BB L 7 — ) 285 5510 0]

~HFEE OB TR D~

o6 FEL

HH

2020412 H 2 H

FEOH #h sk fBEUIE L 7 — ) 2540 5



EP7N

© A H DN - kI
@ SE T DA E R 5 HER
e FTRHoTHLY
o HEf
@ WAVE 7 7 A4 V& FiAIAA, HEALT—% 20
@ FEB Fourier Z¥19 5
@ Wilftfk Fourier 2447 3¢
@ Mathematica X &
e PCM IZ X 2 FDF ¥ ¥ WETFHRE
o FER DT
o —EmDIEH
0 &% 1 RILDILDIRE)
@ S FEH T
e &% Tk
@ L hEEIc

© Z%5: Mathematica @ Fourier[] 128 % L Fourier 24D & #
Q infEHt: Python ToHFER

N

BEOH #h sk fFEUIE L 7 — ) 2540 5



AKHDWE - HifEHIH

o 2 [F[IZ V¥ - THERL Fourier Z#i2FiBH L 72, S El: Z DG & L
T, LB LAEFT—4% & Mathematica D/ — 7 v 7%
ffioT, HHESOMEBZHNLEHZITH), (BHEAHTHEL
EBET—F TCHRICZEZLTH o) HEZNT, ) 2%, 5DT
CHINMEERBD—DOTH S PCM 2 o L L 72145, EBOSHT

Yt

24T,

o iz / — b [1] D84 ITEMT 2D, SHFEIZ T 07 LDEEH %
BAZT-DT, 7087530 O00TIIHETERMEL - ToAaZSHEIC
T5Z L,

{SHAPEE 7 — Y T2 55 10 2020 £ 12 H 2 H 3/27



4 FFEAE T D R R N % SRR

41 FTRoTAHA LY 4.1.1 HEf

@ ZOEHED WWW HA4 F »5

o XY —DFDHED WAVE 7 7 A )V guitar-5-3.wav
e Mathematica @/ — k 7' v 7 20201202fourier.nb

BAFL, WY (FA2 by 7 Eh- LN Z2DBATHHT 2) K ET 3 L,
—IFLTAFLT (EDLIC) FAZ by FicaE—

curl -0 http://nalab.mind.meiji.ac.jp/ "mk/fourier/guitar-5-3.wav;
curl -0 http://nalab.mind.meiji.ac.jp/ mk/fourier/20201202fourier.nb;
cp -p guitar-5-3.wav 20201202fourier.nb ~/Desktop

@ (1) THRAFL % 20201202fourier.nb % 77 Y v 7 LT Mathematica % i2H)
T3, XA=2—0 [{Hl] 26 [/ — 7y 7 #5Hl]) 28R CETT2 (77401
ZEWIZDBT A7 by 7ThiFUL, FEITHIIC SetDirectory["~/Desktop"]
ZEMICET Z L),

@ ZO®RIFFHWAEMEE, Fi4 HHRICHE Mathematica ZHET 2 2 &,

Yl Z1Z, Safari Tl [control | ML #5527V v 7 LT, TV ¥ 2507 74 L%
bU%’C&W/D—M ’a’:ki‘RLT TZﬁF/?’F: EPRFTIUT R,

BE B0 e 7 —Y 2020 4F 12 H 2 H 4/27


http://nalab.mind.meiji.ac.jp/~mk/fourier/
http://nalab.mind.meiji.ac.jp/~mk/fourier/guitar-5-3.wav
http://nalab.mind.meiji.ac.jp/~mk/fourier/20201202fourier.nb

4.1.2 WAVE 7 7 A4 VEFRAR, AT —2 20 1T

fname="guitar-5-3.wav"
snd=Import [fname, "Sound"]

INT7 74 ) guitar-5-3.wav %254 snd ICHEAIAL (snd 1F sound DDH D), K
F ey EEVPHETE 2,

[sr=lmport [fname, "SampleRate"] ]

I3 44100 £ 7% 5139 TH S (sr 1: Sample Rate D2 D), HEH CD LHLU,
44.1kHz EVIHF TV VT - L= THRELLZILEZRLTOVS,

sl=Import [fname, "SampledSoundList"];
samples = s1[[1,1]];

EF vV 2N DEDEARLT —4 % samples ITfRAL 72,

HF v vV 2NDE e & rsamples=s1[[1,2]] £ 7| {samples,rsamples}=s1[[1]]
ET5, (I €/ 7VDEAEIE s1I[1,2]] BFAEL ARV, )

B AIC s1[[21] 3y 7Y v 7 HBEETH 5,

(3 LXHU =S sample =snd[[1,1,1]]; rsamples=snd[[1,1,2]];.& L T\, )

BRI 7 —Y % 2020 £ 12 H 2 H 5/27



4.1.2 WAVE 7 7 A4 VEFRAR, AT —2 20 1T

snd=Import [fname, "Sound"] TA Y HR—F7T 23L&

i
—

b B 10.25s | 44100Hz | 2 channels

X1 FERY Y > 2T EEBHIASIET

2F ¥ VRNLNTGOWET =Y DR Z 5

fSEAFR L 7 — ) 2540 4 2020 £ 12 H 2 H



4.1.2 WAVE 7 7 A4 VEFRAR, AT —2 20 1T

s3
gl

Take [samples, {1, 3*sr}];
ListPlot[s3, PlotRange->Al1l]

samples 2*5 3 WD 7 —% (E I Sample Rate D 3 fF) ZHh L <7ay FLT
BTz,

(B> 7 TRPEDY st kHz % DT, 1 56 3xsr T, 3WTOT—FEL v Lic
%, Take[l ZY A M6, FELIHFAOT— 2l HTHKTH 2, )

x = Take[samples, {62800+1, 62800+sr}];
g2 = ListPlot[x, Joined->True, PlotRange->{{1, 1600}, {-0.3, 0.3}}]

T D IR % DI% 62800 HHAD 254D T, ZIHh 5 1 B4 (srxls = 44100 D
F—#7%) B H L <, 1600 fH4r (1600/44100 = 0.036 #43) 7@ v P LCTH, ZC
BEL AL TAS LR,

[ListPlay [x, SampleRate->sr] ]

ETBE, MWL AT—% x DEZES T USRS,

BRI 7 —Y % 2020 £ 12 H 2 H 7/27



4.1.2 WAVE 7 7 4 V% GeriAdm, BERLT—& 2Hh T

2 B 384 7ay b [X 3: 62800 2> 5 1600 1 7°
a2y b

1600/44100 = 0.036 &

N FaTTTT T ey

) m 1s | 44100 Hz

[ 4: 62800 7> 6 1 W3 DEER T — & T4

B 77—y x 5 2020 £ 12 H 2 H



4.1.3 Bt Fourier 244 L TR Z AR5

sr=44100 2 N £ B, x= (xo,x1- ,xnv_1)' &8, x DEEK Fourier Z5Ha ¢
= (G, Gy, Cnvo1)" %KD B1TIE Fourier[] 2 A TR,

¢ = Fourier[x];
ListPlot[Abs[c], Joined->True, PlotRange->All]

HoHE |G| 270y b Lz, 200 o RERDO SR BHRARN S 13T,
NBRETETT»DIZ DT, fHEZRELTERT S ERY,

(* n1~n2 OHIFT |c[ml]ll Z7uy T3, %) h
graph[c_,n1_,n2_] := ListPlot[Abs[c], Joined -> True,
PlotRange -> {{n1, n2}, {0, Max[Abs[c]]}}]

graph[c, 1, 1600]
graph[c, 120, 140]
Manipulate[graph[c,n1,n2],

{n1,1,Min[Length[c],2000],20},

{n2,1,Min[Length[c],2000],20}]

N L
5 2020 £ 12 H2 H  9/27
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4.1.3 BERL Fourier 24 L T A % X 5

10000 20000 30000 40000

X 5:|C,| (n=0,1,---,44099)
Z7ay b

120 125 130 135 140

7:|Cy| (n=119,---,139) 2 7
=

FRUsEE 7—Y

1
200 400 600 800 1000 1200 1400 1600

6: [Col, |G,

=RV

-+, | Ciso]

2020 £ 12 H 2 H

10/

27



4.1.3 BEEY Fourier 248 L TR E %3

HiPA% XY > THRRT B2 LT, E=7 2L TAE (AR TEME T TEHET),
FAMCHTRTELED, 70750280 TCHIMLTA2 Z LB ELL BWTH S I,

=213 130 #FEHTH 2, DF D |Coo| BPIRKREWVI ZLETH S, (VAL c DEF

cl[111, c[[211, .-+, c[N1] i3, Go, Gi, -++, Cu—1 TH O, VAP DEFDF S L
Fourier fREDA VT v 7 AN 1 TNTW5E I EICHERET S, )

NI IDX Y —DEDOREARBIED 120 Hz TH B I 2B RT3, Znid PO
131 Hz 123V,

R L 7 — ) =75

2020 £ 12 H 2 H 11/27



4.1.4 YR Fourier 28461 % 5§

JEEEY Fourier Z2¥4% 3189 % InverseFourier[] & WIHBEEPHEIN TV S,
WL Fourier Z#t L CTIGICIR B 5 ?

x2=Re[InverseFourier([c]];
Norm [x-x2]
ListPlay[x2,SampleRate->sr]

LD x 1Z RY OHEFE (D VRADVFEHDORT ML) THDEH, HOBEENTET B~
®. InverseFourier[c] I RY ICIZE&Xwvdd Lk, 2 TRel] Z2ffioTw
%, (Rell ZMiE 7% < TH x2 1F14 x ICW VD3, ListPlay[] THDH A, )

BREDRPEEIET 2 C, 2 0 ICEH L Th o 3R Fourier 219 % L. Z DA
DEZRAY T LKL, SHIOIFTHETIE TEFIT) LLTELD, XD/ =T
T 7 CHEBRTE S,

http://nalab.mind.meiji.ac. jp/~mk/fourier/piano-cutoff.nb

BRI 7 —Y % 2020 £ 12 H 2 H 12/27


http://nalab.mind.meiji.ac.jp/~mk/fourier/piano-cutoff.nb

Mathematica X &

(FEoMoETHEH A AT 2RELE LA, )
@ In[#] := LEH) /vy 7ML T, avr FEANLT, kgl

[shift [+ enter

o B THYIA Y NIV B,

@ Mathematica TEBFADE - EHOLHINIE TRXFETHESL) LwIHL—L%
Sfo TIROTH %, Pi, Plot[], Fourier[] % E7 &, HEDHEE) S 7t 5 41
1Z. K4 DHEDRIHAD X F % KXFIZT 5, InverseFourier[], ListPlot[] 7%
Ehlt, 2= =D HZTEH - A EERT 5 L &, AHTOLHD XF %2 /NCF
2T % &, ARTDEELEET S,

Bl: N=1 ELZESBEL LY, —>RLFRPOT n=1 DL I/PNLFICT 5%,
(R NE] AR TEOERMEZ RO 2B N L ARTBHEEL 15, )

0 ¥4 = Import["Wave 7 7 4 /L4", "Sound"] T Wave 7 7 A VZFAIAAT
EHIRATE B,

@ Mathematica Tl&, X7 bLRfTIZY A FTHKT,
x={1,2} &P a={{1,2},{3,4}} % &,

x O LR7IE x[[1]1] T, a D (2,1) Ml al[2,1]] THRE S,
@ YL list D% n1~n2 EHZHY HFI2IE, Take[list, {n1,n2}] & § 3,

BRI 7 —Y ; 2020 4E 12 H 2 H  13/27



Mathematica X &

@ ListPlay[$(fliV A I, SampleRate->¥ > 7V v ZfAIi%k] THAETE 3,

¢ := Fourier[x] T, X7 M (BUHD Y A I) x ZHEHL Fourier ZH1L 72X 7 |
W (BIEDY A R) D cicEonsd,
1% Mathematica 12 &) 2 BB Fourier £2IDERIZ, I OHWBOER L IZRA
%, ZOMEOWEICADESITE, XKD X HITTIUTR L,
c = Fourier[x, FourierParameters->{-1,-1}]

x = InverseFourier[c] T, "7 ML (BfHDOY R ) ¢ %HWHERL Fourier 25 L
7eR7 bV (Bl Y A M) 28 x iifF e s,
COMEDOWRIC D I,

¢ = InverseFourier[x, FourierParameters->{-1,-1}]
ListPlot [EfEY A F]1 T7 v v FA[fE, ,Joined->True IFRffiH,
WAL Fourier ZHCR7BUEY 2 219 & &, WOFEICK D, ARIHTH
2HDPAOIREIT LD (HBOMIHED /NS W) B 2> TH) FLUHETE %
W, ZDEEF

[ x = Re[InverseFourier[c]] ]

DEHIFEREIS (BHE 07V TT5) LRV,

BRI 7 —Y 10 2020 4F 12 A 2 H 14 /27




42PCM IC X B EDTTH)

HERBERNZERHT MR TH 2, BVH D EE, JEVREENT 2, ErhvEE
DL (FEEITETT) 56 DR 2 BE L W58, HIEORHZE(LZ 5L T 2 2 & TF 2 il
(8%5F) k2,

2%5%’#!40) CD 7L =Y = THOES N DIF 1982 TH 5, YRk I 16 Ev b CPU 27y a vy piililiS 1
FUETH -7, MBI E LTk, 1.2 MB OFRBO 70y E— - 74 27 9AL flib it uiz,

Ot FUERLE 7 —Y) 3 2020 4 12 H 2 H



42PCM IC X B EDTTH)

HERBERNZERHT MR TH 2, BVH D EE, JEVREENT 2, ErhvEE
DL (FEEITETT) 56 DR 2 BE L W58, HIEORHZE(LZ 5L T 2 2 & TF 2 il
(8%5F) k2,

PCM (pulse code modulation, 23V ZFFEZH) L1k, 77 0 JE5 (GEHREROBK)
TV Y NMES (BEEHEOBIS — $F) TERHT 2700 1 20ETH Y, HHA

CD, aYEa—3—DFTF)I - F—=F 1 &, TPYINEFRSCTEAENLTEXEZoTw
%,

HEHD CD 7L —Y =2 THEES N7z DIF 1982 FETH 5, Hkik )< 16 Ev & CPU ZH\» 78y a vy pililiE
TETH o7, S E]*"J*E}_ LTk, 1.2 MB 0)%%0)71: v E— 74 A7 DL b Tuiz,

BE

2020 4 12 H 2 H 15/27



42 PCM I X 2 EDTF Y ¥ NG5

HERBERNZERHT MR TH 2, BVH D EE, JEVREENT 2, ErhvEE
DL (FEEITETT) 56 DR 2 BE L W58, HIEORHZE(LZ 5L T 2 2 & TF 2 il
(8%5F) k2,

PCM (pulse code modulation, 23V ZFFEZH) L1k, 77 0 JE5 (GEHREROBK)
TV Y NMES (BEEHEOBIS — $F) TERHT 2700 1 20ETH Y, HHA
CD, v Ea—F—DFPIN - A —T 4 4, T¥¥NVEHECEENLBRE LoTw
%, BAMIZZ, XDZ2IHo <,

Q@ —EoRHMECETOMERRT 2 (P TIVT (BRI) 72, L))
Q@ EBFOMHIFARKOMTHRET 2 (BFET S, L))

R 2 XHEZERBFICXT > T, oL bIEVEICHD 5 2 & THEBIT S
& &, LPCM (linear PCM) &9,

2%5?#!40) CD 7L —Y =D TIEE iz DId 1982 4 TH %, YLk I 16 Ev b CPU 278y avpiifilid i

W TH o, IS EI*"**E&LTI;: 1.2 MB O)E%oﬁuﬂ:—~—mx775m<{ibﬂﬂxt
FEH O #h R fEREE 7—Y) j

2020 4 12 H 2 H 15/27



42 PCM I X 2 EDTF Y ¥ NG5

HERBERNZERHT MR TH 2, BVH D EE, JEVREENT 2, ErhvEE
DL (FEEITETT) 56 DR 2 BE L W58, HIEORHZE(LZ 5L T 2 2 & TF 2 il
(8%5F) k2,

PCM (pulse code modulation, 7SV ARFSZH) Lix, 7w /E5S (EHEEBDEE)
TV YNMET (MEEEDOBE — $5) TRRT 270D 1 DDHETH Y, FHA
CD, aYEa—3—DFTF)I - F—=F 1 &, TPYINEFRSCTEAENLTEXEZoTw
%, BARIIZIZ, ROZDIHS L,

Q@ —EONHMECRESOMEIET2 (Y TUVY (BA) T3, L19)

Q@ EEoHEIFERHOMTEIT 2 (BFET2. L))
R 2 XHEZERBFICXT > T, oL bIEVEICHD 5 2 & THEBIT S
& &, LPCM (linear PCM) &9,

AVEL—Y—TUHTZI L 2E2 5L, THRMTOR &, "2 EEOERFO%, &
W) IR BN, ZDBEOKE (Ey M) %;?ﬂ:t“y ML ES,

8ty FDBAIE 28 =256 BfiE. 16 E v b OBEIE 21° = 65536 B THRIT L L
5%, &2 FH CD (1980 4Eiz SONY & Ph||||ps kb ni ?) i, B2t
Ey FLELT, 16 By FBRHAZI N,

2%59#!4@ CD 7L —Y =D TIEE iz DId 1982 4 TH %, YLk I 16 Ev b CPU 278y avpiifilid i
W TH o, IS EI*‘“E& LTk, 1.2 MB OFREO 70y E— « 74 27 BEL flibn Tz,

BEOH #h sk B 77—V 1) 2020 4 12 A 2 H 15 /27



42 PCM I X 2 EDTF Y ¥ NG5

IV Ea—F—THEZR () ‘T%f% BRI R B 5 I S Nl &7 2 Bt
LT (7Hue/Eers7YsEaic T@T%O)’C AD Zit (analog-to-digital
conversion) &29)), BEZFHT S LItk 5,

RN 7 —Y 3 2020 £ 12 H 2 H 16 /27



42 PCM I X 2 EDTF Y ¥ NG5

IV Ea—F—THEZR () ‘T%f}% BRI RF5 I I NI E 7 % Bt
LT (7Hue/Eers7YsEaic Tﬁ“ﬁ'%@’( AD Zit (analog-to-digital
conversion) &29)), BEZFHT S LItk 5,

YTV IREHE . LBEIMRE Y 7Y v ST e hEERL WS, 7Y v
TRBEDECIFE, XD EOCHEROEPRERTES L) 1Kk 5,

2020 4 12 H 2 H 16 /27
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42 PCM I X 2 EDTF Y ¥ NG5

IVE L= —CTHEIR () 75841, BRNRESICE I N EH 2 HElt
LT (7 u/Eehs 7Yy ERICEImT 2D T AD Zi (analog-to-digital
conversion) &29)), BEZFHT S LItk 5,

YTV VTREREE X, 1 BRIy 7)) v 72 EHL TS, 7YV
TRREEDENEE, KD EORBEROE R TE S LI 1Lk 5,

T CD Tl ¥ 7Y v RN 44.1 kHz DSRA I N, Zhid, 1 BRI 44100

AlF—% %3¢ T2 L0 2 LItk s, ZOMPMRAINAZBRIZEICROBEHRICK S

Q@ ARIPIHERC 2 & KB FEDORMEEZ 20 Hz ~ 20 kHz £ EbN T3,

Q@ V7V vIREEEZ. HBELZORLEVWEORERD 25X D E T30
H5(CNEIBTHERT L2 TIVIERBEZRIE T2, LFHAINGD, Hik
[Bl D2 THS L 72 Fourier REUCBIT 29~ 7V v EBICHi§ 5 2 &  HK
27259, )o

SF . AP @EICE T 2 F 08k - HEOLDICZ, 7Y v TR

2x20kHz =40kHz X D EL T20HBH 5,

{SEPE e 7 — ) TZ5H 5 2020 £ 12 H 2 H 16 /27



42 PCM I X 2 EDTF Y ¥ NG5

IVE L= —CTHEIR () 75841, BRNRESICE I N EH 2 HElt
LT (7 u/Eehs 7Yy ERICEImT 2D T AD Zi (analog-to-digital
conversion) &29)), BEZFHT S LItk 5,

YTV VTREREE X, 1 BRIy 7)) v 72 EHL TS, 7YV
TRREEDENEE, KD EORBEROE R TE S LI 1Lk 5,

T CD Tl ¥ 7Y v RN 44.1 kHz DSRA I N, Zhid, 1 BRI 44100

AlF—% %3¢ T2 L0 2 LItk s, ZOMPMRAINAZBRIZEICROBEHRICK S

Q@ ARIPIHERC 2 & KB FEDORMEEZ 20 Hz ~ 20 kHz £ EbN T3,

Q@ V7V vIREEEZ. HBELZORLEVWEORERD 25X D E T30
H5(CNEIBTHERT L2 TIVIERBEZRIE T2, LFHAINGD, Hik
[Bl D2 THS L 72 Fourier REUCBIT 29~ 7V v EBICHi§ 5 2 &  HK
27259, )o

SF . AP @EICE T 2 F 08k - HEOLDICZ, 7Y v TR

2x20kHz =40kHz X D EL T20HBH 5,

Fr 7 TR ERTLE Y FPEOERIREVIZE, TOEFICL Y EELRTF—4

BERONDID, bBLAAT—YORIFZFNIZIIHRT 3,

{SEPE e 7 — ) TZ5H 5 2020 £ 12 H 2 H 16 /27



42 PCM I X 2 EDTF Y ¥ NG5

RR 1 (CD 7'V —¥ —F5e 4G 3y a v EAiiDHY)
TR CD Tk, AT LA (2ch) 23l A0 T, 1 BEHLD,

441k x16 b x 2 =1411.2 kb = 176.4 kB = 172.266 KB

DF—=FPP|NDB I LIS (blEEY b, BIENA b+ (=8 E v ), K=2!=1024),
1 2Tk, 29 60 %0 10.0937 MB (2 2T 1 MB = 1024 KB & \» ) EIR) %% 5
Ztitks,

1982 4F 4 HKFIZ &LTWfUA—N7W&ﬂ%%ﬁﬁ¢T%%7UVE—-f4X7@
REIZ 12MB BER DT, 1 7DOBFFREEZHKT 2D, 1070y E— -
T4 ATV 572 L &50;n1 IERFERTIE VL, CD EWIHF LR
T4 7 (T4 DRREGSRER2 X HICT 270, 740 MB OFEE o 7)) D EIC R 57
DIFWBRD ETH 5,

FAH CD TR LPCM TE N T—9 22D £ L TV 30, 20K, [Eififs
MIDSHER L 72, 1993 RIS L 72 MP3 (MPEG-1 Audio Layer-3) Tld, JEAffiIC & > T,

F— S DFAL X% %f%fﬁ“i“@d\éf<‘9“Z>:<‘:f)i‘tH§l€Z>J:”)L:7§co7‘:o 0

BFFE L 7 — ) 22546 55 10 [H] 2020 4F 12 A 2 H 17 /27



42 PCM I X 2 EDTF Y ¥ NG5

WAVE (WAV) 12, Microsoft & IBMIZ & DIRESINAEFTFT—IHD7 #—<v b TH
%, 77 ANDIRTIE cwav TH 5, WA LD, LPCM THY 7Y v 7Lk

Ty MEbn s (B RiET—2BUIERT, BT -2 bEMNL I 529 TH
6ﬁ§...)o

fBEMB E 7 — ) £

2020 £ 12 H 2 H 18 /27



A3 WERDTHT 431 —EmoEE

ERETER) £ &, A (B0 T) t TRL, BEDEZObDIE x TE
T, 2EDNEFE x(t) TRTZENLVDT, 2T THZHUHET,

I T O FEIHBIE x: R — C 1R D & ) 1T Fourier HEEFAHR S,

(1) Z cne™” T (t € R),

n=—o00

() —/ e "Frdt (nez)

% (n= £1) ORBEHE, AMOWE f = = “C%% 5% on HO R ﬁ JRPEU
[n|f. no f5E DB nof IZHIET % DIE, n—:tno DHTH %,
x DWEFMEBIE e DT, € = c_n DIRD D, FFIT |cn| = |ca|. FEBE

1 T e 1 T____ — o 1 T 2w
cT,:?/O X(t)e_’"Ttdt:?/O x(t) e ’”Ttdt:7/0 x(t)e =N Ftgr = ¢,

(CF. FERLHBIBL £ D Fourier 25 F IR LT, F(€) = F(—€) 2IRD 75, )

CEED By 7 — ) T 254 5 2020 4 12 H 2 H 19 /27



—FIIX A [Ov T] IZ N EYE“E (#7701):/7‘\) T5E. LA yﬁ“}%ﬁ;ﬁ T, = T/N,
TV TP L =Y Ty TV TR ik,

X [0, T] D N &35 t; =T, TD x D x; = x(t;) 25, o0& EZHEEK
Fourier %% C, 3XXTHZ o 3,

= ' ‘
© G-t ™ (nez). w=em

N <
j=0

B 7 — U ARE (G} BEMBS IR o, M T 2 N H {2k iud R,
B 7 — ) RB{ G L {en} ERDBIRERD:

C = Zcp.
p=n
{C} 25 {x} ZRDBITIE, WEER Fourier Z2H#a1ULUIR
N-1 '
(4) =3 G (j=01,...,N-1).
n=0

fBEUIE L 7 — ) 2540 5 2020 4E 12 A 2 H 20 /27



4.3.2 2% 1 RILDDHRE)
EX L oo (i) IRENE. RoEHHRERROYINESEFAEREL € 7 VIR,

Su(x,t) = uux(x,t) (0<x <L t>0)
u(0,t) =u(L,t)=0 (t>0)
u(x,0) = 6(x), ue(x,0) =(x) (0<x<L)
u=u(x,t) 13, FIDEVDMIE x IZH-> ORI t 1B 2N E2ERT,

T ZIRS, p ZMEE (WESHZHDOHER) L LT, cldc=+/T/p Thiohb
M, TNREREBREOIEOEZICEL L, Y7 ALY Xy — &afi RHEE
Z5ZETEHEDEIZTET L LK,

ZDOREDRIZFRATEZ 5N 5,

(#) u(x,t) = ;sin mZX (a,, cos ——— cn L + bp sin anrt) ,
2 [t . nmx 2 . nmx
= Z/0 o(x) sin o dx, b,= a 1/’( )sin e dx.

(1) D n EOHEA WL % ROMBHE 0. ol FEOIE O (n=1
AT 3) DERIETH B 0

TS By 7 — ) T 254 5 1 2020 £ 12 H 2 H 21/27



4.3.3 D %EETIZ

Gy TV TRABE fs =441 kHz THY T VT LT =86, T=1s (1 1) 5D
f55 (N = £ T = 44100 A EiE) ZIH H L C@iiy — v &H#L 72,

JAM T =1s OFIHES & &7 LT Fourier fIEUEBIL 722 &2 B,

FUZ5 D Fourier RBUTIE & = c_n, || = |con| VI BIRDD 228, HE7 — ) 4%
Bicow TR, XOBFRDSH %,

(5) Co= Con=Cucny 1Gol = Conl = |Cual
Wil 0 (0 < n < N, 60l |Co| ©70 v FT2 L. FAMIEE S,

mmﬂ&ﬁﬁﬁu)@%nﬁ@ﬁ%umTmwmzaamﬁ&i" In| Hz T5 %
(T=1s &l ThrtrBnlHzZzI),

a & co1 13 1Hz DR, o & c_p i3 2 Hz DAY

|Cioo| = |Cn—120| DSIA EV I Z LU, JHIEEDY 129 Hz DI DSIRK &9 T & 2 HEk
LTw3,

ZDORIZKE VDL |C258‘ = ‘CN 258| T%Of:o 258 Hz @EE’ﬁiﬁ%@&’tb:j(%b): Lz
BELTw3, —FHE: 1290 Hz OBELGICE > TR 5Dk, ¥4 =251 RIGOIRBIIAR
ThsrZ k_z’»%\ HbotdbThs,
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1477 =7EEoRERIZ 2 /5TH 3,

FAVEDERTIE, 1 A7 % — 7138 12 1Y T 2 (C, C#, D, D#, E, F, F#, G,
G#, A, A#, B),

PR TR BT OREEIFELBINC S (L) &b, 29T 200 TH ),
X oT, BEEE L LRSI 2V = 1.05046 - - 5255, €T OO FRAREIC

A S
b5 A (7) O, W 440 He MRS NH0T, 20T C (F) o (9
55 o

440
5o/ = 2616255653 - - Hz.

FOEBOX Y —DFI1Z, kb 1475 — 7K, ? =130.81--- ZHZIZH

BLEDTHS I, EBIC |Cuo| PIRKICHES1DIE, $HEHDFa—=v T EST
DTH 2 O
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435 X hFE=IC

(COHEBEEHIFTT, THEEA )
Tk, RBEBIEARBRICRO N2 DI TldRw, ZOHAIE T =1s 1k, Z0ES
DN 72 & e W HBEE DS D 5,

flH DO, B f OFE5F u(t) =" %522, 0<t< T TalfkL <, (AW T
DREWIBEL L L TD) Fourier fRE% KD % & |

cnh = L /T u(t)ef’lnz%tdt -1 /Te277i(f_"/T)tdt = 1 /TeiA”t dt = i (eiA"T - 1) .
T Jo T Jo T Jo iAnT
72720 Ayi=2r(f—n/T). 205
An
2
T=1s f=130813Hz DL &, n=125,.-.,135 OHIFAT sinc(A,T/2) ZF<2 &,

1.0

|en| = sinc
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2% Mathematica @D Fourier[] [Z 8} 5 L Fourier 2

LD ETR

9£1% Mathematica ® Fourier[ ] 237 7 4 — )L M CEE T2 DL (C, TlE% )

C = 1 Nilx-w"j
n = j
v N s

ThHb, C, il I ¥ 5121, FourierParameters—>{-1,-1} W) F 7> arvzh
ZHUTR WV,

<c=Fourier [tb, FourierParameters->{-1,1}]; )
EZAT, BEWERETHL I LG,
1 —
C=—¢
VN

LV BB D 03, AR T —ARY POV TE, |G = LGP th s
5. FEBERDLD T A (ST —ART FAPKRELS 5D n 3L I0HRD),
T74—NEDFEEMH>THRY,

3xjwn = W = " THDH I EICHERYE K,
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EMEHR: Python TD IR

(2020/12/27 JIN&E) FL 1% Python ICENTW 324 b %\ 2 ) DT,
Python TY 2720 DIFEHRZ DT TELRETLL,

ME OO P\IZBIT 5 X € Pythony
http://nalab.mind.meiji.ac.jp/~mk/labo/text/memo-sound/node34.html
Fric
"DFT L TARYZ PV ZFHIR5
http://nalab.mind.meiji.ac.jp/~mk/labo/text/memo-sound/node37.html
Wik, SRIOEBREIZIZFEL 2 &% Python TT 572D 707 J LD
HoTWET,
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http://nalab.mind.meiji.ac.jp/~mk/labo/text/memo-sound/node34.html
http://nalab.mind.meiji.ac.jp/~mk/labo/text/memo-sound/node37.html

[1] HEEhE : ES 0B L 7 — Y 284 G835/ — I, http://nalab.
mind.meiji.ac.jp/~mk/fourier/fourier-lecture-notes.pdf,
Dimii Mgt e 7 —) 22, Lw) F A4 FLES7DZEL
72o (2014~).

CEED By 7 — ) T 254 5 2020 £ 12 H 2 H 27 /27


http://nalab.mind.meiji.ac.jp/~mk/fourier/fourier-lecture-notes.pdf
http://nalab.mind.meiji.ac.jp/~mk/fourier/fourier-lecture-notes.pdf
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