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(INE Physics for Scientists and Engineers. 2000. p.503.)
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y= Asin(zTﬂer $) 21

Tagh A Ao OUNAYA (amplitude) VOIAAL
A fi ANNEIATY
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maauaaeui 11N19u11A8805 157 v AHU@INILIA) VB0 YN 1AV

A A A s A A
NANNAAURNTIU ﬂﬁﬂW\?ﬂsﬁuﬂau ULt A

y=A4 sin{zjﬂ (x— vt)} 29
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Y
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+ b, sin 27kt

k
y(t)=a,+ Z {an cos2zmft + b, sin 27znﬁ} 2.10
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ANUD f 3NIIANUAYAFIU (fundamental frequency) 1182 nf 3901 AMND

s A o o A th . A ~ ' a J . .
FITNDUNAIAUN 7 (n harmonic frequency) FUNITN 2.10 L3YNIN ﬂlgﬂinwuil,ﬁli (Fourier series)
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k
y(t)=a,+ z {a, cosnat +b, sinnot}

n=1
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a J [
108 a,,a, waz b, a301m1 1A0INGATVOY3105 (Fourier formula) §141]

to+T

[yt

1
a, = —
0
T
ty+T

a,== j (1) cos(nat)dt

to+T

b= j y(t)sin(nat)dt

Taw ¢, iWuaalan

= 4 v o d? [~
NnauMs 2.12 gunsaeuinsenasavuiy

k
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n=1
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2 2
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ag
0, = —arctan—

a

n

vouong IiuFea laidlu
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y(U — rfcnein(m
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2.15

2.16

2.17
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dyanug el dlanudidaw ne  @aumsi 2.12)awnsomisuliodlumew
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C =— He " dt 2.19
=7 t{y()

< o a & g o a
c, udulszand (dudmaudadou)
4 2 5 <3 1 (K% = ~ 1
msuasan yo Fauegiunar lihih G(e) Fwuegiuaud 5158031 M3

ulasyTies Faaz'la

1 w=0 '
Y(t) = — j G(w)e'” dw 2.20
27 W=—0
Iag
=00
G(w) = j y(t)e " dt 221

t=—00

< v v 1
onsuiludydnyal 141

y(1) — G(w)

G(o) unuanasuanudves y(o)

am a 4 4 4 .
2.3 33msaysiesnsudawesy (Fast Fourier Transform;FFT)
' A a =2 ax 9 9 ag . . '
AOUNIZOFLI9DIITNT FFT 9zA0uv1 19353 Discrete Fourier Transform N9
2.3.1 953 discrete Fourier transform (DFT)
ad . . Yo J A o a v .
99N19 discrete Fourier transform 1¥Muariesntseneunsdulscansvesm sine
. A L Ao <3| . o ' 3
LAY cosine 6U’ENqﬁj‘]JLL‘]J‘]J?‘Ifﬂ‘Ltl f(t) GHQNﬁﬂHﬂ!%L‘L]‘L!ﬂT]J (perlod) Iﬂ&lﬁilluiy”lm f(t) Qﬂf‘!ﬂJ N A4
1 g ' o 3 ' 09.:’ I 09/’
Iﬂﬂlmﬁgﬂiﬁi%}L’JQWWNﬂu S LW513awunawmmiqnmwmﬂmﬂu NS UaZATILINUD
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NMIgU (k=0) NIA1 t, =0 ,ATINTDIVOINTAU (k=1) MDA t, = 1S ,MIFUATINTY (k=2) N
1 us.:} ~ 1 ~ = 1 09.: Y
A t, =28, MIGUATIN k-1993M3gu (k=k) Man ¢ = kS, llaudamsquassgaie

te, = (N-DS



v ] 1 9 9
517 3 UuuuAAU (waveform) Fagngu N A39 Taguaazaieldnairienu s
INE Interfacing a Laboratory Approach Using the Computer for Instrumentation, Data

Analysis and Control. 1990. p 259.)

@ J

Taoms I¥dryanwyal £ Av 1) 151101 discrete Fourier transform ¥4 f_A10

9

k=N-

1
F = ) fie™™ 222

k=0

v
A =

A 091' 3 a J 09/’ a
Iﬂﬂﬁllﬂ”li“ﬂ 2.22 UUNABANNITN 2.21 (m’iuﬂaﬂ(‘\!ﬁtﬂiuuummm) Iﬂﬂ

n n
a):27zf:27r?:27rN—S 2.23
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n A9 91UIUTBY (cycle) YBIM I

X

Y I
TAD LTJﬁ”ﬁl@Qﬂ”liQ’llﬁdﬁim (full sampling interval) 9 T =NS
Iag

t, =kS 224
UNUAFUMTN 2.23 tag 2.24 adluaumsi 2.22 a2l

F =Y fie™ 225
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e’ = cos® -isind 2.26

nk ) nk
F = cos(2r—) —isin(2xr —
X fk{ ( N) ( N)} 2.27

2.3.2 3515 Fast Fourier Transform (FFT)
an . A am o ya 2 a
A%N13 Fast Fourier Transform 9 35M3Mu2aUy DFT 115294 Aa lag Cooley
a [ a o ] a A,
and Tukey (1965) Tagm3 1HmATIANT A8V (row) VOUNAT NI 31%I8 1ANITNT DFT 22
Yo 3 o I 2 Qs: A o @ 1 A 1 A o
Igimuasalumsmuantu N’ ase Tag N Ao 11ud 1980190 gy (samples) 131 31149
v Y Y v
A10819Ngu N = 1,024 azdoalFdmaunsalumsfiuina N* = (1,024)° = 1,048,576 59 &9
9 Y ! o <3
Aoa kI IUN MU
19 I ad Yo z o I~ Qa: [] Y Ao
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@ 1 {1 o o’/’ o I
Avgafigu N = 1,024 aglF3maunsalumsdiuwan i Nlog,N = 1,024 x log, 1,024 =

1,024 x log, 2" = 1,024 x 10 = 10,240 A53 e lHaiesnnmsaiuia laedTms DFT wn

2.4 aauiialuvieoime
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Tunsosauasznnt senaunsilillunaveansunsnaeaseIenaFsFulunau
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ApNUTNAdINVBIMsaveIioINAIY AAIFBII Ao UNAUA BN 180 DIFALAAL
Y
desannszny wazazi liuSnaniulinnuduvesenags Soni1 galfiinvesnnuau

(pressure antinode)
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=
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2
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1n3UN 4 (0) szoenTEnIgaliwmdy 1/2 uazmsnseialgating ga
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(31 : University Physics. 1996. p.634.)

2.32

Y o o MYy ; o Y ; . o {9 A4~
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I a A = v Y A A ' @ ' Y A a
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[ A A 1 a o . :JI d' a‘ d‘ o Y a
NITIANIN UTBDLTYNIN i}ﬂﬂ;]‘]ﬁ/\l (antinode) LWiWﬂzuuﬂauu\Tﬂ‘ﬂﬂﬂ!ﬂﬂj’ﬂLL‘U‘ULLiﬂ"U’ENﬂﬁ
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A 1 Y A, 5 £ 9 [ Y 1 A
ANYIAAU UAZAINYIVDING L 1NNy 5 Z = Z/l FATDAAADINUHUNIVDIAINNDYA

A A ¢ a A _ A
U (f]) HIDANUDIITUDIUNN 5 7D
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dmsunnagluunvesmsnsziavesluanaveseimeanelunedatsladumila
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HaglAaA T UHHIN YA L fnz"lmw
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fn_E:

nf, 2.36
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2.33
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(M University Physics. 1996. p.634.)

14

=t v o d 1 o o [ . A = R
g‘]J“I/I 6 ANVUTUNUDTIEHINANNAU(pressure;p) NUNITNILIA(displacement;y) Tupauideedss

dluilssduaesszes x

(401 : University Physics. 1996. p.648.)
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2.5 3UuuumsFuveIay(string)
- S 4 oo d 2 4 4 =
W3 eeNuAINe1 L $evantlarensae Gaaznuluniesauasiszan

=

d' a a =S 4 d' = o Y a
w509 o1y e Tu, T Todu,Ans tazvevesineg iodis gnaaniuyag sz lding
4‘ 3 d‘ d' a ,é' dy 9 1Y [ 9 ti! 1= Y d! o
aauluaeiu aguimaduiiszazdoundy lnduin vimlareduniialigdndumniie
] v ] v 9 ] [
I inanauila(standing wave) Aauilstivzihlfinanaudead 1l lueimadisanuddanla
k4
NNANUAUDIAIIU
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o <Yy o o A A
mﬂuugﬂmﬂa 138N1YAUN (node) VDINAUUI

310 7 guuumsduvesae Fagneie PBasediu

(301 : University Physics. 1996. p.628.)
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AIUUANNDYDF U (fundamental frequency) VDIAY AD
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INE Physics for Scientists and Engineers. 2000. p.564.)
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