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Seria Fourier in timp continuu

X(t)= i cel M ——c = TEIX(t)e“'k"’O‘dt, w, = 21/T
K=o T

Tabelul 4.1 Proprietatile seriei Fourier exponentiale

Semnal periodic Coeficientii seriei Fourier exponentiale

X(t)=x(t+T), w,=2n/T

y()=y(t+T), o,=21/T

ax(t)+by(t) {ac) +bc!}
x(t-t,), t,eR {e et} o, =2n/T
X(t)ejk"m"t, k,€Z, ®,=21/T {Cﬁ(_ko}

X' (t)

x(-t)

x(at), aeR", perioada T/a {cr}
X(t)®y(t):!x(f)y(t_f)dT {Teie
%_T[X*(’c)y(t—kt)dt {(ckx)*cky}
x(t)y(t) {cixc)}= {nickxncny}
d’;(tt) { Ko}
[ {,EZ)} ¢ =0
ckX:(cfk)*
x(t)eR al=Ic | Argc, =—Argc’,
Re{c;‘}:Re{c_Xk}; Im{ckx}:—lm{cfk}
X, (1), x(t)eR {Rec}
X (1), x(t)eR {iimey]

1 ©
T de= 3 o f
T T k=—0
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Transformarea Fourier in timp continuu

o0

x(t):z—ln_]:x(oa)e"‘”‘dw—>x(m): [ x(t)e

—00

Tabelul 5.3 Proprietitile transformarii Fourier in timp continuu

Semnalul aperiodic Transformata Fourier
X(t) X (o)
y(t) Y(co)
ax(t) +by (1) aX ()+bY (o)
x(t-t,), t,eR e X (@)
ejm"tx(t), o, eR X((o—(oo)
X" (t) X*(-o)
x(~t)=x(t) X (—o)
1 ®
x(at), aeR HX(EJ
x(t)*y(t X ()Y ()
X" (t)*y(t) X ()Y (@)
X0y () =X (0)2Y (0)
dx(t) .
- joX (o)
[ x(z)d jiwx(m)+nx (0)5(w)
tx(t) j;—mx(m)
X(0)=X"(-o)
X(t)ER |X(03)|:|X(—O))|; Arg X (0)=—Arg X (o)
Re{X (o)} =Re{X (-0)}; IM{X()}=-Im{X (-o)}
X, (), x(t)eR Re{X (o)}
x (1), x(t)eR jIm{X (o)}

[ (o o= [1% o) o

X(t)«— X ()
X (t)«—>2nx(-0)
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Tabelul 5.4 Perechi semnal — transformata/serie Fourier

Semnalul

Transformata Fourier

Coeficientii seriei Fourier
exponentiale (doar pentru
semnale
periodice)

chejkmot
k

D 2n6,8(w—kay)
k

{G}

g Joot 2758(03—0)0) ¢, =1 ¢, =0k=1
¢ =c =1
CcoS wyt n[8(m—®0)+8(w+wo)] 2!
¢, =0ke{-11}
¢ =-C -
sin ot 3[8(@—@0)—6(w+w0):| +o2f
. ¢ =0,ke{-11)
x(t)=1(const) 213 () ¢, =L c =0k=0
. X(7) + i ¢, :sm kmOTl,k;tO;
. > ¢8(m—kmo) T
T T+04T T ¢ el 2T,
2112 C,=—*
- T ° T
S 2n & 2n 1
8; (t):k;os(t—kT) ®p3,, (t):?kyﬁ?}(m—k?j G =T
4 It << 2sin ot
pf(t)‘{o, /> p
sin ot E" |oof < o,
nit p‘”o(m)_{o, || > o,
3(t) 1(const) _
3(t-t,), teR eIt N
o(t) jimma(m) _
e*o(t),Re{a} >0 (a+jo)’ —
te o(t),Re{a} >0 (a+jo)” —
tn—le—at
o(t),Re{a}>0 (a+ jo)” -
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Seria Fourier in timp discret

N1
n]= che‘kg‘)”,n =0,N-1——>¢, :%

> x[n]e ™" k=0,N-1 Q,=

n=0

27‘C
N

Tabelul 6.1 Proprietatile seriei Fourier in timp discret

Semnalul discret periodic Coeficientii seriei Fourier exponengiale
x[n].x[n+N]=x[n]=x[(n), ] {ec)icin =ci =cl,
y[n].y[n+N]=y[n]=y[(n), ] {chicly =€ =cly,

ax[n]-+by[n] {aci +bey |
x[n-ny].n, €Z {ejkz'\?noc;
X" [n] 1<)}
x[-n] {cfk}
Xm [N] {x[n/m]; daca nim perioada mN {1cx perioada mN
™Y 0 inrest m k}’
o 2T
ejkOan[n] {Cli(—ko}
eyl 3 xyl-K (Ncre!!
1 Y { X\ y}
— n+k C ) -C
2 nly[n+i] (@)
x[n]y[n] {le@)cky} ={> ¢}
me(N)
x[n]-x[n-1] {(1—e‘j2”"/N)c§}
n .
> x[k], ¥ =0 {e1—e 2%y X =0
k=—o0
W=,
x[n] eR e =lc_ i Arge, =—Argc,
Re{c }=Re{c}; Im{c}=—-Im{c_,}
x,[n], x[n]eR {Re{c}}
x[n], x[n]e {jlm{cﬁ‘}}
1
L5 il - 3
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Transformata Fourier in timp discret

o0

N=—o0

x[n] Zz—lnzj; X (Q)eiQndQ—>x (Q)= Z X[n]eijn

Tabelul 6.2 Proprietatile transformarii Fourier in timp discret

Semnalul discret aperiodic Transformata Fourier
x[n] X(Q); X(Q+21)=X(Q)
y[n] Y(Q); Y(Q+2m)=Y(Q)
ax[n]+by[n] aX(Q)+bY (Q)
x[n —1y | e X (Q)
e’%"x[n] X (Q-9)
x*[n] X*(—-Q)
x[-n] | X (-Q)
gl =0/ S X (k)
X[n]*y([n] X(Q)Y(Q)
X [n]*y[n] X' (Q)Y(Q)
x[n]y[n] z_lnx(g)@Y(Q):z_lnzf X (U)Y (Q-u)du
x[n]-x[n-1] (1 e‘jQ)X(Q)
kz X[K] 1)_(§gi22+7tx (0) 3" s(-kzn)
.dX
(] )
X(Q)=X*(-Q);
x[n] cR IX(Q)=|X(-Q);  ArgX(Q)=-ArgX (-Q)
Re{X (Q)} =Re{X (-Q)}; Im{X(Q)}=-Im{X (-Q)}
Xp[n]. x[n]eR Re{X (Q)}
x;[n], x[n]eR jim{X (Q)}
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Tabelul 6.3 Perechi semnal-transformata Fourier in timp discret/serie Fourier in timp discret

Semnalul

Transformata Fourier

Coeficientii seriei Fourier exponentiale (doar pentru
semnale periodice)

jklen
z c.e
ke<N>

k%>2nck6(9—k2n/ N); ¢ = ),

{a

Q m . 1, (k),=m
dacaz—ozﬁeQ.{ck},ckz{ N

1N > 2n3(Q-Q, —k2n) QTE 0. inrest
k== daca 2—°¢Q: semnalul nu este periodic
T
o daca %z%e@:{ck},ck:qk:{l/;, if,kr)eztzm
cos QN > a[8(Q-0Q, —k2m)+5(Q+Q, —k2n)] 8 !
k=—o0 Qo . ..
daca o ¢ Q: semnalul nu este periodic
T
i_, k=m= pN
Q m 2]
daca —>=—eQ:c =c, =4 1
) X ——, k=—-m=pN
sinQn > E[5(Q-Q, —k2m)-5(Q+ 0, —k2r)] et N 2) P
k== ] 0, in rest
Q -
daca 2—0 ¢ Q: semnalul nu este periodic
T
e 1, (k),=m
=1 2mo(Q—k2 = N
x[n] k;w 3 ( m) {0, in rest
sin 2N1+1.2k7n
1L [n[<N, Sin(2N1+l 2knj . - 2 N (k). %0,
X[n|= o N kK~ BN '
=1, N1S|n|s% 2n 2 -s(g—k@) NsinZZlT\T
ke N'sin < N
x[n+N]=x[n] 2N

2N, +1
Ck = ; ! (k)N =0
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Semnalul

Transformata Fourier

Coeficientii seriei Fourier exponentiale (doar pentru
semnale periodice)

= i 8[n—kN] Z S(Q k—] C =%
k=—o0
1
n
a"s[n], |a|<1 T
[n] = L |n[<N, sin[(?Nl+1)/2]Q
0, |n|>N, sin(Q/2)
(ot Q< Q,
sinQ,n. ;0<Q, <™ (@)= 0, QO<|Q|STC1
mn
X (Q+2n)=X(Q)
3[n] 1(constant)
o[n] e +nk;w8(Q—2kn)
3[n—ny] e~ i
(n+l)a"s[n] 1
(N2
af <1 (1-ae )
(:uznr: _11)) oln] -
' (1—ae‘j9)m
la <1




1 o+ joo
t)=——
=55 |

1 G+ joo
t)=——
(=0

o—joo
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Transformata Laplace

o0

X (s)e"ds,Re{s} e ROC—— X (s)= I x(t)e™dt; (s=o+ jw) - transformata Laplace bilaterala

—00

X (s)e"ds,Re{s}>c,— X, (s)= T

Tabelul 7.1 Proprietatile transformarii Laplace

x(t)e™dt; (s=o+ jo) - transformata Laplace unilaterala

Transformarea bilaterala

Semnalul Transformarea unilaterala
Transformata Domeniul de convergenta
x() X s) pC* Xu(s)
y(t) Y (s) DCY Yu(s
DC*~DCY
ax(t)+by(t aX (s)+bY (s aX, (s)+by,(s
(t)+by () () +bY (s) el i () +DYy (s)
x(t-ty), theR e Y0X (s) DC* _
x(t-t5), ty>0 e "X (s) DC* e 9X, (s)
ex(t) X (s-5)) DC* deplasat Xu(s—50)
" 1 S
x(at), aeR HX(EJ DC* scalat _
x(at), a>0 lx(ij DC* scalat lxu(ij
a a a a
DC*~DCY
X(t)*y(t X(s)Y (s X, (s)Y (s
()*y(1) ()Y (5) el i o (5)Yu(5)
%x(t) sX (s) DC* cel putin sXy (s)—x(0")
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Transformarea bilaterala

Transformarea unilaterala

Semnalul
Transformata Domeniul de convergenta
d d
—tx(t —X X —
x(1) X (5) DC Xy (s)
n d" d"
()" x(1) S X(s) DC* L% (s)
1 < DC*~DCY 1
X(t)y(t —@ X (u)Y(s—u)du — u)Y (s—u)du
1)) e RAOMCRY o o b XY (5-u)
t D X
I X(<)dx EX(S) C*n{Re{s} >0} -
s S cel putin
t : Xy (s)+X7(0)
Jx(r)dt EX(S) DC* n{Re{s} >0} 5
0 S cel putin

XY (0)—valoarea initiala a integralei

x(0%) = lim sX (s)

S—0

(o) = lim s, (5)
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Tabelul 7.2 Perechi semnal-transformata Laplace

Semnalul Transformata Domeniul de convergenta
3(t) 1(constant) Vs
o(t) % Re{s}>0
"o (~t) % Re{s} <0
1 1
t =
(n—1)!6( ) n Re{s}>0
.t 1
_ —t il
(n—l)!c( ) x Re{s} <0
e %o (t) L Re{s}>-a
s+a
"—e o (-t) ﬁ Re{s}<-a
et L R
(n-1)! ° (s+a)" elsj>-a
.t e o (-t) ! Re{s}<-a
(-1 ° (s+a)" tsh<-
3(t—ty); t,>0 g5 Vs
(cosagt)o(t) 32 jwz Re{s}>0
0
(sinwgt)o(t) Sz(iowz Re{s}>0
0
s+a
(e_"“t COSO)O'[)G(I) m Re{s}>-a
®
(e ™ sinwgt)o(t) (S+a)—2+mz Re{s}>-a
0
1
Jo(at)o(t) Re{s} >[4

Js? +a?

Pentru semnalele cauzale, X (S)= X (), iar pentru cele necauzale exista numai X (s).

10
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1
X[n]zz_ﬂ:j

Transformata Z

o0

n=—0

z=r-¢’? r>0

] X(z)z"*dz, T cROC—— X (z)= z x[n]z™ - transformata Z bilaterals,

x[n]—> X, (2)= Zw:x[n] z™" - transformata Z unilaterala

n=0

Tabelul 10.1 Proprietitile transformirii Z

Semnalele marcate cu * corespund numai transformarii unilaterale. In rest, proprietatile celor doua

transformate sunt identice.

Semnalul

Transformata Z

Domeniul de convergenta

x[n]

X (2)

RX <|z|< R

y[n]

Y(2)

RY <|z7|<R{

max{Ri(, RE’} < |Z|

ax|n|+by([n aX (z)+bY (z
]+ oy1r) (@) (2 i
x[n-ng], ngeZ 20X (2) R* <|z| <R}
1
"x[n-ny]. ngeN z_”OLX (2)+ >, x[n]z‘”J RX <|¢|
n=—n
no—L
"x[n+ny]. ngeN zno(x(z)—Zx[n]z‘”J RX <|¢]
n=0
ey [n] X (e71%2) RX <|z| <R
X (1/z) numai pentru transformarea 1 1
x[-n — <|7l<=
[-n] bilaterala R g R
x[n]-x[n-1] (1-271)X(2) R* <|z] <R}
* x[n]-x[n-1] (1—2‘1)X(z)—x[—1] R* <[]
n
> x[K] X(2) RX <|7| < R*
K=——o0 1-z7
1
n
"> x[K] X(z)+k;wx[k] RX <|]
= 1-z71
nx[n] _zdix(z) RX <|z| <R
z
x[n]; x[n]=0n<0 lim X (z) =x[0] R* <|z|
x[n]; x[n]=0n<0 lim(z2-1) X (2) = x[o0] R* <lz|
x*[n] X*(z%) R* <|z| <R

11




Semnalul

Transformata Z

Domeniul de convergenta

x[n]*y[n]

X(2)Y(2)

max{Ri(, RE’} < |Z|
|Z| < min{Rf, Rz}

x[n]y[n]

R¥RY <|z| <RIR/

X (u)X*(llu*)d—u

2 [x[n] "o '

N=—o0

Tabelul 10.2 Perechile semnal-transformata Z
Cu exceptia semnalelor marcate in tabel cu * ce nu au transformata unilaterala, cele 2 transformate

(unilaterala si bilaterala) sunt identice.

Semnalul Transformata Z Domeniul de convergenti
3[n] 1 (constant) vzeC
1 z
G[n] 1_271 :E |Z|>l
¥ 1 z
o1 1T <1
vz e C\{0} dacan, >0 sau
B[n—nO] 770 vz e C\{oo} dacan, <0
1 z
a"s[n] T i 2| > [a]
1 z
~a'o[-n-1] 1-az! z-a <R
) azt  a
na"o[n] (1—az‘1) = (z—a)2 |z >|a]
1
* —na”c[—n—l] az _ az , a
(1—az_1)2 (Z_a)z i<l
on]cos yn 1-z7%cosQ,  z(z-cosQy) 251
° 1-2z7tcosQ, +2 72 22 —2zc0sQ +1
o[n]sinQgn zsinQ, ___zsing, |z|>1
° 1-277tcosQ,+272 27 -2zc0sQ) +1
1-z7%acosQ,  z(z-acosQy)
c[n]a" cosQn 1-2ztacosQ, +a’z % 7> -2zacosQ, +a’ || >|al
7 tasinQ, ~ zasin Q)
o[n]a"sinen 722 -2zacosQ, +a’ 2| >]a]

1-2z'acosQ, +a’z 2
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