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e Mathematica IZ Wolfram Research, Inc. @ &kpafE C9,

e Windows (% Microsoft Corporation % &kpsfeE C9,

AKTHFRXFDEEKEIZDONT

AKTFXANO—MELITET 2 EFHEOED HHFHZ B L, T, HE - i - -
T Ty ANMIHEET IR LET, ZE L, ATXFANOERIC [/ % —F v FA
Bk LEGEdk L Th D b olz o0 TiE, BAMRFIAICRY , —HELITEMONETEKET D
&<, A - EE - EY - Ty AT EETFRILET,

VRFHZ D T2 —%y NABIRL 1X. A— b _R— V% CART 5 & EVEMEEICER T 5 ARtk & 2 1
EEO RN DT,



RIS T IS AMHTIX, MFE D OIER & 72 1805 it - EHRMNT - 7— U =fififiro 3 o)
HheZoTWET, KTFARNTIE, Z2OF07—Y fifgfy (7 — Y =Bz TN+ 2
ZE)IZOWVWTIHARTE AMEL o TWET,

7V TEMOTEIL, 7T A DKW 7—1) I20 LE ORI TR (sin) &4
W (cos) THRTIENTED ) EFRLAZEICHEY £33, BETIE, v Ea—F 0K
EFREST, HY EHOLPLIER (B5F) O LIC 7 — U BB FIH SN TWET, BER
W72 7 — U ZEBOTEHIZ OV TIET F A FNOHFTIEARRDLZ LICLET,

THEXARMOAFIZILLTDO XL 91272 > TWET,

o B 1E I (AHIBIE) (BT 2 EAMHES L OMEICOWC#H LT, Sbiz, 7—
U TSRS 7 — ) A LB IR S LT, SABEKEERMTEOEER L ON
HEEELET,

o FFH2E . W BMBEKAE T — U BT A HIEEFE LET, Eo, 7V =R K
DK L, TOREKIC—HTHZ EA2EH LT,

o 3 . WA M ARVl E TR L, £ 07 — U il EUR 2 OVE
T (Ihz 77—V BN D), DT, H7— U ZBHIZHONTEY, [FREfaEK) R
& TRk ) RELDOM EEBUIZ OV TFEORET,

o HAE WML ENLY T TSN BERT — & & (M) 7 — U =BT 5 HkE
WZOWTHEE LET, E6I2, @7 —V =& (FFT) LI sa s v a— X @ LT
7 —U 2 EHZONTEE LET,
e BFHE: FAERTFH LGEHT — ) 2 LMEANT, BRI 7Y 7 LIEEFOMR
BreMmTz#4772-5TCH 595 (Y7 b 7=7 13 Mathematica ] L £7°),
BB, 7— U 2 BHEBHEAREESICR P ERVERTHY, Bl Ths L 2LV
F5EHEFIZONLIBNET,

2006410 H 5 H =EL EA

27 p % — 0% Jean Baptiste Joseph Baron de Fourier (¥ NT 4 Ay VatET Nry Ry 7—Ux),
1768 43 A 21 HA~1830 45 A 16 Hi%, 77—V =xiX, HHEED 1 Il E 52X~ EZDREOB YV EDLY N
TP b BB OWROERGOEOLIICEES 2kt Mo, EEOBEEIXIELM (sin) & R5EHK (cos) THIN
5] EEEL, BMEEZR T TR 2R RERSFMO FTCREE L,

SWHRIIPEEE GO - U T, RRHE % 0 & T BB OM N BRAAT b TWE Lz, 7— U 4o
FEAEIZ L - T, BMEE N EERIICHITE S AL, BUBBI DR FHI RIS D7 AL O BICKE<HERMLE L,
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ELL HEFRIIANROH 2T, REBRIIFE A HAOE3 HER) &k (10 HO% 3 HIEH) 125
i, BEBRXAITIE Tk AT A7 R =X FL—2 3B © [EEAREREMN AR 20
b ET,

FHEOR RS FITIE, BT EIN A E 2 £ Clo TREAE RN ERR) ALl tr
BEDLET, ZIOHORBRICAKT 52 & T, HHREARITEIE TE 537 A0 AM
ThdZ EAMBICKHLTTE—ALLEL LS (BAERRELELR EOITIZHED, BESCAE
BoO—fE# e L THRICEAT 2MERHEEND L2122 £ LK),

ZOEDIZIE, T Ea—Z 77 EOFRERICH L TRAEZRF SO TR <, HEEIcE Y
5 HBER R RO A LoD B[ LI LT, av Ba—20EHENR %2 BT (ELLD
R I Z D K 9T B Z L NREITT,

Flo, ELWHEAEGT 52 LT, Fobfl L T2 ERICET 2 FE0FH B ZAEN
720, MOTHL T ORICLIEOFEEELCMEZICR>TLEI ZEEZRARICHSZ LK D
oIz £,

ORI, FX LY L TAHATTAATL & 95y,

TEERALIEHEERE FRLERNEABR L2 —DR—LR—D
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1.1 FEHEA# L =AM

B% (82) oHiciE, K11 O X I —EDRIME TR CHEZ2# 0 KyBEERH Y £, Zok

5 72 BI%E BB L PO, S AMBEA R O—EOHEE B LFOETL, o7 XA

Ti, R ¢ [R] 1B
<.

BITAEFE x(t) DB Z 7 — U 2 ZBHORE L LTHRWET, Ledio
BT 52 TORRBEN 1 BB THL Z LICERE L, BMEONELZHAED TF IV,
EE 1 BEE z(t)

z(t+T) = z(t)
Zi7e & &, B% o) AMBEKRTH S, 2L, TIIEMBEE »(t) DA &35,

f

i

T z(t)

AR ANYANEYS
J N N

L.1: JAHREE DB

)

V3T, BB L EEL TP ZL< O RIARBEIC oW T T — U SREEBI TE 5 Z L aik R E T



2 F1E I

FT AN, AR EZR S IZHTe > TEE L ARBOEELREARICOVWTERTEE £ T,
BRI, 1BPMICEENLFE CEEOEOEE T, L5 f [He) (F7203 [BlEs/#]) TRLETZ
W, EBIBESRORYEREES T (M) TREE, A f [He) A T 1) ok

1
f= T [Hz]
X o TRBIET, WIS, I T (] R £ [ 0%
T2 [®

ko THLNET, ik, AHBEKICE > TROEERBGBRAZO TR TRBEE L X I,
B, ZOTHRALMTIE, —BLT, % T B 13EEEEZ, 7% f [He) TEEEEZ, £hE
nExzELET,

bl & > Tl b HE AW T, ZABRBEMEEN., A 0 [rad] #E% L T 514

e sinf (sine; IE5%),
e cosf (cosine; Ri%),
e tanf (tangent; IE$k)

D 3OOFETY, FEHNL, sinf BL W cos BNZNEI 27 [rad]. tand 2% 7 [rad] TT, & H
Hho ZNHOREIT. A TORD X DI xy Vil BIZA P(s,t) 252728 &,

Y
s s
e sinf = — (9 = arcsin—),
r r r
t t
® cosf) = - (9 = arccos —), P(s,t)
r T |
r
t t t [
e tanf = — (9 = arctan — = tan" —), b
s s s —p 9 L,
9 1 T ( ) 1) s
e secl = = — secan
cosf t " ’
1 T N
e cscl =cosecld = — = — <« R (cosecant),
sinf s
e cotf = L =5 < R (cotangent) -
tanf

ICE - TERSNET® (A 0 [rad] 1E. A P ORA (argument) & b ET), £, ERE
V. AR ME

sin 6

sin® 0 + cos?0 =1, tanf =

cos

21968 4, FA Y OMERESE H. R. Hertz (~ V) ICHRAT, BEEFRTHEMIC Hz (~VY)) NERERA
SNE Lz, ENLHENE Teycle (A 7 0v) ) BfERH S TOWE LT,

SEMNE 1 AH (1 1R S0 O ZET 0T, AYOERLBAIE B/ L2200 $1,

IZAEKOAORTFIECL, [rad] (FV7 2 radian) &0 ) B TETIIEZZ AV ET, 2B, WK THE D
AORTLFHIEZ, 7] () ZHALET 5 60 5E L MFEIND O TT, HIEELE 60 733EIC1E 7 [rad] = 180 [°] 72 54
HEMRRH Y 77,

5 Tarc) X M) & W95 EBET, arcsin® (X sinf OMOESEZFELET,




1.1, AR & =A% 3

HENNET, MEL LT, ZABEKO /7 752X 1.210, ZABEBRONRENREELZFLLIC, £+
NENFET THBEET (BEEHZHFNAT, R11DOZEMEZHEDOTHEL L),

1 /\
- —% 0 % ™ 37” 27 57" 3
_17
_% 0 2 T 5 2 5 3w
-1
tan 6
2_
1_
- —% 0 % ™ 37” 27 57" 3
_17
_2,
1.2: =A% 77
™ ™ ™ T ™ ™ ™ ™ 2 3T 51 3
0 —— | —=]1-=1-=10 — — — — — — — T — | 27
2 3 4 6 6 4 3 2 3 4 6 2
sin 0 -1 0 1 0 -1 0
cos 0 1 0 -1 0 1
tan@ || oo 0 +oo 0 |+ | O

#® L1: ZABEKONRENE
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BB AN, SABKOEEICOWTHEL TEE ET, £ SABMITEMBEL TS 20
FIMBIHOER LD, B

sinf = sin(f +21),  cos® = cos(f +27),  tanf = tan(d + )
DRV HEST, 2O X0, ROEHREHET,
EE 1.1 n NEEO L&, ZABBICOWTLLFOBRARY Lo,
(1) sinf = sin(0 + 2nr).
(2) cosf = cos(f + 2nm).
(3) tan = tan(d + nr).
Flo. ZABBOMWENS . ROEHNPY LHET,

FIE 1.2 =ABBICHOWTLL FOBEAR Y S2o,

sin (04 %) = cos .
(2) sin (9 g) — —cosf
(3) cos (9 + g) — _sinf
(4) aw(@——g>::$n9

EﬁL2@Uj@ﬂn@+g>m\mﬁ@777%ﬁﬁ_§hmﬂtiE’$ TBE LT b DT,
DT T 7Ecos DT T 7IZ—HLET (FH),

sin <0+ > = cosf

Rk, EFL1.2 0> (2) O sin (9 — g) X, sing DT 7 R g rad] 720 ATV FATRE L 7
HLDOT, ZOT T 71X —cos DI T 71— LET (TK),

sin <9— g) = —cosf

= 27 = 3

|
3
|
ol
o
ol
3
w
3




1.1, JEHIBE & — AR

EEDOA a, B [rad] 12X LT, IROEFDBEK Y L H E T,
EE 1.3 (METEE) —ABKICOWTLLT OBERIEK Y 2o,
(1) sin(a + B) = sinacos B + cos a sin 3.

(2) sin(a — () = sinacos 3 — cos asin 3.

(3) cos(a+ ) = cosacos 3 —sinasin 5.

(4) cos(a — B) = cosacos 3 + sinasin 3.

Shiz, EH13 XY, ROEHREHGET,

FE 1.4 —ABEKIZOWTLLF ORI Y ST,

(1) sinacosf = % (sin(a + B) + sin(a — 3)).
(2) cosasinf = % (sin(a + B) — sin(a — 8)).
(3) cosacosf = % (cos(a + B) + cos(a — 3)).

(4) sinasinf = —

DN | =

(cos(a+ B) — cos(a — 3)).

oMz, FAOAK, FADAK. 3IFAOAR., - RENEMINET, £/, THL13 O
IMEEFEZHAWD & ZABBOEKREITR) 2N TEET, A BEFEHoOEKEE I,

¥ Asino + Bcosa I3,

Asina + Bcosa

=+ A% + B2 (Lsina—i—icosa)
NI NoeE
CERTELHDOT, ARELY
cosﬁ—L sinﬂ—i
Ve BRI

ERE HHTEDT

(5-3) = VA2 4+ B2 (cos Bsina + sin B cos «)

LEEREET, AIBD cosPsina+sinfeosald, EH 13D (1) DAL —ETDHZ &nb,

Asina+ Bceosa = v/ A2+ B? sin(a + )
EWV O BERADNELNET,
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ZOHiDORED KD & LT, ZARBDEHMEICHOVWTRTBEEL & 9,
T 2
(1) B x(t) 23 2(—t) = —x(t) Wiz 3 & &, B (t) IFEHTHD L9,
(2) BI%EL z(t) 7 z(—t) = z(t) W3 & =, B () IZ@BEAKTHDL LD,
ERLD . ZARBOMFMEILL O L 5127220 £,
o sin IFBTH S (. sin(—0) = —sind),
o cosO IHERINTH S (- cos(—0) = cosb).
o tanf [LABISTH D (" tan(—0) = — tanb),

BB, TNETIZET - =ABRBOEELCERADR., Zhrb%s7 — U mif R — U =
B L 5T, EWICEETH L Z L2 MATHEE £,



1.2. L LTo =A% 7

1.2 FELTOH=AEK

BN bR~k 510, ZOFFA N TIREE ¢ [B] 1050 BI85 B o(t) OB E RV E T,
LMo T, SIS TR b AN 72 S Bk . WS ¢ (B 1T BIE B o(t) OBIIC
LA E L LD, Thbb, AWML UCRAELE L X 55, fid bk
. SR sing b cos@ . BRI ¢ [B] A4 & 5% B (12 )

z(t) = Asin(wt + ¢) & x(t) = Acos(wt + ¢)

ICEEBAONET, BB, NiHE sin KBOBK. %5% cos RBOMMKE VL, AR
R (PR 1.2) 2V CHEICEEHZ 5 - LA T £,
EPF. 6=0L LK

o(t) = Asin(wt) E  a(t) = Acos(wt)
COWTERLEL L5, SAEROER 0 [rad] FIIEKIC L 5RETLEND,
0 — wt [rad]
DEUEAFL Y Sb 2, 08 ¢ [ OHAL & ZEThIE,
wzgmww
L0 EF, AU, HEE (0) S (6) LR () OBIRICEITL T, w R & IR

T (EE., R wBMEHSNET), £7o. i AR & O sin BB KO cos IR DIRD
RES (RETD0E) 2O FS, T72bb, B

I

i

x(t) = Asin(wt) & z(t) = Acos(wt)

I3, R AOME B AEE w frad) CEEET S AEZBRILEZ 0L DA ET (K 1.3),

1.3: A Lz S8 mlds LTS8+

Sl Z I, REECHT bR DMORKABE L TV AT 245 L T EE,
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i

L VFELB_IR, z(t) = Asin(wt) D77 71X BT 2 82 HEICHE L2 b o (L
RN T2 b DT, x(t) = Acos(wt) D277 ZIXEHET 5 82BN HE L b O ((LE) &k

RINCAA~T=H D TF (1K 1.4),

N

Ny
SN

) 7% W

N

R
N

-

-

1.4 (I3 % 2 & A5 B () D BIER



1.2. L LTo=ME%

R A DIENZ XL D sin EOBBA KL TRHEEL x o5 (K 1.5),

A=20D%4
ol
11
11
ol
A=1084 (KL 7 5 i5IE)
ol

A=050D8E45

A=-1(<0) DE%H

B 1.5: IEIEOEVNT X A TE D Hik



H1E W

10
A w [rad/FP] DEWVIZ LD sin RO AL Tl E L x5 (X 1.6),

AAARALALADA
VYRV VTV

w =21 OYE (FHEL 72 5 AHE)

ANANNN
BVRVRVAVRVAY

ANAWrA
| VARV

AWANAWAWAWA
VYNV VS

[ 1.6: A OFE WIS X DRI O

|w:47r0)f75'7/a\

I THEELTWEEE 20O, sin X0 cos I OREICR LT, Fefl ¢ [ 120, 1,2, -
DX D BRFHAE (~FHEER) 25278 &, ZTOESE o) B = ABRKOREM (£ 1.1) THS
NI PEEERNG L 720 EF, 2T, ZABRKEZKE LTIRALEAIE. K16DX 51
AHE w [rad/P] IC 1 2 EHHIEEZ RS LAEETT (BFEMITE<MED Y L),
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Fo. M16 D7 7 70 bROBMEREONET, BlzIE, AEE w=4r [rad/P] ODHE. 1B
2 oD AT Z LN OEM T = 0.5 [B] &L EE f =2 [He] Bt i+, =612, #A
N1 [Hz] $1=Y 2r [rad] #EL = L ICEBETIEL, L PRICHEAZZAIX, BIfR

4wmmﬁﬂxlﬁ4:2[mWHﬂx2m4

<= w [rad/P]| x 1 [B] = 27 [rad/Hz] x f [Hz]
il LET, LedoT, Bk
w=2nf
DEFEOIET, B T [B) LERE f Hz] OB f = T Z Vi
_ 27
YTT

EVOBIRBAELNET (1AW (BIER) (2T A 21 [rad] &2, B o 72kefi] (AH) T [#] THIA
X, AEE o [rad/P] RO OLNET), T ORKRN L BEEAE

z(t) = Asin(2w ft), x(t) = Acos(2wft),

in (2 - 2
x(t) = Asin (Tt)’ x(t) = Acos ( T t)
ERTILEBELAHY ¥, Lo 2 oD%

w=2rf & W=

E, FERICEELROTHMBLT(RAT)BEEL LI,
ST, B
z(t) = Asin(wt) & z(t) = Acos(wt)

WICOWTITHE TEX =0T, kB

z(t) = Asin(wt + ¢) & x(t) = Acos(wt + @)
WZOWTBRLUYTEEL LY, BfELOTWVWE DI, 22 Tidsin B ORI LIZ-> TRfia ik
DET (cos WRDEEIZOWTHRBEDBEZIT/ ) Z M TEET), BEEEFMIC LR

x@):Aﬁnwt+¢%=A$n(w(p+f>)

w

&%%T%i?ﬂE\ﬂ:t+§&ﬁﬁﬁ\

T (t' - %) = Asin(wt)

EEEWZONET, Lo T, B 2(t) = Asin(wt + ¢) 1ZBIE z(t) = Asin(wt) /4 (B
) IS ATRE LB E LTIRAD ZENTEET, ZOLOR ¢ %, HOMHRTITFH

mm&@wiﬁiwmimmﬁfo@ﬁ\Jﬂ@ﬁ—@%ﬁﬁ@ﬂ&@é:an%ﬁﬁbrﬁ
w [rad /|
xFL LI
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ZR T, BEREICEED 7T 7 &< 2 & T, B 2(t) = Asin(wt + ¢) IOV CER A TR
@ibiﬁoﬁ@A:ﬂﬂ%ﬁEw:2wmmﬁHkbf\@%ﬁﬁ¢:gﬂmd&@%ﬁﬁ
¢:—Zm&®7§7%%ﬂ%ﬂ%<&ﬂl7@iﬁmﬁ@\%ﬁx@zﬁd%w®7§7%%
NER, £I120.125 [, AI20.125 (B, HATBEI L7277 7 L7220 £F (|¢|/w = 0.125 [#]).

¢=%(>®@%ﬁ
1
-1 L
T
6=-1 (<0)oma

=

AR

1.7: FIHRLAR D3ENT K 5 I O ik

BOMRTIE, ¢>00 8%, B 2(t) = Asin(wt + ¢) I3,
"BA% x(t) = Asin(wt) DIAEE |¢| [rad] EDTERTH D) E/2i3
"BE% x(t) = Asin(wt) DEERE |g|/w [B] EH1=EBTH S
EVVWET, T, 9 <0DEE, BE 2(t) = Asin(wt + ¢) 1,
[B8% (1) = Asin(wt) ORAEZE |¢| [rad B E=EBTHE ) Lk
TBE% =(t) = Asin(wt) DEERZ o]/ [B] BOEHERTH S
EOVWET, B, FT NN [B] 2L KT AR THL I LICERLELE DT, iflE
£2 5L EE, MEEERET S SEBOEND EXNTLE I,

"SRR TLE D EEBEN TV (FRFHEATVS) L3R ORETA, ThidH Ty,
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1.3 EXEFERTEBERRT

THEHEERTFE 2 ARSI E 2 & Vil EOMLED R Pz, y) OFEFEIL, #HEFiE Lo
JAEA:

z=a+1y

RIS LET (K182, 12720, i IIEHBEALELE T, B, 20X I RFRFIEEZE
REZERREFOET, I T, JEIE 2 DEER (Real part) x & B8 (Imaginary part) y %

z=Rez L y=1Imz

TRL, (BFREELTO) BEIE 2 = o + iy OIBEEFELE

Z=zH+ty=x—1y
TEREE, BAR O b i P(z) £ TOHERE |2] 1%
2| =Vz2Z=VZz (: \/332—|—y2:r)

X > TR DI, FEH « LS v 1

m:Rez:Z;—z L y:Imz:Z;iZ
LoTHELNET,
Im
”
yl_ 2 P(z) <= P(z,y)
|
1) I
|
—T 9 | T
0 . Re
—r

1.8: HAQJEMRFRR & MEFE R

AR (Gauss) F@EE bIFTHET,
07—V ZEWET O oo 7o TEETIX, o 13RE (AFH) REDEKE LTEDND W, § BSEIEAMICHEH S
NETS
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IHIC, K18DEVITHK O ZHile LTH P(z) @5 ¥ r = 2| = 2?2 +y?> O & H
I, A P(z) OEEEET
z=x+1iy = (rcosf) +i(rsinh)
= r(cos @ + isin )

EEZIETIENTEEY, 72720, 0 [rad] (3328 (Bidh) & EM OP ORI A (fRA (argument))
ELET, TOXIRFFEE (CABBICED) BEZERRTEFOET, £/, oo
-0 CEIBIT-L0R, =+ iy OEERER z=0—iy £V ET, ERDL,
A BE DR FRIEIZ L - T

|
||
||

(rcosf) — i(rsin®)
r(cosd — isin )

r((cosf) + i(—sinh))
= r(cos(—0) + isin(-0))

DB TT (K18 MO b AEFHICHABMNET), SHIT, z-z&itH T2 L. Bk

z-Z=r(cosf +isinf)-r(cosd —isinf) = r?(cos? § + sin? ) = r?
<= (cosf+isinf) - (cosf —isinf) =

BELNET, bbAA, FH o LEH yIx

x=Rez=rcosf L y=Imz=rsinf
&ﬁ@i?
WA CHEATB f(x) DT A4 5— (Taylor) BEIX
1
ny z —a)"
k=0

1

TLEND, a=0% LT, B (exponential) e®, 5% sinx, R5%RI%L cosz DT A
T—RZkDD L

= @)+ [ @)@ —a)+ 5 "= af

( 1 1 1 1 1 1 1
er +:v—|——:v —I—gm +—:v —I—gm +aaz —I—ﬁx+
1 4 1 5 1
s1n:v—x—§az +§az _ﬁ$+
1, 1, 1
Kcosa:_l—?m +Ea:—§m+

0B SR MDE e = nllnéo (1 + %) =2.71828 .-« DIEEBIEK e® 1%, expx & bR ENET, /-, el FRET
DL BTN ET,
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LD ES, 22T TA T REASHIEEBE e I LT, WilD s iz TEIHAD L,
1 1 1 1 1

et =1 + (’l.’l?) + 5(2.’17)2 + 5(1&7)3 + I(’l.’l?)4 + ﬁ(l&?)g) + a(’l.’l?)G + ﬁ(2$)7 + .-
— . 1 2 1 3 4 1 5 1 6 1 7
1 2 1 4 1 6 . 1 3 1 5 1 7

= cosx +isinx

EVHBRARELNE T, T, A4 %A A F5— (Euler) DK (e =cosz +isinz] T
T L7 o T, MEBERR IR P(z) DR z =x+ iy ld, A4 7 —DOAXEHNT
z =r(cosf +isinf) = re?

LEEXRINET, 70, M 2= +iyOXEEF z=0—iylT 0% —0 TEXHZ-D
DTLEND, HER z=a+iy =€ OMBEEER Z =0 — iy 1

z = r(cos(—0) + isin(—0)) = rel") = re~1

EEERINET, LER-T, Ef o LEH v

_ ot 4 =it
r = Rez = Re (re“g) = 1"—_; ,
0 _ —if
y=Imz=1Im (7‘6"6) = 1"6 2.6
i

Ll EI, UbEX Y, =A% L IR O B B

620 _I_e—ze
cosf = 5 ,
" 620 _ 6—20 620 _ 6—10
S11 = - = —1
27 2

DELNET, i, MEERRIZBWNT, /i
2 =r(cosf + isinf)
DX BTG EE =B K SBEZERR] L), %E
2 =re

DX DR JiEE EMERIC K ABEERT] LEEAZEICLET,
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ZTOMIZ Y, MEIEFR TIIIRO Z LAY LB Ed, £ =ABRBII XD MEIEFRTR T iz
EEHET D &

iz = ir(cosf +isinf) = r(icos @ + i’ sin 0)
= r(icosf —sinf) = r(—sinf + i cos )
<cos (9 + 2> + isin (9 + g)) (CEEL1.2)
LR iz 3R P(z )7%%&*5733‘ — [rad| EATZRDOFEIETH D Z L300 £4, FAERIC
ZEtHET D &
—iz = —ir(cosf +isin@) = r(—icosf + (—i2)sin 6)
= r(i(—cosf) + sin @) = r(sin 6 + i(— cos h))

:r(cos <9—g> + isin <9—g>) (EF 1.2)

L0, —iz 34 P(z )75%&1‘&733‘% rad] BN/ HOBETH D = LR b1Y £3, ThbE,
i BHNT B &T“{ﬂ‘ﬁi)‘i Z [rad] P, —i 2HNT S 2 aﬁﬂayﬁig rad] BUET, 20z LiE
BB ;é@fﬁ%r_omf%ﬂb EWEZDDT,

iz = re®t3) = (i3 (rei9> & —iz =ret073) = 713 (rei9>

WY SLE, BEFRC

. ] .
1 =¢€"2 L —7=ce

DO ET, Zu, BAHELE (r=1) OME 1+4:0 =1 (0 = 0 [rad]) IZxf LT, fiitH%
%mm%ﬁﬁk@%ﬁ0+ﬂ:iT\ﬁﬁ%gbmﬂ%%ﬁk@%ﬁO—ﬂz~%?%6:&%
BEHRLTWET, LER-T, EE o LB v

{ z = Rez = Re (reie) =Im (z rew)

y=Imz=1Im (reie) = Re (—i rei‘))

I
2

ERTZENTEET, T4bb, HOMFITENIT, cos O z(t) = Acos(wt + ¢) &
sin WL ORI z(t) = Asin(wt + @) (XM JE L2015 805 Hh (Bifh) & fEdh (s ~oRETL
TG, FEEBEEIC X AIERE R ret &2 VT

z(t) = Acos(wt + ¢) = Re (Ae!@+9)) = Im (iAe@+9))
z(t) = Asin(wt + ¢) = Im (Ae!@+9)) = Re (—iAel@tH?))

ERINET, 72720, rl T AT, 0lTwt+¢ T, TNENEZHZ THY £7,



1.3. EAJEREFOR & MEERFOR 17

Litt, AALZESR0DES () ~OFEZESME (1) & L. EHEEKIC L 2MEERRE
Tz cos T O BIEIE, HIC

z(t) = Acos(wt + ¢) = Aei(wt+e)
LRk L sin W O BIRUE
z(t) = Asin(wt + ¢) = i Aeiwt+o)

CRUR L ETH, SV UL, sin IEOBIEKIE. cos I TE OISO g [rad] A7 BA%K
ELTHWET,

TITIR, FERRICEREER TR « ARSI X 2R R - FEEBIEIC K D MRS R R O FH
AEHENAEFE 21T2>TAHAEL LI, ZhIE, FHA4ETESHHR Y — V) BB E2OHE LT
D ETHELRYET (INEMOARWE | FHRN/KRETT), filé LT, EHEFH LD 2 K

P(2,2) (= P(z1,91)) & Q(-1,v3) (=Q(z2,12))

IC oW T A & WAL A T2V 3 (] 1.9 BH),

2
01

1.9: EAREIEFRIR & MPRAEFR R DOAH B2 #

N — U Ik o I OEFE T HEMENITH O O TN AR HIERO T, ZORDHECENR TSN,
SR R MBS 2 L ARIR L C T — U 2B AT VE T, TORD, arEa—4 ETT— ) oA HEFE S
WDHZ LIl LI FIETY,
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FP. AP LA QEELEIERTTH L

24i2 (=z) & —1+iV3 (=)

ERENET (B THHZEEMATRTHEOIC i 2KICEEET), £7/2. M1LIDK S ITFMA
O%PLELTH PEBEBLIMEZRIIE, P& r =213 /2+i2)(2-142) =2v2 (=) &7

V. WA 6y 1% arg(2 +142) = arctang = % (=61) &0 ET, LoT, A PO=MABKIZLD

TR JERE AR R 1T
Z1 = 2v2 (COS% —I—isin%) ( 22 (£ —I—z£> = 2—|—i2>

70 ET, RS, 19D X HIZFUR O 2l d LTH Q il DM &I IE, 8 ry = |22 1T

\/(—1 +iV3) (=1 —iV3) =2 (= 1) &72 0, fRf 0 1% arg(—1+iV3) = 7 + arctan\_/—f =
(=0) £7e0 FET, LoT, A QDO=AEKIC X HMEERRIT

2 2 1
z2:2(cos§+isin§) <:2(—§+i§) :—1+i\/§>

RV FET, IHIT, AP LR QIZOWTREBEIC L ZMEER R ETTe 2 1F
21 =2V2¢'% & z9 = 2¢i %

L7y ET,

CEE] A7 %2 hCld, #HEVH EOEE 2 = o+iy TREIND A P(2) OfFf (argument)
0 [rad] %3k BIC T T. EC TEROEHCHNDLNS

0 =argz (—m <6 <m)

ZEALET, o b, WlOEFETIT, WIEERE arctan (3, FiE EOEEOR
p@wux¢mmﬁbfum9_%%ﬁt¢%euwl¢5<9<—)%@¢%ﬁ&bf
ERINTNDIZOTT, ZOERKE LR P(r,y) BE 248 MR EE 3LRICHLHLEITIE
ELWAZRLZENTEERAL, x_okﬁéiakﬁpmwymi%%%ézaéz
TE EH A \_ZVL XL T, argzi JZOT FONDMA 0 [rad] 13, 2B 2RRICHDHEIE
0 =m+ arctan— L, HIRRCHLGEITO = —7 + arctang ZIRLET, £/,

r=00DL &I i y>0'CZ?)2hi2 IR L, y<0fﬁ)ﬂi—§7&LLi@” ¥, #l
WLPRY 7 N Mathematica @ BH%( ArcTan[x,y] 1Z. AR EDORRIZH DL 1EEE L TE%E
WI DT, B Arglz] LR CMEZIR L £,

2

3
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PURIBEE DL EIEIC DWW TR, BEREEERE HWD ERBICHET I LR TEET,
21+ 22 = (z1 +iy1) + (2 +iy2) = 21 + 22 + i(y1 + y2)
=(2+2)+(-1+iV3) =2—-1+i(2+V3) =1 +i(2+V3).
21—z = (x1 +iy1) — (w2 +iy2) = 21 — 22+ i(y1 — Yy2)
=(2+i2) — (—1+iv3) =2+1+i(2—V3) =3 +i(2—V3).
b Lix, MWEIZS U TREER R EZI T/ VET (MEERRCHAET L2DIEFIRETT),
-3

= 0.08908.

%% arg(l1+i(2+V3)) = ?—g, arg(3 —i(2 — V/3)) = arctan 2

o, Y OFELRECOWTL, MERERREZMWD ERGIHAET LR TEET, =
AU K D IEFEFR R 2 IO TR A ERIEDORBEIZLLTO X 51272 £,

21+ 22 = 1r1(cosfy + isinby) - ro(cos Oz + isinby)
= 71 - r2(cos 01 cos @y — sin 61 sin O + i(sin 61 cos B2 + cos 05 sin 03))

= r1 - r2(cos(f1 + 62) + isin(f; + 05))
= <2\/§<cosz+isinz))- 2 cos2—7r—|—isin2—7r
4 4 3 3
2w .. T 27
=2v2.2 <c0s <Z+?) + isin (Z —l-?))

11 . . 11«
= 4\/5 (cosﬁ —i—zsmﬁ)

z1 ri(cosfy +isinfy)

2o 7To(cosfy + isinby)

= T—l(cos 01+ isinéy) - (cosfy — isinby)
T2

= :—1((:05 01 cos Oy + sin 61 sin Oy + i(sin O cos 3 — cos by sin hy))
2

= %(cos(@l —6y) + isin(6; — 62))
2

= <2\/§<c0sg+isin%>>/(2 (coszg—i—isinz%))
2\/§ T 2m o T 27
:T<COS (Z_?)_I_ZSln(Z_?))
us
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FERBIENC L D MEIER R 2 W RIE L BRAIE, o CEEMICHE T Z e T,

X2 E5,

z1 29 = <2\/§ei%) . <261Tﬂ)
= 2\/5-2-61% -ei%w
= 4\/5615“2?7r
= 4\/562111_7r
2 <2\/§ei%) / (26ZTW)
22
2\/§ i 427
e Te 4 e 3
= ﬁei%—l%
= ﬁe‘li_ﬂ

LA, EREARFRTHAET D LUTO L 51270 £7°

21 20 = (2412) - (=14 iV3) = =2 = 2V/3 +i(—2 + 2V/3).

Z2 - —14+iV3 N 2 ' 2
bHAh, INHLDOREMEER T HE LEFLOL IR T,

Mg(—r+v§+.—1—v@>::_

2 2+ 42 -14++v3 —1-+3

7

11
ﬁﬁzmg—z—m@+¢pa+2¢®y:7§, . >

PSP

51

E.
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2.1 EXBE#HRE T IHE
i —

Y EO2oOOXRT ML g = (al,ag),

—,

DI (@,5) 13

(b1,bo) ICXF LT, G bDBRTAEOLTDHE, =

=,

(@,b) = |@| - |b] cos@ = ay - by + ag - by
LEFSNTOET, Fi,

—

Glb < cosf=0 < (@b =0

T X R ML GEDEERTEEVNVET, TOMALZBERKICHSSE T, ROESE
5z FL ko,

TE 3 BIKMH [a,b] TEESALBRSFIEER 2 SOUHEEE f(z), g(z) \oxt LT, PEE%

b
(f(2),g(x)) = / f(@)g(x)dz

TEHT S, . (f2),g(x) =0 & T L=, B f(z) & g(z) IZKR [0,b] ETERT 3
Ying,

S5, (@,b) = 0 &9 =Y MK @, bIE 2Ty MVER (FHE) OEREE &M,
MAT, ||@| = bl =1 (2 V23 1) &ii7=3 L SEREREE L FENE L, NEORS &
RS, ZOMEAZBIEICESE T, KOE#REHLEL X9,



22 HmoE T— U kK

- _ﬂw\ ,\7&620@&%& gom( ), onl@ )(m;én) P [a,b] ECEA LTV & X, +
RbH,

b
(em (), pn(z)) = / em(@)on(z)de =0  (mn=0,1,2,---; m#n)
oL, S BIT
( /b(p'ﬂ d$7é0 (n:07172a)

Eiilod & &, BEA oo(z), p1(x), -+, on(z), -+ ZXM [a,b) LOBEXE#HRE VD, &6
W2, ZOEREECRN
b

(n(2), pn(z)) = / on(@)pn(@)dz =1 (n=0,1,2,-)

a

By L& (FBED VA lon(2)| B 1D LX) BB po(z), p1(2), -, enla), - &K
] [a,0] FOERBERBEHRE VD, 2720, B on(x) D VA |jen(2)]] X,

-(/ b son<x>son<x>d:c)%

[N

[l (2)[] = (@n(), Pn(z))

K- TEFERT A,

EFE 4 i o TEREERE L TROEHE PG LN ET,
T 2.1 BKE [~ 7] Lo
1, cosz, sinz, cos2x, sin2x, ---, cosnx, sinnx, ---
EAZEECRTH D,

SEBA cosO-z =1IZEETIUE. m=1,2,3,---,n=0,1,2,--- DL X,

/_7; sinma cosnz dx = % /_7; (sin(m + n)x +sin(m —n)x)dx (" EH 1.4)

= 0. (" sin BIBUI AR TH 500 0)

m#nDE& X,

/ cosmx cosnx dx = / (cos(m +n)x + cos(m —n)z)dx (" EH 1.4)

1 1 .
= [m - n(sm(m +n)x) + — n(sm(m —n)z) o

1
2
1
2
=0,
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™ 1 ™
/ sinmx sinnx dr = 5/ (—cos(m +n)x + cos(m —n)x)dx (" EEE1.4)
1 1 ) 1 . 4
=3 [m n n(_ sin(m + n)z) + — n(sm(m —n)z) B
=0.
m=nD&xX,
™ 1 ™ N )
/ cos’nxdr = 5/ (14 cos2nz)dx (" 2MEADOARLD)
1 1. T

=5 [3: + %(sm 2na:)] B
=

g 1 (7 .
/ sin® nz dz = 5/ (1 —cos2nz)dx (" 2f5ADOAALY)
1 1, . T
=5 [:v - %(sm 2naz)] B
= .
/N _
/ 1-cosnxdx = [% sinnm] =0,
/ 1-1dx = [;v]:r:%r.
PLEXY, B3%51 1, cosz, sinx, cos2x, sin2z, .-+, cosnz, sinnz, --- [ZXMH [-m, 7] LOHE
LR TH %, |

% 2.2 BIKRE [~ 7] Lo

1 1 1 1 1 1 1
— cos x, sinz, —=cos2x, —=sin2x, -+, —=cosnr, —sinnz, ---
Vo NG VT VT VT VT
IFEREAZBERTH D,
FEBA B 21 OFEH LD, & VLT
11| = (1, 1) = var,
|| cosnz|| = (cosna:,cosna:)% =7 (n=1,2,3,--),

|| sinnz|| = (sinm:,sinna:)% =7 (n=1,23,--+)

Thd, LIzhoT, FEEEL /7 NVATHLZ LICX ) EHERZEER TGS, [
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bhAA, BRMERITNY FERO () BEOFE L LTERELELDOTT NS, &K

(oo}
ag :
5t E (an cos nx + by, sinnz)

n=1

. TRANE L 220 E 4 (272 Ly K [, 7] TUHE L, TR ATRE L 55, AtEre b,

o0
% + Z(an cosnz + b, sinnz) =0

n=1

PSRN

™ [ ag o .
/ (7+Z(anc0sna:+bnsmnm)>-1da::0 = ap =0,

- n=1

8

- n=1

/ (%"‘Z(ancosnx—i-bnsinnﬂf))'COSk‘xdm:O = =0 (k=123,),

/ (%—FZ(ancosnx—l—bnsinnm))-sinkmdsz = b,=0 (k=1,2,3,--)
- n=1

RV TRMSETH D Z MRS ET, T, BEEAO —EEZRL T T, RIZES

7=V ZBBR BT — ) SRR D Z L ARE L TWVET,

ST, HOBE f(x) FEK

. Qo — .
f(z) = 5 T Z(an cosnx + by, sinnx)

n=1

TRENTVS (EREATNE) ELELES, Z0Lx, B flz) BEM [, 7] TR
Heino. T OMBNERFES THETHD LT 5 L

T ao 0 .
/_7r <? + Z(an cos nx + by, sin na:)) dz

! f(z) ldx

n=1

T 0 by
a
— 70 _ﬁd:v—l—z:l (an/_ﬂcosnazdaz—l—bn
n—=

= T ap

™

sin nx daz)

—T

LD ET, WIZ,

f(z)coskxdx = % cos kx dx + Z (an / cosnx cos kx dx + by, / sin nx cos kx dm)

-7 n—1 -7 -7

™
= ak/ cos® kx dx

—T

= T ag

L f(z) OEHCER % RO TWHEDIE, B 1 D/ V278 21 Th D DTk L THOBIRD 7 L AW /7

ThHhHZLEBELTHVET, ZOXITELSZ LT, 7V ZHBERMALILEZIZT7— ) R E IR IR
THZENTEET,
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L0 ET, RIS,

™

f(x)sinkzdr = % / sin kx dx + Z (an / cosnz sin kx dx + by, sin nz sin kx daz)

—T —Tr n=1 —Tr —T

= bk/ sin? kx dz

—Tr

:ka
RV ET, UbaF e LROEHEPELNET,

EHE 2.3 B f(x) XM [—7, 7] TR ATRED D, K

f(z) = % + Y (apcosnz + by, sinnz)
n=1
DHEDFEDARETH H & & T OMREIT
ak:l f(z) cos kx dx (k=0,1,2,---),
m —T
1 (7 .
b, == f(x)sinkz dz (k=1,2,3,--+)

ko THEABND,

ZORRIT, BFEORYREX ST O1-5T, AZAFO—-BEATEHZHNTRLTNDHZ L
NOBEBODREBLSDONLTWET, B, Z 2 TROTMEEK ag, a1, s, *++, by, by, - - rJ—
|) T{RE (Fourier coefficients) & FFON, Z OfREz R >kt 2 7 —1) Tk (Fourier series) &

WNET,
GEE) cosOz=1THDHZ EITEETD L.

ap = — f(z)cos Oz dax = — f(z) - lde = — f(z)dx
- O - ) _x

™

kﬁ@ifoik\/WA%%ELTEﬁ@%%kﬁézkf\%ﬁﬁ%*éhk%ﬁ?
FESNET, 727 L. by OIS {55

1 7Tf(:z:)sinOa:da::l 7Tf(zL“)'Oda?:O

L ™ J -7

WA SN0 &7 DD TR LW DO R ER T,
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—ETIEL KR [, m] R ATREARE IR £(2) (f(z +27) = f(z)) WEA BRI EE .
DB f(z) . 7— U TIRKK

1 s

a = — f(z) cos kz dx (k=0,1,2,---),
1 [7 .

by = — f(z)sinkz dzx (k=1,2,3,---)
T

R, 7— VU o
ag :
5 + E (an cos nx + by, sinnz)

n=1
BROET, ZOFEEZT—) IHBEREIFOET, 7o, 7V HEAINZ7—V =
ENTTE DR f(x) LB FELWNRE I DD A, 22T, —KAIZIE, i85 [~ ZH
WT

o0
f(z) ~ % + Z(an cosnzx + by, sinnx)
n=1

ERLET,
ZZT, 7=V BRIV T, B f(x) AR [a,b] (= -7, 7)) THOWRELD b
FRONRMETH D TRSMISER W IORMEZEALEL X D,

EE 5 B f(x) HRXM [a,b] TERSNTWDHREE LT D, 612, B f(x) ITARMED
FLoer, cay i, e BFRWTHERE T, KR o (K=1,2,--- ,m) IZB W TLEMIMRIR

fler +0) = hlgilof(ck + h)

& A R PR
flex —0) = hl—i>n—10f(ck +h)

RETE (£ +00) THELLD (B L. ¢ = a THAMBRBHIE L, cpn = b TIRAMBIRY
GETHHOLTE), COLx, B f(o) ZERKE [o,b) CRAMICERETHS L0 5,

b oA, B fo) PAIRKRE [a,b] TRAMICHEE THIZ, & KECHA LY £,
K500, B flz) OB f(c) NERKR [o,b] TRMIES (KRR 5H) Thi
. B f(z) D7 — U AR

o f(x) DEKE72 M © T f(z) ITPOR L,

flz+0) + f(z —0)
2

ET Wik COTFRMTHRS 7— U TRUBMAORRELHHH f(2) [, f(z) & ZOHE

Hf(2) PRAMITERTHEELES, T4bE. BH f(o) D T— U THEH f(2) ITIEKT

% GEBEND) L5 uERERRE LET.

ZEMNERE THIIT, 207 — ) THRBIT TOBBIC R R LET A, Rl S s St g0 7 — ) =k
BT, R moE Y CIEEEN D7Dt OBIITZRIc— B LEHA (7— Y ST = ABEGEORIZ DT
HEEIT 2 D), THUE, BIROBEIE L Y BIE T — U ok L L TR ARMEME A EER L T ES, B
DONTE, 7=V =fEOIR] ThH TIRRDZ LI LET,

o f(z) DRERE/R M © T (IR L
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2.2 #HBFRT7—)IHHE

FBLIFEHTEE LILL O, ARSI EBLTRIAT L LN TS E LD, Hiffio=
A TRIA SN T — ) = fBEEICRASN L 7 — ) =BT EFE BRI TAHEL X D,
A PR L TR,

i0 —if 0 _—if
cosé’:i BIO sin@zi
2 21
DOREERR DI FE L= D, 0 % ne TE I Z2UE,
cosnx:i BILOD sinna::e —.e
2 21

EEESHMAONET, INDLOBBRAZEE f(x) D7 —V =ik

a | o :
f(z) ~ 3 + Z(an cosnx + by, sinnx)

n=1
WCRAT D &
1 & . .
flx) ~ % + 3 ((an —ibn)e"™ + (an + ibn)e_“”)
n=1
LR ES, TIT,
ag _ap — by _an +iby, ( )
Co = 9 Cn ) > Cn = 5 C—n =20Cp
LB L, DT
+oo
f(fl?) ~ Z Cn eine

LEXETCLATEET, SOL) ANRE BB IFEEERT— ) TREEM L IO, B0
R R T — ) TRM L POE T, B, SABECEE ST — ) SR

akzl f(z) coskz dx (k=0,1,2,--+),
™ J—m
1 [™ .

by, = - f(z)sinkx dz (k=1,2,3,--+)

K0, T ERB s T — ) o4/

_ Gk —ibk _ 1 l T . l T .
== =3 (w - f(z) cos kx dx i - f(z) smka:dm)
1 [ .
= — f(z)(coskx — isinkx) dz
2 J_,
1

_ T —ikx — .
o) flx)e dx (k=0,+£1,42,--+)

PEONET (k=0,-1,-2,--- DHAEDOT7— U 7 b EATRW I EREGITHEND L E
) TNZBERIT—VIRBETOET, Ubaflwd s, ROEHEEET,
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EHE 2.4 B f(x) XM [—7, 7] TR ATRED D, #EK

400 ‘
f(.’L‘) — Z Cneznz

DHERIFE D AIRE TH D & & 2 DREIT
ck:§¥ f)e *de  (k=0,+1,%£2,---)
T

IZE->THEADBND,
BFE 7 — ) B OEAZBERIT, AXE [, 7] EiZBNT,

i(—n)x iW(—2)x iW(—1)x T 12T nx
o glmE L iR i(Da g i e

= pux) =€ (n=0,+1,42,---)

LY ET, £lo. ZOHEFBEAESIONRIL, BOFOBEKICHEE L 5T,
(onle)ona)) = [ eme s = [ emeeine g

DEICERELET, Z0Lx, m#An2biE, WX

(em(x), on(x)) :/ eimxeimda;:/ gimae g—inz g,

L2, BENERZRL TS ZERDNY T, m=n2blE, AT

(‘Pn(iv)ﬂ@n(ﬂf)) :/ ei”xeimdx:/ ein g=inz go.

—T —T

:/ ei(n—n)m dz
:/ ldx

=27
L0 HBEEL pn(x) D VB
len(@)] = (gn(@), on(x))? = Var
ThHrZ &b T,

, e
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BT, BEZ7-VIBRETEE LTI R LR Eid, #E 7 — U oo m it

Sk(z) = co + (c1€® + c_1e7%) + (c2e2® + c_9e™2%) 4 - - + (cpe*® + c_pe~ )

k
= Z Cp €M%
n=—*k

DX IR D MENH D 93, 820, ZABBICEE 77—V ik & i35 &
SAEICE D T — U RO E n HA KB TRILT D121 e L em T BB B D
ESERS

ZTHEL AL D 7 — ) BRI RIS LD 7 — U = (EFE T — U =) XA
—DHLDT, TORANERSTNDHIZTETERA, i’a%ﬁfl%ﬁ TRD 77—V mfdiE, BB
H (BERRE) MERBEHCTH D02 OB HERIUTR D T, ¢, e™ & ey e ™ O
fEREE L Ie> T, TO=ZABEIC I 7 — ) B —B LT, EHLHORIANMEFTH D
MEHEICE W)L Z ST TEEHAN, FEERMETITFEREE O A T 5 = ARBRKIC LD
7 — U S AR T, B 2R A SE IS I R BL L CRHE DN R S I L 5 7 —
U R EMER 72 LD T, WTALZ LA, ﬂﬁ@i%fﬁ HENTEBLERDHY £7°,
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k=1
&fcﬁb\ Cp = ag (k‘:O,l,Q,"')%i@dk:bk (k:1,2,3,---)@&%‘\ Tiﬁbﬁ)\ 7*‘Ui’f;ﬁ
BoLExhhens, [

ZZ 7. aﬁZOL:‘YE%LTck:akb)Odk:bk ET5E, A%EKX

2 n ™
Dt ; (af +B7) < %/ (f(w))*da

DO SEHET, ZOREXTn DN HDOTHRIIDZ EnD, ROREHET,

% 2.12 (NytL (Bessel) DFRER) B f(x) D7 — VU 4RI ayg, b 16 LT, REX

(a2 +0%) < = / " (f(a))da

2
a
P -
k=1 -

NI AATASN
7eB. B f(x) D7 — U =IO %

n
— ?0 —|—; ag cos kx + by sin kx)
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LB,

us

li_>m |f(x) = Sp(x)|? dz =0

o ElE, Xy vV OAREXOESHKD SLH, FX

1 (7 e
- k:l

DO HETT, Z0%EXT/S—t/3L (Parseval) DFR LI E T, £2, Xy BJLOR
I, EBICROTEENEONE T,

EE 2.13 ()—7< > (Riemann) * JLR—% (Lebesgue) DEE) % f(x) ® 7 — U =R EL ay,
g (X LT, -
ak:%/ f(x)coskxdr — 0 (k — 00),

—T

1 ™
bk:—/ f(z)sinkxdz — 0 (k — o)
T

DIE Y LD, :
ZINTIE, WS O EITR o 721212, 7— U IO FIZOWTREA LE L & 5,
WRE 2.14 (KomcEgize) sk f(z) IS LT, n 2 AR LD L &,
nll_{l(’)lo;/ f(z sm(n—l— )xda:_O
SR Y L,

REBH £
I . 1
;/_ﬂf(a:)sm (n—i— 5) rdx
1 ™ . 1 1 T 1 .
= ;/_ﬁ (f(w) 81n§x) cosnx dr + ;/_ﬁ (f(a:) cos Ex) sin nz dx

LIEBT A, T 2T B f(2) BSRAMICERIR T H BN, ﬂ)mn,f(ﬂ%gﬁ\ﬁ
ST AR B L e D, LT Ty FROFICZENEIERE LT, U—< - L
R—=VOEBRLY, ZTOMBAEIZO0 & 725, [ ]

TRIHK f(x) DGR ORI ATRE T, Sn(z) BRI B & X ICE B LET, $abh, EED >0
Kﬂbfﬁhﬁ—&(N<s#ﬁ@¢0k%’%%@ﬂibi¢ RE. REEER A ¢ %G U EROS AT

[@+0)+ fz~0)
- 1)

LEFZLET LT, Su(x) DRI L, N—t "V DEXDPRY LHET, bAoA, KoM & Xz
BROLNEND FIEBRAY £,
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WE 215 n 2 AR LT H L x, EX

1 1
sin[n+-=|=x sin{n+=)z
N ) L e e,
e A T
0

— T T = —, T T =
T J—r 2sin§az 2 T 25in§az
N AIRVASN
Eng:
2 kx si 1 i k—i—l in | k 1
coskxsin —z = sin — | x —sin — =)z
2 2 2
L0,

1 1
<§+cosx+cos2x+~~-+cosnx) -sin§x

1

_ 1 sinlx—l— sin3x—sin1x + sin5x—sin3x + sin7x—sin5x +
2 2 2 2 2 2 2 2

oo m(e)2)

1 . +1
=—sin(n+= |z
2 2

L%, ﬁiﬂ%sin%x cE% b

. +1
in =
sin{n+g )@

1
— 4+ cosx +cos2x+---+cosnx = 1
2sin§:p

2

155, LT=Rn-T,
0 1 0
/ coskx dx = [E sin k‘x] =0

—Tr

WZHEE LT, ERomdzE @R+ 5 &

2

T J_ . _
™ 2511153: ™

155, RERIC,
. 1
1 7rsm<n+§>aj 1 /7 /1
—/ —1d$:—/ <—+cos:v+cos2:n—|—---+cosn:v)daj
T 0 2sin — s 0 2
51n2:v

g T

1
o sin|{n+z |z 0
1 2 1 1
— —1da::— — +cosx+cos2x+ ---+cosnz | dr =
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FHRE 2.16 Bk f(x) O 7 — U =EOE S Fa Sy (x) %

Sn(z) = % + Z(ak cos kx + by sin kx)

k=1
s RSN
1 /7 sin (n + %) t
Su(x) == [ flt+z)——""2—dt
o 2sin =t
2
EERTE DS,
FIEER
ay, cos kx + by sin kx
1 [7 1 [~ . '
= <; f(u) cos ku du) cos kx + <; f(u)sinku du) sin kx
= 1 f(u)(cos ku cos kx + sin ku sin kx) du
™ —T
1 s
=— f(u)cosk(u—z)du
™ —T
£,

Sn(z) = % + Z(ak cos kx + by sinkx)
k=1

_ % G /: F(u) du) +§ (% _7; F(u) cos k(u — z) du)

= %/:rf(u) (% —i—écosk(u—x)) du

EEETE S, T T, Al 2.15 OFEHDOFTEER 0 5

sin <n+ %) (u— )

1
2 sin = (u —
sm2(u x)

1 n
§+kz_:lcosk(u—x) =

Sn(x):l/ﬂ- )sin(n—i—%)(u—x)d

flu

T u
- 2sin i(u—x)

sin (n+ %)t

SZOWSY%ET 1) 7 L (Dirichlet) #% &0, .
2sin 5t

#5141 %L (Dirichlet) # &\ £,
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CEBETE D, EHIT, t=u—z ERBWTERLEHS D &,

Si(z) = l/H f(t+x)Mdt

-z 2sin -t
2

255, ZO&E, B f(x) 138 2r OB TH L5000, 1AM THIUTEDKF TR LT
LR DEIIED SR, LI > T,

1 sin (n + %) t

Sp(x) == f(t—i—a:)—ldt

- 2sin -t
2

2155, [
B 2.17 B f(2) BRAIITEE O KT R B L X

flz+t)— flz—0)

1

L —7m<t<0 T,

flz+1t) - f(z+0)
1

ZNENXITRINSERE TH D,

B K f(x) KRR Td B D,
flz+1t) = f(z—0)

1
2sin -t
s1n2

EAEEDOE a (—1<a<0)IZ LT, —7 <t <a TROMIZHEHTH D, t =022V TIE,

1
fl+1t) — f(z—0) fla+t)—flz—0) 3

lim = lim
=0 9 sin —t >0 t sin ~
2 2
t) — — in h
o L@@ s
t——0 t h—+0 h

LB, TIT. B f(z) RESHICRD BN TH DN,

Lt LEENoT, HRUT —7 <t <0 TROMICHERETH D, FERIC,
flx+t)— f(x+0)

1
2sin —t
2

T0<t<nm CRAOMIZHEGETH D, u
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EEQEST2DT, 7= U OB ZFEA LEL & 9, ROEHEE/FET,
EIE 2.18 B f(x) A 27 2R D, XH [—m, 7] TRATBNTERE DX ITHIINT 72D BT H
. f(z) 07—V =80T

o f(x) M EHERA x T f(z) ITPOR L,

flz+0)+ f(=z—-0)
2

° f( ) W2 S T WU R
T %,

B B f(x) 07— ) SO TIE Sy(x) T L. HB2.16 LV

1 1
1 /0 sin <n + 5) t 1 fm sin <n + 5)
Sp(z) = = f@+@———7——ﬁ+—/f@+@———7——ﬁ SN0
T 2 sin §t T Jo 2 sin §t

LB, £, 215 L0,

1 1
sin<n+—)t - sin<n+—>t
f(ac—l—O)—i—f(x—O)_l Of(az—O) 12 dt—l—l/ f(az+0)—2dt .®
T Jo

2 o), . ,
2sin —t 2sin —t
sin 5 S1n 5

&%, Eo2Xps, O -Q%HET L L,

Sn(m)_f(as+0)+f(;v—0) = 1 ’ f(t_l_m)_{(m_o)sin(n—l—%)tdt 6

2 TJ—m 2sin t

Tftta) - msm<n+%>tﬁ @

2sin — t

L%, TITC, MIE21T LY,
ft+z)— f(z—0) o _m<t<o, ft+z)— f(z+0

1
2sin -t 2sin -t
s1n2 sm2

)liOStSﬂ'

TEMICERTH D, LT, fil214 L0, n—ocodlx, QRE@ORTENENO
IR 5, F72bb,

mn&mm:1m1ﬂx+®+f@—oﬁzﬂx+m+fu—0)

BB, B, fz) PR z OBAE. flz+0) = f(z—0) = f(z) Y h,

nh_{rolosn(x) _ f(az—|—0)—;—f(m—0) = f(z)

g T |




F£3E J—YIZLTH

3.1 J7—UIEHnEI—)IXHH

2T, AHAR OB 7 — ) oI HOWTHEOE Lz, ZOETIE., KIS, A%
FioB¥o 7 — U = A RiE U, B AR 7200 (—i7e) Bk 7 — ) ok aEEx E L x
9, BRI, B f(2) 2K —L<z < LTEZ, ZOL%ERVARIKRELTHLNHIT
7n~%%@@i¢wL—wmoEB\::fﬁi@ﬁf@ﬂa(—mg@fiﬁéhrur,

/%u@mm:M<a>

EHRELTLDELET (6554, RAMICEEHN ORAMIZHHSME LET),

F9, B f(x) 2 AW 2L 2R oB% L EA KM —L <2 <L T7—UfBIRHAT D &,
BI%L f(x) 7 — Y =T

o0
nmw
NEO‘I'Z(CMCOS —zx+ b, smfaz)

n=1
/ £ s—%ﬁ (h=0,1,2,--)
1 k
_—/ f(t)sin—”tdt (k=1,2,3,--)

LRDEF, TTT. L oo #ERHT LT LET / )| dz = M < oo BT AU,

1 1 [ M
Lhm lag| Lhm ‘L/ f(t) dt' < lim L/ |f(t)]dt = lim 7 0

—00 —00 _L L—oo oo L—oo
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L0, ag=00E0RET, S5, %:Au LBE L oo (Au—30)2EZHL,
I i = i i l/Lf(t) B¢t ) cos
L;H;Onzlancos Tt= Ll—?;on:l I/, cos — cos —
= lim i %/ﬁ f(t) cosnAutdt | cosnAux
Au—>0n:1 s -
= lim ((l/ f(t) cosnAut dt) cos nAua:) Au
Au—>0n:1 T J_0o

DL ET, RIS,

gLr%on:lbn sin %x = Lli_I};onZ::l (Z /_L f(t)sin %t dt) sin %x
= lim i Au /ﬁ f(t) sinnAut dt | sin nAuz
Au—0 — s -
- 1 [ , .
= AIQILIEO; ((; /_OO f(t)sinnAut dt) sin nAua:) Au

— /OO <% /Oo f(t) sinutdt) sin ux du (" XA RAEE)
0 —00

PELNET, Lo T, AMAZFZ20EEO 7 — ) =ik (77— THED) ITROEHIZ
KoTHZLNET,

EE 3.1 B f(x) o (ZABICEL D) 7—1) TESIT.
f(z) ~ /OOA(u)cosua:du—l—/OOB(u)sinuxdu @

0 0
THDH, LIEL, -

A(u) = %/ f(¢t) cos ut dt,

1 [ )

B(u) = ;/ f(t)sinut dt
oL, nk. OXEBEH f(x) DT—) TS LIS,
feld T, ORELEET 5 L&,

1 o
A(u) cosuzx + B(u)sinux = — / f(t)(cos ut cos uzx + sinut sinuz) dt
m — o

= %/_oo f(t) cos(z — t)udt

TA(u) & Bu) 11, FEIZHBEE 7 — U SRR LB B 55 7— U SRBICHY LE T,
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/N o e
f(z) ~ l/ / f(t) cos(z — t)udtdu
™ Jo —o00
LY ET, 61T, . .
619 +e—u9

cos = cos(—0) = 5

(CHEET D &,

00 oo i(x—t)u —i(z—t)u
(53 = %/ / F(1)< 4'26 dtdu
0 —o00
:ji/m/mf@km%mdwu+li/m/mf@k”@%mﬁML
2m 0 —0o0 2m 0 —0o0

0 oo o [
= %/ / F()e @D dtdy + %/ / F()e @0 didu
—o0 J—0 0 —0o0

(v u=—v EBE, AR ERER)

_ % / / FOe T gy (v % u EBEET)

1 & 1 © . )
= - t —Zutdt uz g
V27T/—oo(v27r/—oof()e )e !
L EY, 22T,

1 00 )
F — —iut
(u) Vo /_Oo f(t)e dt
LB, ROEREZEET (CARBICE 7=V o2 EHEEBRTRIALELIZH D),

EIE 3.2 A% f(x) © (FREBIEIZ L D) 7—) TS T,
Fz) ~ \/%7/_00 Pl)e™ dy -
Thb, L, e
F - —iut L. /
(1) = <= /_ e @
LT B2, k. @ REBEEK f(r) D7—1) TZEH (Fourier transform) & L5,
72, O XE @ ROy OB HFC LB THNTNAS I E &, @ XTI f(z) 2

LCR% F(u) S5 6 DI LT O XTI F(u) 2850 LT f(zo) PE6ND 2 &
noH, O XK (7= IHED) 28K fo) 0B T7—") TEBREZFIREGAK L FOE T3,

2F(u) 1%, AMEROBEEAER Y — ) oRBUER LZBRICE N2 EHR 7 — U SRS LT,
STRHOLIIT, @ ROt 288 ¢ ITEEHA D LRI E BTN D Z LB 4,

F@%»é;/ f@)e ™ de < EHERREE S
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TRETRTEELSIC, 7— U =fsy (7 — Y =B H) BL07 — U 2RO KL FEC
SRR X B RE LRI L A RE A S Diﬁou%\KT#XFfi\%$m_\iﬁ
@yyfw@%&%&Viéﬁﬁﬁﬁiﬁé’k’Li#(#”%ﬁi@%%@%&’iéﬁﬁ
PREHE L 7o CVVET), 7275 L. SABIMIC X2 RHO AR v I ARSI, =AMk
HBCIE LET, T4 T— DA

e = cosO + isinf

ZioT, AWIAHTELLHICLTEBEEL X9 (p.15 M),
BlE LT, XM (—o0,00) TER ST BI%KL

0 (z<0),
flz)=4¢ 1 (0<z <),
0 (xz>1)

DT — ) TEWHERDTHEL L5, FRLY, MK f(z) D7 — Y TEH F(u) i1,

/ f —7,ut dt = / 1- e—iut dt
27r

1 e—mt ! _ i Z(e—zu B 1)
27r

—u 0 27 U

R FET, ZIT, B F(u) 2S00, ZARBIC L2 RFUTET &

(53) = 1 i(cos(—u) +isin(—u) — 1)

2T U

sinu .cosu—1
= —|— VA
2mu 2mu

LRV ET, wEBREHE LT, B F(u) OFEH Re F(u) BEXOEH Im F(u) D77 7 %H#i< &
M3.1DL5IThn £,

Re F(u) Im F(u)
0.1 0.15
0/.1 O\N1
0L05 0.0
—37T—2\R/ZJT MJT 37 -3 -2 -5 7w 27T
-0.05 -0.05
-0.1 -0.1
-0.15 -0.15

5 3.1 B3 F(u) OESE L OEHO 7T 7
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Fr. B F(u) 205 LTI R 5 L. IRIEOERHE |F(u)| 13

\F(u)|2— sinu 2 costu — 1 2_Sin2u+C082u—2coSu+1
-\ 27w 27U o A2u2
2 —2cosu 1 1—cosu 9 )
T a2 22 2 (" sin“f 4 cos*0 = 1)

1 1 .
= — <1 — cos? g) = sin? = (EADORA)

22

/N

L7 RA 6L,

tan 8 — cosu — 1 sinu _ _1—cosu sinu
R omu ) 2 2

= <— sin? %) /(singcos %) (DR

tan = =t <u)
= —tan— =tan (——
2 2

£V, K 2nr <u<2(n+ D7 (n=0,+1,42,---) IZBNT,

9:—%4-1177

Ehe 0 ET uw B E LT, B F(u) ORBOMHE |F(u)| 8L OMRA 0 D77 7 &4 L
K32DL51270 T,
| F(u)] 0

0.1
0.1
0.05

—67T—47T—207TO 271 457 6 —om-4m-27 2 4 [
-0.05

-0.1
-0.15 -7

4 3.2: A% F(u) DiRMER X MEAH D77 7

DX BT, TV B E AW CE AT S ECHEFICEEL RV ET, I,
Wi T T 7P T ORI SABENDSOTHERAT AL OICLEL X 9,

X 3.2 DR 0 DT T 7 OBUTORMN > TOET A, EEITIE, A u=2n7IZBT5 0 DMEIX0 L7230 £,
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7= =IO E L FRERIC, BEEPMEEROSE L aBEORE0 T =) 2SR D &
LT ORB o ET,

% 3.3 @B f(x) D T7—) TS IZ

x) ~ \/g/ooo C(u) cosuzx du
2 o0
= \/;/0 f(t) cosutdt

L, BB, Olu) % 7—) TRIEGEH L IT5,

Thb, IzIEL

FERR TEE3.1 L., 7—VU DI

f(z) ~ /000 (% /_Z () cosutdt) cosux du + /000 (% /_O; () sinutdt) sin uz du

Tho, 22T, B f(x) NMEBEE (f(—x) = f(z)) THLHZ LITEETD &,
[es) 0 o9
/ f(t) cosutdt :/ Q) cosutdt+/ f(t) cosutdt
NS - 0
/ f(=s)cosu(—s) (—ds) +/OO f(t) cosutdt
0
(Ct=—s BT, FIEZ L)
/ f(—s) cos(—us ds—l—/ f(t)cosutdt

= / f(s) cosusds+/ f(t)cosutdt (. cosux IXMHBIEL)
0 0
= 2/00 f(t) cosutdt
0
Lieh. [AIRRIC
o) 0 o)
/ f(t)sinutdt = / f(t) sinutdt +/ f(t)sinutdt
o 0
/ f(=s)sinu(—s) (—ds) + /OO f(t)sinutdt
0
(Vt=—s EBE, AIHEZ LRI
/ f(—s)sin(—us)ds +/ f(t)sinutdt
—/ f(s)sinus d5+/ f(t)sinutdt (" sinux IXABI%R)
0 0

=0
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LB, LizhoT,

(5:0) = / ( / f(t cosutdt) cos ux du

EBITIE,

DRFHHL, GEANTE T 2,

:\/7/ (\/7/ ft cosutdt)cosuxdu

2 oo
— —_— d
”’7’['/0 f(t) cosutdt
~ \/%/OOOC(u)cosuxdu

% 3.4 FEK f(x) DT7—Y TEDIL

Thb, IziEL

2 [ .

~ \/;/0 S(u) sinuz du
2 [ .

= \/;/0 f(t)sinutdt

ET D, B, S(u) EIT—) TIEREHR LS,

FEEA RBEE L FARICRE T 5, EEE31 LY, 7 — U =f I

o~ G L

o0 1 o0
f(t) cosut dt) cos ux du + / <— / f(t)sinut dt) sin uz du
0 T J -

ThDH, TIT. B f(z) REEE (f(—z) = —f(2)) THBH T LICEET S L.

o9 0 [es)
/ f(t) cosutdt = / f(t) cosut dt + / f(t) cosut dt
o - 0

/ f(—s)cosu(—s) (—ds) + /OO f(t) cosutdt
0

(v t=—s LB, AIEEERER)

/f ) cos(—us ds—l—/ f(t)cosutdt

= —/ f(s) cosusds+/ f(t)cosutdt (. cosux IXMBBIEL)
0 0

=0
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L7 s, FERIZ,

/Oo f(t)sinutdt = /0 f(t)sinutdt—|—/Oof(t)sinutdt
. - 0

/ f(=s)sinu(—s) (—ds) + /OO f(t)sinutdt
0
(Ct=—s BT, FIEHEZ L)

/f ) sin(—us ds+/ f(t)sinutdt

:/ f(s) sinusds+/ f(t)sinut dt (" sinuz 1FATEEEK)
0 0

= 2/000 f(t)sinutdt

b, LEERoT,

(5) = / ( / f(t smutdt) sinuz du
\/7/ (\/7/ f(t smutdt)smuxdu

_ \/g/ooo F(t) sinut dt
() ~ \/g /0 ~ S (u) sinuz du

DRFHHL, GEANTE T 2, |

L sn, T T,

EBITIE,

o, ROL S BRARBH/BOLNETD,

% 3.5
(1) Ba%k f(x) AMBEIER 513, C(u) = F(u) B3RV 1o,
(2) B% f(x) MHBEHI 5I1F, S(u) = iF(u) 23% Y ST,

SEASL F(u) %5500 (cos WTK) LEED (sin WHH) O_2 M THIR S AU & LTS 2T, Fu) 120 280 %
:kﬁ\%Nﬁbwwmﬁ%ghmﬂﬁﬁ@iﬁélkﬂ%ﬁ@iﬁhoLtﬁoTMHMﬁiﬁwﬁ#6ﬁéN7
MVOEEE, TENAFDRERA~OBR LR, Cu) IT—BLET, —FH. Flu) DEHOHNLRDT MLOBE
m\mﬁ%g[mﬂﬁﬁﬁiﬁ\:nﬁ%m~®@kﬁU\SW)K*ﬁbi#o
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T (1) %ﬁﬁﬂﬂa

\/__ ( zut dt +/ f —zut dt)
iut —iut
/ zut + e—iut) dt = E/O f(t) . € +2€ dt

\/7 / ) cos ut dt = C(u)

(2) Z T 5,

/Oof( e~ (=%) (~ds) + /f —wtdt>

St=—s LBE, AIEZ LA

( / s g 1 / ) wtdt) (v f(-2) = —f(x)
< / Belt dt + / f(tye™™ dt)

—1\/;/0 F(t) sinutdt = —i - S(u)
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¥3E T— ) o

EFE31-%33 - FR34E2FLDBRLETEDODLIITHD FT,

| 7=V =m»

| 77—V Zm

s | f) ~ J% /_ Z Plw)e™ du | F(u) = \/% /_ Z F(t)e= i dt

W | f(z) ~ \/g/oo C(u) cos uzx du C(u) = \/g/oo f(t) cosut dt
0 0

A || f(x) ~ \/g/ooo S(u) sinuzx du S(u) = \/g/ooo f(t)sinut dt

# 3.1 7 Uy (W7 — U ) LT — ) oA
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BIRE 1| XM (—oo,00) TERIN-BEEK
1 (Jz| <1),
flz) =
0 (Jz|>1)
D7 — V) TRGEBE RO I 0,

R Bk f(x) O 7 — Y =R C(u) X,

00 1
C(u)—\/g/o f(t)cosutdt—\/g/o 1 - cosutdt

]2 [sinut]1 /2 sinu

s

u 0 s u

L%,

£ BEORD, B C(u) OER ReC(u), B Im C(u), TIEOREHIE |O ()|, Kk 0 025 7
FENTRETCREE £,

Re C'(u) Im C(u)
0. 0.8
0/6 0.6
. 0.4
0. 0.2
—37?—2\(/30 2 M]T 37 -3n-2rn 75 T 2nm 37
-0.4 -0.4
-0.6 -0.6
-0.8 -0.8
|C(u)] 0
0. T
0/6
-37m=-27 75 g 2mx 37 -3 =277 -7 U257 37
-0.4
-0.6
-0.8 -7t
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flRE 2| XM (—o0,00) TER S L72B%

0 (z<-1),

-1 (-1<z<0),
fl@)=4 0 (z2=0),

1 (0<zx<l),

0 (z>1)

D7 — U T EREHZ RO IV,
fRZ R f(x) D7 — U = IERAEH S(u) 1,
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7= B TAHAEL L D,

Ly
T

3.9: B ENTZWD 7T 7 (x(t) = cosmt + 2 cos 27t)

._x

|
,_.

SO EKRE [0,1] #HUKEE LT — U TR L

o0 2
X(f) = / x(t)e_’iQﬂft dt — / (COS 7t + 2 cos 27Tt)e—i27l'ft dt
0

—00

_ 1 i(2f) - (1 — e727(2)) 5 1 if - (1— e nh)
R A S Y L A S &
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LRV ET, E6IT, WOREEZTNDIZ OIS IA R MVEEEZRD D &
X(f)_X()_ 1 (i(2f) (L) if (1 e—i‘*ﬂf)) D

Al = 2 T B

To 2 2«
L0 ET, £, EEKARY FABE Xg)(f) OER Re X (f) 3 L OEH Im Xg,(f) © 7
FZ7 &< EXK3I0 DL H TR £,

Re X1, (f) Im X7, (f)

3.10: B3 X, (f) DIFRB L CEEH D 7T 7 (2(t) = cosmt + 2 cos 2mt)

ZZT, K x(t) ORFEERAR D720, FEBEED Re X1, (f) B L Im Xq (f) OfEZEZRD F
Lr o, 7eds, MEIOEEND, 1l s 2 2 RBAE fo — Tio _ % — 0.5 [Ha] & LCARRE nfo
(n = 0,£0.5,£1, £1.5,£2, £2.5 - - ) [T OV T _IUE+5 T, 77 7% @il L. ReXp(f)
TiE, Bk f [Hz] 2 £0.5, £1 2Fr< 0, £1.5, £2, £2.5, - OFKETH 0 Z > TWET L,
Im X7, (f) Cix, I f [Hz] 230, £0.5, +£1, £1.5, £2, £2.5, --- OFKHTHE 0 & & > TV E
T, AU, TR z(t) 3, JEAEE fi =205 B X 0V fo =41 [Hz], TRbOLAEE v =718
F W wy = 27 [rad/F] D cos WD N ORI NTNDHZEEZRLTWET (BARBTELICE
BOo=ZABBDKLEED), FLVFRIIEK L ETH, ZhENREE 1BLO23:kE0, T
D
x(t) = cosmt + 2 cos 27t

NROOGNET, 2B, OXOFEN cosnt 27—V BB L= TH Y . IRIEN cos2nt &7 —
T LT TH D EEFATIUIRHPRICEAE CE E9, 2D Z &L, # cosmt+2cos2nt
DJEWEE AT NNVEFED 7T 708, P cosmt &I cos2nt DRI ART NVEBED T T 7 %
BREDLEELDERS>TWVNDE I L THHERTEET,

U EDBZENG, 7— ) 2B L > T, WEMKT 2 =AKEML ZEnTEET, S0
iz X, 7V BT, A SARBICOBET S5 2 LA FRICLET, 20T FA FTIE=
AEK L7 — VBB LEEATLEN, bbAA, (AMZR20) — RO Es 7 —) =
BT HENTEET, Jiuk, 2F0, —BOBEER =ARKOERAFDLEE L TEESLZ
EEBERLTWET, Thbb, — OB 7 —) B HGonsd Z &2 £34, Zofl|
REEN LT, BIRE T, 77—V = BHBmOIEGRI kL s ZATHEDLRL T ET, Fric, =
VEa2—FORGICL 5T, HAETESHR T — Y = EHITTER OS2 EIZAT TOET,
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fBlRE 1| B Ty =2 [ 282520 «(t) 2. XM [0,2] #FoXME LTy —Y =& L7
EZAH, UFORWEEARY NVEE Xq(f) D77 7 %215, HHEERDRIV, 2B, %
JAE f Hz) OfEIX TEO@Y TH D (K ERIA),

ReXTo(f) ImXTo(f)

| f [He] [ 0] £0.5 ] +1.0 [ +1.5][ +2.0 | +25 [ +3.0 [ £35 ] £4.0] - |

ReXp(f) Jolos] o] o] o] o] o] o]l o
ImXp(f) [olxo5] o [ o[ o] o] of of o0

WL T To =2 [B] £ 0. Hl s e BB fo= - ! :1—05[Hz]wmo L

N, JEEE f [Hz] 230, 4£0.5,£1, £1.5,£2, - - &_Ob\f.ﬂf\ﬂ I+ TH b, Re X1, (f)
DTITTEIORLY, HDHHEIT. fLr =205 [ 7. TRbbAEE

wy = 2mf1 = +7 [rad/F]

D cos WIEDW &3 7, £ DOIRIRIE
Re X7,(0.5) + Re X7, (—0.5) = 0.5+ 0.5 = 1

Een, RS, ImXq (f) D77 78LO0KEY, DL, fL =105 Hz|, 77205
A

wi = 21 fy = £7 [rad/ ]
O sin WL DB & & 7, £ OIRIEIE

—Im X7,(0.5) + Im X7,(—0.5) = —(=0.5) + 0.5 =1
Lib, UbE0, b5 ) 1E
x(t) = cosmt + sin 7t

Th D,
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flRE 2| FEW Ty =1 M) 2 o520 «(t) 2. XM [0,1] #oXME LT7—Y =& L7
EZAH, UFORWEEARY NVEE Xq(f) D77 7 %215, HHEERDRIV, 2B, %
JAE f Hz) OfEIX TEO@Y TH D (K ERIA),

Re X1, (f) Im X7,(f)

1 1

. N.S

VA
3 4 =4 3\ -2 -1 1] 2 \B T4
RY, v \
-1

| JEu f [He [ 0] £0.5] 1.0 £1.5 [ £2.0 [ +2.5 [ +3.0 [ +3.5 ] +4.0 -]

ReXpy(f) 10| gz | O |—g2| 0 | g | O |aur| O

ImX7,(f) J[0] o [F05] o [ =1 o [ o | o [ 0

Rl R Ty — 1 [B] L0, AL A BRI fo = — — % C1[H] ThB, LE
Mo T, JEBHL f [He 75§O,j:1 2 43,44, - aa)u\mﬁmn I+ Th B, ReXg, (f) D

7S IBLIOREY . B f [He 725 0,+1, 42,43, £4,- .- D& ET Re Xp(f) = 0 T
LD BDHWITIE cos WIEDEITFZENR\, o, Im X7, (f) D7 T 7B LRI,
HHWIE, fo=+1 [Hz]) BLO fy = £2 [Hz|, T7bbAEE
wo = 27 fy = 27 [rad/FP]
BLW
wy = 2w fy = +47 [rad /FP]
D sin WO 2 E 7, ZhbDIRMEIL, ThEtih
“Im X7, (1) + Im X7, (—1) = —(—0.5) + 0.5 = 1
BLW
~ImX7,(2) + Im X7 (—2) = —1-1+ (1) = =2
L%, EXY, D5 «(t) 1%

z(t) = sin 27t — 2sin 47t

Th D,
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3.3.5 MHEMBAZEEOEDTI—) IXH

ZHET, WM ¢ [rad] 230 & 722 K 512 cos WD & sin RO ZEHBINCHE 2 TE F
L7ed, oA CIX, AERE w [rad/F] ZT&IZ. cos IO

C cos(wt + ¢) (C>0)
DA THEKT Z LiTioTE L, FERE

C cos(wt + ¢) = C(coswt cos ¢ — sinwt sin @)
= (C cos ¢) coswt + (—C'sin ¢) sin wt
= Acoswt + Bsinwt

(727Z2L, A=Ccos¢p BLU B=—-Csing £7T%)

DX DT, WA 0 O cos DO & sin I ORE TERT Z LN TEET, ZOHITIHE. Zh

F BN > TE T2 cos WD & sin IO 2GRk L T, WOHRDEKIEE C cos(wt + @)

TERITZLL, ZOT7 = ZEBIONWTEZIEL X I,
W&LT\ﬁ(km%ﬁ%&ﬂSW&@iﬁkﬁ\#ﬁb%\@%mm¢:%hmﬂ®ﬁ

z(t) = C cos (2m(t + 0.125)) = C cos (%t 4 %)

D7 =Y ZBEHICHONTEZELEL LI, B,

C cos <27Tt + %) = (£C> cos 2t — <g0) sin 27t @

2

LRHILICHELTEES LS, JOMIAN T =1 [B] 28l rs, KM [0,1] %
B L LT7— U =BT 5 &

o0 1
X(f) = / .T(t)e_iQWft dt = / C cos (27Tt + %) . e—i?ﬂ'ft dt

—00 0

(V2 V2 L\
= /0 ((7(}’) cos 2mt — (70) 51n27rt) dt
5 C

:/O <£ >cos27rtdt—/01 <g0> sin 27t dit

_ (QC) 1 if(l1- e—i27rf) (£C> 1 1—ei2rf

5 o el gl——f?

2EoHA b RIEOREC C #AVE Lz, 25, sin BEOW Csin(wt + ¢) 1. Ccos(wt + (¢ —m/2)) L%
EEE, —Ccos(wt + ¢) 1%, Cceos(wt+ (¢ —m)) LEZEED-D, EARNREIE, £ TERKE C (> 0) D cos KE
DI Ccos(wt +¢) DR TRT ZENTEET,
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ElDET, EHIT, BORBERANDTZOIZEEEARY NEEEZRD D &
: _ —i2nf _ —i2nf
X(f):<\/50> 1 if(1—e )_(@C> 1 1—e

N =7"={% % " i-p R A

L0 FET, Flo, JEREBARY MVEE X (f) OFEE Re X, (f) 3 L O Im Xpy (f) D27
F7EHC L3I DL ST £,

Re X1, (f) Im X7, (f)

NISTLISRV |

-7 -3 ¥ 2 -4 -3 -2 L1 1\/@\/3 i

-C/2 -C/2

3.11: B3 Xy (f) OFHBLOREED 7 T 7 (2(t) = C cos(2nt — m/4))

ZIC, I a(t) OFEE TR D0, RO X1y (f) Re X1, (f) B L Im Xq (f)) DlEE
ROEL LS, B To =18 Lo, EHEL 25T fo = Tio = % =1 [Hz] &725D T, A
e f [Hz] 250,41, 42,43, 44, - - - [IZOWTHANUEH0TT, 777 X0, BB fo = £1 [He),
Thebb, MHE wy =21 fy = +27 [rad /| ODWIZ L > THER STV D Z R0 £3 (%
NS OFEIX 0), BARBIICEZ KD D & |

- _ V2 1 if(1—e ) V2 11— e-i2nf

om —2f
(s —i2r f
— lim (gc) L z(Eame (CEEZLOER)

. (:Fi_) _ @ (144) (R
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RN FET, TNETHY ., cos KEDH cos2nt B LW sin DI sin 27t 12571 TIRIE Z R D

RN
3¢ V3C  \ac
mmmmmmm:c.ﬂzzg
BLU
3¢ 3¢ 3¢
—hnX%G)+Imex—D::—(X%—>-%(_X;_>::_X%_
LD OB

2 2
z(t) = \/;C cos 27t + (—g) sin 27t

DREVET, bHAHA, OXNKD, ZOWIT,

x(t) = C cos <27Tt + %)

EEIBZION, TOEE—HLTWDHZ b 7,
B DR D FEAL I

z(t) = C cos(wt + @) (FlELw=2rf £75)

i(wt+¢) —i(wt+¢) . . . .
(’ﬂift) _ Ce +e — <€ez¢) ezwt + (ge—uﬁ) e—zwt
2 2 2
EEL, BORFZLTHAELELY, ZDEE, ZRNETDELZND,
C . c _;
§#¢:X%U) B IO Ee¢:X%¢¢) @

DRV Z RPN £4, £ T,

%ei‘b = %(cosqb—l—isinqb) = Xp,(f)
IV EF. WIHIALHE
¢ = arg (%ei‘j’) = arg X1, (f) ([FERIZ . ¢ = —arg X1, (—f) )

ZRDET, ROTHHNE ¢ [rad] ZQFRUTRAT D L IRIE

¢ =20 (e, ¢ = XA
kD ERET, 36,
_ e_wXT“(QQ_’fXT“(_f ) = X0y () + ¥ Xy ()
2X7,(=f) 2X1, (f)

= D X () + e Xy (<) (COREA)
4

= X1, () X ()
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0. Xpy (X1 (—f) = X (f) = | Xgp ()P \CHERET B &
C? = 4X1, () X1y (—f) = 4 X, ()
DD NEDZ EnD, C>0ICbERTIUT
C =2[X7,(f) = |Xm, ()| + | X1, ()] = [ X, ()] + [ X, (=)

EWVIHIBRRELNET, L EDOBELY W x2(t) = Ccos(wt+ ¢) &7 — V) =EHL THLIL
DAY SVEE X, (f) 2o T, E#EE,

g C = | Xq, ()| + | X1, (— 1)1,

FIBINLAR ¢ = arg X, (f)
ZRDODDHZEHTEET, flefioTHIELTAD L. THLEH.

X1y ()] + X (— ‘fc i)+ @(1—@'

¢ =arg X, (1) = arg (@(1 + z)) = g

DL 51T, HEHIIRIE & IR RS S E T
;®%®mb<<bkbf\%&ﬁ1&7FW%FX%@m%§W ) TARHL e & HT D
CLEEARTHEEET, TOMORIIC LR E ST, WOMROIEARI C cos(wt + ¢) 1

Acoswt + Bsinwt (A=Ccos¢, B=—Csing)

EREET, 22T, EXEZRDOISITERLET,

wwt + e—iwt wt _ —iwt
Acoswt + Bsinwt = A 5 + B 5
7

ezwt + e—zwt ‘ wt _ —iwt
=A —iB
2 2

F331HBIOE 3328 TR EHIC, AL BT, TNTh_ABEKICL S 77—V =ik
D ap & by ICHIELTWD Z ED D, @ROFNIEIZERE 7 — ):cﬁ%}z@”%%@%@fx Cn l2—
HLTWDLZ RN £¥, AR, ORDBEITER T — VY Z4f e, IT—HLTWNDH Z &
ﬁbﬂ@iﬁoéEK\@ﬁ&%ﬁ?é&\XnULJ%%iUX%(fy_an&ﬁézkﬁb
N ET, Thbb, BEHRAT NVBEEZRDDLE WD ZEid, BET— U SREUR 21T
o THFET7 -V B HERDOTHD Z i bRnetnd Z LT,
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BISE 1] o a(t) 27— VBB UIE 25, A f = £1 [He O S THERALY

N Xy (£1) = _% ii? (RN %457, 3R w [rad/B], #EIE A (> 0), DI

¢ [rad] 23RO, P ORI Acos(wt + ¢) DIFRUZ LT=R > Th D z(t) #RK LI,

fRAH AR f = +1 [Hz]) L0, AHE w=2rf = +£27 [rad/F] TH D, T/, IEiE A
B L OHIMINIH ¢ [rad] 12, #hEh,

V3

1. 1 V3
A= X1, (D] + | X7 (1) = ‘5 + i

—— — i

N 2 2

5 =1+]1]=1+1=2,

¢ =arg Xp, (1) = arg (1 +z\/—§> = 2

Thd, LIeh>T, HDHHEIL.

2
z(t) = 2 cos <27rt + %)

TH 5,
1 Xg, ()] & [Xg (1)) 12, WHFELARL Th, R HRETAE 5T,

BIE 2| HHW ) 27—V BB LI A, AWK f =415 0043 [Hz| O A CRABK
AR NVEEFE X, (£1) = 3B L X, (£3) = Fi2 (B 5 FRIE) 24537, AEE w [rad/f], IR
A (> 0), MIHINLHE ¢ [rad] Z3RKeD, MDA Acos(wt + ¢) DIZRUZ LI > ThH DI x(t)
ERLIZE,

fR&B SN f =41 [Hz) O L &, AHE o = 2nf = 27 [rad/F] T, EiE A BL W
FIMAIAR ¢ [rad] 1Z. ZhZEd,

A= |Xg, ()] + [ X (~1)] = 3] + ]3] = 3+3 =6,

¢ =arg X7,(1) = arg(3+4+1:0) =0

Thod, AR, B ff=+3 [Hz] &=, AEE O =2nf = £6r [rad/F] T, R
A" B LOWIHINAE ¢ [rad] 1. EHZEL,

A= X1, (3 + | X1y (=3)| = [ —i2[ +]i2] =2+ 2 =4,
¢ = arg X7,,(3) = arg(0 — 42) = —g
Thd, LEXY, HDUIE,
T
x(t) = 6 cos(2mt) + 2 cos (67775 — 5)
Th oD,



F4E BT IEHR

4.1 BEETO—") I ZEi

THET, BT 27—V BB L7 — Y =iy (7 — U =2 H#) 125
WTHFATEE L, ZOHITIE, 7— U 2B M2 Bib LB T — ) TEBRICHOWVWTHUE
L X9

HARBIG (BF) 2 828U TR LN DL (F 508, BURIE) (X, @, ERpRmk (EXET)
ELTRBUIBEER D D SNET, L LR b, 2B a—X LI O 22 & BHER
HZENMTERNWED, MA1DOX D ITEBB EHNTZoler—EMR Ty TYriL, =
VB a2 — ZNEER D 2D TE DB RBUEINCER L THRWET (K42 22RO L),
Ai# %273+ 0% (analog) LFEY, #%EF 4T U4 )L (didital) & FFOVET,

4.1: 7T aTinb TV H

YT IR GRS LT VS MG RICERT DB A-D TR LT, IS, TUXESNLT S u S E A
B o3E L D-A BB LIFOE T,



88 W4 BT — U oS

= DB SETI 0 S 7 — ) = A O TR OB OWE E <5010, ZNETEAR
T ) TR AR T — ) TERICEEMAE L L0, VE, K420 L5 CEEEE 0 [8)] 2
BT Ty [] % TIBN S 72 o(t) ISR LT, AL [B] o &R Ty 7V v 7 Sni-
N OB 7 A6 (MR AL S =) %

(BB L SN 7=3) = { 2(0), x(At), z(2At), z(3At), -+, z((N — 2)At), z((N —1)At) }

ELFEL XD,

|
| |
| |
| |
| |
| |
0 At 2At  3At (N-1DAt Ty
4.2: BEEAL S

O b SN A EEE T — ) 2B (F80)) 75 2 LIXTERVWO T, KosREEE (V—~ v
) 2T, EBENET— Y ZE R X(f) 2RO ET, IREEEK 2/t &

4,0(75) — e—z’27rft

R L, ERlane T — ) 8

00 To
X(f) — / —127rftdt / .’.E —z27rftdt
0

—00

= 2(0)p(0)At + (A p(AL)AL + z(2A8)p(2AL) AL + - - -
+2((N = DAO((N — D)AOAL (" KARAEE)

BRELIET, 612, BRI (AL XX [0,T)) 2 N Fo L7cb D)
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DEFOLIET,

T 2T, MR AR L B R OBV OWTHIERLE L X 9, THTH, 7 — U 8,
B LW E “ABOBAERIZL S TREI ETLHLOTLENL, WE, H5ENEE 7 —
VL= b o0, K430k ) R=mEoRmTEENT-ELELE Y, flxiE, Zhz
4%y (N =4) UTHEBII 2 E LTIRAELTAE L X 9,

sin 27rkt Cos 27rkt
TO TO

k=0 ° ° ° °
—@ @ @ @
To To
k=1
0 To
k=2

X 4.3: B b SNl 7 — 1) =45



90 B4 BT — U =

M43 DT T 7 HEBES R THDE, k=307 T 71, M44DEH1Ck=10D7F77L1LT
RS 5 Z LN TEET (AR, FRROEEZFROWPEE LTHIRT 22N TED), T7205,
B L SN T, E=3,4,--- OITE=0,1,2 DI EH, k=0,1,2 D =FAEKDH
TREDZELEZEHRLTWET (M, BT 5L k£=0,1,2 0 =ABK T LrRERWV),

sin 2Lkt cos @t
T() TO

k=3 (k=1)
k=4 (k=0)
N A AN A7
RV e e Y Y%
k=5 (k=1)
YANNVAN /N /\
VARV ) \V \VES
k=6 (k=2)
yaN yaN L VAN AV, AN A Vs
\V AV . APAR S VA VA =g Vi

M 4.4: BERALIC X > TR S D
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L?’Jb‘io’C RR DI famax (= f5/2) [Hz] 5RO B ET, 2A¢ [B] T [[EHE] LTW5Z
FEETIUE (BITIEE=2D5E), RO fua 1$

frnax = ﬁ [Hz] ( fs = [Hz]) @

L0 ET, ST, B S b B O L 72 5 K ASf [He %

Af:Ti Hr @

0
k& (333HZM), OXNL@XNEZOXITNAT D L, BIFHRA

1 N N
fmax = AL = 2—T0 = ?Af Hz] (fs =NAf [Hz))
PERET, UEXD, BERL S5 DI ORSIE, R

0, £Af, £2AF, £3Af, -+, iEAf [Hz]

ZONWTHNIUT T THL 2 LBbNY £ (F3EICHET7 7 72BN HLTHLW W),
7ok, EIEE Af [Hz) 2 BRBOBEEL VW, RIS E Af L0 T2 LidTE g
loo FETo, JAEEL fs (= 2fmax) Hz]) 2T D TREEE O f5/2 (= fmax) [Hz] BLEOJE
WEOWIHNEE A (AR f [Hz] 13, FFHEEIRO Ty ]SS L £T).

HERR 22 D 7 — U 2 BMCFEE AR LE L & O, RAIRLDOEZRNDL | 20D 5 JH WK
EAf Hz] (k=0,£1,4£2,--- ,£N/2) OFHlshz7— U 2 ZBHMOME X (KAS) 1%

TO N-1
X(kAf) = Nz z(nAt)p(nAt)

=0

;_A

_ E —i2m(kAS)(nAl)
=% nzz;)x (nAt)e

L EF, OXE@A LY, BRI
Af-AtZ% @

MR ST 2 ST UE. ERLS U 7 — U RO X (KAS) 1. DT,

2ﬂnk

X(kEAS) = z(nAt)e”

LEZIEFTIENTEET, 2T,

P SEGPANIY



92 FAaE P T — Y A

3 K45 DX HICHMH A N %5 LA Lo &0 Bk
Wyl =1
T LET (WNIZ1IDO NFEREZRD £9), 612, BRKA
WA =W Wy ™ =1- Wy " =Wy ™
N A RTAS Ry /NN
WAVl =Wyt WAV 2 =Wx 2 WaV 3 =Wy 3, ...

L7y ET,

X 4.5: N %55 SN HALME EO R (N =8 DGHE)

Z 2T, BOBEE —kAS [He) (k> 0) DIFBL S 7 — U 2RO R D L

2
L
i

X(—kAf) = % a:(nAt)e_izm—w = % z(nAL) Wy ()
n=0 n=0
N-1 N-1
T n T
= NO x(nAt) (WN_k> = NO z(nAt) (1 . WN_k>
n=0 n=0
N-1 N-1
T n T
= NO x(nAt) (WNNWN_k) = NO x(nAt) <WNN_k>
n=0 n=0
N-1 N-1
_T n(N-k) _ To ~iZmm=h)
=~ 2 z(nAt)Wy =~ 2 z(nAt)e N
— X((N - W)AS)

EWVOBRBELNET, L. N MR & X3,

X((=N/2)Af) = X((N — N/2)Af) = X((N/2)Af)
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R A/IN HL%@T&)%#E EDQEER (N/2)Af OFzERl &7 — ) = EHOfE L LT
BHATHZEICLET, . e 7 — )iﬁ%ﬁ%#&ota BECTHLNEZBEETHZENE
<V U KT F A T%)N PEHE L THY ZEITLET,

UbzEeHsn b, Btz —) =8 #%

To nk _
LD ET (k> N/20%4A, AR EAf [Hz ITAOFEREEICHE L ET), S5Hic, R
SN RN o) i =2

Zn = z(nAt)
AT L L, BBk s 7 — Y 2T

Ty nk
X’“:N;%WN (k=0,1,2,--- ,N —1)
L7 ET, ZOXEZEERT—1) TZEH# (Discrete Fourier Transform; DFT) & FEOVE T ({5540
AR (L SN TWET), 2. My — ) 2 A ROBBEIRBA R FLVEE Xr,(f) 1T
X X1, (kA X _ 13 wy™  (k=0,1,2,--- ,N —1
To(f) To( f) T, N;xn N ( — U bya Tttty - )
L7 ET
B2 RO D=0, flE LT, N=4DHEa%2 A THEL X9, BANICHERT — ) =24
EEEZTFTLTHD L,

( Th
Xo = 1 (J:0W4 + 21 W40 + 2o W0 + 23, ),
Ty
X = T (J:0W4 + Wit + 2o Wy2 + 23 Wy ),
Th
Xy = 1 (x0W4 + 2 Wy? + 2o Wy + x3Wy ),
Ty
X3 = ” (zoWa® + 21 Wi® + 2o Wi + 23W,°) = X4

ey, R WA =1 (=W 205 L,

T
XO = ZO (x0W40 + $1W40 + $2W40 + $3W40) s
Th
X = 1 (x0W4 + 2 Wyt + 2o W2 + x3Wy ),
To
Xy = T (J:0W4 + 21 W42 + 2o W40 + 23 Wy ),
T
X3 = ZO (x0W40 + $1W43 + $2W42 + $3W41) = X_l
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LR ET, Fiz, ATHIDIEA

Xo W40 W40 W40 W40 X0
Xl N To W40 W41 W42 W43 I
X2 N Z W40 VV42 W40 VV42 T
X3 W40 W43 VV42 W41 I3

TERBETHZELTEET, BT,
wl=1, Wil=—i, Wil=-1, Wi=i
ZRATIE, BARICHEER Y — ) =B HOfE

X, 1 1 1 1 o
X | |1 - -1 1
X | 4|1 11 -1 s
X3 1 i —1 — I3

ERDODDHZENTEET, I 1200BE LT, N=8DEELZRTHAEL X9, BARMIZHEER
T— ) BB EEITLCARAD L,

Xo = % (xoWso 4+ 2y We® + 2o We® + 23 We® + 2 We® + 25 We° + 26 Ws° + 1:7W80) ,

X = % (xoWso + 2 Wot + 2o We? + 23 We® + 2, We* + x5 Ws® + 26 Ws® + 1:7W87) ,

Xo = % (zoWs® + 21 W5 + 2o Ws* + 23Ws® + 24 Ws® + 25 W0 + 26 Ws'? + 2, W),

X3 = % (:L‘oWgO + 2 W + 2o We® + 23 We® 4+ 2, W' + 25 W' + 26 We'® + x7W821) ,

Xy = % (zoWs® + 21 We* + 22 Ws® + 23 W™ + 2 W' + 25 W™ + 26 W™ + 2,W5s™®)

X5 = % (zoWs® + 21 Ws® + 2o Ws'® + 23 Ws'® + 2, W + 25 Ws® + 26Ws + 27 Ws?®) = X_s,
X = % (2oWs’ + 21 W5 + 2o Ws'? + 23 Ws"® + 24 Ws™ + 25 W™ + 26Ws™® + 2, W ™) = X_o,
X7 = % (xoWso + 2 Ws" + 2o We' + 23 W™ + 24 W™ + 25 We® + 26 W™ + :1:7Wg49) =X

L7 v BRI W88 =1 (= Wgo) ZHND &

Xo = % (2oWs® + 21 W3 + 22 Ws® + 23Ws® + 24 W3 + 25 Ws® + 26 Ws" + 27 Ws°),

X1 = % (2oWs" + 21 Ws" + 22 Ws? + 23Ws® + 24 Ws* + 25 Ws® + 26 Ws® + 27, Ws"),

Xo = % ($0W80 + 2 We? + 2oWo + 23We® 4+ 2, W + 25 We? + 26 Ws* + 957W86) )

X3 = % (2oWs" + 21 Ws® + 22 W% + 23Ws' + 24 Ws* + 25 W™ + 26Ws® + 27 Ws")

Xy = % (zoWs? + 21 We™ + 2. Ws® + 23 W™ + zaWs” + 25 Ws* + 26 Ws + 2, Ws?)

X5 = % (2oWs® + 21 Ws® + 2o We? + 23 Ws" + 24 We* + 2sWs' + 26 Ws® + 2,W5%) = X _3,

Xs = % (2oWs® + 21 Ws® + 2o Ws™ + 23Ws® + 24 Ws° + 25 Ws® + 26Ws* + 2, Ws?) = X o,
\ X7 = % (:EoWsO + W™ 4+ 2o Wb + 23 We® + 2y W + 25 W + 26 We? + x7W81) =X
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LR ET, Fiz, ATHIDIEA

XO Wgo Wgo Wgo Wgo Wgo Wgo Wgo Wgo Zo
Xl Wgo ng Wg2 Wg3 Wg4 Wg5 WgG WgY Z1
Xo Wgo W32 W34 WSG Wgo W32 W34 W86 T2
Xy | To | ws® we® Wb Wil Wit WRT W WRP z3
Xo | o8 | W% oWt WY wet Wt wet WY mRt Ty
X5 Ws? We® Wit WeT Wit Wt Wt WP x5
Xs We? Wt Wt WR? WRY MRS Wt WR? 6
X W WsT WS Wt Wt WP Wt Wi x7

2 2 2 2
W=, Wil = Y22 e we= Y2 Y2
2 2 2 2
2 2 2 2
Wete o1, W= Y2 Y2 e = Y2 Y2
2 2 2 2
ZARANT U, BRMICEES 7 — ) = a0l
X0 1 1 1 1 1 1 1 1 T
X1 1 @—z‘@ —i —@—i@ -1 —@—I—z\/?g i \/754—1‘/75 Ty
X, 1 —i -1 i 1 —i -1 i B
X | _To | 1 —2—ig i -2 1 E4idE i 22 3
X4 g | 1 -1 1 -1 1 -1 1 -1 24
X; 1 -2 2 M2y gE ) 22 V22 s
Xe 1 i -1 —i 1 i ~1 —i -
X, 1 242 242 ) 22 22 2
ERODHZENTEET,

LZAT, TOXITeEE (M7 — V) =B 22O FFHET L & HRLEORRTZTTH
N2 [EIOEF A LETY (M7 — V) A OF & (Order) (X O(N?) L7220 £97), ZD7®,
NDBRELBRDHIZLTEN > THAEENEBIIZENL, avEa—22H0TH, N BRHHREE
RELRDEFHERAREL RS TLEVWET, ZOFFEEOMBEAL R LR TE (T3
ALY T, BRI —1) TEH (Fast Fourier Transform; FFT) &I D HiERH Y £3, 20K
Hix, 1965 FICY = A L X - 7 — U — (J. W. Cooley) & a v+ 7 a—F— (J. W. Tukey)
ICE o THAINE L2, 2B, @l 7 — U =& (FFT) 1%, #ifir — U =%4 (DFD) OJF
IR L O FEICER L CHEREZO L2702 XA T, A—F—1ZO(Nlogy N) 720
93,

2Cooley-Tukey 7 /LT U XA & BIFEN, BICEmE 7 — U oA EIFTNS L 512 £ L7 (RIS, &
7— Y gl 2 1E, Cooley-Tukey 7 /L2 Y XA L HHE Y — U = EMEE L ET), HEE 1805 FIAICH TR
(Gauss) BEEOT VT Y XL EPNATHK R L TWE LT,

BRI/ EIFEIARTE (divide and conquer) &V 3RS 7L Y X AT, HEMEEZ KRS S LEOTRAO LS
2D emb, NETTAHE L bMHINET,
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BIE 1| 250 o(t) & 8 [B¥] (KM [0,8]) iobi > CHRAL, —EREcY 7Y s Lk
T 5. 4 (BRI RS BERL S i)

(:7:‘—&) = { 3, O, _37 0 }
BT, BT — ) T (BRI A MV BT, BB o(t) FRDAE S,

1 1
fiR2E %zSiU\E&@ﬁ%%Af:?ﬁ:§:0H5mﬂﬁ%éoé%K\N:4i

0
V. BERJEIEE AN SVEEEZRD D L

Xe 1 (Th = P N ”
XTo(kAf):FO :FO (W anWN ) :ZZ$”W4 (k=0,1,2,3)
n=0 n=0
X() W4O W40 W40 W40 ZTo
PN 11 X _ 1 wy? Wt w2 owyd 1
TO X2 4 W40 VV42 W4O VV42 T2
X3 W4O VV43 VV42 VV41 T3
1 1 1 1 3 0 0
1 —i -1 i o 1|6 ]| | 15
T4l 1 -1 1 -1 3 4]lof| | o
. —1 —i 0 6 1.5

Elh, Xs=X_1 &% T EICEETIUR, BEEEICE T ABERUE IR LA X7 RV

LU DB TH 5,

k 3 0 1 2
JE W E kAf [Hz] || —0.125 0 0.125 0.25
Re X7, (kAf) 1.5 0 1.5 0
Im X7, (kAf) 0 0 0 0

ﬁiU\%5&mﬂwm\ﬁﬁﬁw:2ME:%ﬂmW@HEﬁ&f:iauﬁmm@
cos WD THH Z LD, 2B, cos WO DRI,

Re X7,(0.125) + Re X7, (—0.125) = 1.5+ 1.5 = 3

LB, UEXY, HBW o) it

x(t) = 3cos —t

Th D,

*X((N-k)Af)=X((-k)Af) £V, Xs=XBAf)=X(4-DAf) =X((-1D)Af)=X_1,
* ROMMER CE T, 33HIEFARIS, IORB AR Z LR TEET,
K EZMIELW, 9 72O THERLEL X 9,
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Bl 2| HOE x(t) 2 1 [B] (KH [0,1]) 27z > T
ZAH. T4 (BEBRIZREAES; B L S 7si)

L., —EMRETcYH 7Y 7Lz

(F—#)={1,1, -1, -1}

BT, BT — ) T (MR A M) RS T. b DI a(t) BRDAR S,

RG] Ty =110, FEMEIMRE Af = Ti _ %
0

HERR AR P VEEZRD D L

=1[Hz] Th %, Sbic, N=4 LY,

X, 1 (T )1 .
Xg,(kAf) = TO—TO( Z Wi ):ZZ:U”WZ; (k=0,1,2,3)
n=0
Xo w, w® w0 w,° xo
— i X1 :l W40 W41 VV42 VV43 X1
To | X 4 w0 w2 Wt w2 Zo
X3 W wd w2 wyt x3
1 1 1 1 1 0
11 =i -1 1 2—i2 | | 05-405
T4l 1 -1 1 -1 —1 0
1 i -1 —i 2+22 0.5 + 0.5

Eht, Xa=X_1 &5 & ST 2 BEBUEIR A T NV

[FLLT DY TH D,

WCEETHIE. SRR

k 3 0 1 2
JAWE kAS [Hz] | —1 0 1 2
Re X1, (kAf) 0.5 0 0.5 0
Im X7, (kAf) 0.5 0 —0.5 0

KLV, BHHWIL x(t) 1%, AEE w=2nf = £27 [rad/F] (BFE f = £1 [Hz|) D cos

OB LD sin kIO 5L ETHETHLZ ENDND, 2B, cos DO FE X Wsin
BT OBz DRI X
ReXTO(l) + Re XTO(—l) =05+05=1,
—ImXTO(l) + ImXTO(—l) =—(-0.5)4+05=1

L%, EXY, D5 «(t) 1%
x(t) = cos 2wt + sin 27t

Th D,
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BIE 3| 50 o(t) & 2 [B] (KM [0,2]) 1obi > CERAIL, —EREcY 7Y v s Lk
T 5. 4 (BRI RS BERL S i)

(7—%)={2,0,20}

BRI, BT — U oA (BEBUA B AT MVEE) 2> T, HD5I x(t) 2RO S0,

1 1

FRED] Ty =250, FBHOIMRIE Af =~ = -
0

0. BERJEEE AN PVEEEZRD D L

=05 [Hz] T D, SHI, N=4 K

Xe 1 (Th = 1g
X (EAF) = 2k — = [ 10 SN = W k=0,1,2,3
TO( f) TO TO (an;).’lf N 4nz:ox 4 ( y Ly &y )
X() W40 W40 W40 W4O i)
PN 11X 1 W Wt w2 owy x1
T() XQ N 4 W40 W42 W40 W42 )
X3 W40 W43 VV42 VV41 I3
1 1 1 1 2 4 1
B l - —1 1 o1 1 U I
41 -1 1 -1 2 | 4l 4] |1
1 1 —1 —1 0 0 0
L8, Xg=X_1 &702 2 LITHEETIE, FRBEEICET 2 BERUR B A ~7 bV

LU DB TH 5,

k 3 0 1 2
AW E kASf [Hz] | —0.5 0 0.5 1
Re X7, (kAf) 0 1 0 1
Im X7, (kAf) 0 0 0 0

REV, BT z(t) 13, AHE w =2rf = 27 [rad/F] (JEHEEL f = 1 [Hz]) © cos E D
BLOEEHE (ER) 1l 2G0T THLZ 305D, 728, cos IE D OIRIEIL,

ReXTO(l) + ReXTO(*l) =140=1
L72%, LEXV, HDW x(t) 13,
x(t) =1 + cos 27t

Th oD,

* k= N/2 OHE . ADREEK —(N/2)AS [Hz ORIE 0 20T, EQEEE (N/2)Af [He
WOBTHNET, bk, HELSNFE TR, FUAORKITETO0 T,
*E@@m7~vi&@®%§mﬁmbiﬁo



4.2. PR —Y =fE5 99

4.2 BERI—') IEH

ZOFITIE. B OB T — ) SRR D - T, BT — ) TS (BT —) TEH) &
ExFL 9,

RS RRE R Af [Ha], Yo7V v 7S £, [He] & L. AEEGERD 2227 b v X (f)
O N {HOBERE 725 BF] (BRI Sz 222 hL) %

(B b Shiz 2~z b)) = { X(0), X(Af), X(2Af), X(BAf), -+, X((N/2)Af),

X((N/2+DAS), -+, X(N =2)Af), X(N-1)Af) }
={ X(0), X(Af), X(2Af), X(3Af), -+, X((N/2)Af),
X((=N/2+DAf), -+, X(=24f) , X(-Af) }

ELFELED (RIfi0EBLZLY ., BfBUL SN AT MO DIH iié@ﬂ&%w)xl\ﬁ iz
SEL TS ZEICHIEELELLD), BBT—) IR EHGL7201, BOXMD [—f/2, fs/2]
LD LICERE L, KoRBEE#- T, ﬁ1ﬂéhf:7~—91?r‘f z(t) RO D &

a:(t) ~ / 127rftdf / zQﬂftdf
- fs/2

N/2
= > X(RAHEPTEAIAL (L KAYRAEIE)
k=—N/2+1
N—-1
= A X(RAf?™ AT ADRBEROES L)
k=0
}:foe DET, InI, o7 L URRE At [B] L3< b, KR nAL [B)] (n = 0,1,2,--- ,N—1)
B BEEIE N7 — ) FES OE z(nAt) 13,
N-1

z(nAt) = Af Z X(kAf)em(kAf)(nAt)
k=0

EET, k. AL v, BRI

Ty = —— (]

1
A7 [
MRV SEE . BMIKE [0,To) 13 [0, 1/Af] £ 425 Z L bHELTHBEE L 1 9, HIT, TES
Ni=7— ) RSO 2(nAt) ICHIHEODRE AT S &

N-1

z(nAt) = Af Y X(kAf)e

k=0

LV EY, ZIT, MRICEET D70, s

ZWnk
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BRLOFIHIO@KXNORL T EHAT L & Bk S nz7 — U =fi50E,

N-—1
oo =AF Y XgWR™  (n=0,1,2,--- N —1)
k=0
ElDET, BT — U B OXNEEEBE LTI bICETET &, Biidbanz7—V =i
S

N-1
1 1 nk
.'L'n:TOkEOXkWN (n:0,1,2,,N—1)

ER0ET (CCEIEOOR), ZoOXEBET— ) THES® (BEE T — ) TEH]) LIFOET,

R % A N CRERAY A EIEATOS b ORI T — ) 2 EROERL T EEELHY £ (To 1574
2T, Hate LTELW),

1 Nl X
/I n
o (K7 % 2 FOE#H)
T
Xk = —0 Z onNnk
n=0
N-1
Tn = Z XkWJ'Vnk,
T%* (— 7 3%
X = ~ T WN™
n=0
1 Nol
Tn = \/_N XkWI/Vnk,
Zlf,i()l (FHA40E Y 7 b Mathematica OF 7 4 /L h DEZE)
1 nk
Xk = — J}nWN
\/ﬁ n=0

Pt — Y A L RIS, @7 — Y DEBOT LT Y X8ERND D LT — ) =R OFF R AR
FTILENRTEET,
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5.1 Mathematica DB 7 — 1) T

COETIE, aryEa—Faflio THER T — Y = Z2H#id LOBER Y — U =fn23tH L, Ko
FRMZR A0 I (5 55, B OMLEZT>THAEL L O, 2B, BT — U 2B LU
B 7 — U =fE o O REICIE, YT T L - U —TF % (Wolfram Research, Inc.) OB%E L 72 %k
ALH Y 7 F U =7 [Mathematica] ZfM L E4 (LM%, HIZ Mathematica & 5E#l L £7),

Mathematica ™

Bk 7 — Y =ZH#  Fourier[ UA b u, 1 (=VU R | vy)
BLW
BT — U o FE Sy InverseFourier[ VA kv, 1 (= U A b u,)
DT 7 /v FOEFRTIE, (FEEKDO) B nd Y X b (BlF) u, 1206 L CHER T — U =& #

_ LN, 2l )(s-1/n _
vs—\/ﬁ;ure (s=1,2,---,n)
AEE L., (AREERO)ES nd U 2 b (FF) v, (23 LT — U =f5%5
w = % ;vse_zm(r_n(s_l)/n (r=1,2,--- n)
EHELETL B, B — ) oA BB IO — Y 2RO OER TIIRATIZ 00 BhhE

V £79723, Mathematica ® VY 2 k (BlA) DA TN 1 MNOIEEL Z LITHEELEL X 5 (FEEH
Box&x% L2ri(r —1)(s—1)/n L LTHHILTHY £9),

VB — ) oA R SR TWETAN, EBICIE, BT — Y S A MOT A2 Y R A& THELET
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COFETIHEATIFARNDERELERVFENSHNWOT, A7 varzxm
2B 7 — ) =B L OB 7 — U =i OB E

HELFEL X D, Mathematica DA 7 3
U E OB T — U A v B R OBER T — U =50 u, OFERIT, EhER

U=

AE LR S BRI L

1 n

Vg = mzure%ﬂb(r—l)(s—l)/n (S — 1’2’___ ’n),
r=1

_ 1 - —27ib(r—1)(s—1)/n
Uy =~ Y e 2D
s=1

thhoTEY, A7 var

]-a2a"' ,TL)

(a,b) = (0,1) F 74/ b
(a,b) = (—1,1) T —Ff#EHT,

(a7b) = (17 _1) 1§%m£$7
ERETHIET, FHABICHELEAEXE RV ET, KT XA NOERIZAEST-AT v a il

(CL, b) = (_1a _1)
T, BB — U =W v, BROBER T — U =F55) u, 1. TRLER

n
1&:l§jwé%wwnwwm (s=1,2, ,n),

n

r=1

wr = 3 vy CDED/M (12
s=1

ERVET, ZOETIEH, &HT, ZO—OoXE 7 —V oAl L OB 7 — U =f55 &
ERLETZEIZLELL D, B, Lilolir — Y =28 o, ORXL, 5 4 57 CIIBERUER K
AT SR EHEN TV TR, COETIE, BT —) TEBREHEBEAREARY +
WEEZRILEKRE LTH/S Z LI LET, 70, HLWKTIEL, To 2 8AEHAD, BEREG
fiERe Af = Tio [Hz) 2k 2 EEREMH THHZ LIZIER LE L & 5. Mathematica Ti,

B 7 — U 4

Fourier[ U A I u,, FourierParameters -> {-1, -1} ]

BLO

Bl 7 — VU iy

InverseFourier[ U A I vy, FourierParameters -> {-1, -1} ]

DEIICATLET,

BARM R EERIICONW TR, A—AR—JICT v 7 &R TW5

7% 2 FEA#E 7 v 77 4 11 (Mathematica / — N7 v 7)) %
TRLEE,

* Chop [] fnwid, BTV IS 2 B e i8R 0 ICE S X £ T,
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52 HUTyo4y

B 7 — U 282 AW HRBIG 22 E O OfTPIN Tl 7o - T, o7V o Z3EEIC
BERER L0 ET, WOBEORKHEOMEZ L Mo TV ARERSHY £3, AT F A FTIE
ROHEREE LT, & (BF; 5H) EMEEN IO TR TITE £,

ANEIRENBML Z O TE 2O HIE, 20 [Hz] 75 20k [Hz] & b TnE 32, 7k,
BEWEREOFEIZSENFICHZ A, BWERRKIZEEWEICH ZAET, AMRENRGHE Z
EDOTELEORAWEKELETHAA—LEI DL, Vo7V IR

1 1 1

At:—: =
fs 2% fmax 220000 40000 1]

L0 RIT, 1HHZY 40,000 [F1 6 DY TV L TPRBEE RSO TEET, BHEOERA—T 1
FAT 4 7@*7‘/7 Vo TREHETCTHDE,

ey 11k [f] ([Hz]),
INY 22k [1] ([Hz)),
FM 5 ¥4 (7L E): 32k Al ([Hz)),
oD - 44k |71 ([Hz)),
DVD : 48k [a] ([Hz])

Lo TEBY, TUEAAF—FT 4 FLHEIN TS CDDVD X, AR EMNSESZ LT

XHBEDEWEIARTHNA—LTNAHZ LR £33, Ko, DVD O% 7V o 7T

1 1

fs - % =

At @ﬁ

E7 . ANMBRENLHES ZEDOTELZEDORWEEEBZ THDZ ENbMYET, Z0kH7%

Yo7V T RBEEPRAEN TS DR, AMIZENSHBLS 7ZIT TR KERE 2@ L 5%

US> TND Z EN, FEDHFETODN > TEIZDTT (4 X3 2FH I 2 TnbH 2 &

TLXI)

Wz, AMOONPBRERELNDE (7F) OFEEEIX, AR AT 300 [Hz] 225 4k [Hz] &b

nTWEd, F, FOETOREEEFT T L,

— 48,000 [Hz]

%20 [Hz] 75 20k [Hz] &9 O, FEFICHORWADIE T, —fki7e AT 20 [Hz] 726 15k [Hz] BRE T, 5
PRI, OB T,

A X 50k [Hz],
ES= 60k [Hz],
=wEY ;. 120k [Hz],
AT 150k [He]

LEbhTnET,

SEEEFE CEEME LICHFZM & LB FICHZ 25 0%, 5k nTge7 BB 300~3,400 [Hz] & 72>
TW572DTY, BRI EY LT YERL, GEONENMBEDITINWE NI EZ T, TEETIIRVBEINTNE
HFATL,
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[Hz] FITITE = 2 22 WA,
[Hz] BT D 1 FAR AR R R,
Hz] :  HpRo T O,

880 [Hz] : o> NE—A ) DAL,
[Hz| BYEDTE D ER Sy O JE L,
[Hz] LMD T DRy O JE L,
[Hz] BT O 1 3mSR O 8 K

Lo TWET,

UEDZ e aBELRNG, GOV 7 o7 M7 —U &, BT — Y =5 a7/ -
TWZEiIZLELE Y, £7. F (F) 0oV 7 U 72k, Windows (2@ L TV 5K 5.1 D
V7 o7 YWy Nra—F—] ZEHLET, [RF—F A=a—h6, [TurI756) -
(77%% V)] » 2 Z—=FT A A - [y Flra—F—] OIRIZERL, v FL
a—H—EEBH LTSN (I Ea—F DA, VMFIi~A 7 2E LIAATRL O ERLYR
NWTLIZEW), EWH I H O CEEMZRMBNIE S T2, 2003 EHEEREET THEEET,

d}Sound - Hrpe R LO—5= o ]
ZrLE REE I7hAE ATE

fid: &
0.00 % 0.00 %
|
il

4 | | » |

51: 4+ FLra—&—

ey

120, ~A 7B E TERWEETYT, A7 0bETE5L2127 2101, LTORE
VEE%1T72 > TLIEZ&W, YU R a—F—DA=a—0b, [fFE] - H—F A7
T 4] DIAIZEIR L, K520 [F—F 4307 axT 4] U4 RyEREET,

2l
@'\f 1BAFDTA AR
IOrysta\ DM Audia LI
TEN FE0 |
==t
1RSETET A ARY
ICrysta\ DM Audio ;I
Fegn ] waw |
— MIDT SHMEE
RETHT A 2E
5% [Miorosoft G5 Wavetable SW Synth |
HFEU | A-vsese |
™ BETH ADHERTZL
ok | wmevtn | EEe |

5.2: =T 4 A DT a4
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bz, kg oEHO [FE) 27y 7L, M530 HEFar ba—] A2 Ry %E
xF4, (A7 O ER| ITF = Z B AS>TWADNKERL, AoTWARITHUE T~A427 ] ©
R #2F v 7 L, ANEEEZ~A 7ITRELET,

]
AR ANTFHY
TS w2 GhD Fl—p— Eab S{AH
Hi)}' . FiFaR: JiS, SIS,
ot S IR b et R e

8 8 8 =8
I R I iR @ I ERE

[Crystal WOM Audio

5.3: gk ar bua—u

HO 1203 BRELEEZ 7 7ANVRETDHETY, (7740 A=a—00 TAFIZMT
THRAF] 28T 5L, K540 [HHTZMT TRFE] VA FUDBEHEET,

B TIRTE

21|

s O [T R e =] = & ek B

AT Rt

S JvE1-h

BE7 2ob-b
TOVEN o [Eme |
TP AMDEERT:  [§TF 771 tawar? = s
Rest POM 22080 kHe. 6 Exh 231 EEQ@. |

X 5.4: 4 A% T THRAF

Shlz, B oEAD B¥] R a7 0y 7L, K550 [ ROER] v Ry
& ET,

s B ()
B ] EEETEEe. | AkE |
iz (2 [PCM =]
B 000 kHz, 8 Bk £/3)1 7 KB/

ok | et |

X 5.5: %72 ROER
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ZDOUA Y RUNLY T T EAERARSZ LN TEET, B (21X Mathematica T
R iABATREZR TPCM A& R LT s vy, £, TEME) (2iE 18.000kHz, 8bit, &/ Z/v) %
BIRL LSV (ZOBRREATIFANDOT 740 hELET), FENKD-oZ5, TOK] R
2ok Vv L, .54®(%M%H?T%ﬁjﬁ4VF7kﬁw\(%fﬁé%ﬁjkf77
AN EEUNCEREL, RF) RE 27V v 7 LTI 7 A MIRFELTLIZSW (77 AV
DERAFIE A TMlcrosoft wave JEA T, JLIEFIE Twav) T9),

U RLa—Z—THBk S NN A #& 2 72 5. Mathematica % > TR~ — Y
TR T — ) = 21T o TAHEL LD, 7. B b (RELTET 7 A0
% Mathematica [ZFHEAIARE L X 9, 7 7 A V& atAiATelZlE, SetDirectory[] mH &> T
Tr7ANDHDLT 4 V7 FUIZEE L, Import[] fm & - THEEBAI 22 HES A4 Bl & LT
HIAFBET FEHIZONWTIE, A= X=JIZV 7 &N Tn5 [FXFRAMNEHET e 7T A 11
(Mathematica / — h 7' > 7)) S5O L),

g b S =% 7 7 7 TR.A 121, ListPlot[1 mB &2 fEWE T, filx

ListPlot[x, PlotRange —> {Automatic, {-1, 1}}]

EETTHEREE DT T 7NN ET, 7277 L, B x I ER OB b S - e
FIERCEHREINTWDE LD E LET,

5.6: HEHUL S ()

1T a ZEEOREERERINCKY Y (AR E WWNET), ZORY- O S % 245 (2 #5) IC£#B; LT
(2L T), ZDEFERBET HEFH AT,

S 7Y v TEEICIE, 8k, 11k, 12k, 16k, 22k, 24k, 32k, 44k [Hz] OWFN 28 BIR TX 9 (Z 0D KA
DEREBBOZ L), BTLE Y MIZIE, 8EY FE 16 By FOWTRANEIRTEET (8 By b TiE 256 = 28 B
BET, 16 By bk TlX 65536 = 210 BT, BT{LENET), £/ TAEAT LADOE WL, B T ME 1 F vt
Ny AT VAT 2T v x93 (KERINCK LT, WA DM L2 O E T v > /L (ch) &),
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b S22 & LT <IZIE, ListPlay [l m B afEVET, filx
ListPlay[x, SampleRate -> 8000]

BFEATTH LR BT OV T 7 M, T (BERIL S s ) A S ET,

X 5.7 BERUL SN2 OFDOFAE

B 7 — U =B A1T72 5 121%, Fourier[]l muafivEd, #ilziX
1x = Chop[Fourier[x, FourierParameters -> {-1, -1}]1]

ZIATLET, A2, Chopl]l fifid, ¥ ollim WA RS 2B 0 ICE XML E4, K
BAEIZ T D BT — JIW@(%ﬁH&@zAﬁb»ﬁ&)@777%ﬁ<&x58%iwx
59D X2V ET, 777 E#H<IZiX

ListPlot [Re[1x], PlotRange -> {Automatic, {Min[Re[1x]], Max[Re[1x]]}}]
BXO

ListPlot[Im[1x], PlotRange -> {Automatic, {Min[Im[1x]], Max[Im[1x]]}}]

0.04

-0.04

5.8: HEH 7 — U =D FEE (Re X) 5.9: fiH 7 — U = ZHOREE (Im Xy,)
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JE B EFEIZ BN T, ORI DTS ER I A~ v (AR ORE) DORE S 25
NDLZENHEELERY ET, LEEN-oT, FEAKREI LICHMEZ > TZ 7 7424 < L 5.10
DE TV ET (1000 FHBHT2 Y DRI T—HFEREWVEREBEART Lo THnET), 72
B, 77T,

ListPlot [Abs[1x], PlotRange -> {Automatic, {0, Max[Abs[1x]]}}]

EFEITLET,
0.05} : :
0.04
' :
0.03 . '
§ ]
0.02 4 $
LY a
0.01 ) T

2000 4000 6000 8000
5.10: Bl 7 — U =B OKMEE (| X|)

* 1R 8000 [E]H > 7Y 7 LTCWD T Enh . B ST O EFEE A 8000 THEIS &
B (FRERER) To (] 23kEV £3, T7hbb, Af=1/T) Hz] RO LNET,

HEg 7 — U =f545r #1772 5121, InverseFourier[] Mma &\ ET, #ilZIL,
x = Chop[InverseFourier[lx, FourierParameters -> {-1, -1}]]

BIAFLET (£ 7R EOHEX T, BT — ) EHROBE L RRCTR S 2 L BT ET),
7ed5. (BEML7 — U AT K o CHREREBRIC B L7 ) BESIE S = 7 7 A MRS 5121,

Export ["output.wav", Sound[SampledSoundList[x, 8000]], "WAV"]
ZEITLETS

AR 223 A BN OW TR, R—b =2 7 ST 5
(7% 2 MNEE# 7' 1 77 4 11 (Mathematica / — b7 > V)| %
TELEE,
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53 BEREMILTHES!

ZOHITIE, K511 OFF [H) OBt SN (x,) D7 7 7B LK 5.120EFF (&
OBk 7 — U =5 (B E AT NVERE) Ol (| Xg|) D77 7 &3S, BT — ) =&
BB IO T — V) oS 2> T, ZOBUL SRR ORIERCI L2472 > THREL X 96,

1 Nk g TR
"-.-?t ‘{r ’;1.-'.‘ :
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L2h P
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Fo]
10002000 348 K 00
-0.25 30T T e
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-0.75} $h s
T s
_l L a
511: &/ &) OBEBIL I 72K (z,)
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0.04 . .
' :
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] 3
0.02 : $
5 ¥
0.01 ) T

1000 2000 3000 4000 5000 6000 7000 8000

[ 5.12: H7 [d) OHET — ) = BORIHE (X))

SERE () [FA—b_X—=IIC) 7 SNTWET (77 A A4 awav), BB, ZRLDOEHFITEZFDO SO TT N,
B OB H CHRIECIM T 217729 LR LEDBHETHZ L TL L 9,
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X511 BLOME120D 7T 7I2O0WT, ROGICEE LTSN,
o BAE [Hh] 1%, BUKHEZ [0,1] (To =1 [M]) & L. 18I 8000 DY 7V > 7 %17

ol BfBb SN TH D,

o EWEMREE AfIXAf = 1/Ty = 1 [Hz] 720, %ﬁ7~)iwﬁﬁiofﬁﬁﬁ
—3999 [Hz] 7>5 4000 [Hz] ORI AT bVICE# I ND (FiZ, EOEEEEAD
B EBET D),

e Mathematica ® 7' 12 77 AT, BAVIOIRZ TR 1 TN TNWD I EICHEET D,

5.3.1 BOEMKS

(1 5.12 Ok 7 — U =25 (JAEBA T NVERE) D7 T 7B ThHDE, W D0 JEHK
BAXT MVOIUBBENTNDZ ERDLNVET, ZO1 D21 5DLUNRED LS 7eE Th 50
RCHDLZEICLEL XD, B, K512 DJEKE AT M OLOFEMZ D 7212, [X5.13
® 0 [Hz] 725 1500 [Hz] £ CTOREBEIHART MVEIER LTJAEBA T SNVEBED 7 T 7% &
FTREET,

200 400 600 800 1000 1200 1400

4 5.13: [2 5.12 0 0 [Hz] 725 1500 [Hz] £ TORPEIEA LT ML AR LTZS T 7

FP, JAEEART M OHMEIHED e KME A T (LI DWW TR TAEL & 9, Mathematica
THETH L, 797 [Hz) TRKEZ L 52 N £97, M5.140 X 512, ZOREEHA~Y
N L DRESEHME O e KAl 2 & e il (630~850 [Hz]) 28010 B v 8, Bk 7 — ):ﬁ LTZoLDE
ZEIWTHEL LY, WHORTLEI D mE TR () LEZX23T T, bbb, 2
DI (630~850 [Hz] DJEAEIA~T b)) s, BF T[] 2T 2 EEEA~7 Lo T
WHZ LR £,

TEPEOFE O LRSS 1000 [Hz] THhHZ a2 E2DH L, EFOFIFEHLVIRNFETHS Z ER3bMY £,
SIEOAWEICHIET 2RO EWBEZ YV IS Z & bEhRn T EEN,
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200 400 ‘6OO 800 1000 1200 1400

5.14: FWHAY L 630~850 [Hz] 510 Hto 7= 111

RIS, BB A2 R DB Bl & el B Il (5,15 BI). & &IZERo L
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5.15: JEARE A7 R~V 450~620 [Hz] 2810 B-> 721l
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] ) % '
H 1 S
0.01 3 43 as
- :

200 400 o600 800 1000 1200 1400

5.16: I A7 h v 300~450 [Hz] 2810 B 72 1L
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TEZMLLTAHL D!

wED, K516 DFEEWTHD & A%k B
EVIEFRTESTIETTTR, vy &b 15
LB 2D ORENLET, 2T, F
Aol o) T, TR iy —U =
T THEBLTADZEICLELEY, &
Al w510 T2, TR i
T— U BT H LR EIT DL DI £
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OB EEHN—ETHDHZ EBN LAl
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5.3.2 /4 XBE

X 5.11 DEEFESZFEIELS R THB LXK 5.18 O X 5 R HAIBI 2 BNHNL TWAE Z b n
DET, ZOXH %, ARLEL LeWiER b D%, /4 X (noise; Hi3F) EFFRETY, 77—
TERERHATHE, 2O A R EBRETHIENTELDT, JARXERELTHEL L HO

0.02

0.01

[splo]] [T 2boo

-0.01

-0.02

[ 5.18: ML OB (/4 2)

FT. ZO/ARXBEDL IR T L0 ETRDH7-DI2, BUIXE [0,0.25] (To = 0.25 [B],
Af =1/Ty =1/0.25 = 4 [Hz]) \Zx L CHES 7 — Y = ZB#HAFHHE L £, X519 O X 5 ZeflE
7 — U B OMIED 7 Z 7 23M5F H 4L, Mathematica OFHEFE LMD 60 [Hz| O EFHEL A~
7 MVEFBRREREERLTWDZERDMY T, T7hbb, 20O/ A X260 [Hz] DT
b5 b £ (K518 DWOEK LKA T HHERTEEY),

0.008 °
0.006
0.004
0.002
|an0ee®fantenes Gaefnee.cetacteneccatnanBen

10 20 30 40 50
5.19: BEFEERSr OMANR) 723 OBER 7 — U = A2 OFERME (0~200 [Hz] 2 HH¢)

*1HMHIZY 4 Hz] THDHZLITHEBLEL X 9,

O Z DDA 60 [Hz] THDHZ LMD, MBNDOY A IV T EBMBID, it MOENDLA I 7w Ho
TBRICBLIIERER P DIR A LTz ) A A Th 2D LRI SN E S, @, ARRNL 20X 5 BRI R E 7 A XL LT
BTz IEB LN ETT,

O A XFFAEFEFCHEENTVDHOT, Bz, EEHHOME 012 57510 TIER+4TT,
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ATREOMREDN D, X 5.20 DX H1Z, &F &) OB Sz 2B 7 — U =254 U 7= 8 4
AT FVOW, 60 [Hz] DFEFEEART b 0ICEESHRZTT (AOFEEKL 0T L%
BN TL7Za W), BEWX TJEEBAT M EZER T — ) =T 5L, K521 DL9
. JAROBREISNIZEF [H) OBt S - ERE L E T,

0.01
0.008
°
0.006
0.004
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) o ° )
€0g0e0°° .. ®ec
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X 5.20: 60 [Hz] DJERE ALY bz 01CEEH 2 (50~70 [Hz] & H#Fr)

FIRZAFENLI TN TWAZEIZEELEL XL D,
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6000 7000 8000

1000 2000

X 5.21: /A ADOBRESNIZER [ OBk S

Hemse b LRI AMTIE /A REBRFE L7 < THIRBANCIIZE D 0 £/ A0, RS 2B 3 LB A2 5 AT 1
PTIARERETALERDHY ET, /A AREGENTEEWD &, HEFHRICRXARBREZAEUTY ., wEIcK
EARRA LT L X ICHTBIR A S0 e Vo n 2 EAE T ET,
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TRDDRBNANTHZ EIE, A RBREL DA B0 ETR, /A XREZISH LD T,
FT. BF (b O b I ARE T — Y A L, K522 0 X512, AEKAY by
7 1500 [Hz] 725 4000 [Hz] £ CTH 0L ET, EHIZ, Tz — ) =fnT 2 LXK 5.23 D
L) Bt SN A2 S Ed, ZoLlE, tOHEF (b Ofbanzko s 77 L Ak H
HLEDLLT, REICEZHNTLHEVEDLLRNWT LR TE ET,

1000 2000 3000 4000 5000 6000 7000 8000

4 5.22: 1500 [Hz] 7>% 4000 [Hz] £ TOREBEEA XY Lz 0ICEZ#H X

1r LI o
5
SR D
0.75} Koo Py
PR A

I, Ty
~0.75] FodNh. PP
&, .o’ '\.";'
» 2N e dl'?
-1t Wi N

X 5.23: [} 5.22 Z B ~7 — VU =5 L TR DIz B E Sz il
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IO LT, JEREERICBNT, HAREDORBEEARZ M EHI-THLRICE I RFE LT
M5 - LA TEET (AMOES ZEpd - L ATEEF), & bic, MRKEROK CE S
%%ﬁ?ﬂﬁ\?%&%%i%%za%%\?@b%\%4ﬁﬂmié:&ﬁT%\?~ﬁ%%
W6 EE LT LA TEET (AOREEAS EORMEOEECThHS = & A RIBFIE. &blc
P BT B ERTEET). bbAA, B E LTHAETHIIL. 05 HioT. Mk
T TR AR LE T, B LA T EIATH, C0k 5 ARELSA LT, JPEG it
£ SNBELIESR. MP3 I12{4# S5 B HER. MPEG Io/R# SN ABIE - 175 Ei7e L
RS RTOVET, TRbIL. F—F DS L ) F— s ROb7 S B ERLEE2FIC LS
LOTF, BN ETE. ABOBREE Y 2 ETOE S0 E S B BT — 4 E
HEEIT2 > CWET,

e JPEG: U=—~7] LtHite, Joint Photographic coding Experts Group ®IEFRT, &
IEEf 70 & % FEfE - RS Y DA BB o8&, 1 ¥ —>y b LOEGRT—% (KT
BE)IZE L b bR,

e MP3: = AbE—RXV—] L&HiTe, MPeg audio layer 3 DIE T, HFFT — X DT VX VT
fatkthr (Ario@EY . MPEG Offf), 4 —7 1«4 « EHREHITHEDN LA,

e MPEG: [x=A~7 | LHite, Moving Picture coding Experts Group O T, U 7 /L
Z A L (FERFE]) CENER & 2 M - R S Y2 EEL FEBLT 58Uk, DVD - VIDEO
CD - 7V ZNT L EER ETHEDbDIL TSI,

533 RARFIUTv—

RIS, BT — ) B a o T, BHOFZLMORIC, £203. kEDFEZ BHEOFIC
BHRLTHELL Y, WbWE, RAAF = Vr—&EoTHEL LI, BHEOFOTRYM
1000 [Hz], ZPEDF DR 2000 [Hz]) Th D Z L 2B, B EERIC VT, Bk
DFEN S LNEDFE~OEBUTE I A T R L% +1000 [Hz] FATBE L. LKHEOFEN S BHED
FSOEWITE A7 bV —1000 [Hz] FATEENTHIUIZ LW L 3bon £,
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FziE, 52405510, B (o) (BHEOF) OBEBAL S =k Ol 7 — ) =25 % T
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W 7Z o7 TLE DD ATF A M@ LT, BEZHEITE L TOW T IEEWITEN
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A%, 6
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DZEYPE, 31

/N—t /3L (Parseval) DR, 48
[R5

7 — U =ifk#K, 25

7 — U =R, 26
7 — U %%, 25

7 — U T IEREHR K, 37
77— T IEAREL, 37
7 — U T IEREZE M, 59
77—V =fd457, 54
77—V = JEHa, 55

7 — U TR, 35
7 — U = 4AREL, 36
7 — U T AEA A, B8
7 — U =ifkdk, 27
B 7 — U R, 27
B 7 — U =fR¥k, 27
3, 13

Sy fiRTE, 78

P 2 FERGE, 46
~ L (Bessel) DAER, 47
W, 2, 14

iR, 43
A%, 2

Y —< 2 (Riemann) » /LX—7 (Lebesgue)
DTHE, 48

BEHOY 7 — U =254, 100

BERE A~ 7 R VR, 93

HiEH ~ — U —F457, 100
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