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The “frequency response”
• The Discrete-Time Fourier Transform 

(DTFT)

• For a causal system with unit sample 
response h[n]:
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FIR DTFT

• If the system is FIR, h[n] is of finite 
length N, so:
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Basic DTFT Properties

• Consider:

• What is DTFT(δ[n-no])?

ˆ ˆ( ) [ ] 1j j n

n
H e n eω ωδ

∞
−

=−∞

= =∑

0ˆˆ ˆ
0( ) [ ] j nj j n

n
H e n n e e ωω ωδ

∞
−−

=−∞

= − =∑



DTFT Properties (cont.)

• What is DTFT(an u[n])?

• A sum of an infinite geometric series:

• (if |α|<1)
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DTFT Properties (cont.)

• So DTFT(an u[n]), |a|<1:

• Sum of a finite geometric series:
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DTFT (cont.)

• So DTFT of a rectangular pulse
rL[n] = u[n]-u[n-L]
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11-point rectangle
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Freq. Response Properties

• For FIR:

• Note that H(ω) is always periodic in 2π
• If FIR coefs bk are real, this implies that 

H(ω) has conjugate symmetry:
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Conjugate Symmetry Proof
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(bk are real)

Magnitude is an even function, Phase is odd

Real part is even, imaginary part is odd
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Discrete time processing of 
continuous time signals

• Sample a continuous-time signal, 
perform discrete-time processing, then 
reconstruct the continuous-time signal

Ideal
Sampler

Ideal
ReconstructionFIR LTI

x(t) y(t)
y[n]x[n]

1/fs 1/fs
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Discrete-time processing (cont.)

• Effect of sampling:  assume

• Overall response behaves like a continuous-
time system with response H(ωTs)
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