EE 313 Signals and Systems, DTFT.docx
Discrete-Time Fourier Transform (DTFT)

N < o . 1 (opr .
X(Q)= Z xn]e’™, —o<Q<ow periodic @ 27 intervals & x[n]= 2—.[;2 ’ X(Q) e dQ
T 0

n=—0

Discrete-Time Fourier Transform Properties

Linearity ax[n]+bv[n]l<>a X(Q)+bV(Q)
Right/left time shift x(n—q) <> X(Q)e ™, g any integer
Time reversal x[-n]> X(—Q)=X(Q)
Multiplication by » nx[n]< j %
Multiplication by e’" xn]e™™ < X(Q-Q,), Q, real
Multiplication by sin(n€, ) x[n]sin(Q,n) > L[ X (Q+Q) - X (Q-Q)]
Multiplication by cos (n Q, ) x[n] cos (QO n) > %[X(Q +Q))+X(Q- QO)]
Convolution in time-domain x[n]*v[n] > X(Q)V(Q)
Multiplication in time-domain x[n]v[n] <> Zi j " X(Q-2A)V(A)dA, any2r interval
7T
Summation Zx[i] © " l_jQ X(Q)+ z 7 X(2xn)o(Q—2xn)
i=0 —e n=-o
Parseval’s theorem > ] =2 [ X(@ V(@) dQ, any 27 interval
. N > P 1 t0+2ﬂ' 2 .
Special case of Parseval’s theorem > X[n]=5 ‘[ | X(Q) dQ, any 27 interval
7

n=—000 0

If x[n] <> X (QQ) and y(¢) & X (@) p,, (®),
Relationship to inverse CTFT ?

then x[n] = y(t)L:n =y(n)

Discrete-Time Fourier Transform pairs ( x[n] <« X(Q))
l(—o<n<®) «> Y 278(Q-27k) S[n] 1

k=—0

°° 2 1 n=0,1,2,...
uln] o +k§7z5(§2—272'k) sgn[n] <> P where sgn[n]= 0 opela.
S[n—-N]ee ™, N=+1+2,.. e/ D 2 5(Q-Q - 27k)

k=—0
duln] > —— la| <1 Esinc(By ) VN i (Q+27k)
l—ae’®’ Vs T k?szB
sin [(q +1) Q]

p.nl=p,,aln] o (Rect. Pulse)

sin (©/2)
cos(Q,n) < i;:[a(an —27k)+6(Q-Q, -27k)] sin(Qn) < ijﬁ[5(9+go -27k)-6(Q-Q, -27k)]
—2ﬁk)+€j0

cos(Q n+9)<—> ¥ 7r|:e J 5(Q+QO

. 5(Q—Q0—27rk)}
k=-0
. S e ) jo
sm(Qon+9)<—> 5> p{e 5(Q+QO—27rk)—e 5(9—90—2;%)}
k=-o
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