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Fourier Transform Types
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T +00 -
k — lf —]k(Dot dt - X(t) — Z Ck e+]kw0t
T 0 k=—o0
Discrete Time Fourier Series
= - ol o
kKl = = 2 x[n]e™™" e x[n] = 2, y[K] e
N n=0 k=0
Continuous Time Fourier Transform
00 . 1 o - +jw
= [ x(t) e7"dt = x(t) = ﬂ_fX(J(D)e " dw

Discrete Time Fourier Transform

=+ 00

X(jo) = 2 x[n]e™ e x[n] = o= [ X(jo) eV " do

5A Spectrum

4 Young Won Lim
Representation

1/3/17



Computation at kw,
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Computations using X[k]

CTFS Periodic x(t) CTFT Aperiodic x(t)
C,~ %X (k] Ko, X(jkawy)~ T X[k] o ¢ ko,
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Computations using DFT

CTFS Periodic x(t) CTFT Aperiodic x(t)
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@ kow,=ko,f,=k I\ZI;ES rad/sec @ kmO:kd)Ofszk(]\ZI;s rad/sec
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FFT Amplitude and Power Spectrum

Two-Sided Amplitude Spectrum Two-Sided Power Spectrum
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FFT Amplitude and Phase Spectrum

Two-Sided Amplitude Spectrum
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CTFS and Power Spectrum

Two-Sided Power Spectrum
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Single-Sided Power Spectrum
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Average Power and Total Energy
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Periodogram
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Periodogram
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Parseval’'s Theorem
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Approximate CTFS Parseval’s Theorem

CTFS Average Power
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DTFS Parseval’'s Theorem

DTFS Average Power
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Approximate CTFT Parseval’'s Theorem
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Parseval’'s Theorem
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Periodic and Aperiodic Signals

Periodic Signals

Aperiodic Signals
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Periodic and Aperiodic Signals
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Average Power

Total Energy

CTFS G~ Xkl | CTFT  Xljkin)~T.X[K]
Time
% [xPae ¥ ief f (et L[ ix(jo)fdo
Discrete DTES yIkl=+Xkl | pDTFT X|jkab) ~ X[K]
Time ] )
~ 2 k[l Iyl T3 Kl 52 S X (oo
Spectrum oung Won Lim
Representation (2B) 20 R

1/3/17



Periodic and Aperiodic Signals
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Aperiodic Signals
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FS Coefficients of Periodic and Aperiodic Signals
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Aperiodic Signals
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FS Coefficients of Periodic and Aperiodic Signals
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Aperiodic Signals
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Power Spectrum and Power Spectral Density

Power Spectrum Power Spectral Density Hz
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FS Coefficients of Random Signals

Random Signals
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Power Spectrum using FFT

Discrete Fourier Transform

N -1
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Periodogram using FFT

C _ X[k] Approximated RMS in continuous time
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From CTFS to CTFT

Continuous Time Fourier Series

1 T i x -
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CTFS and CTFT

Discrete Fourier Transform

N -1 . +M +j S
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Signals without discontinuity
Signals with discontinuity

Sampling frequency is not an integer
multiple of the FFT length

Leakage
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Fourier
A

Transform
f (t) A continuous sum of

weighted exponential
OIS : >
frpsiio -

—0 < < +©
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Not so useful in transient analysis

Laplace
Transforln(lt) oSt = f(t)e_((” jo)t

Linear Time Domain
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z Transform

fln] 2™

Discrete Time System

Difference Equation

sT __ ol _joT
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