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I
!

"#$%&%#)(*&+,$-.#'/012'3&.2-+'%-$EH", $-%,862'/07-$862&91#3
I"HSY8I"H(S) HEH+, - HSH-FRIOH" | H)*$,&"-$., &'+ SH'S, + HS-H1S2)HS/3#,-SHHA*+ #'-+ SHEI® 6) #
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TSRPS0 SIS LS (1 )=0 = é ,Rf"j e

v'K-N
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Figure 1.
Les courbes de gain et de phase sontdonnZes ci-dessous:!

Bode Diagram
T

Module (dB)

90 = i b

fréquence !"#$ %

D*+2)#"/#$ 7$FAG C$FAS HSFAS ISFAG
J"SK#'SOLM$> | NC(HSOL LC2NSE 2$01$ DOP(I$08
20loglH (j/ )| $

"#$%"&'()*"+,-&' . +$/0%'1"22%",-%'4.+5&0%H'17&0'8&"/0%'.098&%, 1%2
!
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1"$,'6". 18/ +SQK-BHSQ. 1#)*S@&RH#$") 1 1#($03. @4 1'-) OHSS $H#-SOHSBIRYEIBRER. #$ &), $1.$58* @#$03)"#$,&@ @#S
0#$,"),&TOHS

E! 1

$
v (t)=4gsin(" o) +Ssin( Ot)+ésin(5! o)+t T Sn(K+D)! ot

2k+1
= E,Sin(/ ,t)+E,sin(3/ ,t)+ Egsin(5/! ot)+...+E,,, SN(2k+1)! jt+.....

(3$P'$S>7V(SL)1#*S1#@A1'-)0#,$0#,$2).-BH@ '#*, SW . * @ & 2)#, SOKMB S (S S(EBo$1-$ =3
Tracer le spectre dOamplitude dé "#$'#$#%&ux harmoniques 1, 3,5et 7.

; 3", Q)W -HE@."-#"."BEX-* M H$<="0>7 ,+8&%'-<70-0B,'6". 1$/.**+$4+*' &O'2)HBQMS0#E5*+ 2 )# BHABAGBPY &) *$
#1.($"&),$)-'1',&" $1#$5'1-*#5B HO#SA*+/+0#"-8$Z2$1.$,&*-'#$0)$5'1-*#($&"$&%- #"-HIMS$, LQESQ

$

V,(t)=Ssin(/ ;t+",)+Ssin(3! jt+",)+§sin(5! jt+"5)+...+S,, Sn((2k+D)/ jt+" )+ $

@&Y62/+AB.1/)1#*$13. @IAHS0H, SW.* @& "2)#, SHOBS7 (C(SHSBDIS, 6" 150#$, &*- HBOMSK*#, 4#/- QH@H#"-$" &l #,$U
Us(SLfBt-SEMBS[* /S 1#$, 4#/-#$03.@41'™-)0#$0)$,'6". ISOHEMSIHBOHS )X SW X @& 2)# SBESKEY *$* 448*-$\HS
2)HSAH) RSO HSOHS13. @41'-) OHSO#, SW . * @& 2)H SPHE #PS\SIF $

$

B3S"$0+0)*#$134XA*H,,'&"$.44*&I\W+#$0)$, B-NISE-$,&"$. BL)*#

$

GNH11#$"&)QH11#$Q. 1#)*$5IDB0& " HIBBSA&) SHX-*. *#$13W.* @& BHBRB1 '2)#*

|

"#$%& o)’
"HSOHI&S'()*')+%!,+$-1.)/01$-1-2(31+(142(35!#01SED) &S ()*) +$967899!.$):10( !;!
| ,

|
: KenV

1
w(t)= in (t)¥.(t)
B Dv(?s?v)(Egli)*(?s . ; : ((yd] —

=685=8&!>?.7@@5&A
5&678872

! *
! 2<=I>17=I>1@I>AIB3 | ! ! ! , 1B B.cos( )
|

O] #2130 H18S () + 596167899 | ! ! 2CBHS%&! | ! !
! ! ! ! ! ! (
D+1&$'()*)+$%!+.(|E1%1E(F%).F!*1%! $0+ E#0. (LE¥ I R)OA 4 2(31+.(1$01.)/01 ¥ (4*+ E#)0$.#J,1'1
K1&*)($, +IHAIBI+(!,+!L%FM$+QE+IHAANOPS
[
QUL EHY*+E(%+ K1&*)($,41.)/01'1 R2(3*#$UESIESO! ,+.1.)/018- | 2(FEN+. #$. 12$()).+%!"+.1 %+ 1()#0.!
(%)/HOH&F (%)M$+.1 #OOF+.1+01100$-+3
!

1311, "#% &' (*+", - #8

CIy 4" #%8& (*+", " - U

! Q" #B96& 0", " - #5. )*+", - #i

— AP HHH
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I"#3%&Y5#H) <=#%,$#0-8=+&,1/#'/012'3&.2-+'=4$&6/&91#

VO!.K)O(F%+..+11$!.)/01'1E1%%F!-2(3*F%)E4) M$+IE)

Xt 4 3v
v
T —— t:
T=1ms
x(t)=2+!isin(2! fot)+§sin(6! fot)+$§n(10! 1719

&ATHOO+%6!"11: 1" +$% HE#&*#.10(+ E#0()0$HEI1&*)($, +., $IL#0,1&+0(1'11)0.)!,+.1S1%&H#0)MS+.191+ (W !+(!
0o+&*)BAI(1C+1$!1.$): 10y

! HYHE VM), (! #('$0'0 ! 1'2$#(,3-414 | 1'2$#(,3-*15 |
263-*(+* ! ! ! !

7$960,)-/%1 [+ 483+ | | ! ! !
+HS%H& (1

T QULE+%!+ *+E(%+!,K1&*)($,+!,$1.)/ 012K Y 'KS1%EH0YMS+W3

#1D+1.)/01'1-2(31+. (11 )MSFIY 'K+0(%6F+!, $IL)' (%o+!,FL)0) *1%! + [ E#$%C+.1 +1/1)01+(!, +1*81.+1.$):10(+.

T T l T T
Module :
° I i i 1 i i i i 1
o 1000 2000 3000 4000 5000 6000 7000 3000 3000 10000
!
Phase
180 T
a0 i i i i i i i i i
1000 2000 3000 4000 S000 6000 7000 8000 9000 10000

FrZquence (Hz)
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- IELES+%!'11:1+$%! + E#&*#.10(+ E#0()0$+5!'+.11&*)($,+.| $IL#0,1&+0(1'11)0.)! +.! S1%&H0)MSH 191 +(1W!
)I01'142(31+01 #%()+!, SILY{YB+&* Y (1C'+1$1.$): 10

! HSYOHE )M+, (- | #('$0'0 ! 1'28#(,3-414 | 12$#(,3-+15 |

.263-*(+*! ! ! ! |
>#/-0%1/*] ﬂ(j’ )! I I I I

7$960,)-/*1/*1+8'3-* | ! ! ! |
+HS%H& ()

[-! THOO+%! 'K+-*%+.)#0! ,+1 42(3! +0! #%6()+! ,$! L)'(%o+! +(! %+*%6F. +0(+%! #O! *+E(%+! K1&*)($,+! 2%+*%6F
$0)'1(F%1'#3l
!

0-ID+1.)/01'1-2(3!+.(!&1)0(+010EF )MSF! Y 'K+0(%6F+!, $1L) (% FTA0#! #O(!'+. | EHSYC+.!, +1/1)01+ (!, +1*S1.+]
HO(!, #OOF+.IE]+. #$. !:

Gain'* L L T T T T
13 : ¥

FrZquence (Hz)

FrZquence (Hz)

TD Systemes Zlectroniques S2 4




6" ISRK-M$#'S$, &*-#$0)$ELHB ANHS-. %1#.)$,)'Q;!-

SUS0#,SW @& 2)HFE$H-SHS

HYOHE )M+, (- |

HI'$*0'0 !

1'28#(,3-*14 |

1'2$#(,3-*15 |

263-*(+*

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

>#-0%p H(j1)!

7$960,)-141
+HS%HE ()1
!

+8'3-#!

T QULE+%!+ *+E(%+, K1&*)($,+!,$! JMBIXS. MSKY'KS1%E&H0)MS+W3

LI +$(BO!,)%+IMS+!+1.)/01'1+01 #%()+!, $IL) (Yo+1+.(1.) ORBISROMSE)$+!: 1$(I+HEH#+LL)E)+0(!, +IMSLYF[
HE+IL) (JEAHE&+O(ILLS, Y I(1&H,)L)+%!"11: 1'+$%! HISIL)' (Yo+ *H#SYI1:#)%6!+01#9%6()+1$01.)/01' %6 1 ()M$+&+0(!

)0$.#3,112111$, % LI 1K LS/&+0(+ 06! +1,)8) 0$+%6111$. (L) + %

22#"#'

L EERl \/ R e e o

V'K.S_$%M$>$,"" K. M/&, KIBAM /&, KM
K. $BOoMS>S, " K. M/ERIKIADN/ &, KM
1&,K.$_$%M$>$/&, K. MEE, KIDMIK VM
1& K. BROMP>$/&,K.M/&,KWMS_$,"&.M," K%M

"KM, "K%M$>$K 7" OMBASHR K. $_S%EMM

1&,K.M/&,K%MS>$K7 OMK/&, K.$_SBAENS/&,K.$
K M/&, K% M$>$K 7 OMBOIMS.SS, " BASM
"KO.M$>$0,"K.M/&K.M$

1&,KO.M$>$/8H"B.$>$0/&, iy $>$ 8, "a.$

B H B R P
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4|
Génie Electrique et

Informatique #$#$O/#$#&-I

Midi-Pyrénées RUITSUEI /

"#1$1061&' ()*+,-'1(/012%- ) (31#)4*315+.(310637!8'9,3):3!
0& ##508=!

[

[

"HISYO&H ()*$$*)++,1-./,04% )12 U516 17.,)I8(#()*)0*$&SBH+O0!-./,0(1$0"; 1< +1/(-./, 0+ & HI*$10%.7() +'& H#= HSES' +#'
>1)*= #$'&', %) 0% S&BAHD+#19-*$$+8%:1>17+)'&)1/,1$&8#+0!-./,0(;!

|

! s(t) : signal modulZ

! —» Modulateur DZmodulateur ——»

I I"HH$%" AM -DBAP Canal de transmission *+%,$-& ./01.2-/
| #'0& #a ()&

] - Synchrone e *

I . - dZtecteur dOenvelopp HSHAE3G" &

; C™tZ Zmettel C™tZ rZceptet

! ! ! ! ! )*+,1&- !

!

I"#$%&UH
!
Un signal AM captZ au rZc@teur est reprZsentZ en figure2. "#1$%&'()*+ ,-.*/  #$01120#'3#'130%)%$('0!3'#1415043$#16#!758934

T 16#175893#" #,£=>?1#0!3' @#SH(&#!6#! 7589 3H1#AT, <<I>?B
!

NnsAlG,4 V_'h !

! s Hm”“lh.. Jll m““lln. ..nlll“”””

NupA1,6 V %

&

(0+120,-3/

%

: ® “m“w"’ | 'ull”””“

‘0*6-4(ms)

'O+ #
-($1)#! (B! 6C3'1$%&()! @163)('0! $% ' THA() FCHFA54#$$%1' 6C3' SUBOMIKD163)8! #'1 (@4)%036#! 6132)#1 2('6#! (1#:1 415083$#! #
S(t)=V 1+ mcos(2! fot)§os(2! . f,. t) #111)0$B

I"1-80H#5 @ %' #51K06'$%!93#1) C%'6%.:#164# @163)(0%1'| @B!

!

#'3L:5%5#1) CHFAS#$$%1'1) YOREQHSEBS!) (1715 @ BRI 641:1@41$('04$1$%'3$1 D6 HEHI3%3)5#458$#'0(0%1"!
$44#:05()#1631$%&A)163)8B!-1"#5!)#$!1 ) #35$!'3 @85%934#$IMI4(50%51641:#) J#$10513I18#SIM!) (193#$0%1';B

|

I"HHSIBE)* "H()*, 88.80()*0"1,281&()*03248.
&
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" I"H$%6%$I$& 1%6(1%6()*$H)1+$!, (-+$1+$1.) OHBATRIZ/SI3()1%642-+$152+ #1525 1#3('72-18351") (W8

|
BI&T*-(%);<I$&12,'S-HIS- 1 TU0 T &(-'1%$152-'(*$1 1253281+ 41 (++7'72--$#)1$ 1+ A#-15H9%'7 3% 7 H) |&# 7 =(-

O

Porteuse +e)*

o AN anal o w AN Anel s

"H#$%E&(!
4. Exprimer s(t) " la sortie du multiplieur. Identifier cette expression avec celle donnZe juste avant la question 1.
En dZduire IOexpression de Vp et m en fonction de V , Vs et Vogs
On prend ! r+"#8$! . Proposer des valeurs pour ! sxwet# swpour obtenir le signal de la figure 2.
!
5. Ce signal est envoyZ sur IOantenne reprZsentZe par une rZsistariég + 50! . Quelle est la puissance contenue dans la
porteuse ? Dans les bandes (ou raies) latZrale® En dZduire la puissance totale Zmise?:¢« .

!
I"H$%&YEH'
@& ()&*+,-. %6/0(1+&H#-1&7*-(BHBI52+#%4! ABC;?! ,)(-1D/E1%A(-(%F&S$H)I$& 1+2-BSRE2HE

/]
! Amplitude
| 6V
]
]
|
i 09V 0,9V
! ! ! ! ! ! ! !
! ' f (kHz)
| | | 1 64C 65C 66(C
M"#$%8&) !

Ce signal AM est obtenu en utilisant une porteuse cosinusosdale de frZquence&«et un signal cosinusosdal basse frZquence
&xet une tension continue. s(t) peut sOZcrirsous la forme:  V,¥1+mcos(2/ f,. t)éos(2/ .f, t) en volts
F1"H#$%0%0$I$& 1% (1) *+,#$-)5! /$1%(101 ¥ $HER! "#$% % $IS& 1% (13 (Yo$H*ig14

#'1"#S%%0B& Do (1)*+,#$-. SS90 (1*(5$1%( +* (%S &HO+*SSH:BIEN218 $1%(1* (5$!%(+*(%$!5-) +*ESHESM)9-1/+/#5*$1%0 (1) *+,#$-.$!
) VHI&5:- (%! 1#%(- 16;$&&(:$72

$'Y83%%$!$& 1% (13(Yo$#*/$1%<BEHIM % (51 & 121#&'5)58F>

' 9.5 $RI& AR 1X; B/ <#-$1&1;;$!/$.1,01&(-'$&!. 1&5-#&1  @/(%P&?1%<PA0*$&&ES1-I/HISBE(%!&
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I"#$068 o) (*#+$, -#./0/8&1. [#2+1$#33#'456.-&7.03'89 : :<8= '

!
"#$%" &' ()*+#, €&-%&' . [#01%(2,3.+2*#BP349:#8&2";3".

Message Smu(t)
Modulateur
AM -DBAP
Porteuse ——» 1 en volt
VHF(t) slt)= —f10+ S (tﬂ cos(Zn.104t\
HINr#$%&"\(

A-Cas 1: Sm(t)ZGCOS(ZI .102'{) en volt

PS> +?2-*+&&'U"#13. @AL3.' B2 04 EH# &

#ID+ A" +1#,>3, 2% +#.+1-%*+, OHOHRO2* H#$+ SEHY"HE&2' #,+&H#A. 3 HEH#E2", 3" +&
"1 1+"$+3#-3BE+HH+"H-%" ., ,A&#,>3,,2*®##|-W*#,+#$3&@8(ﬁ? .104t) =+1CHG+, It +-*A&+" +#,>+" +B-AFH-2*#C
"#—"&2'.+E3$+*#+"#-%"'.',,A&#,>3,,2*@###%@*#,+#$38@£%(|2¢#104t)=—1#@#G+,3#*+-*A&+".+#,>+";+,%-—+#"'//#*'+2*+C

RN E# 3B, >3,, 25+ (+H#, SH-%0* + 28+ #(+H#/*AB2+"S+HHAKIKE # OGERIFH | 3" A+ K, >+ + Yo--+H & 2-ABHIFEH Yo--+#
"IAF+2*+CHI*AS &+, +&#;3,+2*&#"2 1 A* BRHE&H{AHE

B- Cas 2:!, "#$est un signal pZriodique de type crZneaux dOamplitude 6V, de valeur moyenne nulle et de pZriode == 10ms.
En suivant la mZthode prZcAlente, reprZsenter I0allure de(s).

C- En analysant les reprZsentations temporelles prZcZdentes, oe retrouvet-on le message!: "#$%ans le signal modulZ en

AM -DBAP ?
!
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Génie Electrique et ”#$%&'#$'())*$| +!,- |

Informatique . T, /'. 'OI
Midi-Pyrénées QUITNUEIE /
|

"HEUO &I ()*+,-./)0*1+012/30-,!()*+,140!5(6,/.+*4! 1
)+7,418-0*41504:1:)<.4+241=5> %#85:@!

[

!

" HISY6&H ()*$$H)HL. (/0. 1-+ &OH#! Yo 1#I$&2H+-13B 738 91:+1.(/0.1-+'&OHI*$'1-%60;()+ &OHI<OHSES' +#'!
)*<0#$& 1%)1-41$&2#+-1/0. 1+ 1=/*$S+214) &)1 11$&2#+-1/0.1-(9

s(t) : signal modulZ
! ——»| Modulateur DZmodulateur ———»
| Message AM -DBAP Canal de transmission &(*+% ,-/,0+-9
e - Synchrone L 36
H " 0, *.
| o - dZtecteur dOenvelopp HEHNEIY &
; C™1{7 Zmettel C™t7 rZceptet
! ! ! ! ! 1&23#3'04 !
|

"#$%&%#)(‘$&+%&,#'-#'./'-012-3./4&2+'56+%7$2+#

!
"H#11'&-&$*I-+1$<?([+1 @-0<b1%653789$3#!:;)<=#6) B L&A HB

$6&EH(()*+," 5.
Kenv /*!&*(.+0#,/*++o)+%#
- — | _ »
s(t) : signal modulZ y(®) Filtre 20 Liy "#$6
en AM-DBAP C
R

O

I
I
I
I
I
I
I
! A (D)
I
I I I 1 "#$%&1!
I¥1<&)<1&'1/1-'&;-&* L)) (-&A) 1#* 1 *#$&0#! ¥ SO0y &)= S(t).vOL (t) C!D!(+#11#!<O*EE&<Q$&I&E!*F;)&(
*#IGIGEH 50\&$!.*!-+!$0)'&*C!&-!$*!<O/;O)'*!<O//*!1#!2(#()+'*1)!.*!'*#$&O#C!.%&/;(.+#<*!&#'*)#*!#1--*9
|
HIS&2H#HS="FH#1$0)' &*1.11/0. 1-+*1) *F11#IS&K2#HA. 1-( P*#!+/;-&' 1. ¥ 1+A*<!;0)*1$*1=34 F5738> C!$08'
I ! s(t)=V, ¥1+mcos(/ g t)gcos(/ HFI? I
I ! "HSUOIEI () HS, 18 ML A+
[
"#$%"&'#H( /#012!348)!ce signal AM-DBAP s(t) est produit par le modulateur (voir figure 1) en utilisant :

- un message S, (t)=Vg co(! g t)!
! ! - une porteuse Vi (t)=Vye cOS(! ;et)

! ! I7une composante continue : Vpcl !

*1S&2HAAE = SFLIH#&A*+11.1!1.(/0.1-+"*1)I1=A0&)! E&2 1) HHA* H/;-&' 1 *I <O#S'+#* ¥l 1#H E)(11*#<* g C!
$0&B

Vo (1)=VoL c0s(/ ) !
OIS0+ L* VIKILC)+<H)-%o+-- 104/ 0)*--* L HI$="9I6(A*-0;:%)1-06*F;)*$S&OM $="3' 1541 (1&)* 1$0#!
$;*<)*.%+/;-&'1.* 9
- SHO#)Y)IIL* 1B
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y(t):%+%cos(wwt)+%cos[(2! we = e t]* %005(2! wet) %cos[(z we e )t]-

I" #3$%"&'%&()%$*" %0 &+, #-)" .+ PARGPIR R AH. " Y& Y &*"#$56 &) "% 7+"%&-&& 45" . %/"&8&92:&
3)&7 &4 *&(1.<"%&'%&-*.)".%/" &&IT" K8 7T*&0=)"%((.37 & +%& #&A43T7$*.37&+%&*"#7 (4% "* & KAUE HEO& (,5$".*
43"-%

1

H(JI )= . T . § !
142! —+#—&
nU 0

n n 70

|

A)&/%" Y&V (*&H&TH* "% & L. %

b&'#$%"&'#&$3/" A% &+BEBRFIF*.C/%&)3/"&' Y &AL " %

4)&T7& .-)3(%& [7T%& #**57[#*.37& +%& DE& +F& 8& #& 4"5C/%7$%& +% &HR& GBI &HAADBIR0" & 'Y0(&
$3-)3(#7*% (8B &HI1I&0BBG &H1J &8ksr 2 &L T8O &AH (#7* -3/ A% E&+Y0 8833 )F 3*.C/% &) "5 $5+YT8%H' $/' %" &

4:&

5) L7&(/))3 (#7*&C/%&'%&4.""WBHHEAD3-)3(5&+% & DREAY'.-%& '#E&$3-)3(#7*%&P37*.7/%E&%* & 7% &-3+.4.%:
)V (8%0(&H-)" *1+%(&+Y0(&H/*" Yo (&$3-) 3 (@ TBUAY0 7*. Yoot 37 T84 %=)"%((.37 &-#*N5-#*. C/%L+ PRI $%" &
(37&()%$*"%&+,#-)" . * [+ ¥8drque2 8 &37&75B A6 (&$3-) 3 (#7*% (&H#**57/5%(&+UB&DE&+F2

6) O3-)#"%"& '%& (.BT#&L*2& #/& -%((#BBDEE& 1<3."& "%-HOGINE N#/*2& %*& $37$' /"% & (/"& '#E& Cl#' . *5& +%& '#:
+5-3+/'#*.3 T8 (*&$%0 & CYBEEY0((HBEA*&$3""%0F$*%-% 7*& " Yo K& *.*/5

nal AM-DBAP

78$37(+Q"%&'VES."$/. * & B <HT*

=123

RN

4 <1*&

s(t) —

! ! ! ! Figure 3.

DRHEOT(.378&+,%7*"5%8& % (*& (. TKRBHBY0S/ - t) +%&4"5C/% (HERIYV EI& R#&*% T &+%& (%' &#8Y%&
+.3+%&%(*&75B'.B&#A'%

MRH#&S3T (*H#7*%&+%&*%-)(&1PO2&5*# 7*&B "#7+%& +%s BBk Allar&aR! v (t):&
2)&RH#E&*% T (TG T %N THT*&/T&(.BT# &-3 -8 &#-)' [+ @ XHMW FXZ2>&

Hinnnnnnn*S+#9$, - $1/$10 1231"1.-451&56 7494818 ;<( !

888 ERREEYo" & 168 Y6-)3"%%" Yo SH B8 T &EBV

8.8 8 AR &1 7% &S T (*HT*%&+%8&*%-)(&1PO2&) %" - Yo #7*8&I T%E&+5-38/ #*. 37 &$3"" % $*%:
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