Discrete-time Fourier transform (DTFT)

And how it leads to aliasing and affects periodicity

Herman Kamper
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Mathematical model of sampling
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Discrete-time Fourier transform (DTFT)
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Operations on discrete-time signals

Time shift: | z[n — k] is a version of x|n] shifted by |k |samples to
the right if £ > 0 or to the leftif £ < 0
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Unshifted signal Delayed by 2 samples Advanced by 2 samples

Reflection about time origin | z|—n/ is reflection of z[n] aboutn = 0

{ x[n] { x[—n]

n n

Unreflected signal Reflected about n = 0



e Time-shifting and reflection about n = () are not commutative
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Properties of the DTF
e Linearity:
Flaxi[n] + fxan]} = aXi(w) + fX2(w)

e Time shift: |
Flxn — K|} = e_J“kX(w)

e Time reversal and frequency reversal:

Flal-n]} = X(-w)

e Convolution:

Flxi[n] x za[n]} = X1 (w) - Xo(w)

e Windowing:
Flailn] - walnl} = 5 / X1 (0) - Xa(w — A)dA



Discrete-time domain Frequency domain

hln] = sin(27 fon) H(fw) Imaginary
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Frequency of continuous vs discrete time by looking at
exponentials
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Periodicity of sampled exponentials

Discrete-time signal z[n] periodic with N if: z[n] = z[n + N] for all N
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Aliasing of sinusoidal signals
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