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DTFS 

DTFS (Discrete Time Fourier Series)
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RectN[n] * δN0[n] DTFS (1)

Dirichlet Function

Discrete Time Fourier Series DTFS
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RectN[n] * δN0[n] DTFS (2)
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Discrete Time Fourier Series DTFS
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RectN[n] * δN0[n] DTFS (3)

0
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Lsin(ω̂/2)

Dirichlet Function

Discrete Time Fourier Series DTFS

X [k ] = 1
N ∑

n= 0
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x [n] e− j (2π /N )k n x [n] = ∑
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N 0
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Period : N0 (odd L), 2N0 (even L)

       (L-1) zero crossings
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RectN[n] * δN0[n] DTFS (4)

odd L=9 even L=10

t = 0 t =+1 t =+2t =−1t =−2 t = 0 t =+1 t =+2t =−1t =−2

Dirichlet Function
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RectN[n] * δN0[n] DTFS (5)
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Rect2[n] * δ8[n] DTFS Example
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Discrete Time Fourier Series DTFS

X [k ] = 1
N ∑

n= 0

N − 1

x [n] e− j (2π /N )k n x [n] = ∑
k = 0

N − 1

X [k ] e+ j(2π/N )k n

N 0=8 drcl (t , L) = sin(π Lt )
Lsin(π t)

X [k ] = 1
N 0

sin (π k (2 N+1)/N 0)
sin (π k /N 0)

X [k ] = 5
8
⋅drcl (k /8 , 5)

L = 2N+1

X [k ] = L
N 0

⋅drcl (k /N 0 , L)

L = 5 (N = 2)N 0=8

X [k ] = 1
8
sin(π k 5 /8)
sin (π k /8)

Period : N0 = 8 (odd L = 5)
(L – 1) = 4  zero crossings



10 Young Won Lim
6/10/13DT.2B  Pulse DTFS

Rect3[n] * δ16[n] DTFS Example
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Lsin(ω̂/2)

Dirichlet Function

Discrete Time Fourier Series DTFS
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N 0=16 drcl (t , L) = sin(π Lt )
Lsin(π t)

X [k ] = 1
N 0
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Period : N0 = 16 (odd L = 7)
(L – 1) = 6  zero crossings

Rect3 [n ]∗ δ16 [n]
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7/16 drcl(k/16, 7)
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Phase of 7/16 drcl(k/16, 7)
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Magnitude Response
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Phase Response (1)

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

-20 -15 -10 -5  0  5  10  15  20

= 7
16
drcl ( k16 ,7)

= 7
16
sin(π7 k /16)
7sin(π k /16)

1
16
sin(π7 k /16)
sin(π k /16)

k

N 0 = 16



15 Young Won Lim
6/10/13DT.2B  Pulse DTFS

Phase Response (2)
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RectN[n-N] * δN0[n] DTFS (1)

Dirichlet Function

Discrete Time Fourier Series DTFS
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DFT 

DFT (Discrete Fourier Transform)
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RectN[n] * δN0[n] DFT

DL(e
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RectN[n] * δN0[n] DTFS & DFT

Discrete Time Fourier Series DTFS
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