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● CTFS: Continuous Time Fourier Series
● CTFT: Continuous Time Fourier Transform
● DTFS: Discrete Time Fourier Series
● DTFT: Discrete Time Fourier Transform
● DFT: Discrete Fourier Transform

Fourier Analysis Overview (0A)
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Frequency and Digital Frequency
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Frequency and Digital Frequency
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Frequency and Digital Frequency
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CTFS Correlation Process
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Measure the degree of correlation with 
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DTFS Correlation Process

1 cycle
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Measure the degree of correlation with 
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frequencies are the integer multiples of 
the fundamental frequency

x [n]

γk =
1
N
∑
n=0

N−1

x [n] e
− j (2π

N )k n

x [n] = ∑
k=−M

+M

γk e
+ j( 2π

N )k n



Fourier Analysis 
Overview (0A) 13

CTFS → CTFT
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DTFS → DTFT
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CTFS & DTFS Correlation Processes
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DTFS and DFT – position of 1/N

Discrete Time Fourier Series DTFS

Discrete Fourier Transform
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DTFS and DFT coefficients relationship

Discrete Time Fourier Series DTFS

Discrete Fourier Transform
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Converting DTFS and DFT Coefficients

DTFS DFT
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Frequency Resolution

Continuous Time Fourier Series
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Frequency Variable Notations

Continuous Time Fourier Transform
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) j ω̂ always appears as e j ω̂
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***
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***

DT PT ∑
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***

PT
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***

DT ∑
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***

DT PT 1
N

∑
n = 0

N−1

x [n]

1
T
∫0

T
dtx (t )CT PT

1
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∫−∞

+∞

dωX ( jω)

1
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∫−π
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( 1
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N
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A. CTFS

Continuous Time Fourier Series

Periodic 
Continuous Time Signal

Aperiodic 
Discrete Frequency Spectrum

C k =
1
T
∫0

T
x (t ) e− j k ω0 t dt x (t ) = ∑

k=−∞

+∞

Ck e
+ j kω0 t

C k

1
T
∫0

T
dt∑

k=−∞

+∞

x (t )
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B. DTFS

Discrete Time Fourier Series

Periodic 
Discrete Time Signal

Periodic 
Discrete Frequency Spectrum

γ[k ] =
1
N

∑
n = 0

N−1

x [n] e− j k ω̂0n x [n] = ∑
k = 0

N−1

γ[k ] e+ j k ω̂0n

∑
k = 0

N−1
1
N

∑
n = 0

N−1

γ[k ] x [n]
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C. CTFT

Continuous Time Fourier Transform

Aperiodic 
Continuous Time Signal

Aperiodic  
Discrete Frequency Spectrum

x (t ) =
1
2π

∫−∞

+∞

X ( jω) e+ jω t dωX ( jω) = ∫
−∞

+∞

x (t) e− jω t dt

1
2π

∫−∞

+∞

dω

X ( jω)

∫
−∞

+∞

dt

x (t )
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D. DTFT

Discrete Time Fourier Transform

Aperiodic 
Discrete Time Signal

Periodic 
Continuous Frequency Spectrum

x [n] =
1
2π

∫−π

+π

X ( j ω̂) e+ j ω̂nd ω̂X ( j ω̂) = ∑
n =−∞

+∞

x [n] e− j ω̂n

1
2π

∫−π

+π

d ω̂

X ( j ω̂)

∑
n = −∞

+∞

x [n]
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CTFS & CTFT

Continuous Time Fourier Series

C k =
1
T
∫0

T
x (t ) e− j k ω0 t dt

x (t ) =
1
2π

∫−∞

+∞

X ( jω) e+ jω t dω

Continuous Time Fourier Transform

x (t ) = ∑
k=−∞

+∞

Ck e
+ j kω0 t

X ( jω) = ∫
−∞

+∞

x (t) e− jω t dt

Continuous Frequency

Discrete Frequency
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γ[k ] =
1
N

∑
n = 0

N−1

x [n] e− j k ω̂0n x [n] = ∑
k = 0

N−1

γ[k ] e+ j k ω̂0n

DTFS & DTFT

Discrete Time Fourier Series

x [n] =
1
2π

∫−π

+π

X ( j ω̂) e+ j ω̂nd ω̂

Discrete Time Fourier Transform

X ( j ω̂) = ∑
n =−∞

+∞

x [n] e− j ω̂n

Continuous Frequency

Continuous Frequency
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γ[k ] =
1
N

∑
n = 0

N−1

x [n] e− j k ω̂0n x [n] = ∑
k = 0

N−1

γ[k ] e+ j k ω̂0n

CTFS & DTFS

Continuous Time Fourier Series

C k =
1
T
∫0

T
x (t ) e− j k ω0 t dt

Discrete Time Fourier Series

x (t ) = ∑
k=−∞

+∞

Ck e
+ j kω0 t

Continuous Time

Discrete Time
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CTFT & DTFT

x (t ) =
1
2π

∫−∞

+∞

X ( jω) e+ jω t dω

Continuous Time Fourier Transform

x [n] =
1
2π

∫−π

+π

X ( j ω̂) e+ j ω̂nd ω̂

Discrete Time Fourier Transform

X ( j ω̂) = ∑
n =−∞

+∞

x [n] e− j ω̂n

X ( jω) = ∫
−∞

+∞

x (t) e− jω t dt

Continuous Time

Discrete Time
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Fourier Analysis Methods

Discrete Frequency

CTFS CTFT

DTFS / DFT DTFT

C k X ( jω)

X ( j ω̂)

Continuous Frequency

C
o

n
ti

n
u

o
u

s 
T

im
e

D
is

cr
et

e 
T

im
e

Periodic in time Aperiodic in time

Periodic in time Aperiodic in time

e− j k ω̂0 n

e− j kω0 t

e− j ω̂n

e− jω t

k ω̂0

kω0

ω̂

ω

Normalized Continuous FrequencyNormalized Discrete Frequency

x (t ) x (t )

x [n] x [n]

Aperiodic in freq Aperiodic in freq

Periodic in freq Periodic in freq

γk
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Types of Fourier Transforms

Continuous Time 
Fourier Series

Continuous Time Discrete Frequency

Continuous Time 
Fourier Transform

Discrete Time 
Fourier Transform

Discrete Time 
Fourier Series

Continuous Time

Discrete Time

Discrete Time

Continuous Frequency

Continuous Frequency

Discrete Frequency

CTFS

CTFT

DTFT

DTFS / DFT
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1. CTFS → CTFT

Continuous Time 
Fourier Series

Continuous Time Discrete Frequency

Continuous Time 
Fourier Transform

Continuous Time

Continuous Time Continuous Frequency

CTFS

CTFT

CTFS CTFT
DTFS DTFT

Time Aperiodic Continuous Frequency
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2. DTFS → DTFT

Discrete Time 
Fourier Transform

Discrete Time Continuous Frequency

DTFT

Discrete Time 
Fourier Series

Discrete Time Discrete Frequency

DTFS / DFT

CTFS CTFT
DTFS DTFT

Time Aperiodic Continuous Frequency

T=∞
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3. CTFS ← CTFT

Continuous Time 
Fourier Series

Continuous Time Discrete Frequency

Continuous Time 
Fourier Transform

Continuous Time

Continuous Time Continuous Frequency

CTFS

CTFT

CTFS CTFT
DTFS DTFT

T=∞

Frequency Sampling Time Periodic 
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4. DTFS ← DTFT

Discrete Time 
Fourier Transform

Discrete Time Continuous Frequency

DTFT

Discrete Time 
Fourier Series

Discrete Time Discrete Frequency

DTFS / DFT

CTFS CTFT
DTFS DTFT

T=∞

Frequency Sampling Time Periodic
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5. CTFT → DTFT

Continuous Time 
Fourier Transform

Continuous Time Continuous Frequency

CTFT

Discrete Time 
Fourier Transform

Discrete Time Continuous Frequency

DTFT

Time Sampling

CTFS CTFT
DTFS DTFT

Frequency Periodic
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6. CTFS → DTFS

CTFS CTFT
DTFS DTFT

Continuous Time 
Fourier Series

Continuous Time Discrete FrequencyContinuous Time

CTFS

Discrete Time 
Fourier Series

Discrete Time Discrete Frequency

DTFS / DFT

Time Sampling Frequency Periodic 
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7. CTFT ← DTFT

Continuous Time 
Fourier Transform

Continuous Time Continuous Frequency

CTFT

Discrete Time 
Fourier Transform

Discrete Time Continuous Frequency

DTFT

CTFS CTFT
DTFS DTFT

Continuous Time Frequency Aperiodic
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8. CTFS ← DTFS

CTFS CTFT
DTFS DTFT

Continuous Time 
Fourier Series

Continuous Time Discrete FrequencyContinuous Time

CTFS

Discrete Time 
Fourier Series

Discrete Time Discrete Frequency

DTFS / DFT

Continuous Time Frequency Aperiodic
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****

CTFS CTFT
DTFS DTFT
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