$K*#,4#/-'Q#@#"-$"&-+#,$U#()
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B3'S"$0+0)'*#$13#X4*#,,'&"$.44*&/W+#$0)$,'6".1$Q' K-M$#-$,&"$.11)*#8$
$
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! 2<=!>!?=!>!@!>A!B3! ! ! ! ! ! !
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! ! ! ! ! ! (
D+!&$'()*')+$%!+.(!E1%1E(F%).F!*1%!$0+!E#0.(10(+!G!>!HA!BI!D+!.)/01'!4! 2(3!+.(!$0!.)/01'!,+!(4*+!E#.)0$.#J,1'!
,K1&*')($,+!HA!B!+(!,+!L%FM$+0E+!L"# !,+!HAA!NOPI$
!
Q%1E+%!'+!.*+E(%+!,K1&*')($,+!,$!.)/01'!R2(3!*#$%!ES1E$0!,+.!.)/01$-!- ! 2(3!E)T,+..#$. !2$()').+%!'+.!%+'1()#0.!
(%)/#0#&F(%)M$+.!,#00F+.!+0!100+-+3!;!$
!

13!!! ! " "#$%&' ()*+ ", - #$!
C3

!
! ! #"#$ %&' ()*+ ", ' - #$U!

! E3
!
!! ! $"#$%&' ()*+ ", ' - #$. )*+ ", - #$U$

!
$
$
$
$
$
!

ve t( )=4
E
!

sin " 0 t( )+1
3
sin 3! 0 t( )+ 1

5
sin 5! 0 t( )+...+

1
2k+1

sin(2k+1)! 0 t+.....
!

"
#

$

%
&

= E1sin ! 0 t( )+E3sin 3! 0 t( )+ E5 sin 5! 0 t( )+...+E2k+1sin(2k+1)! 0 t+.....

vs t( ) = S1sin ! 0 t+" 1( )+S3sin 3! 0 t+" 3( )+S5 sin 5! 0 t+" 5( )+...+S2k+1sin (2k+1)! 0 t +" 2k+1( )+.....
Data Sheet AD633
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APPLICATIONS INFORMATION 
The AD633 is well suited for such applications as modulation 
and demodulation, automatic gain control, power measurement, 
voltage-controlled amplifiers, and frequency doublers. These 
applications show the pin connections for the AD633JN (8-lead 
PDIP), which differs from the AD633JR (8-lead SOIC). 

MULTIPLIER CONNECTIONS 
Figure 12 shows the basic connections for multiplication. The X 
and Y inputs normally have their negative nodes grounded, but 
they are fully differential, and in many applications, the grounded 
inputs may be reversed (to facilitate interfacing with signals of a 
particular polarity while achieving some desired output polarity), 
or both may be driven. 
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Figure 12. Basic Multiplier Connections 

SQUARING AND FREQUENCY DOUBLING 
As is shown in Figure 13, squaring of an input signal, E, is 
achieved simply by connecting the X and Y inputs in parallel to 
produce an output of E2/10 V. The input can have either polarity, 
but the output is positive. However, the output polarity can be 
reversed by interchanging the X or Y inputs. The Z input can be 
used to add a further signal to the output. 
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Figure 13. Connections for Squaring 

When the input is a sine wave E sin ! t, this squarer behaves as a 
frequency doubler, because 

�� �� � � � �t
V

E
V

tE
�Z��� 

�Z
2cos1

2010

sin 22

 (2) 

Equation 2 shows a dc term at the output that varies strongly 
with the amplitude of the input, E. This can be avoided using 
the connections shown in Figure 14, where an RC network is 
used to generate two signals whose product has no dc term. It 
uses the identity 

� � � �!!! 2sin
2
1

sincos �  (3) 
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Figure 14. Bounceless Frequency Doubler 

At ! o = 1/CR, the X input leads the input signal by 45¡ (and is 
attenuated by " 2), and the Y input lags the X input by 45¡ (and 
is also attenuated by " 2). Because the X and Y inputs are 90¡ out of 
phase, the response of the circuit is (satisfying Equation 3) 

� � � ��� �� � � � ��q���Z�q���Z � 45sin
2

45sin
210

1
00 t

E
t

E
V

W  

� � � �� � � �t
V

E
0

2

2sin
40

�Z�  (4) 

which has no dc component. Resistors R1 and R2 are included 
to restore the output amplitude to 10 V for an input amplitude 
of 10 V. 

The amplitude of the output is only a weak function of frequency; 
the output amplitude is 0.5% too low at !  = 0.9 ! 0 and ! 0 = 1.1 ! 0. 

GENERATING INVERSE FUNCTIONS 
Inverse functions of multiplication, such as division and square 
rooting, can be implemented by placing a multiplier in the feedback 
loop of an op amp. Figure 15 shows how to implement square 
rooting with the transfer function for the condition E < 0. 

The 1N4148 diode is required to prevent latchup, which can 
occur in such applications if the input were to change polarity, 
even momentarily. 

� � � �VEW 10���  (5) 
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Figure 15. Connections for Square Rooting 

' ! (%)!

* ! (%)!+ B.cos(" "# !t) 

K en V 
 w t( )= 1

K
x1 t( )¥y1 t( )



TD Syst•mes Žlectroniques S2  
 

3 

!"#$%&%#'; ')'<=#%,$#'/0-8=+&,1/#'/012'3&.2-+'=4$&6/&91#'
 
V0!.K)0(F%+..+!1$!.)/01'!E1%%F!-2(3!*F%)#,)M$+!E)T,+..#$. !; 
 
 
 
 
 
 
 
 
 

 

&-!7#00+%!'1!:1'+$%!,+!'1!E#&*#.10(+!E#0()0$+5!'+.!1&*')($,+.!,$!L#0,1&+0(1'!1)0.)!,+.!S1%&#0)M$+.!9!+(!W!+(!
%+&*')%!'+!(1C'+1$!.$):10(!;! 

! "#$%#&'()*!+#(),(-* ! .#(/'$*()'0 ! 1'2$#(,3-*!4 ! 1'2$#(,3-*!5 !

.263-*(+*! ! ! ! !

7$%0,)-/* ! /*! +8'3-*!

+#$%#&'()*!

! ! ! !

 
T! Q%1E+%!'+!.*+E(%+!,K1&*')($,+!,$!.)/01'!-2(3!2X$.M$KY!'KS1%&#0)M$+!W3I!

 
#-!D+!.)/01'!-2(3!+.(!1**')M$F!Y!'K+0(%F+!,$!L)'(%+!,FL)0)!*1%!.+.!E#$%C+.!,+!/1)0!+(!,+!*S1.+!.$):10(+.!; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
! 
 
 
 
 
 
 
 
 
 
 
 
 
 

x t( )= 2+
4
!

sin 2! f0 t( ) +
4

3!
sin 6! f0 t( )+

4
5!

sin 10! f0t( )+............

t 

1V 

3V X(t) 

T = 1ms 

Module  

Phase 

FrŽquence (Hz) 
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.- !E1'E$'+%!'1!:1'+$%!,+!E#&*#.10(+!E#0()0$+5!'+.!1&*')($,+.!,$!L#0,1&+0(1'!1)0.)!,+.!S1%&#0)M$+.!9!+(!W!,$!
.)/01'!42(3!+0!.#%()+!,$!L)'(%+!+(!%+&*')%!'+!(1C'+1$!.$):10(!;! 
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9.!:!; !1<=!
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.263-*(+*! ! ! ! !

>#/-0*!/*! ! ! ! ! !

72?-$*()!/* ! ! ! ! !

7$%0,)-/*!/*!+8'3-* !

+#$%#&'()*!

! ! ! !

 
 
/-! 7#00+%! 'K+-*%+..)#0! ,+! 42(3! +0! .#%()+! ,$! L)'(%+! +(! %+*%F.+0(+%! .#0! .*+E(%+! ,K1&*')($,+! 2%+*%F.+0(1()#0!
$0)'1(F%1'+3I!
!
 
0-!D+!.)/01'!-2(3!+.(!&1)0(+010(!1**')M$F!Y!'K+0(%F+!,$!L)'(%+!*1..+TC10,+!,#0(!'+.!E#$%C+.!,+!/1)0!+(!,+!*S1.+!
.#0(!,#00F+.!E)T,+..#$. !; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H j!( )
H j!( )

Gain 

en dB 

FrŽquence (Hz) 

Phase 
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P8! B.1/)1#*$1.$Q.1#)*$0#$1.$/&@4&,."-#$/&"-'")#($1#,$.@41'-)0#,$0)$5&"0.@#"-.1$.'",'$0#,$W.*@&"'2)#,$C$#-$H$0)$
,'6".1$RK-M$#"$,&*-'#$0)$5'1-*#$#-$*#@41'*$1#$-.%1#.)$,)'Q."-;!

 

! "#$%#&'()*!+#(),(-* !

9.!:!; !1<=!

.#(/'$*()'0 ! 1'2$#(,3-*!4 ! 1'2$#(,3-*!5 !

.263-*(+*! ! ! ! !

@',(!/-!.,0)2*! ! ! ! !

>#/-0*!/*! ! ! ! ! !

7$%0,)-/*! /*! +8'3-*!

+#$%#&'()*!

!

! ! ! !

 
T! Q%1E+%!'+!.*+E(%+!,K1&*')($,+!,$!.)/01'!42(3!2X$.M$KY!'KS1%&#0)M$+!W3I!

 
1I!"+$(T#0!,)%+!M$+!'+!.)/01'!+0!.#%()+!,$!L)'(%+!+.(!.)0$.#J,1'!Z!"#$%M$#)!Z![$+!:1$(!'+!E#+LL)E)+0(!,+!M$1')(F![$!
,+!E+!L)'(%+!Z!\#&&+0(!L1$,%1)(T)'!&#,)L)+%!'1!:1'+$%!,+![$!,$!L)'(%+!*#$%!1:#)%!+0!.#%()+!$0!.)/01'!*%1()M$+&+0(!
.)0$.#J,1'!Z!]1$,%1)(T)'!'K1$/&+0(+%!#$!'+!,)&)0$+%I!^$.()L)+%I!
$
$
$
$
$
$
$
$
$

>22#"#' ' ' ' ' ' ''''''' '
$
$
,'"K.$_$%M$>$,'"K.M/&,K%M$_$,'"K%M/&,K.M$
,'"K.$9$%M$>$,'"K.M/&,K%M$9$,'"K%M/&,K.M$
/&,K.$_$%M$>$/&,K.M/&,K%M$9$,'"K.M,'"K%M$
/&,K.$9$%M$>$/&,K.M/&,K%M$_$,'"K.M,'"K%M$
,'"K.M,'"K%M$>$K7`OMK/&,K.$9$%M$9$/&,K.$_$%MM$
/&,K.M/&,K%M$>$K7`OMK/&,K.$_$%M$_$/&,K.$9$%MM$
,'"K.M/&,K%M$>$K7`OMK,'"K.$_$%M$_$,'"K.$9$%MM$
,'"KO.M$>$O,'"K.M/&,K.M$$
/&,KO.M$>$/&,a.$9$,'"a.$>$O/&,a.$b$7$>$7$9$O,'"a.$
$
$
$
$
$

H j!( )
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!
"# !

#$#$%#$#&!

!
 

"# !$!%!&'()*+,-'.!(/012*-,)(3!#')4*3!5+.(3!0637!8'9,3):3!
;0& <#508= !

!
!
"#!$%&#'()*$$*)+!+,!-./,0+'*,)!12 34516 !7.,)!8(#()*)!0*!$&8#+0!-./,0(!$9':;!<+!/(-./,0+'&.#!*$'!0%.7()+'&.#!=.#$&$'+#'!
>!)*=.#$'&',*)!0*!$&8#+0!-./,0+#'!9-*$$+8*:!>!7+)'&)!/,!$&8#+0!-./,0(;!
!
!
!
!
!
!
! ! ! ! ! '()*+,!&- !
!

!"#$%&%#'( )' '
!
Un signal AM captŽ au rŽcepteur est reprŽsentŽ en figure 2. "#!$%&'()!*+ ,-.*/ !#$0!120#'3!#'!30%)%$('0!3'#!4150#3$#!6#!75893#':#!

7!" !6#!75893#':#!;<!=>?!#0!3'!@#$$(&#!6#!75893#':#!7#" !A!;<<!>?B!
!

!
!
!

!
!
!
!

!
!
!
!
!
!
!
!
!
 

                        

                                              '()*+,! # 

-('$! )#! :($! 6C3'! $%&'()! @163)('0! $%'3$1D6()E!)C#F45#$$%1'! 6C3'! $%&'()! $G0H! @163)8! #'! (@4)%036#! 6132)#! 2('6#! (I#:! 4150#3$#! #$0!J!
!#'!I1)0$B!

!" !-80#5@%'#5!K$!(%'$%!93#!)C%'6%:#!6#!@163)(0%1'!@B!!
!
#"$!L:5%5#!)C#F45#$$%1'!)%0085()#!6#!!$G0H!$13$!)(!715@#!6C3'#!%&''($ 6#!:1@41$('0#$!$%'3$1D6()#$B!L'!6863%5#!)(!5#458$#'0(0%1'!
$4#:05()#!63!$%&'()!@163)8B!-1''#5!)#$!I()#35$!'3@85%93#$!M!4(50%5!6#!:#))#$!0513I8#$!M!)(!93#$0%1'!;B!
!
!"##$%&' &()* "+()*, &-&.&/0()*0"1,2&1&()*0"3,24&
&

s(t)=Vp 1+mcos 2! fBF t( )!" #$cos 2! . fHF t( )

Modulateur  
AM -DBAP 

DŽmodulateur  

- Synchrone 
- dŽtecteur dÕenveloppe 

Canal de transmission !"##$%"&
#! '()&
 

*+%,$-& ./01.2-/&&&
#"#! '()&
!"#$#%&'(&$! )*+&
 
 C™tŽ Žmetteur 

 
C™tŽ rŽcepteur 
 

s(t) : signal modulŽ 
 

 

N%&'A!

N%()A
A!

!"

!#

!$

!%

&

%

$

#

"

! " # $ % &! &" &# &$ &% "!

'()*+,-+(./

'(0
+1

20
,-

3/

6,4 V  

1,6 V 

(ms) 
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!" !"#$%%$!$&'!%(!%()*$#)!+$!,(-+$!+$!.)/0#$-1$&!#!211#3/$!3()!%42-+$!52+#%/$!6211#3('72-!&3$1')(%$8!9!
!
:$!&7*-(%!;<!$&'!2,'$-#!$-!#'7%7&(-'!%$!52-'(*$!12532&/!+4#-!(++7'72--$#)!$'!+4#-!5#%'73%7$#)!&#7=(-'!> 
!
!
!
!
!
!
!
!

!"#$%&'( !

4. Exprimer s(t) ˆ la sortie du multiplieur.  Identifier cette expression avec celle donnŽe juste avant la question 1.  
En dŽduire lÕexpression de Vp et m en fonction de V!" , V#$ et V%$& 
 On prend ! !"# "#$! . Proposer des valeurs pour ! $% et#! &% pour obtenir le signal de la figure 2. 

!
5. Ce signal est envoyŽ sur lÕantenne reprŽsentŽe par une  rŽsistance %'() #= 50! . Quelle est la puissance contenue dans la 
porteuse ? Dans les bandes (ou raies) latŽrales ? En dŽduire la puissance totale Žmise ?'(')*+  .  
 
 
 
!
!"#$%&%#'( )'
@$!$%&'()&*+,-.%/0(1+&*+4#-!&7*-(%!&6'8!52+#%/!;<! ABC;?! ,)(-1D/!E!%4(-(%F&$#)!$&'!+2--/!17G+$&&2#& : 

!
!
!
!
!
!
!
! ! ! ! ! ! ! !
!
! ! ! !!!!!!!!

!!!"#$%&') !
Ce signal AM est obtenu en utilisant une porteuse cosinuso•dale de frŽquence &&% et un signal cosinuso•dal basse frŽquence 

&$% et une tension continue. s(t) peut sÕŽcrire sous la forme :    en volts 

! "!"#$%%$!$&'!%(!)*+,#$-.$!)!" !/$!%(!01*'$#&$!2!"#$%%$!$&'!%(!3(%$#*!/$!4#$2!
#"!"#$%%$!$&'!%(!)*+,#$-.$!/$!%(!*(5$!%('+*(%$!&#0+*5$#*$!6)%&'(# 7!2!8$!%(!*(5$!%('+*(%$!5-)+*5$#*$!6)%&)*+7!2!9-!/+/#5*$!%(!)*+,#$-.$!
)," !/#!&5:-(%!;1/#%(-' !6;$&&(:$72!
$"%"#$%%$!$&'!%(!3(%$#*!/$!%<5-/5.$!/$!;1/#%('51- !& !2!=#&'5)5$*>!
' "!9.*5*$?!&1#&!)1*;$!/<#-$!&1;;$!/$!.1;01&(-'$&!.1&5-#&1 @/(%$&?!%<$A0*$&&51-!/#!&5:-(%!&6'7>!!
!
!
!
!
!
!
!
!
!
!
!
!
!

Vp 1+mcos 2! fBF t( )!" #$cos 2! . fHF t( )

+ 
! !" #

K =1V 

s(t) 

' * ()*# Porteuse +&+()* 
  

Amplitude  
6 V 

0,9 V 0,9 V 

f (kHz)  
650 660 640 
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!"#$%&%#'(')'*#+$,-#./0/&1.'/#2+1$#33#'456.'-&7.03'89:;<8= '
!
!"#$%"&'()*+#,+#('&-%&'.'/#01%(2,3.+2*#4567849:#&2';3". #<#
 

 

 

 

                                                                                                                                     en volt 

 

!!!!!!!"#$%&'!( 
A- Cas 1 :  en  volt  

! "#=$*'*+#,>+?-*+&&'%"#13.@A13.'B2+#(+#&0.:C##
#"#D+-*A&+".+*#,>3,,2*+#.+1-%*+,,+#(+#&0.:C#9%2*#$+,3E#%"#&2'.#,+&#A.3-+&#&2';3".+&#<#

"#$%11+"$+*#-3*#.*3$+*#+"#-%'".',,A&#,>3,,2*+#(+#&0.:#-%2*#,+#$3&#%F C#G+,3#*+-*A&+".+#,>+";+,%--+#&2-A*'+2*+C#

"#+"&2'.+E#.*3$+*#+"#-%'".',,A&#,>3,,2*+#(+#&0.:#-%2*#,+#$3&#%F## ##C#G+,3#*+-*A&+".+#,>+";+,%--+#'"/A*'+2*+C#

"#+"/'" E#.*3$+*#,>3,,2*+#(+#,3#-%*.+2&+#(+#/*AB2+"$+#HIJKL#0%2#HI! #KL:#+.#%&$',,3".#+".*+#,>+";+,%--+#&2-A*'+2*+#+.#,>+";+,%--+#
'"/A*'+2*+C#9*A$'&+*#,+&#;3,+2*&#"21A*'B2+&#(+#M"#$ #+.#M"%&#C#

 

B- Cas 2 : ! ! "#$ est un signal pŽriodique de type crŽneaux dÕamplitude 6V, de valeur moyenne nulle et de pŽriode T = 10 ms. 
En suivant la mŽthode prŽcŽdente, reprŽsenter lÕallure de s(t). 
 
C- En analysant les reprŽsentations temporelles prŽcŽdentes,  o• retrouve-t-on le message ! ! "#$% dans le signal modulŽ en 
AM -DBAP ? 
!

sm t( )=6cos 2! .102t( )

cos 2! .104t( )=+1

cos 2! .104t( )=−1

sm(t)	

 

Modulateur  
AM -DBAP 

Message 

Porteuse 
   vHF(t)	
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!

!
"#$%&'#$!())*$! +!,- !

-. -. /-. - 0!

!
"#$%!&!#'()*+,-./)0!*1+0!2/30-,!()*+,'!40!5(6,/.+*4! !!!!

!!#)+7,4!8-0*4!594:!;)<.4+24!=5> ?#85;@!
!
!
" #!$%&#'()*$$*)+!,!-+!.(/0.1-+'&0#!.%1#!$&2#+-!3456738 9!:+!.(/0.1-+'&0#!*$'!-%0;()+'&0#!<0#$&$'+#'!,!
)*<0#$'&'1*)!-*!$&2#+-!/0.1-+#'!=/*$$+2*>!,!;+)'&)!.1!$&2#+-!/0.1-(9!
!
!
!
!
!
!
! ! ! ! ! 1&23#$!04! !
!
!"#$%&%#'(')*$&+%&,#'-#'./'-012-3./4&2+'56+%7$2+#'
!
"#!1'&-&$*!-*!$<?(/+!@-0<!.1!5*%653789$3#!:;)<=#6)$!$1&A+#'!B!
!
!
!
!
!
!
!
!
!
! ! ! ! "#$%&'!()!

!:*!<&)<1&'!/1-'&;-&*1)!.(-&A)*!1#*!'*#$&0#!.*!$0)'&*! C!D!('+#'!1#!<0*EE&<&*#'!;0$&'&E!*F;)&/(!

*#!G9!G&$5, 5A&$!.*!-+!$0)'&*C!&-!$*!<0/;0)'*!<0//*!1#!2(#()+'*1)!.*!'*#$&0#C!.%&/;(.+#<*!&#'*)#*!#1--*9!
!
:*!$&2#+-!$='>!*#!$0)'&*!.1!/0.1-+'*1) !*$'!1#!$&2#+-!!/0.1-( !*#!+/;-&'1.*!+A*<!;0)'*1$*!=34 56738> C!$0&'!B!

!! ! !!
!! ! "#$%!&!" !'!(!)*+!$,!& #" !'!(-!.*+

!

!
"#$%"&'#( !/#012!34!56!)!ce signal AM-DBAP s(t) est produit par le modulateur (voir figure 1) en utilisant : 
                              - un message !

! ! !- une porteuse  

! ! !7 une composante continue : VDC! ! !  

!
:* !$&2#+-!A!" ='>!+1!#&A*+1!.1!.(/0.1-+'*1)!=A0&)!E&21)*!H>!+!1#*!+/;-&'1.*!<0#$'+#'*!*'! 1#*!E)(I1*#<*!E#$C!
$0&'!B!

!!

0>!J#!$1;;0$+#'!I1* !/!K!LC!')+<*)!-%+--1)*!'*/;0)*--* !.*!$='>9!6(A*-0;;*)!-%*F;)*$$&0#!.*! $='>!*'!*#!.(.1&)* !$0#!
$;*<')*!.%+/;-&'1.* 9!
- >!40#')*)!I1* !B!!

y t( )= 1
K

s(t).vOL t( )

s t( )=Vp 1+mcos ! BF t( )!" #$cos ! HFt( )

sm t( )=VBF cos ! BF t( )
vHF t( )=VHF cos ! HFt( )

vOL t( )=VOL cos ! HFt( )

Modulateur  
AM -DBAP 

DŽmodulateur  

- Synchrone 
- dŽtecteur dÕenveloppe 

Canal de transmission Message 
! ! "#$%
 

&'()*+% ,-./,0+-%%%
!"#! "#$%
!"#$#%&'(&$m)*+&
 
 C™tŽ Žmetteur 

 
C™tŽ rŽcepteur 
 

s(t) : signal modulŽ 
 

 
    Filtre  

 
y(t) 

! !"# "#$%

K enV 

C 

$%&&'#(()*+,"#,-.,
/*!&*(.+0#,/*+0)+%#,

R 

A!" (t) 

z(t) s(t) : signal modulŽ 
  en AM-DBAP 
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.  

!" #$%"&'%&()%$*"%&+,#-)'.*/+%&+%&01*2&1)3/"&4#."%&'%&*"#$56&)"%7+"%&-&.745".%/"&8&92:&&
3)&;7&4#.*&(/.<"%&'%&-/'*.)'.%/"&+,/7&4.'*"%&+37*&',%=)"%((.37&+%&'#&437$*.37&+%&*"#7(4%"*&+/&4.'*"%&(,5$".*&(3/(&'#&
43"-%>!

!

!
a)&&?/%''%&%(*&'#&7#*/"%&+/&4.'*"%&@&&
b&!"#$%"&'#&$3/"A%&+%&B#.7&#(0-)*3*.C/%&)3/"&'%&4.'*"%:&
4)&;7& .-)3(%& /7%& #**57/#*.37& +%& DE& +F& 8& '#& 4"5C/%7$%& +%& G& HIJ:& K/(*.4.%"&'#& 75$%((.*5&+,#**57/%"& '%(&
$3-)3(#7*%(&8&G&HIJ&%*&8&1G&HIJ&±&4BF2:&L7&(%&A#(#7*&(/"&'#&$3/"A%&+%&B#.7&#(0-)*3*.C/%&)"5$5+%7*%6&$#'$/'%"&
4n:&
5) L7&(/))3 (#7*&C/%&'%&4.'*"%&)#((%MN#/*&1$3-)3(5&+%&O&%*&P2&(/))".-%&'#&$3-)3(#7*%&$37*.7/%&%*&7%&-3+.4.%&
)#(&'%(&#-)'.*/+%(&+%(&#/*"%(&$3-)3(#7*%(&4"5C/%7*.%''%(6&+377%"&',%=)"%((.37&-#*N5-#*.C/%&+%&(dem1*2&%*&*"#$%"&
(37&()%$*"%&+,#-)'.*/+%&1remarque2&>&37&75B'.B%"#&'%(&$3-)3(#7*%(&#**57/5%(&+%&DE&+F2&&
6) O3-)#"%"& '%&(.B7#'&(dem1*2&#/&-%((#B%&(m1*2&1<3."&"%-#"C/%9&)'/(&N#/*2&%*&$37$'/"%&(/"& '#&C/#'.*5&+%&'#&
+5-3+/'#*.37&1L(*&$%&C/%&'%&-%((#B%&%(*&$3""%$*%-%7*&"%$37(*.*/5@2:&
!
!
&
Exercice 2 : Démodulation par détection d’enveloppe d’un signal AM-DBAP 
;7&$37(.+Q"%&'%&$."$/.*&(/.<#7*&> 
!
!
!
!
!
!
!
!
! ! ! ! ! Figure 3. 
 
1)&R#&*%7(.37&+,%7*"5%&%(*&(.7/(3S+#'%& +%&4"5C/%7$%&4HF&TUVV&WIJ:&R#&*%7(.37&+%&(%/.'&+%&'#&

+.3+%&%(*&75B'.B%#A'%:&&
M&R#&$37(*#7*%&+%&*%-)(&1PO2&5*#7*&B"#7+%&+%<#7*&'#&)5".3+%&!HF 6&tracer l’allure de vc(t):&
2)&R#&*%7(.37&(1*2&%(*&-#.7*%7#7*&/7&(.B7#'&-3+/'5&%7&#-)'.*/+%&1XHMYFXZ2>&&!
!!!!!!!!!!!!!!!!!!!!!!! !"#$%!&BF!''! &HF!(!!

!!!!!!!!!!!!!!!!!!!!!!!!!)*$+#$,-..$!/$!0 123!"!.-45!&5674$+%$!&BF!8!9!: ;<( !
!
&&&&&&&&#2&!"#$%"&',#''/"%&*%-)3"%''%&+%&(1*2&(.&-&T&E6V&
&&&&&&&&A2&Z3/"&/7%&$37(*#7*%&+%&*%-)(&1PO2&)%"-%**#7*&/7%&+5-3+/'#*.37&$3""%$*%:&
&&&&&&&&&&&&M&!"#$%"&',#''/"%&+/&(.B7#'&+5-3+/'5&<c1*2&
$2&L(*M.'&)3((.A'%&+,/*.'.(%"&$%**%&*%$N7.C/%&+%&+5-3+/'#*.37&)3/"&'%&$#(&3/&-&%(*&(/)5".%/"&8&9:&&
&&&&&&&&&&&&&L=)'.C/%":&
 
 
 
 
 

y(t)=
Vp.VOL

2K
+

mVp.VOL

2K
cosωBF t( )+

mVp.VOL

4K
cos 2! HF −! BF( )t"# $%+

Vp.VOL

2K
cos 2! HF t( )+

mVp.VOL

4K
cos 2! HF +! BF( )t"# $%

H j!( )= 1

1+ j 2! "
" n

+ j
"
" n

!

"
#

$

%
&

2

s t( )=10.cos ! HF t( )

s t( )=10 1+mcos ! BF t( )!" #$cos ! HF t( )

= d!123!

C R 

i

.d 

s(t) 

<c1*2&
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!
!
!
!
!
!

!""#$# % % % % % % %%%%%%%%
!
!
"#$%&!'!()!*!"#$%&)+,"%()!'!"#$%()+,"%&)!
"#$%&!-!()!*! "#$%&)+,"%()!-!"#$%()+,"%&)!
+,"%&!'!()!*!+,"%&)+,"%()!-!"#$%&)"#$%()!
+,"%&!-!()!*!+,"%&)+,"%()!'!"#$%&)"#$%()!
"#$%&)"#$%()!*!%./0)%+,"%&!-!()! -!+,"%&!'!())!
+,"%&)+,"%()!*!%./0)%+,"%&!'!()!'!+,"%&!-!()) !
"#$%&)+,"%()!*!%./0)%"#$%&!'!()!'!"#$%&!-!()) !
"#$%0&)!*!0"#$%&)+,"%&)!!
+,"%0&)!*!+,"1&!-!"#$1&!*!0+,"1&!2!.!*!.! -!0"#$1&!
!
!
!


