EENH Y 7 — ) 2581 5510 9]

~ERE5 D PEETN 2~

POoB7E &L
HEH fh5E
https://m-katsurada.sakura.ne.jp/fourier2023/

20234 11 H29 H
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© HHOWE - iR
HREE O JERE Z N % 558
0 FTRHoTALD
o YE(i
@ WAVE 7 7 £ V& & AIAA, AT —& 20D 13
o HEEY Fourier 223 %
@ WHERL Fourier Z2#1% 33
@ Mathematica X &
e PCM 12X 2 EHED TV XINEEHRA
o fHERDIHT
o —fiFmanIEY
0 % 1 JILDLOIRE)
@ SEIDIFIETIX
e 5% EH
o L hEEIC

© 2% Mathematica @ Fourier [] (2B} % BB Fourier 240 E %
@ Python TOEE



ARHODWE - HA&HIE

o 2 [ANZE - THERL Fourier Z#1ZFH L 72, SN Z DS E L
T, ZHELPHBLEER T — XL Mathematica D/ — 7' v 7%
ffioT, BHERBEOEEHERNFEHEZITS, (RHSHEHTHEL
EEFEF—ZTRALZ 2L TH 6 5ER T, ) 20Kk, 50
FORNMEERTHD—DOTH 3 PCM 2 X o LA L 72t4. EEBD
MrziT5,

o BBLA, #iF/ — I [1] DY T EH. TBRT T LMDV T
BRETRE L ESELCTEI L (BFR/ — NCHEZ 005
HHXhTW3),

B H  #i# htt EENHEY 7 — ) T2 5 10 Bl ~FFEE5DFEBEEZ AN~
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B 55 D R #HN B R

41 EFRoTAHALES  4.1.1 HEfg

@ CZOFED WWW ¥4k 25

o FRX—DFDED WAVE 7 7 1 )l guitar-5-3.wav

o Mathematica @/ — I 7'v 77 20231129fourier.nb
ZAFL. EYRIGH (FAZ by TepLINT R by TIZBWY

2) R IET 5 L

X—IFILVTAFLT (DLIK) TARAZ by Ficar—

aTHiM

curl -0 https://m-katsurada.sakura.ne.jp/fourier2023/guitar-5-3.wav

curl -0 https://m-katsurada.sakura.ne.jp/fourier2023/20231129fourier.nb
cp -p guitar-5-3.wav 20231129fourier.nb ~/Desktop

@ (1) THRFFEL 7 20231129fourier.nb Z X 77 U » 2 LT Mathematica ZjEEH)
T2, A=a—0 [#Hi] 226 [/ — b7y 7 &FHE] 2ERLTETTZ (7740
ZEWOBTRAZ by FTRIFAUE, FATHIIC SetDirectory["~/Desktop"]
ZHEMIZET L),

Q@ ZORIIEIARTEX H%ﬁb?ﬁﬁﬂ:ﬁéb\ Mathematica Z#fE$T 2 Z &,

Ui Z1Z, Safari Tl [control | #HLAAEZ Vv 7 LT, (VY 2%kDT 7 4 L%
BLTHY vu B RERLT 727 by 7 EERT IR,

B OH HiE htt BRI Y 7 — 1) T2 5
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4.1.2 WAVE 7 7 4 Ve FiAaAAL, (EAMLT — 2 2HD T

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

ZNTT 7 4L guitar-5-3.wav ZZ# snd IZHAIAL (snd I sound DDB D),
AR VT ENBETE S,

[sr=Import [fname, "SampleRate"] )

2L 44100 222133 TH S (sr 1% Sample Rate D2d D), FHM CD [ L.
441kHz WO H TV T L—FTREBELEZIEZRLTWS,

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

EF v Y ANVDEDEARLT — X% samples ITfRA L7z,

HF ¥ ¥ AVHUETL D rsamples=s1[[1,2]] £7:13 {samples,rsamples}=s1[[1]]
55, (FE: B/ IVOHEE sLI[L,2]] IEFELRV, )

BRAIC s1I[2]1] EH > TV Y TP TH 5,

¥ M #h % htt
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4.1.2 WAVE 7 7 4 Ve FiAaAAL, (EAMLT — 2 2HD T

B H  #i# htt

snd=Import[fname, "Sound"] TA YR—b+TFT 3k

i
—

b B 10.25s | 44100Hz | 2 channels

LEEREZY > 2T EPEZ 51T

2F v VANATGOWE T —E2NRZ 3

BN L 7 — ) =240 5 10 B ~EHE{EE5 DR


https://m-katsurada.sakura.ne.jp/fourier2023/

4.1.2 WAVE 7 7 4 Ve FiAaAAL, (EAMLT — 2 2HD T

s3
gl

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

samples 2*5H 353D F —& (K EIX Sample Rate ® 3 %) YD HLTFmy b L
chjfuo

(F > 7V ¥ ZTABEED st kHz 2DT, 1 25 3xsr T, 3PHOF—Xwnw>5 2k
1272%, Take[] ZV A M6, FEELLH#HHAO T — &2 WD TR TH 2, )

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

EHEHUSDIA®D 5 DI 62800 FHAD 2 5RDT, Z2Zh 5 1) (stx1s = 44100 &
OF—&%) B LT, 1600 {4 (1600/44100 = 0.036 #4)) 7B v b LTHA, Z
TREAHLTAHD LRV,

[ListPlay [x, SampleRate->sr] )

EFde. MOHLAET—X x OFRBELTZLaHKS

¥ M #h % htt
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4.1.2 WAVE 7 7 4 Ve FiAaAAL, (EAMLT — 2 2HD T

2 B 3G Fay b 3: 62800 %> & 1600 & 7

2y b
MEHAE DS 1600/44100 = 0.036 ¥
N T T TT T e
mmmwwnmm
b m AT

4: 62800 725 1 B OIEAR(LFT — & THA

B H  #i# htt BENEYE 77—V =20 5 10 B ~EFHE{E5 DRREE
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4.1.3 BERY Fourier 241 U T ERE 2 TN 5

st= 44100 % N 2B, x= (xo,x - ,xn-1) B L. x O Fourier ZE ¢

= (G, Ci,-++,Cnvo1) " %KD BITIE Fourier[] 2 ZITREWV,

¢ = Fourier[x];
ListPlot [Abs[c], Joined->True, PlotRange->A1l]

HooHE |Co| 271w b Lze T4 S JEREUN T DD AH AN S35

LAl NERETETHL DI WOT, fHZIHELTERRT SRV,
\

-
(* n1~n2 OHFPFAT |cllnlll 271y b T3, *)

graph[c_,n1_,n2_] := ListPlot[Abs[c], Joined -> True,
PlotRange -> {{n1, n2}, {0, Max[Abs[c]l]}}]

graph[c, 1, 1600]
graph[c, 120, 140]

Manipulate[graph[c,nl,n2],

{n1,1,Min[Length[c],2000],20}, {n2,1,Min[Lengthl[c],2000],20}]
\_

¥ M #h % htt
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4.1.3 BERY Fourier 241 U T ERE 2 TN 5

5
5
4
4
3
3
2 2
1
1
0 1
10000 20000 30000 40000 200 400 600 800 1000 1200 1400 1600

5: |Cn| (” 071?'.. I :gg) 6 C(] C] : C 599
. 1 [

120 125 130 135 140

7: 1G] (n=119,--- ,139) &7 8: |Gyl (n=249,---,269) &7
oy bk oy b

#i B htt
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4.1.3 BERY Fourier 241 U T ERE 2 TN 5

HPHERXY) o TRRT S Z T, =2 2L TAHR (EENIVRDTEMZTTET).
FINCHTRTELRED, 7ur 70220 THILT 22 d LA RWTHAS S,

Y—213 130 FHTH %, DFD |G| DERAREWVWI ZETHS, (VAT c DHE
% cll11], cl[211, -+, c[M1 &, G, G, -+, Cyo1 THDH, VR FOEHKOE S
Fourier RO A > T v 7 AN 1 TNTWVWB ZLICFEET %, )

ZHIZDX R —DEDERR PR 129 Hz THZ Z e 2EEKT 2 (1 BITOF—X
% B o THERL Fourier Z#A L 7:h 6, D% D AMIZ 1 BWERELTHML TV, ) Z
AUd F OB 131 Hz 133w,

[
120 125 130 135 140

200 400 600 800 L‘H)OD 1200 1400 1600 o
7: |Gl (n =119, ,139) % 7

B 6:|Gol, |Gil, -+, |Cisos] B ¥ b

B H  #i# htt EENHEY 7 — ) T2 5 10 Bl ~FFEE5DFEBEEZ AN~
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4.1.4 ABESL Fourier 2% i3

WBEEL Fourier 2% 5183 % InverseFourier[] ¥ WOMBMPHEBEZIN TV S

JARERN Fourier ZH#1L TILICRE 200 ?

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

T x 1Z RY OBER (D WRADBERDONRT bV) TH B0, NOEEDFAET
7z, AKX 0 TH 33T OEEFRDD 0127253, InverseFourier[c] & RY 1138
Ehwrd L, ZZTRell ZoTWw3, (Rell ZMZX R TH x2 1315 x 12
LW, ListPlay[1 TEMHIZRW, )

FREDREFEICIES 2 C, % 0 IZZHE L Th HWHER Fourier £33 ¥, ZDJEIK

BoEEHy F T2tk s,
SEDOFETIE BT 2 LTBLD, XD/ — Ty 7 TERTE 3,

https://m-katsurada.sakura.ne. jp/fourier2023/piano-cutoff.nb

(Mathematica D N—Y 2 Y2 Ko TUIIEFEIZEDN R Ro7D LET, #ididro7b
WELTRXW, )

¥ M #h % htt
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Mathematica X &

(FB2MoFEETHEHERAERRELE L, )

© Im[¥] := ES3THY T MIHLT, 3wy FEASLT, Bk [shift ][+ &

o 7ML THYIA Y NLTHUHE B,

@ Mathematica TERFADBEE - EMOLENT TKRNFTHES ) LWVWHIL—IL%
SFoTHRDTH %, Pi, Plot[], Fourier[] ¥ Y, EEOBGED &7 541
1, & & DHEFEDORIEDO LT % KLFIZT 5, InverseFourier[], ListPlot[] 7%
Ehy, =P —2HENTEL - BEEEERT S L X, ATOLEHDO X FE/INLTF
23 5. LHTDEZEDLT %,
fil: N=1 2 L726BLLY. 2 KXFIERPHT n=1 DLHITNLFITTEH,
(FE: N TEADPRTHOLELUEZRD 2B N L ARIHBEEL TWVWS, )

0 ZH% = Import["Wave 7 7 A /L£", "Sound"] T Wave 7 7 £ L EFHAAAT
ZRITRATE %,

@ Mathematica TlE, N7 FLRITHNEY X b THET,
x={1,2} & a={{1,2},{3,4}} xR ¥,

x OF 1 H7E x[[1]1] T, a OF (2,1) 7 all2,1]] TRE 3,
@ U list O n1~n2 EHRZHD H 123, Take[list, {n1,n2}] ¥ 3 3,

¥ M #h % htt EENMEEY 77—V T2 5 10 [B] ~&
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Mathematica X &

® c := Fourier[x] T. N7 ML (BUED Y X }) x ZHEAL Fourier ZH#A L 72X 2 T+
N (BED Y 2 b)) DS c 2B shB,
1% Mathematica (2B 2 Ml Fourier ZHDEFRIZ. ZOHEBRDOER L 1TER
%, ZOMBEOTHRICEDEHI1TE. XD LS5 TFTHERW.

¢ = Fourier[x, FourierParameters->{-1,-1}]

@ x = InverseFourier[c] T, X7 ML (BIEDV A V) ¢ %WHEAL Fourier 221
727 bV (BEDOY R M) A x B 5N 5,
C DEEDOTBICE DR 51213,

¢ = InverseFourier[x, FourierParameters->{-1,-1}]

@ ListPlot[fEV XA ] T7 1y MAJAE, ,Joined->True ZR {5,
W Fourier ZHR TSR Y X P 2465 & &, ADFRIT I D, ARFEHTH
5 b OFADIZEC & D (EEOYRHED X ) BRI »T 5 % BT 272
W, ZOYX EFX

[ x = Re[InverseFourier[c]] )

DESWCEHEEWS (B2 0127V 735) LRV,
@ ListPlay[#fHV X b, SampleRate->¥ > 7V ¥ FRIKE] THAETE %,

B H  #i# htt BENHEE 77—V =24 5 10 B ~EFHE{E5 0/
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Mathematica X &

M We Z A, Mathematica DN—T a3 VI X > TEMENELR D £
T, DELATLRWVEGES, —ATIKE ST, KBICEBLTRIW,

B H  #i# htt BN L 7 — ) =240 5 10 B ~EHE{EE5 DR
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42 PCM IZ X B2 BDT Y R IWESRIA

FHr 3B E GBI 20 TH s, B2 E, JUEDPKRZELT 5, B8R0
L EORE (BRUEEEN) o 0EMNEBREL LR, BHEORHEA LRI 2 TEE
FUER (BRE) K5,

PCM (pulse code modulation, »$VAFFEZLF) Lid. 7w 7G5 (EiZABOEE)
7Y SOUES (MEEROBIE — #H) TRIT 57200 1 DDSETH Y, B
CD AVE2—R—DTF IRV F—F 4 F, FYXNVEFETEENLEA L o T

%o BARRNZIE. RDZDIZHD L,

Q@ —EORMMRTESOELRHT S (P TU2T (1BKLE) $5. L))

Q@ EEOHEIARHOMTRET S (BEFLT 2. &)
FHCEDJE S 2 X2 FHRICXY 5T, o ¥ biEWEICAD 2 Z L THEET S
¢ %, LPCM (linear PCM) &\ 5,

A2 —X—TIHT 2 2EZ2 2., TERMIOE 1X. N2 EEREOERNTOEY
LW TR BD. ZOBONE (B y M) 2EFE w ML TR,

8ty MDA 28 =256 B, 16 v M DEAIE 2% = 65536 EXETRIT S 2
YIT# %, HEA CD (1980 4 SONY ¥ Phillips i & W #ifsbx 7z ?) Tk, ETL
Py M LT, 16 Ey FMRHEN,

QF??"iémcD CD 7L —Y—HHID TS Nz DIE 1982 4ETH %, 2L S5 16 €y I CPU 2V sy avpiifilia i
FETH o7z, ISR LT, 1.2 MB OFRO 7Ry U— - 74 X7 DEL b Tz,

B M #h % htt BENHEY 7 — V) T 240 5
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42 PCM IZ X B2 BDT Y R IWESRIA

AV a—X—THZER (BF) 325813 EXNRES AR EH 2 ELL
T(7TFuIEEIS TV RIEFITENT 2 DT AD ZH (analog-to-digital conversion)
vV S). BUBETRT 5 2 LIS B,

B FUDIERE . 1 OMIAEY ) v ST A pRERLTWS, Y
VUTRBEEDIEWNEE, XD EWEEBOENEERTES X515,

HFEH CD Tl ¥ 7V U I 44.1 kHz DERH SN, 22U, 1 RIS 44100
BF—REREFETI22WVWS Z2ICRD, ZOMEIRAIAZEREEICROERICX 3,

@ AMEEEH Z e HK 2 FORIEHIX 20 Hz ~ 20 kHz £ b TW3,
Q@ VUV UVIREERX HBAELEVEDEVWEDREED 25X hEL T EMLEDY
H5(ZHIRTHRT 2TV IERBERN Y T5, LHBAINZM, A4

[FlDORZZE TN LTz Fourier (RENCEE T 29> 7Y U 7EBTHIHT 32 Z & d HISk
572595, o

DF D, ABPEEICHIT 2 E DR - BEDEDIE. 7Y U ZREERIZ 2 x
20kHz =40 kHz K W &L T 30EHRH 3,

Fr Y IREBEBE BT Y FMEOEAKREWEY, TTOREBICX D ERLRT—
EHBRONDIH, BHBAAT—XDBRIBENLZITERT 5,

B M #h % htt EENHEEY 7 — ) T2 5 10 Bl ~EFFEE5DFEBEEZ AN~
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42 PCM I X2 BDOTFY X INVEESRH

ik 1 (CD 7L —¥ —F5e 4R D Y a i D)
HH CD Tld. A7 LA (2ch) BE@EROT, 1 DD,

441k x16b x 2 =1411.2 kb = 176.4 kB = 172.266 KB

DF—ZPT|NDZLI%5 (bEEy b, BIEAA b (=8 v b)), K =2 =1024),
1 2T, 2D 60 5D 10.0937 MB (Z 2T 1 MB = 1024 KB &\ 5 EK) »ih 3
Zklizb,

1982 FEYIFICE K LT WY A — NI ARAERERATH Z2 7Ju vy — « T4 X7
DHEEIZ 12 MB BEZ 70T, 1 50EFESELHT DI, 10 w7 ey
P— T4 RIDPRET 5722212k %, ZNTREREAEHV TRV, CD 2WHHL
WX T 4 7 (T4 DTEEFESRHR 2 X 51T 572, 740 MB OBF R L 725 72) DREIC
Ro7ZDIFERDZ L TH b,

XA CD T LPCM TSN T — R 2 ZDE LML TVE 0, ZORIE,
BeftastEd: Uiz, 1993 Euéim—w_ MP3 (MPEG-1 Audio Layer-3) T, JEMEIC & -

T, 7— 5?0)4}47\’5: ff}#ifd\éﬂi‘é YK B XS oT, O

B M #h % htt EENHEEY 7 — ) T2 5 10 Bl ~EFFEE5DFEBEEZ AN~
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42 PCM IZ X B2 BDT Y R IWESRIA

WAVE (WAV) X, Microsoft ¥ IBM IZ X D KBS NAEHR T —XHO7 +—~< v b
THb., 77 ANVOIIRFIE .wav TH 3, EEIZEML LD, LPCM THY 7Y v
L7 —=&afibins (kg L3757 — 4B EHT, BT -2 ML 52 Z25TH
;:)753‘...)0

B H  #i# htt BENHEE 77—V =24 5 10 B ~EFHE{E5 0/
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A3 FERDIH 431 —fRERDEE (o< D)

FIEBEWS & &, My ZHE (K70 T)t TRL, EEDHEZDODHDIE x TK
2N oi DIEE%E x(t) TRTZLDHZVDT, ZITHZERINED,

B T o x: R — C 1 ERD X 51 Fourier MEUEBHIK 5,

(1) Z e Tt (tER),
(2) Cn = %/OTx(t)e_""z%t dt (neZ).

HE (0= +1) ORIEE. FMOWH f = ; TH %, 5 n HOREMZ ﬁ AR
1% |n|f. no f5EDRIBEL nof ICHIEFT 2 DIt n=+n, DIETH 3,
BEEETI. x SEMEEEE DT, & = cp 2IRD 110, BHE |con| = ||, B

T T, 1 /7 (o yom
7/ (t)e MF dp = / X(6) e M dt = 7/ x(t)e CnF g — .
0 0

(Cf. SEEXMBRESL £ D Fourier 254 ISR LT, F(€) = F(—€) AU D 170, )

B H  #i 8 htt BENEE 7 — ) =240 5 10 B ~EHE{E5 ORHE
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431 —fGROEE (brob s &)
—JEHIXE [0, T] @ N EJIE (> 7V ) Fre, BTV IR T, = T/N,
BTV TEBE =4 =L TH YTV TT Rk,

XB [0, T] ® N 5 t; = jTs TD x Ofl x; = x(t;) ZHV3, ZD ¥ EHEEL
Fourier 128 C, 3 XX TEZ HN 5,

N-1
3) Ch = % ijw_"j (neZ), w=e™/N

j=0
BESL 7 — V) AR { G} BASIEBS RO T, EfET S NI (G 2RoIUIRW,
BT — ) TARB{ GV 1 {cn)} B ROBRE RO

Ch = Z Cp.
pP=n

{Co} 225 {x} ZKD B1203. WHEEAL Fourier ZH 3 AU R W

(4) Zcuﬂ" (j=0,1,...,N—1).

B H  #i# htt EENHEY 7 — ) T2 5 10 Bl ~FFEE5DFEBEEZ AN~
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432 5% 1 XRICDKDIRE)
X L oo (#/hg) ik, XRoEs Ao vHESRE S MERE L £ 7 ko,

%utt(x, t) = ux(x,t) (0<x<L, t>0)

u(0,t) =u(L,t)=0 (t>0)

u(x,0) = ¢(x), w(x,0)=79(x) (0<x<L).
u=u(x, t) & BIDEVORIE x 1257 mOWA t 2B B EMERT,

T 2R, p BEE (BUESHEZDOHERE) LT, cldc=+/T/p TH5Z25hN
BM, THIEEIEZEDAFDOEZIZHE LY, Tr A4 rRFx -1 T Bh%E
EZBIETEDEIZHAET S Z ek 3s,

ZOMEDRIIRATEZ 5N 5,

o~ . nmx cnmt . cnmt
(%) u(x, t) = ;sm - (a,, cos —— + bpsin i ) ,
L L
an = %/0 @(x) sin HLLX dx, bp,= %/0 (x) sin HLLX dx.

(1) O n HOKAE I % Z DR g BB i (n=1
WHIET %) OBEUETH 5, O

B H  #i 8 htt BENEEE 7 — ) =240 5 10 B ~EHE{EE5 DR
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4.3.3 ZEDFEETIE

BV T fs =441 kHz THY TV U LTF—X0ho, T=1s (1) %
DIES (N = £T = 44100 HOEAE) ZHD H L CTHER 7 — U =& L 72,

Rl T =1s OJFAMES & A7 LT Fourier fFREUEB L= 2172 5,

FEB D Fourier REUTIE T = c_n, |aa] = |con| EWVO BRI D 200, B 7 —V =
ROV TIE, ROBFRYD 3,

(5) G=ComCun Gl =1Ca] = [Cul.
Ml 0 (0 < n < N), #itlll |G| TFay F T2, EEMRNIR S,
Fourier fZUER (1) O n HO FHIZ ﬁ SWIRZ 3 & EEEIE @ =|n| Hz T®

2(T=1s ELTHZILEEVHZS),
C1 }_’_‘ C-1 Li (C1 }.)_ CN—I Li) 1 Hz Ojﬁk%\ (9] 2_'. C_2 bi (C2 2_'. CN—Z &i )2 Hz @ﬁi

AN
TI -

|Crzo| = |Cu—120] DSRARE WD T i3, AP 129 Hz DDA E WD T 2 E
HWLTW3,

%@ﬁ&:k%lﬂ@bi |C253| = |CN_253| "C“Z‘DOfCo 258 Hz @}ﬁ%iﬁ%@ﬁ@:j{gb‘z
EEREMRLTWS, —FEW 129 Hz OEBHITR > TV B DIE. F& =41 1 ZITOIRE)
HRTHLZeh B, o dThHD,

B H  #i 8 htt BENEE 7 — ) =240 5 10 B ~EHE{E5 ORHE
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434 5% HlE

1A 7R —TEVEDORBERIE 2 5 TH 5,

FEEDERETIE, 1 A7 X —=713FF 12 l2THY T % (C, C#, D, D#, E, F, F#,
G, G#, A, A#, B),

FHRTRIEEZOEBEEDEFELBINCK S (LW kDb, 25T 30085 FHTH
%) &koT, HGFEE AR 212 = 1.05946 - -- 512725, €7 OfEoFRf

7= V-
WCH3 A (7)) DEE. il 440 Hz ISHHEES N2 DT, Z2OTO C (F) 0F (FEF
90 fESE) DA
440

FOFEBROXFX—DFIZ, L&D 147 X2—TEL, ? =130.81--- & HZIZHFE

LEDTHS5, EIC [Cuo| BEAICHE-7DIE. EHEBDF 2 — =Y I 572DT
BAHIH (LIELR>THHVELE), O

B H  #i# htt BENEE 7 — ) =240 5 10 B ~EHE{E5 DR RE
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435 X hREEIC

(ZOHEEZDPITT, TAZEEA )

FEBIE, ABBIIEABICR OGN 2 DI TERY, TOBERX T =153, Z0OfF
BORMNCR 5 WARENED B 5,

BHEO=D, FEE F OS5 u(t) =" 22 %, 0<t < T TrifL T, (FAH
T OFEHBER Y LTD) Fourier (R ZRD 2 &

T T T
cnh = i/ u(t)e*""z%tdt = l/ e2milf=n/Tt gy — l/ et dr = —— 1 (e’A"T - 1) )
T Jo T Jo T Jo AT

772U Ay =21 (f —n/T). 2O b
2

T=1s f=130813Hz DY &, n=125--,135 OHIFT sinc(A,T/2) %3
RN

|en| = sinc

>
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