Discrete Fourier Transform (DFET):

The discrete Fourier transform of a finite-length sequence x(n) is defined as

N-1
(k) = N p()e T sk S N1
k=0

X(K) is periodic with period N i.e., X(k+N) = X(K).

Inverse Discrete Fourier Transform (IDET):
The inverse discrete Fourier transform of X(K) is defined as

N-1
z(n) = % Y X(k)e?™ /N 0<n< N-1
k=0

For notation purpose discrete Fourier transform and inverse Fourier transform can be
represented by

X (k) = DFT [z(n)]
z(n) = IDFT [X (k)]

Formula:
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For example, if N=4

K=0,1,2,3
N=0,1,2,3



Alternative Formula:
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3.1 Properties of DFT:

Periodicity property:
If X(K) is the N-point DFT of x(n), then
X(k+N)=X(k)
Linearity property:

If X1(K)=DFT[x1(n)] & X2(K)=DFT[x2(n)], then
DFT[a1x1(n)+azx2(n)]=a1X1(k)+a2X2(k)

Convolution property:

If X1(k) = DFT[x1(n)] & X2(K) = DFT[x2(n)], then

DFTRxa(m (N) x2(n)] = Xa(k)Xa(k)
Where ® indicates N-point circular convolution.

Multiplication property:

If X1(K) = DFT[x1(n)] & X2(k) = DFT[x2(n)], then
DFT[xa(nx2(n)] = (UN)[Xa (K N) Xa(K)]
Where @ Indicates N-point circular convolution.

Time reversal property:

If X(k) is the N-point DFT of x(n), then

DFT[x(N-n)] = X(N—k)
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Time shift property:

If X(K) is the N-point DFT of x(n), then

—j2rmk/N

DFT[x(n—-m)] =e X(K)

Symmetry properties:

If x(n)=xr(n)+jxi(n) is N-point complex sequence and X(k)=Xgr(k)+jX|(k) is the N-
point DFT of x(n) where xr(n) & x(n) are the real & imaginary parts of x(n) and Xr(k) &
Xi(K) are the those of X(k), then

()  DFTIX (M]=X (N-k)

(i)  DFT[x (N-nm]=X (k)

(i) DFTXR(N]=(L/2)[X(K)+X_(N-K)]

(iv)  DFTxi(n)]=(L/2))[X(K)-X (N-K)] )

(v) DFT[Xce(n)]=XR(K) where Xce(n)=(1/2)[x(n)+x (N-n)]
(vi)  DFT[xco(n)]=jXi(k) where Xeo(n)=(1/2)[X(n)—X (N-n)]

If x(n) is real, then

0] If x(n) is real, :Ehen
a.  X(k)=X (N-k)
b.  XRr(K)=Xr(N-Kk)
(i) If x(n) is real, then .
a) X(k)=X (N-k)
b) XRr(K)=XR(N-K)
c) Xi(k)=-Xi(N-k)
d) IX(K)=X(N-K)|
e) [X(K)=X(N-K)|
f)  2ZX(k)=—2X(N-K)
(i) DFT[xce(n)]=Xr(K) where Xce(n)=(1/2)[x(n)+x(N-n)]
(i)  DFT[xco(n)]=jXi(k) where Xco(n)=(1/2)[x(n)—x(N—n)]

Problem 1:

Find the DFT of a sequence x(n)={1,1,0,0} and find the IDFT of Y (K)={1,0,1,0}

Letusassume N = I, = 4.

N-1
We have X (k) = )~ z(n)e~92™*/N [ =0,1,...,N —1
n=0
3
X(0) =3 a(n) = 2(0) + z(1) + z(2) + z(3)
n=0

=14+14+04+0=2



X(2) = f: z(n)e ™ = z(0) + z(1)e 7" + z(2)e™ % + z(3)e I
e _

=1+4cosw—jsin®
=1-1=0

X3 = Zalz(n)e"""‘”’ = 2(0) +2(1)e P/ + 2(2)e ™" + z(3)e T
n=0

[

i . debom o — i
=1+cos ) jsin 2
; =1+j
- X(K)={2,1- 40,1+ j}
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Rk - 3 i
o e - ka0
o) = [0+ YW + Y2 + Y]
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= i.'[l + 0+ cos 3 + jsin3m + 0]

= %[1+0+ (-1)+0]=0
n) = {0.5,0,0.5,0}

= L [0 + Y Y@ LY@ ]
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