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Frequency View of a X[i] Vector
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Frequency and Time Interval (1)

Freq Domain Time Domain
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Frequency and Time Interval (2)
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Frequency and Time Interval (3)

CAf, = % - L | The finer frequency resolution
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Frequency and Time Interval (4)
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Frequency and Time Interval (5)
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Single-Sided Spectrum

x(t) = a, + Z(ak cos(kwyt) + b, sin(ku)(,t)) x(t) = g, + ng cos(kw,t + ¢, )
k=1 k=1
1 7 _
a = 7 fo x(t) dt 8o ay
2 T 8r = Vai-kbi
a; = = fox(z‘) cos (kw,t) dt )
¢, = tan  [——%
b, = %fo(t)sin (k wyt) dt " ( ak)
k= +1,+2, .. k= +1,+2, ..
cos(o+p) = cos(a) cos(p) — sin(a) sin(p) a, = g cos(q,)

g cos(kwyt + ¢,) = g, cos(¢y) cos(kwyt) — g, sin(g,) sin(kw,?)

a, cos(kw,t) + b, sin(kw,) by
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Two-Sided Spectrum
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CTFS and DTFS (1)
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CTFS and DTFS (2)

+o0 o M iy 21 nk
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CTFS and DTFS (3)

Discrete Fourier Transform
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Power Spectrum using FF

Discrete Fourier Transform

N -1
X[k] = Y x[n] e /P X = fft(x)
n=20
1 N -1 ]
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N o
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xFS(t) = Z Y et
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Periodogram using FF1
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From CTFS to CTF

Continuous Time Fourier Series
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Periodic Signals Aperiodic Signals Random Signals
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Periodic Signals
Frequency Spacing
Af =55

Two Sided Fourier Series Coefficient
v X (k)

One Sided Fourier Series Coefficient
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Aperiodic Signals
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Random Signals

One-sided Power Spectral Density
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Amplitude Spectrum Power Spectrum

A = FX (K] = FVR(X (k)+ 3 (X (k) Py = wlX (B = (9 (x (k)+F*(X (k)]
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Phase Spectrum
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Amplitude spectrum in quantity peak

Data Truncation Phase spectrum in radians

Frequency Resolution Amplitude spectrum in volts rms
. Phase spectrum in degrees
Zero Paddlng Power spectrum
Periodogram Siomals withe ot diseontinit
ignals without discontinuity
SpeCtral Plot Signals with discontinuity
Sampling frequency is not an integer multiple
of the FFT length
Leakage
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Fourier Transform

L

f (t) A continuous sum of weighted
exponential functions :

1(0) e -

-0 < O < 4+

Not so useful in transient analysis

J(s)=w
Laplace Transform
f(t) oS! = f(t)e—(0+jw)t _
R(s)=0

Linear Time Domain Analysis

Initial Condition
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z Transform

flnlz™

Discrete Time System

Difference Equation

sT ol 0T
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