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● DTFT of a Rectangular Pulse
● DTFT of a Shifted Rectangular Pulse 
● Spectrum Plots of the DTFT of a Rectangular Pulse
● Spectrum Plots of the DTFT of a Shifted Rectangular Pulse
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DTFT

DTFT (Discrete Time Fourier Transform)
X (e j ω̂) = sin(ω̂ L/2)

sin(ω̂/2) = L DL(e
j ω̂)

2π
L

= L⋅diric(ω̂ , L)

(L−1) zero
crossings
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ω̂

2π
L

Discrete Time Fourier Transform

X e j  = ∑
n=−∞

∞

x [n ] e− j n x [n] = 1
2π ∫−π

+π
X (e j ω̂) e+ j ω̂n

DTFT
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DTFT of RectN[n] 
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Discrete Time Fourier Transform DTFT

X e j  = ∑
n=−∞

∞

x [n ] e− j n x [n] = 1
2π ∫−π

+π
X (e j ω̂) e+ j ω̂n

= {e+ j ω̂ N +⋯+ e− j ω̂ N}

X (e j ω̂) = ∑
n=−N

+N

e− j ω̂n x [n]

= e+ j ω̂N {1 +⋯+ e− j ω̂ 2N }

= e+ j ω̂N 1− e− j ω̂ (2N+1)

1 − e− j ω̂

= e+ j ω̂N e
− j ω̂(2 N+1)/2

e− j ω̂ /2
e+ j ω̂(2N+1)/2 − e− j ω̂(2 N+1)/2

e+ j ω̂ /2 − e− j ω̂ /2

= e+ j ω̂(2N+1)/2 − e− j ω̂(2N+1)/2

e+ j ω̂ /2 − e− j ω̂ /2 = sin(ω̂(2N+1)/2)
sin(ω̂/2)

X (e j ω̂) = sin(ω̂ L/2)
sin(ω̂/2)

L = 2 N+1

DL(e
j ω̂) = sin(ω̂L /2)

Lsin(ω̂/2)

Dirichlet Function

= L DL(e
j ω̂)

= L⋅diric(ω̂ , L)
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D9(e
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9sin (ω̂/2)
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j ω̂) = sin (ω̂11/2)

11sin(ω̂/2)

D13(e
j ω̂) = sin (ω̂13/2)

13sin(ω̂/2)

D9(e
j ω̂)

8 zero crossings
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10 zero crossings

12 zero crossings

Dirichlet Functions 

2π

D10(e
j ω̂) = sin(ω̂10 /2)

10sin (ω̂ /2)

D12(e
j ω̂) = sin (ω̂12/2)

12sin(ω̂/2)
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9 zero crossings
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L DL(ejω)  (1)
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Magnitude Response of L DL(ejω) 
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Phase Response of L DL(ejω) 
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RectN[n-N] DTFT
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Discrete Time Fourier Transform DTFT

X e j  = ∑
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