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http://en.wikipedia.org/wiki/Modal_testing
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Frequency response functions
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Mode shapes

Application:

http://www.youtube.com/watch?v=9kS3dc3n2Y4
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Frequency Spectrum
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Time history of a periodic function
--- Fourier series
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Transient signal
---The Fourier transform

woice waveform example Spectrum of a voice signal (15 seconds)

decibels
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The Fourier transform

Fourier
Transform

F(u)= j F(x)e 2y

Fourier

Fourier
Analysis

Synthesis
/()= [Fane™™ du

Inverse
Fourier
Transform
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Figure 2-6. Fouvier transform of an impulse function.
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Figure 2-7. Fourier transform of a constant amplilﬁde waveform.

(Ref. E. Oran Brigham, The Fast Fourier Transform, Printice-Hall, 1974)
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Pm = A cos (231) HIf) = RIf)
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Figure 2-8. Fourier transform of A cos (ar).
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Figure 2-9. Fourier transform of A sin (ar).
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Figure 2-10. Graphical development of the Fourier trans-
form of a sequence of equal distant impulse functions.
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Figure 3-3. Frequency scaling property.
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Figure 3-4. Time shifting property.

Convolution, Correlation, and Power

Convolution --- time domain

[9*h]t) = [ g(h(t-7)dr <  G(f)H(f)

Correlation

(9@h(z+1)= [ g(h(r+dr &  G(-f)H(f)

Autocorrelation if g =h

Total power --- Parseval's theorem

+00

[Ih@ P dt=[1H(f)P df
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Autocorrelation is equal to power
spectrum |G(f)? in frequency domain.
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Figure 4-2. Graphical description of folding operation. G ik
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Figure 4-6. Illustratién of convolution invelving impulse functions.
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Figure 4-7. Impulse function convolution.

hitlex{th

2
AT,

Hin
?.ITU
m,

o

ieh

xin

2AT,

=L
s

{tl)

Figure 4-8, Graphical example of the convolution theorem.

ik

NTU50235100

13



[
hithex(t}

e 0 NTU50235100
A
Convolution . CONVOLUTION
--- frequency domain :
-T T 1 To T
(a)
A

N A

Figure 4-9. Example ication of the ion theorem. rﬁlﬁﬁﬁ

NTU50235100

Fourier series and sampled waveforms

y(t) = i+ i[A1 cos(2znf,t) + B, sin(2znf t)] = ianejZﬂnfOt

2 n=1 N=-o0

h)= Yst-nT) o H(T):iié(f—?j
y(t) =h(t) *x(t) = Y(f)= X(HH()
[" elodf =s(t) [Cer"dt=5(f)

h()s(t-t,) = h(t,)o(t-t,)
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Figure 5-2. Graphical convolution theorem development of
the Fourier transform of a periodic triangular waveform.
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Effect of changing sample rate

O SR=256Hz
+ SR=128 Hz
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» Lowering the sample rate:
— Reduces the Nyquist frequency, which
— Reduces the maximum measurable frequency
— Does not affect the frequency resolution
T
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Effect of changing sampling duration
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* Reducing the sampling duration:
— Lowers the frequency resolution

— Does not affect the range of frequencies you can
measure
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Measuring multiple frequencies

3 T T 1
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f,=80Hz T2 =15 _
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The radix-2 decimation-in-time (DIT) FFT
- The Cooley-Tukey algorithm

N-1 )
X, (KT )g~ 12N n=01---,N-1

k=0

D KT kW =g iz
NT

X(N—”T) =

N-1
X(n) =" x, (kW™ n=021---,N-1
k=0

ON=2°=4

k=0123—k =(k,k,)=00,011011

n=0123-n=(n,n,)=00,011011
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ISUTUYEDIDILA (S TRl
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1 1
X (nl!nO) = Z [ ZXO(kl,ko)W2n0k1M(2n1+n0)k0

kg=0 k=0
X007 [1 W% 0 01 0 W° 0 [x%(00)
XLO) | |1 w2 0 00 1 0 W°|x(0)
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X@) | [0 0o 1 wWi|o 1 0 W?|x@y

COMPUTATION ARRAYS

Data Array Array 1 Amay 2
xqlk} =glk) xylk)

A B
NTU50235100
(2N =8=2°
N-1 nk
X (n)= > xo(kW
k=0
L3 (4ny+2ny+nq ) (4ky +2k +kg)
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h(t)= [ H(f)e’*"df

- Ji[R(f)+ jl (F)][cos(2Aft) + jsin(2ft)]df
= [ [R(f)cos(2t) - 1 (f)sin(2aft)]df

+] j:[R(f)sin(zﬂft) +1(f)cos(2ft)]df

_ [ [ [R(f)cos(2aft) — 1(f)sin(2ft)]df

— j[" [R(F)sin(2aft) + 1(f) cos(2ft)laf }

- U“‘; R(F)e > df — [ 1(f)e*"df }

:Uwa*(f)eiZ”“df }
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