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CDONETI,  WEBHEMNERT TS,

Fourier $&#

INETHED Fourier IREDFEZ LzZ 2w A, BHICH 4, 5, 6 ZfANTAS Z 2, REZ
WWW IZEBEWTH 2 PDF IZZENTH 5,

B 1. a e R\ {0} 52L& %, B cosaz, sinax, e OFIH%ZRD X,
M2 f{RCHEMNT OFEHEAKETZ2E (T>0873), Vae RIZMLUTRADKDIIDZ %

fiE e Ko
T a+T
/ f(x) dx = / f(x) dx.
(L Rwighye, FEIREEEE, FEZHA > TWLETTHI2d LKW, )
f 3. =M oImMEER 2L LT, U TFoFELz R,
cosacosbh = % (cos(a + b) + cos(a — b)),
sinasinb = —% (cos(a + b) — cos(a — b)),

1
sinacosb = 5 (sin(a + b) +sin(a — b)) .

A+ B A-B A-B A+ B
sin A + sin B = 2sin + cos —5—, sin A — sin B = 2sin oS _g )

A A-B A+B . A-B
cos A + cos B = 2 cos —g cos 5 cos A — cos B = —2sin ; sin 5

M 4. ROEEDOMEZ KD & (EE: HETIBBETHS),

/cosk‘xdl‘ (k=0,1,...), /sinkmdaz (k=1,2,...), /eimdm (neZ).

—T —T —T

(b5 2 AFETZHD 2 FNY, KIS IR L TR L, ﬁ%%ﬁzfui5&%o)

5. AW 2n OERBUERIEL f, g TR LT. WM (f,9) Z (f,9) = f( )g(z) dz TED B L& (7272

L g(z) & g(z) ORBERMERT). UTOMBERIELRTH S Z Z%Tﬁ‘
(1) {ez }nEZ (2) {Coskx}k>ou{sinkx}k€N
((2) 1& coskx & sinjz, coskxr & cosjz (j # k), sinkz & sinjz (j #k) £\ 3 DONEZEIHET %, )


https://m-katsurada.sakura.ne.jp/fourier2024/fourier2024-ex.pdf

B9 6. (JERICEE) RO f %X [—, 7] T Fourier SRAUEBE & (BER 13 [—r, 7] DITHEY I
BEELC. A 27 OBIEY % 2 T Fourier SBUERIY ),
(1) fle)=z (—r<z<m). (2) flx)=2® (—r<z<n

1
(3) fla) =z (- <x<m). (4) f(x) =signz=4q 0

(5) f(z) =cos’z.  (6) f(z) = sin’z.
(b o EME LTI, HIARRERORM 1 13K Z OFEOMERD T, ZARZF ¥y LYy ITH LRV, )

B9 7. f: R— C 2EY 2r OFWIBEE TSR T3,
(1) f DMEBIEUIZ HIXKRADLD LD Z & 2Rt

_aw0,y 2
f(z) = 5 +nglan COSNT, G = 77/0 f(z)cosnz dx.
(2) f HEBIER S IEKAAD 31D T & 2R
f(z) = an sinnx, by = 727/ f(z)sinnx dx.
n=1 0

B 8. FEHl T DD Fourier BB O Z KD K,
R 9. B EBEEIRR. TREBIEEZE 25221k, UFOMICEZ X, 72720 L I3 Eofir 335,

(1) f:[0,1] » C PP RERETEL %, f(z) % COS? (n=0,1,---) BAWTEE,

(2) f:[0,L] > C oI BERE T2 &, f(2) % sm$ (n=1,2,--) ZAVTEYE, ORME
D x€[0,L] WDWTHDVDZDIZIE, fITEBMOFMNNETR S, TNERD X,

M 10. f: R — C Z A 2r OB e LT,

1 (7 1 (7
an:/ f(x)cosnxdx (n=0,1,...), bn:/ f(x)sinnxdx (n=1,2,...),
) T -

Cn = % /_7; f(x)e ™ dx  (n€Z)

rBLLE cp=1{ ay)2 (n=0) DPWHIIOZ L&D &,

(an - 'Lbn)/2 (Tl > O)
(an +ib_n)/2 (n<0)

11, f: R CAREY T (T >0) ORYEKET 2L, a,, b, BEDESITEDB L

o0
a 2nmx . 2nmx
f(z) = Eo—i- E (ancos T + by, sin T >
n=1
DEAFCTE 51 ?

(b¥ b f ZEIR {p} T =) copn LEMTILE, ¢ = (g’?)')




NIROER

WDV TN S 20, HRZR DL TOMEZRNTA S Z, REhRWE A4 TOMERIThE,
o TADLHHE, LU ONIEES, 7474 7ZHLRBVERITIBN, EWS X4 TOMESH 5D
T, Do EBEXTHDPORINI, BEZTHATHEDRY (ENTTIATATE2HIS, EWVWIEZTZL
£9) FEAEDPADFREICEDRERT 2MERDT, K I Z2TUIMEII LT WVEE S,

BEBWZOWTD LITEE: 2=z +iy (z,y e R) WL T, z2=12—1iy, 2| = 2z = /22 + y2

K=R ZHEIK=C 23%, X BPEKK EOXRZ MLEMTHH, X DEED 2 7T x, y LT,
(z,y) e K EF o TWTL T (i), (ii), (iil) Z2WMAFTL E, (2,9) % 2 £ y ORBLHE, 54 ()
DZrd X LORBEL VI, /oo X &AM () Ol (X, () ZRBEEME WV,

() ZELZESR-T, B X HEEAFEZERE WS 22 120,

(i) (Vr € X) (z,2) > 0. FEDPHLT2DIEz=0Dr %, ZDOr Z1TR32,
(i) (Vo,y € X) (y,2) = (z,y).
(iil) (Vz1, 29,y € X) (Ve1, 2 € K) (c121 + c2w2,y) = c1(x1,y) + c2(22, ).

(i), (ii), (iii) ZPBEORIL IR, #II5 L5 12LTHL L,
B 12. KO (1), (2) 2HeHD & (WHOAHEZ T 2 v DD 2),

(1) z = (zj),y = (y;) ER* ML T, (z,y):= ijyj eBle, () IEF R LONETH 5,

j=1

(2) == (z;),y = () €C" KHLT, (z,9) =) ;75 £BLYL () X C" LoNFTH 3,

j=1

M 13. R THEfE T, EM 2 . HIEHMEOFEBEROESEY X 55, BEBOMPEBHSEBR
WEFRLT, X X C EORZ MVEMIZKRS (ZAUFFFHLZ LS TRW), X512 f,ge X KL T

(f,9):= [ f(2)g(x)dx
YEDDE, () X FONETH B Ik ERYE,
XD 2ME C LOWNBIZENTH 5572000 TH2 (55 bNEDSEM (i), (iii) 2 5).
M 14. C EOPNEZER X TlE. TED f,91,90 € X, M, do € C IR LT, KDY ILDZ & &RA,

(fs Ag1 + Xog2) = M1 (f,91) + A2 (f. 92) -

fd 15. C LoANREZE/H X T £ED f,ge X LT

(f+g.f+9)=(f,f)+2Re(f,9)+ (9,9)

MDD Z e ZmE, (Re(f,g) & I (f,9) DFEHE VI EKRTH %, )
(E: R LoNBEZEMOGER. (f+9,.f+9)=(f, f)+2(f,9)+ (g,9) 2o REALANTLN S, )

16137 4 7 4 7—FTHEL < AW (BATEVODEL Th, MEE—ERIUSHE BNETS ),

Ha,y) EWVWIEEIE. ¢ &y ODIEENZRTHADPZ VS, 22 TR 2 & y OREERTEZDICHVTWS, iEOHWEL
o ThH, NEERTZDIC (z,y) EWVIRBEF>TVEIABZN, SOEBBMFEOBEMETIE. RZ ML T, 7§ ONEIE T 7
DESITEY b+ - BlioTRTONEBERDOH, R, EBEEZH-Ty 2z ERTILBZ,

2 () =0 =0 2V I EEIKT 3,



M 16. [EEDONFEZEM X 12DV T,
(t) Vf.9€X) (Lol <(£,/)(9.9) (F5 & f, g 231 XIER)
B DD (2 OFERE Schwarz OFRERLIER), &2 TIRAHOED, R FONMEEREEZ 3
29 %, EEDOER 1T LT, WEORE (i) &b
(tf +g,tf +g) > 0.

Fill% t IZOWTD 2 XA AT, (f) 28T, (FE: 2 ROBED 0005 LOLVRWOTHEIZ, )
S 17. C _EONBEZEROBEIC Schwarz OFREREAAE &, (TRHPBET, DLELWV, )
RS 18. WHRIZERIDSLME (1) o2b DI

(i) EED fe X ITRLT (f,f) >0.

W DILOD, (f,f)=0THoTd f=0 LIFROBRVEENE X EHNDE, £ZDL X Schwarz DAF
UL D 2D D

M 19. X ' C FONEZEBTH 3 & %=,

Il = (. ) (f €X)

B, MTFo (a), (b), (c) DD IO & %2HED»D X0
(a) fFEEED fe X ITHLT ||f]| > 0. HEEMRHILT 2701213 f =0 BDBEFSTH 3,
(b) D fe X, A e CITHUTIAf| = Al If[l. (c) EED f,g € X ITHLT|f+gll <IfII + gl

E (), (b), (c) ZWTEE || oz %, X EOJILLLIER, X7 MLVZER X A, /LA ||| 21X
TV E, X Z/)LLAZTERME MR, EEDONEZEMIE L LAZEBIZR o TWE DI TH S,
f 20. X ZINFEZERI T3 &, [TED f,ge X ITRLT

1+ gl + 05 = gl” =2 (1717 + llgl*)

DD LD Z e, (T THHESIEHRREIREBEREZY, KPICHERS 2 e G487 [y 720Hig
EM ) 12785, B THZEH) ORETO#HE LD, )

EXM BT
RONZELH & HEEDERZ L TH L,
RATEREND 6, % Kronecker DT ILAR L FER,

P 1 (n=mDk %)
L0 (n#Em D E).

WAREZEM X D 27T o, y DERT D LIE, (2,y) =0 BEDILDZE VI,

Z DBFETIE, WHEZEHE X NDH {pnneny DERFRTH S LIE. RO (i), (ii) DD IO & L EET b,
(i) (Yn,m e N) n#m = (¢n,pm) =0. (ii) (Vn € N) (¢n, pn) # 0.

WFEZEE X NDF {ontneny DIERERRTH 2 21X, RPEDIIDOI L L ERT B3,

(Vn,m € N)  (on, ©m) = dnm.-

S BXAR. FHEXRRYOSEZ, RTEOHHA N T, GRES {1,2,--- N} R ZBZEDBEEZ HAVE, 2505
BECEREZCIBETIUERVOIIHELLTL & 5,



R 21. X ZNBEZEMT,. ar,--- a0, € X DEWVWICERT 2 L &,
a1 4 a2 + - + an|® = ar|* + llal* + - - - + [lan]®
MDD Z TR (BSOS ZOEEBO—ML).
R 22. D Z & EHERYE &
(1) ERERRIEZRTH S, (2) BLRRIZ 1M TH 5,

SENIHWR WS, BERETHEARL T L 22y FOERLETITAZ-LTEL LRV,
B 23. 794223y bOBERE (HIZy 23y hOERLIEE HIER) ZHHE X,

BEXZR%Z “ER THUIERERRICR S, ThE#EIPDOTEI S,
M 24. X ZNEZRE. {onlneny 2 X DEZRET D L&,

1
H‘Pn

TED {Yn}peny & X DIEHIEIRRTH 5 Z & Z2EPD &,
R REATER ST, AR BOHEMEL THL W,

R 25. X IZNREZERE, VI3 X OBRBIES%ER, fe X, heV 8T 3, COLEXRD (i), (i) ERAMTH
3k R,

(i) VveV) (f—h,v)=0.
(i) [If = hll = inf |1£ = gll.
(h%Z fOV NOBERHE LR, )

8 26. (Bessel O RERDFEH) X ZHNBEZEH. {0} # X OFEBERRL T2 &, FED fe X 1T
B UTREDED LD Z & 2t

N
SN en)l < A1
j=1

(ZHD5 {@n}nen PERERRTH 25E12, Bessel DFER D |(f,00)° < > DD LD, )

f 27. WEEZERI D Bessel DAEFERZ HWT, ROAFERZRE (72721 ay, by 1352 Fourier fREE T 5),

‘ao|2 - 2 2 L[ 2
Ll < = .
. +—2§; (lanl? + 0uf?) < = | 17 do

1 1 1
~ - = T N N 7
(> b: Nors = cosna, ﬁsmnx (n= ) DIEHERRTH S Z e 2Hvd, EFAEFEXTRL,
FEAXDILD LD (Parseval DFEFER),

BEFEEXT 471 TR XS LREBPHTATZNED T, —D2L 5L,
f 28. BAEL f(z) = |z| (Jz| < 7) @ Fourier &K

m 4 (cosx L cos 3x n cos dx n
2 T 12 32 52
"6%07}:0

1 1 1
(1) 2 =0 TOEZEZL T, S*:§+?+?

Ok
oo A,

4+ DEZRD X, (FER: S

=



(2) Parseval D

o0

L[ |a0\ 2 2
=@ s #3 (jal” + )
11 1 , . m
ERCT, Q=+ tort+ - OEERDE (#H: Qy = o5)
— 1 S ) 3
Rik: S= Z — :Z(Qn)z (L. Sp=7,8=5;+55 THOPO. Sy =15,
n=1

Fourier f{#DINR, W53 & DR

B8 29. B {wn}nen, {yntaen RUTL Y leal®, D lyal® UCRT 272 51E RASMD LD Z & 2kt
n=1

[o.¢] oo
< J Z xn2J Z ‘yn|2
n=1 n=1

(N HETONIZOWTIZY 2 @A ? ) TH o 72133, BIBMREZIN2HAZZBAL T 271, )

1

f 30. HREI {zn}neny DI B, HMED “RMDIERT 2 b D 2MEZ 2 5L

zn € C (n € N), Z|xn| <oo}

213, CNICHRICNME 2D 5 — G2 ER LR VEBOEHD R MVEBTH 2, £ (2 OEE[FETL
ONEERXTED S L &, 213 C LONEERTH 2 (NEORNEEZHT-T) 2 & Z2RE,

0 {{xn}nEN

({xn}neN bl {yn nEN Z xnyn

1 (xe€(0,n)),
M 31. Al 2r OB g 2. g(z)=¢ 0 (2 =0,%7), TED%,

-1 (z € (-m0))
(1) g DFEFERZERD Ko (2) g DAFAEHEA 2 WL T gz —0), g(z+0) ZRKD X, ) fEED 2RI
LT, g D Fourier . g(x) IKINKT 2 Z & 2R,

R 32. f: R CH» C' &, A 2r OO L =,

1 [ 1 [
A, =— f'(z)cosnzx dz, B, = — f'(z) sinnz dz
— ™ J—x

EBLL (BT 5T ff @ Fourier f#%X)

1 1
Ag=0, ap=—-—B,, by=-A4, (n € N)
n n

TH»HIZxmt, 72720 ap, by, 1& f @ Fourier {38 3 %, 83 Fourier fREBUZDOWTIZE 5 12 5 D,



f 33. (Weierstrass ® M-test Z 15 T\ & A[AF) EREI {an}n>0, {bn}nen LT, Z (|lan| + [bn])

n=1

DIRS 575 613,
f(z) = % + Z (an cosnx + by sinnz) (r € R)

n=1

LBELLE, DRI LAMD 102 L B,
(1) f HSRRTS 5,
(2) (EHEEDEGRIE o 1k LT,

(f, o) = %(1, ©) + Z {an(cosnz, o) + by(sinnz,p)} (WD BIHFIFED).

n=1

42D (,) I FVTHHEBONETT, )

Bl 34. XD 3 DD D Fourier iz KD, a2 —X—2HWTHEHRHMD 7 Z 7 24T (AIHE S H
. WO L TR 6 HDTRDC) f, g, h DEARIZOVWTRDOW Z LB HIUIFHAE Ko h ITDOWVWT
&, Dirac D7 VXK Z R Hl> TWa N2 REE Ko

f@) =lz| (z€[-m7]), (f &M 2m),
1 (x € (0,m)),
glx)=<2 0 (x=0,%mn), (g ZJEHA 27),
-1 (z € (-m0))
h(z)=2 Y (=1)"6(x —nw) (51 Dirac D71 X BE).
Fourier Z#:DEK

TR ZRRE. BB D Fourier Z#2KD K. L WORBEIED D HE 20 (HEk
W) FRE DI, A RAREDEIIIGCTHNTEETEZ X531 > TELDBRY,
fl 35. (1) Fourier 224, 4% Fourier ZHDER K2 EF.  (2) Fourier 24D KE/NH & 132>, Fourier
WEL DG E W AR ATITHE 5 2 X2 FH T,

f 36. #EDRWRE (BIRDMI ATRENE. TR BT DI, o7 & T DI AR, BRI 72 E)
ZBWT, UNoMEZ R,

(1) Flfi+ fol = F L + F fo, FINF]=AFf.
(2) Ff(&) =F (=€), F f(z) = F f(—x).
1
=7t ()

(4) acR ETBEE F[f(x—a)(€) =e T f(E).
F [f(x)e*] (&) = F (& - a).

6) Z[f'(x)] (&) = (i) F f(§).
d
dg

B) a#0 92L& F|[f(ax)] (&)

F[(&) = —iF [xf(x)] (£)-



B 37. (1) / e 34y DY, ¢ O Fourier ZHE KD k.

1
— (Jz| < 3) ., sin(3xz)
(iii) f(x) = 6 (iv) ——=
.732 + 9 0 (‘J}| > 3) 33:
(MUEE, —BBRIEORNRZRETE R TH, TR AT, FREBRTZUCYTIIDTHEL TH., &
iz, HOTREZEHTEZ X5 HR->TEL I, 2) BHHET S, ZAUETEHL < RWiET,

Ff(&)=F f(=¢) BE-oTRW, )

(2) Fourier Z#2% R ko (i) el (i)

f 38. —RICBEEL f @ Fourler Tk Ff eRTL&E Fif = F[(Ff), Ff = F[F[F[Zf]] S0
5 BRI, 7R B R HRICE R

M 39. BMREAEXOVIEMEZ Lo, ) u: R x [0,00) > RIHLT, 4 %

(g, t) edr ((£,t) € R x (0,00))

0=z [t
TEDD (2 1DV TDHA Fourier Z#i% L72d D),
(1) u BRI HERE =T L 2, 0 2T RN ERD &,

U () = Uge(x,t)  ((z,1) € R x (0,00)).
(2) u 2 u(z,0) = f(z) (v € R) Zifile T E, 0(&,0) & f EHOWTRY,
(3) @ ZRDE (FHZHNTICEES),
(4) u &K & (Fourier Z#2, H:& Fourier Z#Z o THRWVWI 2IZT3),

BEEY Fourier ¥z
B 40. N € N ISH LT, wi= 2/ L5 v &, LIFO (1), (2) KD o2 & 2t

() meN,1<m<N-1%ZBFw"#1. ¥z wV =1
N-1
; N (m=0 (mod N))
2 mi —
) 2 e {0 (2L

] 41. N e N2 LT,

w00 w01 . w0 (N=1)
w10 w11 o WL (N-1)
wi=eX™/N W= 1 w20 w2t w2 (V=1 , U:=VvNW
W (N=1)0  —(N-1)1 - (N=1)-(N-1)

EBLE. U BHMHZRLI=2VTHITHZ Z e 2mt, £/ WL O 2RD X,
(TP DITHES, FIESZ 0 POoBMABIITTHE. W D (n,j) HHRIZ Nw‘”j TH2, )



f 42. f: R — C3dH 2r OB TH 2 &, N e NITHL T,
h = Z—F, w = et = 2m/N xj:=jh, f;j=f(z;) (Je€Z)

YBEL, neZ ITHRLT

1 27 »
Cn 1= 5o ; flx)e dx
% Flz) = % F(a)e=ine 1ZBAF 3 BRI
1 e 1
§F(l‘0) + ; F(xj)+ §F(33N) h
Ty s &

1 N-—1 '
N 2 e
=0
T

B 43. FE T OB f DGR Fourier R TERTEZ 5., 2% D {c,})m_,, € C*"H 3B 5T

n=—m

v35, ZOLE, HB NeNDFEL., N HEMH Fourier 24 {C,} ) 1%
Ch=c, (0<n<m), Cn_pn=cp, (1<n<m), Cp,=0 (m<n<N-—m)
Zii/z 3 Z & 2mE, (DF DA Fourier fEUTH LTI, & & DBABDPERICHATE S, )

fl44. T>0, /R > C AT OWBL2HRME, NeN T332 & wi=e2/N hi= — z;:=jh

=21

N-1
(€D, f; = flz;) (j € Z), EBITUE Cp = % Y fw ™ (nez) B,
§=0

(1) {Cn} ey B N ORMBIITH 3 Z & Emt,
(2) Co= Y e DD LR,
m=n (mod N)

M
(3) BB M & N >2M 2T T2, f()= Y e T DL E, ¢, & Cp BAVTHRY (#T
n=—M

HNL7R2EL LT TRW),

EHEIEFR Fourier 2

FEEDEEA 2 BRI Z v . REARLS SWEIHXZTBZ 5,



Fl:ﬂ 45. f:Z—>(C7b§

o0

> 1f(n)] < oo

R VA R =3 .
flw):= Z fn)e™™  (w€eR)

n=—oo

DUNE L., w IZOWTE 2r O 23 Z e B, X HICRADAD IO Z L Z2RE,

fn)= % /_7r f(w)emwdw (neZ).

10



BHIAH

M 46. R FERSINLBEABDEAAA fxg(z) = /OO flx —y)g(y) dy (z € R) IZDOWT, WY RIREZ B
WT(H2WVFEDDOPCRDOFEH R EEZ e D HZTMEL T), LIFOLRZ =™,

(D) (it fo)xg=(fixg) + (faxg) A\f)xg=Af*9).
(2) frg=g*f. ) (fxg)xh=Ffx(gxh). (4)(fxg) =/fxg

Ml 47. ROBHEE F(f xg) ZAA B LT, FfFg DEBIETH 2 Z & Rt
(1) f:R—=C,g:R— C T, BiAAL, Fourier 212 XA TED %5

1 e -
frata) = [ s =gty <mMﬂmam[ﬂwwxmm
(2) f[:R—=C, g: R— C 2R 2r ORFEIHBEET, BiAA L., Fourier B2 XA TED 255
1 i .
fxg(z / flx—1y) (x € R), ff(n):%/_ f(z)e™"*dx (n € Z).

(3) f:Z—C, g: Z— CHEM N ORFESIT, BiAA L. Fourier %2 XA TED 556

N—

[y

N—
fn—Fk)gk) (neZ), Ff(n)= % FGlw™ (nez), w=e2miIN,

k=0 j=0

—_

(4) f:Z—C, g: Z — C 2EHIT, BiAA L. Fourier £#12RXTED 53

fxgln Z f(n—k) (neZ), Ff( Z f(n)e™™ (w e R).

k=—00 n=—00

R 48. #GEEK v: R > R 52X bh/-b &,

2U 2U
(1) Tty =T 8wt) (a0) € B x (0,00))
(2) u(x,0) =0, %(m, 0)=v¢(z) (xe€R)

7S u 2RO (KENT RO WIHIERE).

(1) u D o BT Fourier ZH8 (¢, 1) J;/mumﬁaﬂﬁm®ﬁt?WQﬁ%ﬁ®@%@ﬁ%%§
T J—0c0
% TR,

(2) 4 %Z¥ Fourier #5222k oT, u KD X, (ZOMEDORORRIFHEHTHD (#HFE/ — MIx
T+t
G1LIZEVWTEBWE), ZHUTL B L u(x,t) :% P(y) dy 7%, MEDIDIZHWS LRV, )

r—t

11



BRE
FEALIHEE — NMIEWTH20N0Y, b—E XM THIEE LTI ZICHER.

BE 1. a#0r23%, (a=00Dk 2TEHEBZOT, FAMHEREEZRVWITBREV, ) 250 T,
EORNOEM (2N EEARMEEAL DT 3) 2525 bDEOT, ij' BRI 5.

f(x) = cosazx, sinazx, e DWVWIThD f (ac—i— 2074T> = f(z) ZHi7z 35 %T DR o TH RV, Hil
B TS T - 22 5. W

|

BRE 3. cos DNEEM

cos(a +b) = cosacosb —sinasinb

ol
cos(a — b) = cosacosb + sinasin b.
N Wi LY
cos(a +b) + cos(a — b) = 2cosacosb,
cos(a — b) — cos(a + b) = —2sinasinb.
lop

1
cosacosbh = 5 (cos(a +b) + cos(a — b)),

1
sinasinb = —3 (cos(a+b) —cos(a — b)) .

[FIRRIC sin DANEE R

sin(a + b) = sinacosb + cosasinb

Rl
sin(a — b) = sina cosb — cos a sin b.
In5
sin(a + b) + sin(a — b) = 2sinacosb,
sin(a + b) — sin(a — b) = 2cos asin b.
Wz

1
sinacosb = 5 (sin(a + b) +sin(a — b)),

1
cosasinb = 3 (sin(a + b) —sin(a — b)) .

EEOEK A, B RGNt %

a+b=A4, a-b=B8B

A+ B b_A—B
2 72

sinA+sinB:2sinA;BcosA;B,

sin A —sin B = 2COSA—;BSiDA;B,

A+ B A-B
cos A + cos B = 2 cos ; cos 5

cosA —cosB = —QSinA;BsinA;B.l

2723 a, b IZ—EBIIFEL T, a= W ZIT

12



RE 4. k=0DY2 % (cos0=1,sin0=0,e"=1TH2H05)

/ cos kx da::/ cos Ox dx:/ cos () dx:/ dx = 27,
/ sin kx da::/ sin Oz dx:/ SiIlOdl‘:/ 0dx =0,
/ ekxd:ﬂ:/ eoxdx:/ €Odl‘:/ dx = 2.

/ coskx dx = [smkkm] =0.

(sinkm =0, sin(—km) =0 THEI2HEFE->THRWVL, sinkz I (ﬁ&zlxﬂﬁ,ﬁ ] "B, ) JEEA 27 DJE
B TH 200 E>oTHRY, )

/ sinkz dx = — [coskk;x] =0.

(coskm = (=1)F, cos (—km) = (~1)F = (=) THE2H1BHELZ->THRWVL, coskr X (ﬁzli}‘]ﬁ,ﬁ \k| Td
2005) B 2r OB TH 205 5> THRV, )

T ikx ™
kx €
dr = =0.

(7 = (—1)F, b — (—1)* THBHE L FoTHEVL, b 13 (HARAY 2T TH555) M 2r 0

k|
JEHBIETH 206t FEoTHREY, )
LB, BHE LU T 7223, sin, cos X 1 EHORICILE BRI CETHSDT, BT 5L 0125 DIE,
WDREITIEH 2, =

Ay

k40 Dy %

BE kAR T22%E, sinkr =0, coskr = (—1)F, ™ = (—1)F.
BE 6. f:R— CHHEM2r ORMBET, XoMic C fThiud,

1 (7 1 /7
ag = — f(x)coskx de, b= — f(z)sin kx dx

T ) T )

rBLleE, f OEEDOHER M ¢ T

—?O—i-z (ay cos kx + by, sin kx)
k=1
DD LD WS EHPERTH 5,
2( l)kfl
(1) P ZiET2L ap,=0,bp = ——— R 5DT,
B > 2(—=1)k 1 . (sinz  sin2r  sin3z  sindx
x—ZTsmkx—Q T~ 3 + CRR +-- (x € (—m,m)).

k=1

fiR—=C %, (—m,7) T f =&, f(x)=0, BIIEAH 27 TH LML T2, f(r) DEELD LS
IEDTEH, KOHNC CL T fid 2m — D)7 (m € Z) TREHE, 2l S CidEic ik 3,

13



(2) ag = 3 k—T,kaO(kJEN) &7 5DT,
s TP = 4(—1)F w2 cosx  cos2x  cos3x
x —3+; 12 coskx:§—4 ER? + a2 (x € [-m,7]).

iR C %, [-m,a] T f &=L, JAY 2r THEERE T 5, fIFHEKETEIHNC C H|TH B

5. Wbt ZAINEKT 5,

2 (=14 (-1)¥)
k2m

(3) ag =T, ap = ,kaO(kEN) ERBDT,

2 (=14 (—1)* -
ng_i_z ( +( )))cosk::z;_— 720082/{ 1)z

. 4 (cosx cosdx cosbx
=3 s\ Tt ) el

fiR=C %, [-m,n] T f =KL, AH 2r THEEE T2, [fIZHEKETKOHNC C |TH 22
5. W3 Y ZAIUKT %,

2 (14 (—1)F1)
km

_ 2 2 (1+ (—=1)F 1) | > 4 .
sign r = — Z ( o ) sin kx = Z k= 1)r sin(2k — 1)z
k=0 k=1

4 (sinx sin3x sinbz
T

Tt 3 T +> (x € (—m,m)).
fiR—=C &, (—m,m) T f =L, f(r) =0, BRFAM 2n THEEML T3, f(r) OMELD LS
TEDTH, KHMN C KT, 13 mr (m € Z) TR, 20 STIERICR 5. f(0+0) =1,

f@—@——lf%%#B\ﬂo+m;fw O _ 0= F(0) THBME. 0 THIBELT J(0) 125 L,

(4) ar =0, by = — Y7 5DT,

@)%:1¢m:%¢%:owepak¢me:oweN)f@5@a

1 1
cosz =4 ~cos2z (x € [-m, 7).

2 2
ZHUIREADRR cos2z =2cos’ s — 1 2 SHEIND cos’r = % PobiEoN5E,
3 1
(6) ax =0, b1 =5, by = —, b =0 (k€ N, k #1,3) THIME,
.3 3 . 1.
sinz = —sinz — —sin3z  (z € (—m,m)).
4 4
AU 3EADNI sin3x = 3sinx —4sin® 2z 2 HE»PN B sindx = w PHHEHN5, B
MRE 7.
1 (7 1 )
an = — f(x)cosnx dx, b, =— f(z)sinnx dx
L " -
LBl
_ % -
f(z) = 5 —i—;(ancosnx—i—bnsmnx).

14



(1) f MEBEBETHIUI. f(z)cosnz FMEREEL f(z)sinnz IZHEETH 2 DT,

1 s
b = — f(x)sinnx de =0 (n€N),

T )

1 [" 2 ["
an:2-/ f(x)cosnxdx:/ f(xz)cosnxz dx (n=0,1,2,---).
™ Jo ™ Jo

(2) f EBEBTHIUI. f(z)cosne ZERAEL f(z)sinnz IZMEBREETH 2 DT,

1 ™
an = — f(x)cosnzdr =0 (n=0,1,2,---),
™ J -z
1 [T _ 2 [T .
=2 [ g@simne o= 2 [ g@)simnade =12,
™ Jo ™ Jo

RE 8. FIMBOREEHZ S5, cos, sin TRITHED

(3a) f(z) = ao + Z (an cos nzzrx + by, sin njzrx) (r € R),

T/2 /2
an / ) cos 2n7rx dr (n=0,1,---), b, = 2/ f(x)sin 2nmz dx
T/2 T J 1) T
BRIEBER TR THAD
> 2n7rt 1 T/2 2n7rt
4 T) = cpe’ T z € R), cn:/ T dr (n € 7).
(4) f(z) nz_:oo ( ) T 7T/2f( Je” ( )

(6a), (6b) DB f: R C AR T TH2 L x,

F(X):=f (;X> (X €R)

YELE F:RSCTHYH, FIIEE 2r TH 5, FHEIE.

F(X+27r):f<2j;r(X+27r)> :f(ix+§r-2w> :f<27;rX+T> :f(%X>

W ZAZJEEA 2 DBARUTT S % Fourier fREX D EHD &

Anzl/ F(X)cosnX dX, anl/ F(X)sinnX dX
T _x L -
tBltE
F(X)= AO+Z ApcosnX + By sinnX).
n=1
lop

_A > o o
O—i—Z(A cosn?x—i—B smn?x

Ao > A 2nmx B 2nmx
—I-Z n COS T + B,, cos T .

15



BRENCOVWTIE, ZEEM 2= LX ITX 5T, dX = Zdz THE0H

1 (" 1 (" (T 1 (12 2r \ 27
A, = / F(X)cosnX dX = W/wf (27rX> cosnX dX = 7T/ f(x) cos <nTx> -?dx

—T/2
T/2 2
2 / nwx d.
T/2

B, IZOWTHFEBEICLT

T/2
— / sm xdx.l
T/2
(7) DIABFEKTH B (BIELET),
KB, cos I oin 207E % T OEAMERELT, FEERTREELILHTES, 0

&9 (1)%¥3 f:[-LL]>C*%

c (@) @ep.r)
i) {f(—aa) (v € [-L,0)

TEDZ L. SAUSEHA DX SN bR EERCH . (L) = f(—L) #ili=T (£ 12 f(L) WHL
W) M 2L ORI fi R — C ¥ UTHRIET 3 L. s K AICHE & 2/ I 21 ORI 5

2 2
Bo WAIT cos T — o5 T gin 20T Sin@ % F\WT Fourier B TZ 2 (MET T T = 2L
DHFE)o

2L L’ 2L

—i—Z (ancos—+b sm?) (z € R),

2 L R 1 [f o~
anp = — (x)cosmd:c:/ f(x)coswd;v,
LJ_; L

oL |,
2 (L. 1 L
anQL/_Lf(a:)Sinnzx dx:L/_Lf(fL’)sinanE dz.

ZZT[-L LT f=fThsIriHWVr, fIZMEBEKTHD. [0,L] T f XHELVODT
2 (Lo nwT 2 [E nmwT
:L/o f(:U)cosT d:L‘:L/O f(:c)cosde, b, = 0.

:C;O—i—;ancosnzx (z €10,L1]), an =7 ; f(:c)cosTdac.

M EH5

(2) £9 f: [-L, L] > C %

T =\ Zrca) (@el-L.o)

TED B, EHETHELDIE f(0) =0 THEILPRETNTHS, LT f(0) =0 LET 3. T2

Y [ RESHNCHE S P RAREBTH Y. f(L) = —f(—L) iz (£ H1T f(L) THELW), f(L) = f(-L)

B ILOTDIIE, f(L) =0 THZ I HREFNTH 2, UTF (L) =0 LRET 3, f ZES 2L

DJEHBEE f: R — C ¥ LTHBET 2 & kA OX 0MNCHE &2 28 W 2L OFHBEKTH 2, W2
2nmx nrr . 2nmx . nmx

= —_ = - N — FELA
5p = Cos s sin— o =sin— % FWWT Fourier #EUETZ 2 (M7 T T =2L OHAE).

. a e nmx . nmx

f(x)—z—i—nz:l(ancosL +bnsm—L> (x € R),
2 Lo nmwT

an—M/_Lf( cos—d:n— / flx Cos—dm

L ~
bn:;L/Lf(iU)SlnL d$:L/Lf(I)SlnL dz.
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ZZT[-L LT f=fThsIriWVr, fIZFBEKTHD, [0,L] T f ZHELVWOT

2 (b~
an =0, bn:L/ f(zx) sin@d /f sm—d:v
0

Zb sm— (x €10,L]), /f sm—d

f0)= f(L)=0 Miﬁw: (_OM\%I?E@\ r=0,L CTEAPKDISDZELLH5D05), B

B Ere

BZE 10. n>0 DL %, neN, e = cos(—nx) + isin(—nz) = cosnx —isinnr TH 205,

1 [7 . 1 /7 .
Cn = o g f(z)e ™ dx = > f(z) (cosnx — isinnz) dx

—Tr

1/1 (™ 1 [7
= ( f(x)cosnx de —i- — f(x)sinnx d:ﬂ)
—7 ™ J %
(an — iby) .

n=00DrxE, e =¢0=1=cosnz THBED»b.

1 11 1
f( e " dy = - = f(m)cosOxdxziao.

Cn% 2 7

n<0DEE, —neN, e ™ =cos(—nz)+isin(—nx) THZH5

Cn / f —ma: dx

=3 ( _f(@)cos(-na) do +i- 1/77 f(x) sin(—nz) dw)

us O -
1

= 5 (a_n + ’I/b_n) i |

B 11, (BB 1) AR (o) T F = copn LEMTZLE o = (g"f;)) P S R O TR
T3, !

on(z) = cos 2L (n=0,1,--), Yp(z) =sin 2% (n=0,1,---) (RnEN) LB L X {entnso U{¥n}nen
WXERXRRTHD, n£0 DL X

o or) = /T/2 o’ 2n7racd$ _ /T/2 1+ cos(dnmz/T) dr — T
’ —T/2 —T/2 2 2’
o= [y [ o),
e T2 T T2 2 2
TH205H y
(f,n) 2 /T 2 2nmwr
ap = ———— = — T) cos dz,
(‘pm‘;pn) T -T/2 f( )
(frvn) _ 2 /m _2nmx
b, = = — x) sin dzx.
(wnawn) T -T/2 f( ) T
—%
T/2
(¢0,0) = / lde =T
—T/2
THHH0H

@_ (fﬂp()) _l T/
2 (0, %0) T /—T/2 fl@) de.
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Tibb

T/2
7!

FeHBHE
T/2
/ coszmmdw (n=0,1,2,--),
T/2
T/2
/ Y (n=1,2,3,---).
T/2

(FE2) fORMT THRZ b,

p = 1/7r F(¢)cosné d&, by, = i/ﬂ F(&)sinng d¢

LBl
F¢) = % + Z (an, cosn€ + by, sinnf) .
n=1

27 . 2nmx
f(x)—F( ) +Z<ancos +b sin — )
E=Zx TH2HIO, E=—mnDLE 2=-T/2, T2 TH2Hh5
1/T/2 (271' > ( 2w ) /T/2 2nmx
ap = — Fl—x]|cos|{n—z ) — — ) cos —— dx,
T J_T/2 T T T/2
1 (T2 ron or \ 2« TV?
b, = / F (w) sin (n ) — / sm dx.l
T J_1/2 T T T T/2
RE 12. (MEfEH)
R 13. (i), (iii) XU 21T, (1) 2XBHALRIDIEHEL VDT, FVTEL,

(i) DFEFFR feX 32, FED 2 1ITHLT|f(2)> >0 TH2h5,

™

(.= [ 1@ = [ 15@)? dz =0,

—T

F=02%FD (Vo eR) DL E f(z)=0THIUL (f,f)=0TH%B, M (f,f) =0t FT5L,

[ e

|f(2))? W ERERTH 205, (Vo e [ 7)) [f@)? =0 (B LESTRWET 2L, By € [-7,7))
If ()2 # 0. |f(zo)]* >0 THBH, |f|* DuEkitER S, @+ DIEL T |f(2))? > |f(xo)?/2>0. T3

z/w F@)Pde>0 LROFETS). WA f(@) =0 (x € [—m 7). fIZFEH 2 OBEIERS f(z) =
(¢ €R). $7bb =0 m
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(f; 191 + A2g2) = (Argr + Aaga, f) = A (f1,9) + X2 (f2,9) = A1 (91, f) + A2 (92, f)
=X\ (f,01) + A2 (f,g2) M

RE 15. FEOEZE 2 1T LT, 2+2Z=2Rez D VDI LICIEET B &,

(f+a.f+9)=f+9)+@f+9=FN+F9)+ 9.0+ (9.9 =+ .9+ (f9) +(9.9)
= (f,f) +2Re(f,9) + (g9,9) M

FRE 16. (tf +g,tf +g) ZNEDONHE (i), (iil) Z2H->TEE T2 &
2(f, ) +2t(f,9) + (9,9) >0 (teR).
—WZ (f,f)>0THDZH. (f,f) >0 (f,f) =0 2THEDFT %,

(a) (f,f) >0 DA 2RKEBOFFEA 0 U EL WS Zeh s HHIEK < 0. w212 (2(f,9)2—4(f, f)(g,9) < 0.
BT DL (f, ) < (f,)g,g9). ®ZIZ (1) DAFEXDRLD LD,

(b) (f,f)=0DHE. (Vt eR) 2t(f,9)+(9,9) >0 £V (f,9) =0 THRIFUIZSRW ((f,9) #0 2olX
FEPE»PND), WZIT () OAFROmAE b 0 T, FERIIKILT 5,
HEE ORI ZEE R 5,
fegP1IXEEDL =, FEEMH DI L IIHHICH DD TEHET %,
fegMIZIor 2id, LofEmzr oz s, (f,9)° < (f,f)g,g9) 2Erh s, (EE T
BOtcRIIWNLTtf+g#0THBDT, (tf +g,tf +g) >0 THDH, 2 KEMOFEDIETH 205,
HARIZETH 5, ) WRIZ (1) THEEMNRDILORHIIE, [ & g3 1 TMITIEIRN, =

(DLEEXHEEZC) fF L gDB1IRIEEDEE, (StcR) f=1tg £/21F (Is €R) g = sf. HIHFEDEHA.
(1) DAREROWIIZE I 2 (g,9)°. BEDOHE. (1) OFREROMWIIE H12 2 (f, f)2. WZIT (1) OF
FEXTEEIHLT %,

FEgPIIHIDEE (ZDOLE fA0THDILIWER), (Vi€ C)tf+g#0. KT, (f,9) =|(f,9)| €
B 0ER EZH-T, t=se? (scR) B, t(f,9) =s|(f,9)| THZ25,

(tf +g,tf +9) = (tf,tf) + 2Re(tf, 9) + (9,9) = ItI> (f, f) + 2Re [t(f. 9)] + (9. 9)
=$(f, f) +2s|(f.9)| + (9.9).

WZICTED s € R ICH LT,
s2(f, ) +2s1(f,9)| + (9,9) > 0.

HIARIFETRIFIUTE S BVDT, |(f,9)* < (f, f)(g,9). m
RE 17. fge X 55, (TEOEBE N ITHL T,
(5) 0< A +g, A +9) =\ (f.f)+2Re(f,9) + (9, 9)

DD SO, BB (f,9) DIEBIERZ (f,9) = pe'® (0> 0,9 €R) 520 p=|(f,9)] TH 2. EBDE
Bt TRHLT, Mi=te™™ 2BWVT, 8) IKRATB Y. Af,g9) =te @ -|(f,9)e® =t|(f, g9) THZD5

2 (f. f) +2t|(f,9)| + (g,9) > 0.
ZIZh6%E. M 17T LEETH L, m
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MRE 18, (BfEr) PERBRIZKD IO, =

RZE 19. (TED f e X 1THLT, (f,f)>0TH23»5. J(f, f) ZEEREFSL, ||f| »EXRTE 5,

(a) EED fe X THLT, (f,f) 20 TH2256, ||fl =) >0 5% |fl=0&(f,f)=0«
f=o.

(b) LD f € X, fEED A € C 1eH LT,
M = VOLA = VXX ) = AP () = NV = NI
(c) FED f,ge X ITXLT

If + 9l = (f+9.f +9) = (. /) + (£.9) + (9.f) + (9.9) = IfI* + (£.9) + (. 9) + llg]®
= [I£I* + 2 Re(f, 9) + llg||*

THEHN5
LI+ Mg)* = ILf + gl* = 1F1 + 2171 gl + gl — (Hfl!2 +2Re(f,9) + Hg|!2)

=271 gl = Re(f; 9))
> 2(If/1Hgll = 1, 9)1) = 0.

BARD Y 25T Schwars OFER |(f,9) < (f, )9, 9) BTz, Thds

If+ gl <IfII+ gl m

FRE 20. & (i) LM 14 TRLAEZZE, ZRL aceCXMLTa+a=2Rea THZ I kAW 2,

(f+of+a=UFf+9)+ (g f+9) =)+ (f9) +(9f)+ (99
= (£, )+ (f,9)+(f,9)+(9,9) = (f, f) +2Re(f,9) + (9,9) ™

fRE 21
n n n
a1+ -+ an)|* = Zaj,Zak) :ZZ aj,ar)
j=1 k=1 j=1 k=1
n
= Z (aj,a;) Z a],ak Z (aj,ar)
j=1 <k< 1<k:<j<n
n
:Z‘%H + Z 0+ Z O_ZHG’]H a
7=1 1<j<k<n 1<k<j<n
fRE 22.

(1) {on} eNZIEEHERRET 2, n£m DEZ (0n, Pm) = Onm = 0. 72 (n,n) = Opn = 1 # 0.

(2) {en}nen EEZRET 20 NEN, c1,--+ oy €K A
N
Y v =0
j=1
Ziti7zzde 358 %, 1<n<N ZHi’d nITHLT,
N N N
On) = chgoj,cpn = ch (@js¢n) = chéjn = CpOpn = Cp - 1 = ¢y
j=1 j=1 j=1
j—fotb% Cl ='"*"=CN = 0. @K)_K_ {(pn} &i ly_\’ggﬂﬁfﬁéo | ]
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B 23, (DUMREUT Y., EDBHAT) unup, - € X 31 RMTE T3 L %, ERERR (o) T

Span(uy, -+, ug) = Span{p1, -+ -, @)

MDD ES5DbDERD S,
n=12,--- OEIZ p, ZEDZ, TF
1
GS1 = —
(GSL) P

el {p} BIERERRTHD (- [lp1]| = 1) Span(u;) = Span{ps).
01, o0 FTRKRF o (IERERZRTH D, Span(pr, - ,¢r) = Span(uy, - ,ug) B DILD) &F 5,
k

(GS2) Ukt = U1 — D (Ups1,95) 85
j=1

EBLo o1, o BIERERRED S,

k
(Vrt1,05) = <Uk+1 — > (kg1 0)er, %‘)

/=1
k
Ulc-f—l»@] Z uk-‘rla@ﬁ 80&90])
(=1

= (Uk-}-l,@]) (Uk+1790j) 1=0 (j =1, 7k)'
k
if: @Z)k-i-l 75 0 ’C@é (%)L%_) ¢1€+1 =0 83_5 <\_'_\ Uk4+1 = Z(uk+1,<pj)goj S Span(cpl,...,gok) =

7j=1
Span{uy,...,ug) LD uy, - up, upry 231 ﬁzﬂjf\‘%é ZEiIRTB),
GS3
( ) Pk+1 - ||w ||wk‘+1

B (Prr1,05) =0 (G =1, k), (Prs1, Prr1) = L ORI @1, opp1 FIEHERRTH S, £/
Span{p1, -+, @rr1) = Span{uy, -+ ,upy1) B DILD, W
RE 24.

nem) = (107 ) L (onom)
ns Pm) = Pns T Pms | = - \Pny Pm
Htan H(PmH lenll llemll

(Pnson) =1 (n=m D& X
_ rsonuusonu =11 )

-0=0 DE =
mu Toml (n#gmdeE)

BRE 25. (YEfEd, #HE — MCBFEVTHDET, )=

N
FRE 26. (ARTIE s Z(f, @n)pn B f D Span(py, -+ ,pn) NDELHFETHZ (OFD s, =h) &
Eofﬁ%btwht\pb#%T%E%?%ti&6m DROD & 5 mFmmiEissd 2, )
N
NeN¥ T2, hy:=) (fion)pr £BLE 1< <N &3 jIRMLT
k=1

N N
(f —hn,pj) = ( > (fron %cpg) (fr05) = > _(f: %) (@rrp5)
k=1 k=1

N
f>90j va()pk’ 5k] f»@j)—(fﬂ/?j):().
k=1
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Wz Izt

N N
(f — hw, hy) = (th,Z fr05)e ) Y (Fre)(f —hn,ej) =0.
j=1

Jj=1

A1 = 11f = hx + A l® = [If = hw|® +2Re (f = hiv, o) + [hnl* = [[f = hxl* + [ Px])?
> [
0i =1, ,N) IFHEVRERXLTWVWSDT (EXTJ7 ADEMN»D)

2
=[x < |11

=z

Z| fagok‘

k=1

N
Z fv@j
k=1

IHBEED N e NIZOWTHKDIIDZ h 5

]2

(£ o0)” <[] m

el
Il

1

(FF R MZ&oTE Hf\|27b>l’ollééb =& | f = |+ NP CE LW BENTWE DB D S, )

RE 27. £3 (RD7D) \/ﬂ \F cos nz, \} sinna [ XEHEZRTH 2 2 L 2D D K 5. {cosna}, s U

{sinnz}, .y DEZRTH DI LIZTHRoTVWEDT, REN 1 THDILEHEIDIUIRL,
™ 1 2 T
/ dr = — der =— 21 =1,
x| V2 27 J_, 27
™1 2 1 [ 1 (™1 2 1
/ —— CcosnT dazz/ cos2n9:d:1::/ de:— T =1,
_r VT T J)_x T J)_x 2 m
1 2 1 [ 1 [™1—cos?2 1
/ sin nx d:U:/ sin2n:cdx:/ M;dwz—-ﬂzl.
x| VT T . T . 2 T

dl, dl,, b, % Z OIEMELRICHT 28T 5, Thbb

T
b, = <f,\/1%sinna:) = Lﬁ( ,sin nx)
Bessel ODAERIZ
() Jab|* + > Janl* + > 00" < 1717
n=1 n=1

ao:%(f’]_), an:%(f,COS’I’LIE), bn:%(f,smnx) (TLGN)

N N N
SRS~ RUCHEBHRE bRV, (f — Ay, hy) = (f—z fron)en, Y (f:05)¢ ) = > (fe)(fr95) —
k=1 j=1

j=1
N

(Fre6)(F05) (e 03) = D |(fr ) —Zl(ﬂsok)\ =0.
j=1 k=1

M=

N
k=1 1

<.
Il
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TH20P0,
a6:\/§ao, a, = \/man, b, =+\/rTb, (ne€N).
(x) KRATB L N N
g|ao|2+;ﬂ|an|2++;7r|bn!2S/_:|f(l“)\2d$~
W% m TH - T

™

L. 2 2 1 2
_ < — .
5 lao] +nE:1 (|an| + | by ) < W/ |f(x)|” dxm

—T

fRE 28.

(1) fIFERFE TN CL DT, f @ Fourier MBI —FRPER L T, fll f I LV, FHCEED v € R

WX LT,
£ )_E_é cosx+cos3:1:+cos5:n+
AR WP 32 52 '
r=0%ZKRALT A
T
Wz AT
g, -T.T_T
" 2 4 8
4 4 72 2
/\E;}(:f §\ = D = — + — = —,
CRRIZIZ B D, S 35% 33 6)
4 . "
(2) ag =, a, = v (n BEE), a, =0 (n BIEDEE), b, =0 (n € N) THS DT,
[ —— 5 N T 161 1
5 +;(Ian| +|bn|)— st (s tat

—J5

Parseval DAEFRIZKAL T

w16,
2 a2 ¥d T 3
Wz
o T (W T\ _w W
T\ 3 2/ 16 6 96
Sk A2y~ S 1 Q 3 15 < < 16
Rk (RARIZTZ B D, Q@‘:?Q:E THED 6. Q%?ZQ—Q@‘:EQ THBHDT, Q:BQﬁz
4 4
% = T 00 Fourier EEMA S S & Q ARESOES & 5 LT, )

(3% Mathematica T Sum[1/n"4,{n,1,Infinity,2}] ¥ 52 &, 71/96 LEZX T N3, )
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BRZ 29. R® ONIEICE T 3 Schwarz DAER

bn

N N
< \lZa%JZbﬁ ((ay,...,an), (bi,...,by) € RY)
n=1 n=1

ZEVWHZ S,
|0, lyn] 2 2D Schwarz DAFERD ay,, b, EARTIEIZEL-T

N N N N
Z|xnyn’ :Z‘x'nuyn’ < Z‘x'n‘g Z’yn|2'
n=1 n=1 n=1 n=1

OLLEDH DI AR LEADKENDT

J i wnzd i:: lyal* < J i anJ i [y 2.

n=1

ZoHAE M B L,
N

n=1

;h@ﬁﬂ}2@wd@%\ﬁ®¢%ﬂﬂﬁikﬁﬁtm9uk%TLTmé @Kk}ZWWﬁ@W%T

= n=1
%, bbb anyn FHRT B0 L7 2T > anyn BICRL,
n=1 n=1
anyn §Z|xnyn’ <M= \lzanJzyn?.
n=1 n=1 n=1 n=1
(R&HK) Z |2n]? < 00 TH 2 &5 REERI 0 = {antneny DEMHEE 2 L ET, abec T2 X
n=1

a,b) :Zana
W&ED (a,b) eCDERTEZILRIOMEDLSTDZ, 212D (a,b) ZWNEE L THNBEZMICK S,

fRE 30. MRBINRERDEEDRESUTER LM e ERBUHITOWT, C LofpEfz s 2 Lididd
5Z2ITT %, /A ML 0:={0,0,0,---}.

{zp,} € 2, X € C THIR, {Dan} € 2 EBB D5

z+y? < (Jz| + [y))? = |2 + 2lally| + |y|* < 2 (|x\2 + ||yH2) CHEET 2 L. {2}, {ya) € 2 THIUZ,

0 0 0
n=1 n=1 n=1

WZAZ {zn)} + {yn} € 2.
2| 9] < |2 +[y* THEH B {wn}, {yn} € 2 THIUL, Y 2P BIHFT 2DT. ({2 }eny s {Untnen)

n=1
MERTE D,
PLEd . 2%, MEschof, EERE. () DERTE 2,
(-,-) BHRO AR ET T 2y OMEE L X5,

({zn} {za}) = anxn = lenl > 0.
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Ed
{zn} {zn}) =0 < (neN) |z,)*=0 < (WneN) z,=0 < {z,}=0.

MRIEHE (Man} + 1dynt, {2n}) = A{znt, {zn}) + 1 {yn}, {20 }), IHE ({0}, {20}) = {an}, {yn}) BHF
BITHEDPDBEND (D),
PEXY 213 C LoRNEZEMTHZ, =

fRE 31.

(1) (77 7% OBRWV, ) —AHXE [~ 7] ICHIRT 2 2. 2 =047 TREL. (—7, 7))\ {0} TH#
BTH 5, A 2r ODFEIHREKTH 205, nr (n € Z) THREHT, z € R\ {nr|n € Z} THEHRTD
%, W ZIWAHER AL nr (n € Z).

(2) 1=2kr (keZ) DEE, gla+0)=g(0+0) =1, glz—0)=g(0—0)= 1. 2= 2k — )z (k€ Z) D
EE, gz+0)=g(-7+0)=-1,9(x—0)=g(r —0) = 1.

(3) g WA 2, XHHNC CL L TH B DT, g D Fourier MBUIZFTIH L., Jim g (2) 13

_ g9(z) (z 2% g D)
lim g,(z) =4 g(z+0)+g(z—0) (x 7 g DS
5 )

(2) &Y 2D g DFREFEDE &, g(x+0)+g(z—0)=+1+F1=0=g(z) THZ25, {TED zcR
WXL T
lim g,(z) = g(z).

n—oo
(EE®D z T nll_g)logn(ac) =g(x) ER2DIF. BN g(x) =0 (2 =0,%7) EERLZHLHT, dbrde
Z5FTERARMEEIHEDRNITIE (K58, £5%oTh g 3FREFLDOT), 25 LTHBIHE Bi%
WETRD R THIRDY g ICHEF LK RoTKFBERWAR, EEo5VWOHB LIS D £H A, Fourier
WEOHF I TEELZSLDT, 2=0,+7r TOEZESIERLTHEMLBRVWI LITHEE, ) n

FRE 32. f XA 2r TH B0 5 f(n) = f(—7) THD I LITHEET 5,

Ay = L f'(x) cos(0z) dx = L f'(z) do =

1
g - T ) us

[f@) = = (f(m) = f(=7)) = 0.
neNeITBLE HIETITEoT

Jeosna de = L ([f(z) cosnal™ — [ [ f@)(nsinna)da
- e q )

( ) sinnx dm) =n— / f(x)sinnx dx = nby,,

mH

MH

— i/j; f'(z)sinnz dz = % <[f( )sinnz]” /_Wf ncosn:c)dx)

- % <O— /_trf(fb’)cosna: d:n) = —n% /_7r f(z) cosnz de = —nay,.

3 Fourier fREUCOWVWTIX, (HEfiH) m

25



% 33.

(1) REX D My = lan| + |ba] EBL LD M, BIERL, EED n e NITHLT

n=1

|an, cos nx + by sinnx| < |a,||cosnx| + |by|[sinnz| < |ay| 1+ |by| -1 = M,.

Weierstrass @ M-test 12 & D Z (an cosnx + by, sin nx) XK S %, IH a,, cos na+b, sin nx

n=1

FEHEA T D 20 6. i Z (ag cos kx + by sinkx) FHEHTH D, ZDO—HRICROMFRTH %

k=1

Z (an cosnz + b, sinnz) 1XEHTD 5,

n=1

(2) HHEBIEL || 1& [—7, 7] TRAME M ZH2 225,

f(@)p(x) = % o(z) + ; (an cos nz + by, sinnzx) (x)
—HRICRT 5, ZDZkid (1) LFABRIC Weierstrass D M-test Z L THRWL (M, := M (Jayn| + ||bn]])
£55).

sup
z€[—m,7]

N
f(z)p(x) — <a20 + Z (an cosnz + by, sin na:)) o(z)
n=1
<M sup

N
ag .
z)— | —+ an cosnx + b, sin nx
@ (2 > Q|

L\5T%_Qf))')o bADB (N — oo D& E, Gl 0 ITPERT 2D T, Fildd 0 1TPERT %), itoT
THRIFE T D3] HE

<ﬂw=”ﬂ@w@m

= /7r ?0 dx+z (an/ cos nxp(z)dz + by, /7r sin nzp(x )dx)

©) + Z (an (cosnz, ) + by, (sinnz, p)) .M

n=1

FRE 34. (ZNIBEEFITR oD TAEET 2, AREDORZRVT g(z) =signx TH20H, FEi f &
g D Fourier HEX. FEEMIZ (No. 1 D) [ 6 TRDTH %, Fourier BRI DFERIZ

™ *ZCOSQk_l _E_é cosx+cos3w (:05'537+
2 2 7 12 32 52 ’

4K s n(2k — 1)z 4 (sinz sin3z sinbx
wkz 2k — 1) _7r< R +>
- 4

Zcos2k—l 7r(cosa:4—(:082’);10—1—(:055:10—|—---).
=

AV V¥a—XR—FHWTHIMERHL HIEZ EE1O7 7 7#% %) 2 X, f1d 2k - )r (k€ Z) DSt
T AIRET. WO AlRER & 2 AT

@)= g(a) (2 €R\{(2k—r|ke1)).

"http://nalab.mind.meiji.ac.jp/ mk/lecture/fourier-2014/toil-drawing.pdf
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RITHEBEBDOERT f =g, ¢ = h D DILD, f D Fourier #EER ZIHANIH 7D L72d DAY g D Fourier
WEEFNCE L <. g D Fourier #EVEHZIHINIHT L72d DD h @ Fourier FREERICEFEL { 2o TW»
%, N

f#& 35. (1) f @ Fourier £ Z f 3R TERIN D,
1 o .
73 - —ix€
71O = o= [t (cem).
g DA% Fourier £ 7*g IZXATERI N S,
1 & .
* - ixé
Frya) = o= [ s @eR)
(2) BHREMHED DT, F*Ff] = f, F[Fostg] = g DD LD, ThH%E Fourier DRI & FEXR,

Fourier ## D5 E X,

o

f(x)::nggzocne"w, qlzzé;L/j;f(x)e_”“’dm
VS APKEILARITHYE T2, = )
fRE 36. #F/ — b D 2.3 TFourier ZHOBEELME) cHVWTH5, =
RE 37.
(1) BB VBr =y ¥ 28R LT, /: e \}gdy - \/z
B, FTERDLD

F {673:”2} €] = \/127_ /T; e ™3 gi2E oy

. 2
—3m2—m§:—3(x+§> —i

FHEMLT

THEDH,

F [6739:2} [5] _ 6752/12 73(x+i£/6)2dx _ 6752/12 1 /Oo e’Sxde

1 o0
—_— e
V2T /oo V2T
42
_ \ﬁ L epp et/
3 Vor V6

(220DDESI, ERBEEGROETROLR Z V5, FHlIdENK, 2B, REETIIIIRL N L, §
F/—bPD 145 THWETH 5, )

(2) () B, Aoy FOETHIIT. AORHO T y— —o L ZREWRT 3 L6

F [6_3“‘] &) = 12 h e Slele=i7E gy
T J—00
_ b - e 3T oy + ’ e3Te 1y
B VT 0 —00
1 > —3z ,—ix€ > —3z iz
= — e e dr + e Te'*sdx
V2m </0 /0
1 e—(3+iz  —(B3—i)z |
= — + -
Var |-G G-,
1 ( Lo, >
T V2r \3+if | 3—i
1 6 3v2 1

T Vor 249 Jre+9

O Z DINIAF A DRIET, AL 2 THRETE S,
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(i) ez E WS &, (i) OFERD> S

DR FF(E) = F f(-€) AT

(iif) THDHEMAFIET
1 o ) 1 3 1 . 1 e—im£ =3
F _ —zx{d — / - _wfd = |::|
f(é.) \/ﬁ /;OO f(x)e €z /271' _3 66 z 6\/% —’Lg r——3
1 i3 _ ide 1 1 e —e™ 1 sin3¢

T 6var —i€ om 3¢ 2 Vor 3¢
(iv) o h e REEX¥T

(&l < 3)
(gl > 3).

S o+

F [;‘jﬂ (6) = Varf(=€) = Var x {

M#m:t%ﬁﬁ&($@ﬁﬁf@\HM@@@?%@KW%?%@T)@:ﬁrmiWEx%Ezm
SEZHS GBTIEZ ZETEIRLTHRVILICT ), ®

EDRERIZ
1 . .
£\ 3 i (3= ) +sign (3-+4)
/A FAEN
:\/ﬂl sign (3 —y) + sign (y + 3)
6 2
TH5056, OK.

fRE 38. (MERDA) F2f(x) = F(Ff)(x) = F(Ff)(—2) = f(z) (x €R). ®ZIT Fif=Ff =
RE 39. (HEfEH)
RZ 40.

(1) —RIZ ()" = " THBDT,

) N .
wN — (6271'7,/]\7> — 2™ 1.

2
Q)mengmgNFltT%Z%JMUWN<NT%5#&0<%mﬁhﬂmwsZn¢L@
ZZ ) 0
. m .
W= (62“1/1\7) = e2™m/N — cog 7]rvm + isin 77]TVm # 1.
N-1

(3) W™ N W™ DFERBIITH 225, (1), (2) 225, m=0 (mod N) DX & w™ =1, 5 TRV
0
% Wm # 1 VG%%O

(wm)N_l— 11 =0 (m#£0 (mod N))

N-1 m wm—1  wm1
W ={ N-
=0 1=N (m=0 (mod N)).m

=0

[y
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B 41, 3/ — O 3.2 DRSS (p. 47) 3. W — < L - ) LFBYE Wl = (WD)
EVWHHNETH L, ZOIEHZBELTIUIRW,

M 33 R ESTHVESBE. T w! THBEDT, U = VNW = (\;Nw(nl)(jl)) rILYE

—_— 1 . 1 . 1 1
U — T = 4rmmn>:< WMWAO::W*.@iﬁl@*zVNW’Wﬁl:I
<\/Nw \/Nw VN VN

PRE 42. FEFE/ — D 1.1 TEERL Fourier Rl — RE¥ZD XS ICERT 50 KHE O THS, =

FRE 43. SFEIX, B 324 £ L7ze N >2m 2725 X512 N ZHAUIR WV, @ 3.1.2 Bl 7 —V =
(RO RIS Co= > o EVWOREEBEE X, LVSHETH 2, LV LEERET 2, =

m=n

fRE 44.
(1) W (NG — N — I TH B,

N—

>—‘

Chyn = Z fijw vy = L f]w_”j = Cp-
]:O
(2) fa)= D e TT THDIH5,
fi=f@) =3 ca™ T = 37 cueTh = 3 cpw

7=0 7=0 m=—00
1 0 N-1 1
S DI NLEED LT 318
m=—00 7=0 m=n m=n

B)o<n<MDEE, m=n (mod N),0<m<N-12252miEnDATHE0H., Cp =cp.
Tl -M<n<0D& m=n(modN),0 <m<N—-1Z2mIEN+n DATHEDH,

CN+n = Cp.
N e (0<n<M)
"] Cngn (M <n<0)m

FRE 45. BEEURER Fourier ZHUCOWTIE, &R/ — PO 5 HICEWTH 2 DI, IHIZOWTIX
D) <o BB ERLTVWBETE 0Tz, (ER: BVELICAZ MY, ZO#ETE, K

n=—oo

BT OICROFEAZ K2 Z 2 ZER LRV, ) KEARICDOWTD, Fourier fFHDFE & R U772 X4,
THEEETHo72. UTNEHEENEOHE L LT,

IRRICOWT M, = |f(n)] £BL L [f(n)e™™| =[f(n)] =M, > My= > |f(n)]<oo TH?

n=—0oo n=—0oo

5, Weierstrass @ M-test 12X D Z f(n)e™ ™ i Z—HRIHERIR S 2 DT, FHIIR T 5,

n=—oo
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FHEICDOWVWT  (ZHUTEHEE — MCBEVTHHTNE, DOTEPS)n e ZITH LT, e @i =1 Tdh
L5

UJJrZT(' Z f —m (wt2m) _ Z f —znw —z2n7r_ Z f —znw:f( )

n=-—0o n=-—00 n=-—00

Wz f IS 2 TH B,
REEARICDOWVWT 41U Fourier 3D Fourier (BRI D750, L WVWHEETH 5, {e‘mx} WXERRT
(e_im,e_im) = / e IMTe—inzy — / dx = 2w

THE00, e ORE f(n) &

(f,e7™) /—“f e / F(2)e™™ dem

f(n) = (e—inx’ e—inx -

BRE 46. (4) LUNI#ER — + 7.4 TEHASOEXNLGHE DAL (pp. 60-60) IZHFENTH S, (4) &
7.3.2 TRHESBH SO KTENTHZ, m

fRE 47.

(1) h:=fxg &BLE

= aatwiy) e s
s gt ) ay
/ ( (z — y)e‘”gdw> 9(y)dy.
u=z—y B, de=du,  =u+y, e ¥ = UTVE = o—Ule—WE TH B M5,
Ff =gl / (/ flu)e e wfdu> g(y)dy
-

\/%/ fu Z“ﬁdu/_ o(y)e¥dy
— VI F[(E)Fg(6)m

(2) h:=fxg &BLL
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u=zr—y et dr=duy,z = 7DEZTu=-T7—yr=mDEITu=m—y, r=u+ty,
efina::efin(quy)n:efinuefiny ThHirMb,

Il = /(/f i du) o)y
- / ““‘du / ig(y)emydy

o
=7 f(n)Fg(n)m

3) hi=frg LB L

F[f = gl(n) =

(=j—keBE.j=0DEl=—k j=N—-1DEXl(=N-1-Fk, j="l+k w ™ =@ nltk) =
w MW TH B DB,

1 N-1 /N—-1-k 1 N-1 /N—-1-k
g[f * g](n) = N ( Z f(g)w—nfw—nk> g(k) = N ( Z f(g)w—n€> g(k:)w_"k
k=0 \ =k k=0 \ =k
1 N—-1 /N-1 1 N-1 N-1
=N Z (Z f(ﬁ)w_M) g(k)w™* = N f(Ow™™ Z g(k)w™
k=0 \/¢=0 /—0 k=0

= n=—00 \k=—00
= < Z f(n—k)e_m5> g(k) = Z ( Z f(m)e—sz —zk&) (k)
k=—oc0 \n=-—o00 k=—00 \m=-—o0
( Z f —sz) ( Z g(k)e—zk§>
=—00 k=—o00
= Zf(§)Fg(&)
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FRE 48. (HEfiHH, 2016 FEOL R— FFE 2 0—F DT, #ERTIEFHHLTH 3, )

e Mathematica THE ~

ftlf_,x_,y_]:=FourierTransform[f, x, y, FourierParameters -> {0, -1}]

ft[Exp[-3 x°2], %, y]
ft[Exp[-3 Abs[x]],x,y]
ft[1/(x"2+9),x,y]

flx_]1 := If[Abs[x] < 3, 1/6, 0]
Plot[f[x], {x, -5, 5}]
ftlflx], x, yl

ft[Sin[3x]/(3x),x,y]
Y J

RE
BE 1. 0 £0 L35, (a=0 ¥ SIZEHEERDOT, MELYE £ 2R 0HDEN, ) 2505 [Tl
E@%&®%%(%ﬁ%%k%%t@&ﬁb?é)%%ié%@t@f\i}ﬁ%%@%éo

f(x) = cosax, sinax, e DWIFND f (J:—i— 207;> = f(z) ZWi7=3, %r DEEEE->Td RV, HdE

RIS 2 222, m

|

fRE 3. cos DIMNEEH

cos(a +b) = cosacosb —sinasinb

»5
cos(a —b) = cosacosb+sinasinb.
N Wi LY
cos(a + b) + cos(a — b) = 2cosacosb,
cos(a — b) — cos(a + b) = —2sinasinb.
W I

1
cosacosb = 3 (cos(a + b) + cos(a — b)),
1
sinasinb = —3 (cos(a + b) — cos(a — b)) .

[FERIC sin D fNFEE R

sin(a + b) = sinacosb + cosasinb

yoal

sin(a — b) = sina cos b — cos a sin b.

Ins

sin(a + b) + sin(a — b) = 2sina cos b,

sin(a + b) — sin(a — b) = 2cosasinb.
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1

sinacosb = 5 (sin(a + b) + sin(a — b)),
1

cosasinb = 5 (sin(a 4 b) —sin(a — b)) .

EEDOFEH A, BBE5EZohl- %,
at+b=A4, a—b=10B

. o A+ B A-B .
BHRT 0, b BEOCHEELT, a= = b=""2 BAK
sinA+sinB:2sinA—i2_BcosA;B,
A+B . A-B
sin A — sin B = 2 cos —; sin 5
A+ B A-B
cos A + cos B = 2 cos —g cos 5
A+B . A-B
cos A — cos B = —2sin —; sin 5 |

BRE 4. k=002 % (cos0=1,sin0=0,e" =1 TH205)

/ cos kx da::/ cos Ox da?:/ cos () dx:/ dx = 2m,
/ sin kx da::/ sin Ox dx:/ SinOdl‘:/ 0dx =0,
/ ek’”d:n:/ eoxdx:/ eod:c:/ dx = 2.

/ coskx dx = [smkkx] =0.

(sinkm =0, sin(—km) =0 THE22HLEoTHRWVL, sinkz 13 (FEAEH
HIBCTH 2056 5o THRV, )

/ sinkz dex = — [coskkx] =0.

Ay

EA0DYr &

2

wa%5#6)@%2w®ﬁ

—TT —T

(coskm = (—=1)*, cos (k) = (~1)F = (=) THZBHELF>THEWVL, coskr 1T GEARFEY ‘2]:‘ Td
52505) B 2r ORI TH 2058 F > THRY, )

T tkx 1™
kx €
dr = =0.
/;6 ) [k ]ﬂ

(7 — (—1)F, e=ibT — (—1)F THBHIELFoTHEVL, ¢k 13 (HARAN 2 TH 55 5) M 2r 0

||
FIMIRCH 255 L EoTH AL, )
LB, HE LU THED D723, sin, cos X 1 EHORICILE BDBFRICETHEDT, BT 5L 0125 DIE,
LB7DHITIEH 2, w

BE kEBERrIT22E sinkr =0, coskr = (—1)F, k™ = (—1)F.
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RE 6. [f: R — C HEHH2r OFEHHBET, XM O Hithiu,

1 /" 1 [7
a = — f(x)coskx der, b= — f(z)sinkx dz
TJ o -

rBLEE, f DEEDOER M ¢ T

(o)
?0 + ; ay, cos kx + by sin kx)

DD D 1 WV EHNEARTH 5,

. 2(—1)k1
(1) BAEISTBY o =0, b = 2L enzoT,
2 2(—1)k 1 sinxz sin2z sin3x  sindx
f—;k$““4<1— > tT3 4 W><“*“W

fiR—=C %, (—m,7) T f &—HL, f(r)=0, BIIEH 27 TH B T2, f(r) DEELDLS
CEDTH, ROWNC CL LT, f 1 2m— )r (m € Z) TRER, 2o S TIdEEci 5,

272 4(—1)k
(2) aozg,ak:(kz),bkzo(k‘eN)}:ZﬁéO)’C\
72 > 2 cosx cos2x cos3x
_? Z COSkJ.T:3—4< 12 - 922 + 32 _> (336{_77777])'
k=

FiRSC %, [—ma] T f t—8 L. Al 2r THBMEKE T 5, [ IGEETRAMIC C! TH 3D
5. Wb ZAINKT 3,

2 (=1+ (=1)%)
k2w

1 = 2(-1+ (=DM 4 s(2k — 1)z
LR Dy o= “M“ww; 2k 1)

1
cosxr cosS3r  Cosdx
+ + + ) (z€[-m, 7))

by =0 (keN) ¥R 2DT,

(3) ag =T, ar =

12 32 52

iR C %, [-m,a] T f &=L, AY 2r THEEKE T 5, [ IFEKETEOHNC CL H|{TH 25
5. Wbt IAINET 5,
2(1+ (=11

4 =0, b, = — 725 DT,
( ) ag 07 k . t cﬁ%
2 (14 (=1)k1 s 4
k=0 k=1
7% sinx+sin3x+sin5x+ (:):E(— ))
—x\ 3 5 -

fiR=C %, (—m,7) T f =&, f(x)=0, BIIEAY 27 TH LML T2, f(r) DEELD LS
ITEDTH, KGNS CHRT, fid mr (m € Z) TSR ZhLBbO R TIERICR 50 f(040) =1,

F0—0) = —1 TH2Hb. f(()*O);f(O O _ 0= F(0) THBmE. 0 THIGELT F(0) 125 L,

(5) a0:1,a2:%,ak=o(keN,k;;m),kaO(keN)fzazm)e

1 1
cos’ x = 5 1 5cos 20 (x € [—m, 7).

1+ cos2x

5 nobGEoND,

CHUEEADNR cos2z = 2cos?x — 1 D HEPND cos?x =
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1
(6) ar =0, blzz,bgz—z, kaO(kEN,k%l,?)) THHH 5,
sindz = Ssinz — 1sin3:13 (x € (—m,m)).
4 4 ’
AU 3EADNI sin3x = 3sinx —4sin® x 2 5EPN B sin®x = w PoHHELNE, =
& 7.
1 (7 1 (/7 )
an = — f(z)cosnz dx, b, = — f(x)sinnx dx
T J-xm -7
LBl
f(x):a;—i—;(ancosnx—i—bnsinnx).

(1) f MEBEBETHIUIX. f(z)cosne MEREEL f(z)sinnz ZHBEETH 2 DT,

1 s
by, = — f(z)sinnzx dr =0 (neN),
m —T

1 (7 2 (7
anzz-/ f(fc)cosnxdx:/ J@)cosnzde (n=0,1,2,--).
™ Jo T™Jo

(2) [ DEREBTHIUI. f(z)cosne FEFEE. f(2z)sinnz JMEREEKTH % DT,

1 ™
ay, = — fx)cosnxdr =0 (n=0,1,2,---),
L —
1 [T ) 2 [T .
bn:2'/ f(x)smnxdx:/ f(x)sinnzde (n=1,2,---)m
™ Jo T Jo

RE 8. FIMBOREEHFEZ 5, cos, sin TRIHED

2nmx . 2n
+ b, sin

(6a) f(w)—a;Jrnfél(ancos T C;m> (z €R),

2 [T/2 2nmx 2
6b an:/ f(x) cos de (n=0,1,---), b,=—=
(60 an=g [ oo S de =g

HERTERBER TR I HED

> ;2nma 1 (12 _j2nme
(7) f(z) = n_z_:oo e’ T (xER), c¢p= T/T/Qf(a:)e 7 dr (ne€Z).

(6a), (6b) DI f: R — C R T THS L %,
P(X) = f (Tx) (X €R)
2w

YELE F:RSCTHYH, FIIIE 2r TH 5, FEIE.

T T T T T
F(X+2m)=f <27r<X+27T)> =f <27TX+27T-27T) =f (%X—i—T) =f <27TX> = F(X).
W Z A 2 DOBIBUTHTS % Fourier fEDEH D 5
A, = ;_/F F(X)cosnX dX, B,= i/w F(X)sinnX dX
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LBl
F(X)= AOJrZ Ay cosnX + By sinnX).

n=1
Wz
2
ﬂ@—F(fO
A = 2 2
20 + nz:l (A cosn?x + B, smn?x
Ao . i A 2nmx . B 2nmx
> T2 n COS ', COS .
BRENCOWTIE, BEEM 2= LX ITXk 5T, dX = Zdz THE0H
1 [7 1 [ (T 1 [T/ or \ 2m
A, = / F(X)cosnX dX = W/ﬁf (277X> cosnX dX = W/T/z f(x) cos (nTa:> .?dm’
/T/Q 2n7r:z:dm.
T/2
By, OWTHEBRIZLT
T/2

/ sm xdz.l
T/2
(7) DB FIBRTH 5 (B L E£5),
2B, cos 2EL sin%% 2T OEEMERREL T, FHEXRTREEL LB TES, 0

T

&9 (1)%¥3 f:[-L L]>C*%

TED DL, THURER DX N S, RBEKTH . f(L) = f(—L) 2T (£ 12 f(L) TFL
JEIEA 2L OJERABERL f: R — C & LTHRIES 2 & ikt DX HNCIE &0 R A 2L o AR CH

o
2 2
%, WZIT cos sz = cos nLLx, sin sz = sin@ % W T Fourier #EEMATZ 2% (&7 T T =2L
DY )o

oo
A a nmx . nmx
f(iL‘)_20+n§:1(ancosL+bnsmL> (x € R),
2 [t
an:M/_Lf( cosmdx— /f cos—da:

2 (L. TN
b= [ ™ =L [ fwysin ™ ae

ZITC[-LL T f=fTHrIr2MVk, fIZEEKTHD. 0,L] T fIZHELVOT

L
an:% ; f(:v)cos@daz— /f cos—dz by, = 0.
MEHS . 5
f(:c):a;—k;ancos (x €10, L]), an:% | f(x)cosnLﬂdx
(2) ¥9 f:[-L,L]-C %
oy ) @) (z €[0,L])
f@)_{-#-%)(xePLﬂD



TED D, WHETHEZDIE f(0) =0 THEILPRETNTHS, LT f(0) =0 LET 3. T2
Y fRESHNCHE S hREFERTH Y, f(L) = —f(—L) 2T (£ HIC f(L) CHELW), f(L) = f(-L)
PR ILOTDITIE, f(L) =0 THZ I HRBEFNTH 2. UF (L) =0 LHET 3, [ ZES 2L
DOEHEE f:R - C ¥ Lfﬁﬁ@‘é é: HEP O X THNCTE S R EM 2L OFMABEKTH 5, ©Z I

2 2
nr _ cos@, sin sz = sin T % F\W T Fourier fiEUEBTZ 2 (M7 T T = 2L DEFHE),

2L L

COS

L

2 [k
an:M/Lf( cosﬂdx— /f cos—da:

2 (L. TN
b= 57 | f@ysin T de/Lﬂx)smL dr.

ZIT[-L,LT f=fThHaIrrRAVEk, [IZABKTHD. [0,L] T fIZHELVOT

oo
5 a nwx . nTT
f(z) = 30 + ngl (an cos — + by, sin T) (x € R),

2 [F 2 [F
an =0, by==> [ flx)sin = dx:/ F(z)sin 2 gz,
L 0 L

DU

f(z) = ibn sin? (z €[0,L]), by= E/OL f(z) Sm? dz.
F0)=f(L) =0 ZREL (ZOXEMNIZ, 2=0,L TEAPED OIS 905), B
fRE 10. n >0 DL &, neN, e ™ = cos(—nz) +isin(—nz) = cosnz —isinnz THZ 15,

1 ™ i 1 s

anﬂ 7ﬂf(x)e deE 7ﬂf(a;)(cosnx—zsmnx) dz
(L[ p@ycosnadr—i- 2 [ fa)sinna d
_27F77rx nxxzwﬂrxmm::c

1

n=00DtxE, e =¢c0 =1=cosnz THBEIH»H,

1 1 1 1
f( )e M dy = - = f(:v)cosOmdxzﬁao.

Cn% 27T

n<0DEE —neN, e "™ =cos(—nx) +isin(—nz) TH205

:2< f( ) cos(—nz) dx + i - 1/

m T )
1

T2

™

() sin(—nz) da:)

(G +ib_p) M

ﬁ%lL(ﬁElﬂE@%Wﬁiﬂﬁ:XFWnt@%?%t%an:éfﬁ%tmiﬁﬁé%mfﬁﬁ
5%, '

go,nb(az):cosmﬁlfrz (n=0,1,---), Yn(x )—sm%}“ (n=0,1,---) (neN) B & {gon}nzou{i/)n}neN
BERXRZRTH2, n£0 DL =

T/2 2 T/2 4 4 T T
(Sona QOn) — / C082 nﬂ-xd.’L’ = / + COS( n7ra:/ )d.’L' = —,
—T/2 —T/2 2 2
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T/2 T/2 1 _
(s 0n) :/ sin? 2nmx :/ 1 — cos(dnmz/T) dp — T
—T/2 —T/2 2 2
THHH0PH -~
(fron) _ 2 / 2nmx
n=—— == x) cos dx,
(‘Pm‘Pn) T —T/2f( ) T
(f,%n) 2 /T/2 . 2nmx
n = = — x) sin dzx.
(wnﬂ/}n) T —T/2f( )
-7
T/2
(0, %0) =/ ldx =T
~T/2
TH205H -
2 (po,p0) T Jorse
ERAS PR
T/2
7/
FeHiHE
T/2
/ costT dr (n=0,1,2,---),
T/2
T/2
/ o (n=1,2,3,---).
T/2
(fBE2) f PR T THRZ 2D,
T
PO =1 (5¢) (€em
B, FIEAMR2r THB, R
an:% F(&) cosné d¢, bn:jr/ F(&)sinng d
Bl
ao .
=5 Z (an cos n& + by sinné) .
W2
f()—F ZI _@4_% 2n7r:c+b . 2nmx
T)= 7%= 2 Ay, COS nSin — .
E=Zx TH2HO, E=—mnDLE 2=-T/2, T2 TH3Hh5
1 /T/2 (277 ) ( o ) /T/2 2n7m:
ap = — F|l—z)cos|{n—z) - — — ) cos dx,
TJ 12 T T T/2
T/2 T/2
b, = 1/ F <27r$> sm< 2 > 2— = / x) sin 2nmz dx.m
T J-1/2 T T T T/2
RE 12. (¥EfFET)
RZ 13. (ii), (iii) FPIUEHR 21T T, (1) ZEBALR2DEHLVOT, FWVTBL,
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(i) DFEFE feX L 32L %, FED 2 HLT|f(@))*>0TH205,

/_Wf d:c—/_wlf 2)? dz > 0.

F=02%h (VzeR) DL X f(z) =0 THIUL. (f,f) =0 TH 5, Wiz (f,f) =0 LT 5L,

| Wlf(:v)IQ dz = 0.

|f(x))? WERERTH 220, (Vo € [ o) |f@))? =0 (bLESTRVWET S, (3 € [—m, 7))
|f(w07)r|2750. |f@o)> >0 THBH, |f|* OEBED S, 20 0)+ DIEL T |f(2))? > | flao)?/2>0. T3
}:/ 1f(@))Pde >0 L BDFET ), WAIZ f(z) =0 (z € [-m,7]). [ IZEH 2r OIS f(z) =

(@ €R). $7b5 f=0. m

fRE 14.

(f,A1g1 + A2g2) = (A1g1 + A2ga, f) = A1 (f1,9) + X2 (f2, 9) = M1 (91, F) + A2 (g2, f)
:Tl(fmgl) +>‘72(f7g2).

RE 15. FEOEZE 2 1ITH LT, 2+42Z=2Rez D VDI LICIEET B &,

(f+a.f+9)=f+9)+@f+9=FH+ 9+ 9.0+ (9.9 =)+ .9+ (f9) +(99)
= (f,f) +2Re(f,g) + (g,9)™

BRE 16. (tf +g,tf +g) ZNEDOAH (i), (iil) 2H->TEE T2 &
PO f)+2t(f,9)+ (9,9) >0 (t €R).
—fZ (f, ) =0 THB (f,f) >0, (f,f) =0 HTHEADFF 3,

(a) (f, f) > 0 DB 2 XBHOFEA 0 LLE L WS 2228 B < 0. WZIZ (2(f,9))°—4(F, (g, ) < 0.
BT 2L (f,9)% < (f,)(g,9). ®ZIZ (f) DFFEXDMD IO,

(b) (f,f) =0 DHAE, (VteR) 2t(f,9) + (9,9) 20 D (f,9) =0 TRINILSZ ((f,9) #0 BB
TEDPBEIND), WRIT () OFFROMmIEE b 0 T, AFERIHLT %,

SO EE R B,

fegDP1IXBDOL &, HEEMD DI L IFHHICH D 2 DTAEHIET 5,

frgMIXror 2k, Lo#ERr TORWIEESR Y, (f.9)2 < (f. f)lg,g9) HiEhiz, (K (E
BOtcRIINLTtf+g#0THBDT, (tf +g,tf +g) >0 THDH, 2 KEMOFEDIETH 205,
HRIKIZETH 2, ) WRIZ () THESVBWOLOLLIF, f & g Z1IXMITIERY., =

(DLEEHZEXT) f & g M 1KIERE ODZ% (3t eR) f=tg £/1F (3s € R) g = sf. HIHEDHA
(#) OAREROMHDIZE BIT 12 (g,9)°. BEDHE. (1) OFEROWLIZ L I % (f, f)2 WA (1) OF
FATEEDIKILT %,

fgPITHTDLE (ZDLE fA0THDILITHER). (VeC)tf+g#0. B, (f,9) =|(f,9)| e
Y5 0cRER-T, t=se? (scR) &BL &, t(f,9) =s]|(f,g9) THZh5,

(tf + g, tf +9) = (tf,tf) +2Re(tf,9) + (9,9) = [tI* (f, f) + 2Re[t(f, 9)] + (9, 9)
=s°(f, /) +2s|(f,9)| + (9, 9)-
WRIHERED s € RITH LT,
s2(f, f) +2s((f,9)| + (9,9) > 0.

HHIRIZATRINIESZVDT, |(f9) < (f, f)(g,g). m
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BRE 17. fgeX 235, EEOEZRE N XL T,
(8) 0< A +g, M +9) =\ (f.f)+2Re(f,9) + (9,9)

DD AL, B (f, 9) DIEBIFRZ (f,9) =pe™® (p>0,0€R) T 5. p=|(f,9) TH2, EEDE
BT LTy A= te i@ BT, (8) IKRAT 5 Y. Af.g) = te®- |(f,9)| ¢ = t|(f,g)] TH 55

2, ) +2t1(f,9)| + (9.9) >0,
TIhHkiE M 17 EAKTHZ, =
BRE 18. (%Efwd) AEXBKIZED IO, =
RE 19. IO fe X THLT. (f,f) >0 TH205. /(f, f) ZEWRERL, |f| PEHRTE 23,

(a) EED fe X THNLT, (f,f) 20 TH225. |fll=V(,[)>0. £ |fl=0& (f,f/)=0&
f=o.

(b) EED fe X, EED X € CITHLT,
H/\fHZ\/(/\f,Af)=\/Ax(ﬁf):\/!)\!Q(ff ALV ) = IAIANL
(c) FED f,ge X ITXLT

If+allP=(f+a.f+9) =0+ 9+ )+ (99 =+ 9+ f9) +]9gl
= | fII* + 2Re(f,9) + gl

THE05
LI+ Ngl)* = ILF + gl* = 1F17 + 2171 gl + gl — (IIfH2 +2Re(f,9) + Hg|!2>

=271 lgll = Re(f, 9))
> 2(If1Hgll = 1, 9)1) = 0.

BthD ¥ 25T Schwarz DAREX |(f,9)]> < (f, f)(g,9) ZAWVEZ, Zhdrs

If+ gl <IfII+ gl m

FRE 20. &fF (i) e 14 TRLEZE, ZRt a e CITMLTa+a=2Rea THZ I xHWV5,

(f+o.f+g)=UFf+9)+ (g f+9) =(ff)+(f9) +(9f)+ (99
=(f,f)+(f,9)+(f,9)+(g:9) = (f, f) +2Re(f,9) + (g,9) ™

n

n n
lai + - +an|* = (Zaja ak) =3 (aj,ax)
=1 k=1

j=1 k=1
- Z a]aaj Z (ajaak) + Z ((Ij,(lk)
1<j<k<n l§k<j§n
—ZH%H oy 0+ ) O—leagll L
1<j<k<n 1<k<j<n
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RE 22.
(1) {on} eN ZIEEHERRET 2, n#m DEZ (0n, Pm) = Onm = 0. £72 (0n,on) = Onn = 1 # 0.

2) {Pntneny ZEZREFT 2, NeN, ¢, ey €K B

N
> =0
i=1

il 32L& 1<n<N Zifi’ed n ITHL T,

N N N
o) = chgoj,@n = ch (@js¢n) = chéjn = Cplpn = Cp - 1 = ¢y
j=1 j=1 j=1
TRHROB cp=--=cy=0. WZIZ {p,} X 1IXMITH%, m

RE 23. (DLHEEITY, DB ZT) up,ug,--- € X X1 T2 &, EHERR {¢.} T
Span(uq,- -+ ,ug) = Span{p1, -, Yk)
DDV DES2dDERD S,
n=12,--- OIEIZ ¢, EEDD, I

1
LT
[y

(GS1) 1 =

el {p} BIERERRTHD (- [lp1]| = 1) Span(u;) = Span{ps).
01, o0 FTCRKRF o (IERERZRTH D, Span(ps, - ,¢r) = Span(uy, - ,ug) B DILD) &F 5,

k
(GS2) Ukt = U1 — D (Ups1,95) 05

j=1
ZE < o 801, vt 780k 5iﬂ£%ﬁlgjé%7f7b“6\

K
(Vr+1,05) = <Uk+1 — > (ukr1,90) 0, @j)

=1
k
Uk+1»903 Z Uk41, Pr) 9%903‘)
=1

- (Uk—i—l,SOJ) (Uk—s—laSOJ) 1=0 (J = ]-)' c 7k)

k
F72 Ypr1 0 THBE (BLD g1 = 0 8TDE, upyy = Z(uk+1,<pj)<pj € Span(pi,...,pr) =

j=1

Span(uy, ..., ug) LR D up, -+ up, uprr D1 THZZ L ITRT B),
1
(GS3) 1 = Pkt
|9kl

ZB( }:\ (QDkJrl,ng):O(j:l,"' ,k), (ng+1,g0k+1):1. @/‘;\JC @1y Pe+1 &iﬂi%ﬁ /\VCZ@% ii_
Span{p1, -+, @rr1) = Span{uy, -+ ,upy1) DR DILD, W
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1
(¥ ) = (nsonn“””’ ||som||9"m’> = Tonll Toml] £ #m)

(Pn,pn) =1 (n=m D& %)

_ IsonH HsDnH
=0 D=
mu Tl (n#mOes)
= S
FRE 25. (HEfEH, #E/ — MEFNTHDET, )m
N
FRE 26. (AR T, s, = Z(f, ©n)pn D3 f @ Span{p1, -+ ,oN) N R TH5 (DFD s, =h) &
j=1

o ALY, ZORFERZAMAT 27202 61E LUFD X5 RFERAANET %, )
N

NeN¥F2, hy =) (fion)pr £BLE 1< <N KB jIRMLT
k=1

N N
(f —hn,pj) = ( =Y (f.40) 9%;90]) (fr05) = > _(F:08) (@rr05)
k=1 k=1

N
= (f05) = D_(from)0k5 = (f:05) = (,05) = 0.
k=1

Wz’

N N
(f = hn,hy) = (f —hn, Y (S, %‘)%’) =Y (L) (f —hn, @) =0

j=1 j=1

AP = 11f = by + b ® = 1f = hn|® +2Re (f — hn, hn) + [1hn[1? = (I f = b ? + 2w ]
> ||
0j (=1, ,N) FEVWIKERXLTWVWADT (KX 7 ADEHNPH)

2
= [lhn ] < |71

=z

Z| faSOk

k=1

N
Z facpj
k=1

IHDBEED N e NIZOWTHDIIDZ 5

SOIF el <117
k=1

(FFZ ML TR [|f]? 2BIAD T, —KUC ||f — hn|[N +[|hn]|? KELWZ EZENTWE DB H 2, )

N N N
TR S ~KICHEBHER R BBV, (f — hy,hy) = (f—z fron)en, Y (f:05)¢ ) = > (fe)(fr95) —
k=1 j=1

j=1
N

(Fre6)(F05) (e 03) = D |(fr ) —Zl(ﬂsok)\ =0.
j=1 k=1

M=

N
k=1 1

<.
Il
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. 1 1 1 " -
BRE 27 £7 (RD7®) NN cos nz, ' m sinnz (JEHEISRTH 5 Z e Z2EDPO L 5. {cosna},.oU
o >
{sinnz}, .y PERLRTHZ I3 T0>TVWEDT, REH 1 THS I ZHEPDIUIR,
1P 17 1
/_7r o dx—ﬂ _Wd:c—% 2T =1,
™1 2 1 (7 1 ("1 2 1
/ ——= COsSNT dx:/ cosand:n:/ dez—-ﬂzl,
| VT T ) . T . 2 T
T 2 ™ T™ 1 _
/ ismnx dazzl/ sin2nxdx:1/ M;dzle =1
r VT T ) _x T J)_x 2 m

dl, dl, b, % 2 OTFHELSRICHET 28T 5, Thbb

o= (f.5=) = =00
a, = (f,cosnx) L f,cosnw)

Bessel DAFERIZ

(%) A N A R S A R Vi
n=1 n=1

1 1 1 .
ao:;(f’l), an:;(f,cosnx), bn:;(f,smna:) (n €N)
TH200,
a{]:\/zaoa a’:’L:\/;raWh b;v,:\/;rbn (nGN)
(x) ITKRATB L
T o 2 - 2 " 2
ool + X wleaf 4+ 3w <[ 1@l

W% © CTEl-T

—T

1 o 2 2 I 2
= < = )
5 laol +n§:1 (|an| + |bn| ) < 7r/ |f(z)|" dvm

% 28.

(1) fIFEFE TN CLZR DT, f O Fourier fEIZ—HRPCR L T, fll f I LW, FICEED v € R
WXL T,

™ 4 (cosx cos3r  cosdx
J@=5-z\w 5 T )
r=0%ZfRALT A
T

025—;55
Wz Iz

g T m_m

TT 94 g

- 4 4 72 2

AE}(&?‘%Z)) S—*S*:i'izi'
(RERIZTR 9w =3 g 6)
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(2) ap =7, ap = % (n D50, an = 0 (n HEDEE, by = 0 (n € N) TH 3 DT,

2

laol> =~/ 9 .2y 2 161 1 1
> (laal +0al?) =S+ S (gt )

n=1

1 ™ 1 s 1 397 9 9
/ f(fﬁ)!zdﬂc:/ xzdx:-z[x] _
T -7 T - e 3 0 3

Parseval DARERITRA LT

—J5

- - 1 1
RN G%%K&éﬁ‘@%:%sz%fﬁéﬂa‘QﬁzQ—Q@:E%Qfﬁéwf‘Q:Ig
4 4
% : 79L6, - ;LO —50 Fourier SHUEHNS S ¥ Q BREB DB x - LEFW, )
(3% Mathematica T Sum[1/n"4,{n,1,Infinity,2}] ¥ 52, 71/96 LEZX T N3, )

Qu =

RE 29. R® OWNEICEI$ % Schwarz DAEFER

N
E anby
n=1

N N
< \lZaELJZbEL ((a1,...,an), (b1,...,by) € RY)
n=1 n=1

ZROVWHZS,
|Zn], |yn| & 2D Schwarz DFERD ay, by, EARTILITEST

n=1 n=1 n=1 n=1

N N N N
S lzagal = 3 el lyal < | S laal? | S Iyl

O EDHDIFL EARLEANPRKENDT

N N ) [e's
S Jzaly| S lyal? < J 3 MJ S gl
n=1 n=1 n=1 n=1

ZOEUE M 2BL .
N

> lzaynl < M.

n=1
CHUSHIEL S (20| DEHRIOIEZBFIN LICHRL VS S BRL TV, BRI S [oayn] BIGHT
n=1

Bo THbBE Y wpy, BHMIHT 2, LA >T > woy, EINHRL,

n=1 n=1

n=1

00
§ TnYn
n=1

[es) 00 o)
<Yyl S M = (| D [l D ] lyal*m
n=1 n=1 n=1
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(RE) D lanl* <00 THB &5 BEHI a = {an}nen DRIKE 2 LET, a,be P LTHLE
=1

a,b) :Zana
WZED (a,b) eCDERTEZZLHRZOMEDLSRD B, 212D (a,b) ZWNEE L THNEZEMICK 2,

FRE 30. HEBINIBRDOEESHHENTER LM HREUHITOWT, C LoMBEMZ L3 Z L1380
BZ2IT B, BAY M AZ 0= {0,0,0,-}.

(2.} €22, N e CTHIUB. {Da,)} € 2 ZERTHD 5,

4y < (] + ) = 2 + 2yl + o> < 2 (jo + 9l?) 1CEEEF B ¥\ {a}, {un} € 2 THIU

[eS) [eS) [eS)
> lan +yn| <2 (Z znl” + \yn!2> < 00
n=1 n=1 n=1

WZAZ {zn} + {yn} € 2
2/ 9] < |2*+ [y)> THZ2 5, {20}, {yn} € 2 THIUR ) 2 BT 20T, ({20} eny s {Un bnen)
n=1
DERTE D,
MEH»S, 2% BEhof, HRME () PERTE 5,
() BNTEO NI Z 23 2 L OMERE L X 5,

({2}, {zn}) = }{:xnxn——j£:|mn|:>o

7z
{zn}, {zn}) =0 < (YneN) |z,’=0 & (meN) z,=0 & {z,}=0.

BRI (Man} + 1dynt, {2n}) = A{znt, {zn}) + 1 {yn}, {2n}), IFE {yn}, {20}) = {zn}, {yn}) BHF
SICHEP D HNE (HEB),
BLEED 213 C LOMMZEETHS, n

fR% 31.

(1) (7772 DBRV, ) —AMIXE -, 7] IZHIRS 2 &, 2 =0,+r THER. (-, 7))\ {0} TH#
MTH 5, AW 2r ODEMBKTH 206, nr (n € Z) THREH T, x € R\ {nr|ne€Z} TEEHRTD
%o WXICAHERRIZ nr (n € Z).

(2) x=2kr (keZ) DEE, g(x+0)=g(0+0)=1,9g(x—0)=9g(0-0)=-1. 2=2k—1)r (k€Z) D
L&, glz+0)=g(-7m+0)=-1,g9(x —0) =g(r —0) = 1.

(3) g WA 2r. XM CL /THZD T, g D Fourier HENIZATIERL., hm gn( )&

. g9(z) (z 2% g D)
lim g, (z) = gm+m+ﬂm4n($ﬁg®$@ﬁ)
5 :

(2) &b 228 g DREREDOL &, gz +0)+g(xz—0)=+1+Fl=0=g(z) THZ25, TED zcR
ITH LT

Jim_g,,(z) = g().
(EED z T nh_{glogn(ac) =g(z) LRZ2DIF. BN g(x) =0 (z=0,47) LERLLPHT, bbbl
ZIFTHRAMBDEDRNTIE (E5E. EHRoTH g I3MEKRDT), £5 LTBFHI, miz
WETRD R THIRDY g ICEF L RoTKFBRWAR, LB 60VOHBLL2H D £H A, Fourier
WEXDITIIEA TEELHDT, v =0,+7 TOEZESIERLTHEMLAVI LITHER, ) n

45



BRE 32, f M 2r THBHS f(r) = f(—7) THZ I LICHEET 2,
1 ™ s

Ay == f'(z) cos(0z) dz = 1 f'(z) do = % f(@)], =

™ J_rx ™ J—n

neN Tz E, HOETICE-T

(f(m) = f(=m)) = 0.

1
m

A, = % ’ f'(z) cosnz do = % ([f(x) cosnz|” _ — i f(z)(—n sinna:)da;)
_! (0+ ) f(z)sinnx dx) :nl ) f(x)sinnx dx = nb,,
s - ™ J—m
B, = % " f'(z)sinnz dz = % <[f(x) sinnz]” _ — ' f(z)(ncos nx)d:v)
_! <0 [ f(z)cosnz d:z:) = —nl ! f(x) cosnx de = —nay,.
s —r L —

W% Fourier [REIZOWTIE. (T m

% 33.

(1) REX D My = lan| + |ba] EBL B D M, BIERL, FEO n e NITHLT

n=1

|an, cos nz + by sinnx| < |ay||cosnx| + |by|[sinnz| < |ay| -1+ [by| -1 = M,.

Weierstrass D M-test 12L& D Z (an cosnx + by, sin nx) IF—FRICHOTINR S %, &IH a,, cos nw+by, sin nx

n=1

ERRETH 20 6. B Z (ag cos kx + by sinkx) W FH#EHLTH D, ZO—HEICROMRETH %

k=1

(an cosnz + b, sinnz) 1XEHTD 5,

WE

1

3
Il

(2) HHREEL |p] X [—m, 7] THRAME M ZH S Z &0 5,
f(@)p(x) = % o(x) + Z (an cos nx + b, sinnzx) p(z)

n=1

b— IR 2, ZDZkid (1) &FAFRIZ Weierstrass D M-test Z L THRWL (M, := M (Jan| + ||bn]])
&3 3).

N
f(x)e(x) — ((120 + Z (an cosnz + by, sin nm)) o(z)
n=1

sup
z€[—m,m]
N
<M sup |f(x)— (C;O + Z (an, cosnz + by, Siﬂ?lac)) |
zE€[—m,7] ne1

tmi?%ﬁb:% bADB (N — oo D E, Gl 0 IZPERT 20T, b 0 1ZPCRT %), itoT
TERIFE 5T HIA] HE

s [

(fip)= [ [fl@)p(z)de

—T

_ /_ e dr Z (an / cos nep(@)dz + by / " ¢in nmgp(x)dac)

—T

o
—I—Z an, (cosnz, ) + by, (sinnz, p)) M
n=1
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FRE 34. (ZNIFEEFITR 7D TAEET 5, BREDORZRVT g(z) =signx TH20H, Eix f &
g D Fourier HEX. FEEMIZ (No. 1 D) [ 6 TRDTH %, Fourier IR DFERIZ

7_720082k—1 _E_é COS%+COS3Q?+COS5.%'+
2k—1 2 7 12 32 52 ’

éi& (2k—1 4 <sinx+sin3x+sin5x+ >
T 2k—1)  «\ 1 3 5 )
k=1
N—Zcos (2k — 1)x (cosx+cos3x—|—cos5m+ -).
aAYPa—X—%HAVTHEIMERH L GEE MEE1 077 7#E %) 2R X, 1% 2k—Dr (k€ Z) DA
T AIRET. Moo AlREZR & 2 AT

fl@)=g(x) (zeR\{(2k - |k € Z}).

RITEBEBDOEKRT f =g, ¢ = h DD ILD, f D Fourier #FER ZIHANZH 7D L72d DD g D Fourier
WEUEBNCE L . g @ Fourier IREUEBZIHANCHM D L7z d DD h @ Fourier FFERICEFEL L Ko TW
5, 1

fRZ 35. (1) f @ Fourier £t 7 f IIXKXTEFRK I N5,

71O == [ feettdn (er)
g DHAE Fourier 24 F7*g IIRXXTER SN 5,

1 > )
ar* - = xé
(2) EYURBREZEMHED T, F*Ff] = f, F[Fostg] = g BRDILD, ZHH% Fourier DRI & FEXR,

Fourier #iE D% E X,
> . 1 [™ ,
= Z e ep = o /7T f(x)e " dx

n=—oo

EWVSRAPREARICHE T 5, =

RE 36. #FE/ — D 2.3 TFourier ZH:OBEAME) ITEVWTH S, n

FRE 37.
(1) W iz —y eBEEBLT, [ e Sy = [T
HRE TR S .
F [6—3902} €] = \/ﬁ/ e 37" e g
THEMLT
a2 e i§ e
3z* — izl = -3 (1: + G > 3
TH2H050,
—3z? _ —E%/12 —3(x+i€/6)? 752/12 1 o 73902
F [e } ]l =e \/%/ dx = Noria dx

—¢2/12
_ \ﬁ 1 e
V2m V6

(2 oD DFERX, BEBEEGROMOKOLIEE V5, FHildEIE, LB, WETIIIRDEN Uiz, #E
F/—bPD1AS ITHETH 5, )

|

Shttp://nalab.mind.meiji.ac.jp/ mk/lecture/fourier-2014/toil-drawing.pdf
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(2) (i) EoXEZE, AOHH L EO#HFATHI T, AQHFDH I y = —2 EEBERT L
1 o0 .
—3|z| _ —3|z| ,—ixg
.7:[6 ](5)_\/%/—006 e “Sdx

1 0 A 0 ,

= </ e 3T gy +/ e3xe_mfdx>
271' 0 —0o0

= — (/ e 3T gy —i—/ 6_3%”50[3:)
21 \Jo 0

e—(3+if)z o— (3= ] e

-5

—GtiE)  —(3-i)

1 1
QH%§+3—%>
6 3v2 1

T Vo €49 Jrety
(i) KEAXEHWS 2. (i) DFERD2 S

#[aws) @5

2T

0

-5~ 8-

R FF() = F (=) BT

(i) ZhdHHREIRT

R U LR S L GRS [g]
Ff(ﬁ)—m/oof(x)e dm_\/ﬂ/we “ v e ]

B 1 677:36 _ €i3£ B 1 1 6235 — e*i3§ o 1 sin 3§
6V~ Var 3¢ 2 Vam 3¢

(iv) 1E 2 e R X #C

1

}_{sin?)x] (§):\/%f(—§)=\/%>< 6 (1€] < 3)
S 0 (lgl > 3).

WP LRSS L. (REFACE. IR EMCET 3 0T) ¢ = £3 T Vor x 113 P
SMEZHS GABRTIZZ ZEXTEDPRLTHRVWILIET ), =

IR DRERIZ
1 /m, . .
513 Gian (3 9) + sign (3-+9)
ALY I
:m'}'sign(3—y)+sign(g/+3)
6 2
TH5H05, OK.

B 38. (fEEDA) Z2f(x) = F(Ff)(z) = F(Ff)(—z) = f(z) (x €R). ®RIT Fif = f. m

O Z DOINIAF A DRIET, AL 2 THREATE S,
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. N .
LUN _ (627r1/N) — e2m .

P
2 meN,1<m<N-12F22% 0<m/N<NTH3»b. 0<2mm/N < 27, cos ?Vm;u. ©
AT
wm = (eQ“i/N>m = 2mm/N — (og 2mm + isin 2mm 7 1.
N
N—-1

(3) > W™ EA W™ OFHEIITH B, (1), (2) 25, m=0 (mod N) D& & w™ =1, Z5THW
j=0

t%wm;ﬁl'@%%o

<

m\ N
(wwnz _*1 1_ 01)7;11 =0 (m#0 (mod N))

mj — N—

N-1

[y

w
j=0 1=N (m=0 (mod N)).m
j=0

FRE 41. %/ — D 3.2 OME3.3 (p. 47) X W = <;]w_("_1)(j—1)> 3B E WL = (wibe-h)
EWVWHHANATH S, ZOEHZBELITHUIR,

. 1 .
ME 33 2HoTRVWEDIIE. w=w ! THEDT, U =VNW = <\/Nw_("_1)(3—1)> N IR -
—_— 1 ) 1 . 1 1
ve—or - (L —<a—1><n—1>) _ ( ulxnl)) ~ Lt wric v = VAW =1 m
(m“ i N VN

b

fRE 42. #FE/ — D 1.1 THERL Fourier (Rl — B ZD LS IWCERT 50 ITEVWTHS, =

RE 43. SEMEIX, EH 324 2 L7ze N >2m 723 K512 N ZEAUIR W, fifE 3.1.2 THig 7 —V
REOME . ¥ C, = Z em EWVORZHEMEE X, LWLWOSHETHZ, LW LIZEKTZ, =

m=n
fRE 44.
(1) W (N — i NG = T TH BB,
N—-1 1 N-1
Cn+N = = Z f] —(n+N)j N fjw_nj = Cn
=0 =0
0 .
(2) fl@)= D e TT THDIH5,
n=—oo
o (@) oo
fi=F@) = e T = Y cpe™Th = 3"
n=—oo n=-—oo n=—oo
Wz

=0 =0 m=—c0
1 00 N-1 1

—x Y e T = L S N = Y e
m=—00 7=0 m=n m=n
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B)0<n<M®DEE m=n (mod N),0<m<N-1Z2mlEnDATDHLEHHL. C,=cy.

T/ -M<n<0DE m=n(modN),0 <m<N-1&R5mIEN+nDATDHIDNH,
CN4n = Cn.
C:{al 0<n<M)
" CNin (M <n<0)m

RE 45. BEEURER Fourier ZH#UCOWTIE, R/ — PO 5 HICEWTH 2 DT 720, IHIZOWTIX

3 1f ()P < 0o DEACEL BRL TV AR YL o, (HE: @DELICKZINE, COMRTIE, &

n=—oo

B OICROFEAZ K5 Z & 2 BR LRV, ) KREEARIZDOWTSH, Fourier fEDEE & [F U72 X 43,
THEETH o7, LUNERBRNEDHLE L LT,

IRRICDWT M, :=|f(n)] BL k.

f)e ™| = f(n)] = My, > My= Y |f(n)] <oc TH3

5. Weierstrass @ M-test 12X D Z f(n)e ™ F—RRIHEIR S 2 DT, FHIIUR T 5,

BEMICDOWT (CAE#E — MCBWTHEINYE., DVTERS) ne Z IKHLT, e 2 =1 Th
276

w+27r Z f —mw+2ﬂ' _ Z f —znw —12n7r: Z f —znw: ( )

n=—oo n=—oo n=—oo

WZIC f AR 27 TH B,

REEAICDOWVWT 4T Fourier (D Fourier (RIS 7250, L WVWHEETH 5, {e‘im} WFERERT

™ iy
(e—mz‘7 e—znx) — / e —inT —m.tdx — / dx = 2

—T —T

THE00, ™ DB f(n) 1

—inx ﬂf(x)e_mdx ™
oy = L) s :

(-t o) o % f(x)emx dxm

FRE 46. (4) LUNIFHER — + 7.4 TEHAHOEANLBMEDIEA] (pp. 60-60) IZHFENTH 2, (4) &
7.3.2 THREBZBHSDH ITHFNTHS, n

fRE 47.

(1) hi=fxg &BLL



u=x—y £BLE, de=du, x =u+y, e = ¢ WtV = o~ WE TEH B )5,

Flreal© = 0= [ ([ swe i) gy

= \/12? / . flu)e ™ du / N g(y)e ¥dy

=V2rF f(€)Fg(6)m
(2) h:=fxg &BLL
1 —anE
Ff xgl(n =5 dz

1/ (% I
ﬂ(/_wfx— mwdw)dy
2l (/_ﬂ flx—y e“””d:c> 9(y)dy.

u=zr—y el dr=du,z = —7TDEZTu=—-T7—yr=mnDEZTu=nr—y, x=u+ty,
e—in:c:e—in(u—l—y)n:e—inue—iny THEMb,

l\D

Il = o L () stwemee ) gty
% / _”‘“du /_ ) g(y)e "™dy
=Zf(n)Fg(n).n
(3) h:=fxg &BLL
1 N—-1
Flf*gln) =5 2 h(G)w™
7=0
1 N—-1 /N-1 ' 1 N—-1 [N-1 '
NZ(Zf )wwNZ(ny ”J)
j=0 \ k=0 J
1 N—-1 [N-1
N f )9(@
k=0 7=0

l=j—kEtBlY.j=0DLEL=—k, j=N—-1DLXl=N—-1—k,j="0+k w ™ =w k) =
w My TH B DS,

{=—k

1 N—-1 /N-1-k 1 N—-1 /N-1-k
Zlfx () = 5 ( >, f(ﬁ)w—"fw—”’f) 9(k) = % ( > f(é)w—"f> g(k)w "
N

o1



(4) h:=fxg &BLL

FUgl@ = D0 hlme™ = 3 (Z f<n—k>g<k>> e

n=—oo n=—oo \k=—o0

=y (Z f(n—k)e—""f) gk)= > ( > f(m)e—imﬁe—“fﬁ) g(k)
k=—00 \n=—oo0 k=—00 \m=—00

:( > f(m)e—W) ( > g(k)e—i’ﬁ)
m=—00 k=—o00

= Zf(§)Fg(§)m

FRZ 48. (HEfi, 2016 FFEOLR— MFE2 O—HLD T, #ETEIHHALTH 2, )
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