
Z�s�b

À&˚

ø. ‡k

ÿ�û�£ÿ�ý�ís�, BÊ2Û

×çþt7øÆhí{˙, ÛÊì±Êl


ó«}& (Computational Fourier Anal-

ysis)� {˙íqñuJZ�s�b (Fourier

series) ¸Z�s² (Fourier transform)

Ñbç!�í@àDl
½æ, ¨��Ü~

šƒb (wavelets), J£�ÜbPmUTÜ

(signal processing) ¥_@à{æ, ´�É

k…bíÆ
¶†�

�¡kbP“í;ßD�d, MÚÓO

Úäl
œæ˜í�£7AÑnï½bíh

’e$G� BwÑmUTÜ¥Æ{æ@v}

AÑ@àbçíøX½bj²� Ä¤6ı�

¥øHíçÞ?D£oQ¾¥_ä�� FJ

B²Ïø¥Æ{qlA×çúû��˙"í

²^{˙� ãeø…ÉG-f$íò+�,

}¸(4Hb�

Ñ7�—DívÈTÜ@à{æ, Bb

.â12Ë�ÜbçíÜ3!�� S”×¶

}çÞÊç‚5$1.xeêcíbç*�

(Bb2¥çÞ°v^õ‰ƒb3Có«}&

5éíÓbç{˙, JYó.óA5^, O1

.u'ÖçÞ?DQ§¥ší/‡)� FJB

b.âÊóúVzªœsívÈq, ÑçÞ

ÄeøPªœ2Iíbç!�{˙, Je(

Ví@à{æ5Û�

ílBbIúüvµ3(4Hb, Ô2

uø£†!5 (orthonormal basis) R7ƒ

úX!5 (dual bases) ¸�- (frame) í

h1�Í(Iúüv2ÀË�Ü L2 ˛È¸_

(norm), q,, I�¥<h1, 1`¾à R
2

;Þ<STÑéª,TòçÞíògw…�Q

OuúüvíZ�s�b2�, Í(ÿÇá

ƒZ�s², ×àZ�s² (DFT) ¸

w0§
¶ (FFT)�

J-ÿuBFqlíúüvZ�s�b

{˙� ¤È½Õ7øVÊ@à{æ,FÛb

í@-Ü3, ¸s_ÊmUTÜ,ís_”

½bíh1: òä[bœü¸ Gibbs Û

ï� Î7ú…Íí²^çÞ5Õ,B6Ê2Û

Úœ¸2˙@bís‚{˙2à¬¥¹ƒ2�

BêÛ¤ÈíqñÖÍ2À7/™Ä, º.

ÑøOíbç{˙F°Q�FJ, ;þt�¥

_�Ë, ø¥øü¨%¬cÜí{˙D°C

b}�, 1~.‘N`�

ù. ì2

F‚ Fourier �buN

a0 +
∞∑

n=1

an cosnx + bn sinnx

81
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¥ší�b� …íŸ|Ûk Euler (1707–

1783) íø_+N

1

2
x=sin x−1

2
sin 2x+

1

3
sin 3x−· · · ,
x ∈ (−π, π)�

OubçÍ,1³�J Euler V·±¥ø

éí�b� CruÄÑJ Euler ·±íb

ç!Z˛%DÖ7, 6CruÄÑ Fourier

(1768–1830) êÛ¥é�bíŸÄx�ªœ

¿íbç�à� Fourieruø_D“ú�°‚

í¶ÅA, {%u“ú�í�àSçð, Ó›

±ˇ�£, 1ú©�£d“íû˝�Fõ.�

FFê¨íøKO±N$då›�, Rosetta

stone, ÊF\LÅ½›LÝív`#³Y

7, ÛÊWýk×L²Óø� Fí ìíS

çðÞºák“ú�\¼[œ×a¸íü¿

(1814)� OuFÊ 1807 ÿ˛%Tƒ¬¥ø

éí�b�

Fourier uÊû˝Ïfû½æív`,

êÛ¥[úi�bí@à� Ou¥[�bí

Uà±Ê…íÃ_<2\bçðnj5‡�

âk¥ Fourier �bFðÞírÖbç½

æ, ^àø_4DÃò4++, \/<bç

ðwÑu3û7¡H}&çíêW, 1AÑ

F‚ “bç}&” íøX3¼� BkÊ¥ø

jÞ�3bõ.íA, Rudin Ô|ú_Bb

@v�2í±å: Riemann, Cantor ¸

Lebesgue�

íl, F‚úiÖáN (trigonometric

polynomial) uJ-$Níƒb

a0 +
N∑

n=1

an cosnx + bn sin nx� (1)

w2 N uø_£cb, x uõb, Ê¤Bb

cq an, bn 6·uõb� 'péí, úiÖ

áNuø_J 2π ÑU‚íƒb�

âO±í Euler identity

eiθ = cos θ + i sin θ,

w2 i =
√−1, BbªJZŸ

cosnx =
einx + e−inx

2
,

sinnx =
einx − e−inx

2i
�

FJ, ¥_úiÖáN¢ªJŸA

N∑
n=−N

cne
inx�

¥v x uõb, cn ÿuµb7�

3æ:

(1)
1

2π

∫ π

−π
einx dx =

{
1 if n = 0,

0 otherwise�

(2) { 1√
2π

einx | n ∈ Z} Ê L2(−π, π) ,$

Aø £†Õ¯�·<, µbMƒbíq,u

(f, g) =
∫
f ḡ�

(3) { 1√
2π

, 1√
π

cosnx, 1√
π

sinnx | n > 0}
Ê L2(−π, π) ,$Aø £†Õ¯�

(4) ì2 Dirichlet kernel DN(x) =∑N
n=−N einx� „p

DN(x) =
sin(N + 1

2
)x

sin x
2

�

'péí, â { 1√
2π

einx} í(4 ¯F
¨Aíƒb·uJ 2π ÑU‚íƒb� ·<,

Î7ÉJÕ, …b.}u˘k L2(R)íƒb�

Fourier �bíÜ3×_,uz, à‹ f(x)
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uø_J 2π ÑU‚íƒb, Bóv`…ªJ

ŸAø_ Fourier �bí¸:

f(x) =
∞∑

n=−∞
fne

inx (2)

¥_+Níüõ<2G&(Þzp�

ì2 (u, v)T = 1
2π

∫ π
−π uv̄ dx, †

fn = (f(x), einx)T

=
1

2π

∫ π

−π
f(x)e−inx dx� (3)

¤(, J u(x) uø_J 2π ÑU‚íƒb,

/ (u, u)T < ∞, †pT

u(x) ∈ L2
p(−π, π)�

ì2 ‖u‖2
T = (u, u)T = 1

2π
‖u‖2

L2(−π,π)�

ú. õð

·< (3) N� âk einx ºQc_

[−π, π], FJ f(x) íøõj¶í‰“ÿ�

àƒF� fn íM� ²Æuz, ¹U f(x) ¸

g(x) É�Ê'üíø¨–Èq.°, fn ¸

gn 6ª?ÿrÍ.°�

Wà, J f(x) = 0, † fn = 0� OuJ

‰“øõõ, I

f(x) =

{
1
4
− |x| if |x| < 1

4
,

0 otherwise
x ∈ [−π, π], (4)

Í(ˆW f(x) A 2π U‚ƒb� ªc f(x)

uø_Xƒb, FJú@ sinnx í[b·u

É, ] fn ∈ R 7/ fn = f−n� l
)

f0 = 1
32π

, f1, . . . , f16 íMYåu:

0.0099 0.0097 0.0095 0.0091

0.0087 0.0082 0.0077 0.0070

0.0064 0.0057 0.0051 0.0044

0.0038 0.0031 0.0026 0.0021

7F)í¶M¸àÇø�

−3 −2 −1 0 1 2 3
−0.05

0

0.05

0.1

0.15

0.2

0.25

Çø



84 bçfÈ 22»1‚ ¬87�3~

û. !�

ílƒ<_Ý Fourier �bFù�í

øOÜ3� à‹ {φn(x)} uÊ L2(a, b) ,

íø £†Õ¯ („.u!5), I V =

span{φn(x) | 1 ≤ n ≤ N} uø_�Ì
&ä˛È� † f ∈ L2(a, b) Ê V ,íI�

u

Pf(x) =
N∑

n=1

fnφn(x), w2

fn =
∫ b

a
f(x)φ̄n(x) dx�

µó Pf øu f(x) Ê V 2í|7V¡�

ìÜ: JI

t(x) =
N∑

n=1

tnφn(x),

†

‖f − Pf‖L2(a,b) ≤ ‖f − t‖L2(a,b)

7��A�J/ñJ

fn = tn, 1 ≤ n ≤ N�

„p: â fn íì2,

∫ b

a
f t̄ dx =

N∑
n=1

t̄n

∫ b

a
fφ̄n dx =

N∑
n=1

fnt̄n�

yâ {φn} í£†4,

‖t‖2
L2(a,b) =

∫ b

a
tt̄ dx

=
∑
n,m

tnt̄m

∫ b

a
φnφ̄m dx

=
N∑

n=1

|tn|2�

à¤)ƒ

‖f − t‖2
L2(a,b)

=
∫ b

a
|f |2 − f t̄− f̄ t + |t|2 dx

=‖f‖2
L2(a,b)−

N∑
n=1

fnt̄n+f̄ntn − |tn|2

=‖f‖2
L2(a,b)−

N∑
n=1

|fn|2+
N∑

n=1

|fn−tn|2�(5)

FJ ‖f − t‖L2(a,b) |üíª?ÿuç fn =

tn ív`, 6ÿu t = Pf ív`�

I (5) N2í fn = tn� †

0 ≤ ‖f − Pf‖2
L2(a,b)

= ‖f‖2
L2(a,b) −

N∑
n=1

|fn|2�

yI N → ∞ (à‹�µóÖ φn(x) íu),

†)ƒF‚í Bessel .+N
∞∑

n=1

|
∫ b

a
f(x)φ̄n(x) dx|2 ≤

∫ b

a
|f(x)|2 dx�

(6)

ø_2ÀíR3u, à‹ {φn(x)} uø £
†Õ¯, †

lim
n→∞

∫ b

a
f(x)φ̄n(x) dx = 0� (7)

ü. QäDòä

â (7) N)ø lim fn → 0; 6ÿuz

ç |n| '×ív`, |fn| 'ü� Ou, à (1)

Níi"Võ, fn ¸ f−n õÒ,u A a|n|
¸ b|n| íM� ÛÊBbvÉõ (1) N¸

n > 0 í8$� an ¸ bn }2u cosnx ¸

sinnx í[b, ¥v` n u¥s_š$íä

0� ¥6ÿuz, ç n ×ív`, an ¸ bn
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H[7 f(x) í“òä”}¾; Cz, f±n u

f(x) íòä}¾� µóJ,íbçÅH, ÿ

uzø_ 2π U‚ƒbøìªJ\cbä0

í£ìýšWÇ7/òäí}¾øì'ü�

¥_“òä}¾'ü”íÛï, Î7Êb

ç<„2õ)|V,6ªJ�ògíw…� c

;ø_ f(x), Ê [−π, π] 2àÇù�

f(x)

−3 −2 −1 0 1 2 3
−5

−4

−3

−2

−1

0

1

2

3

4

5

Çù

† f(x) sin x úkÇú7 f(x) sin 20x úkÇû�

f(x) sin x

−3 −2 −1 0 1 2 3
−5

−4

−3

−2

−1

0

1

2

3

4

5

Çú f(x) sin x�
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f(x) sin 20x

−3 −2 −1 0 1 2 3
−5

−4

−3

−2

−1

0

1

2

3

4

5

Çû f(x) sin 20x�

∫ π
−πf(x) sin xdx uÇú2yW,jíÞ

,Á -jíÞ,, bM×tu−2.5203�∫ π
−π f(x) sin 20x dx †uÇû2íÞ,Ï,

âÇªc,-¶M<˛�ó¾ , FJ@v

'ü; ×tu 0.0516�

ý. Parseval ìÜ

Parseval ìÜ!…,ÿuz, Êúi�

bí8”-, Bessel .+Ní+UA�� 5

? L2
p(−π, π) ,í£†Õ¯ 1√

2π
einx, J

f ∈ L2
p(−π, π), ì2wúiÖáNWÇÑ

FN(f, x) =
N∑

n=−N

fne
inx, w2

fn = (f(x), einx)T �

7 Fourier �b†Ñ

F(f, x) = lim
N→∞

FN(f, x)�

ç |fn| < ∞, Bbÿz f(x) ªJTúi

ÖáNWÇ� cq f ∈ L2
p(−π, π), U)

|fn| ≤ ‖f‖T‖einx‖T = ‖f‖T � O¥_cq

wõØ#7øõ, Éb
∫ π
−π |f(x)| dx < ∞,

6ÿuz f ∈ L1(−π, π), ÿªJ�

|fn| ≤ 1

2π

∫ π

−π
|f(x)| |e−inx| dx

=
∫ π

−π
|f(x)| dx < ∞�

Ou, à‹ f(x) ÉuÊ L1(−π, π), B

b1³�ø_éN Parseval íÜ3\„

FN(f, x) íY¹4� ÝBªJvƒø_ (è

Gí) Wä, U) limN→∞FN(f, x) Ê©ø

õ x ·êà�

Parseval ìÜ: Y,H¯U,

lim
n→∞ ‖f(x) − Fn(f, x)‖T = 0, (8)

7/
∞∑

n=−∞
|fn|2 = ‖f(x)‖2

T � (9)
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à‹ g(x) ∈ L2
p(−π, π), F(g, x) =∑

gne
inx, †

(f, g)T =
∞∑

n=−∞
fnḡn� (10)

„p: #ìL<í ε > 0� Bb‚às

_„%„pí!‹�vø, æÊø_©/ƒb

h(x) ∈ C(−π, π), h(−π) = f(−π) =

f(π) = h(π) 7/ ‖f − h‖L2(−π,π) < ε�

ªJˆW h(x) ∈ L2
p(−π, π)� vù, à‹

h(x) uø_©/í 2π U‚ƒb, †æÊø

_úiÖáN P (x) U)

|h(x) − P (x)| < ε, ∀x ∈ [−π, π]�

(¡c(ÞíMõY¹ìÜ�)

â ‖ · ‖T íì2, )ƒ ‖h−P‖T < ε�

cq P (x) í¼bu N0� âk Fn(h, x) u

h(x) í|7úiÖáNV¡, ]

‖h−FNh‖T ≤ ‖h−P‖T < ε, ∀N > N0�

¢â Bessel .+N,

‖FNf−FNh‖T=‖FN(f − h)‖T

≤‖f − h‖T

=
1√
2π

‖f − h‖L2(−π,π)

<
1√
2π

ε�

FJ

‖f−FNf‖T≤‖f−h‖T +‖h−FNh‖T

+‖FNh− FNf‖T

<(1 +
2√
2π

)

ÄÑ ε uL<£b, ]) (8)�

â Schwarz .+N,

|
∫ π

−π
f ḡ dx−

∫ π

−π
FNf ḡ dx|

≤
∫ π

−π
|f −FNf | |g| dx

≤ ‖f − FNf‖L2(−π,π)‖g‖L2(−π,π)�

I N → ∞, )ƒ

(f, g)T = lim
N→∞

(FNf, g)T

= lim
N→∞

N∑
n=−N

fn(einx, g)T

=
∞∑

n=−∞
fnḡn�

]) (10)� z g ²A f ÿ) (9)�

þ. Gibbs Ûï

Ou Parseval ìÜzíu L2 _5

-í;ÌY¹� ¥1.H[ú©ø_õ x ∈
[−π, π], Bbíúi�b·}MõY¹, 6

ÿu:

lim
n→∞ |f(x) − Fn(f, x)| = 0

à‹ f(x)Ê/õ x0 .©/, Ou f(x±
0 ) =

limx→x±
0
f(x) æÊ7/ f(x) Ê x0 sVË

¡Ì;Ë� † FN(f, x0) øY¹ƒ

f(x+
0 ) + f(x−

0 )

2
� (11)

y�íÛïu, FN(f, x) Ê x0 ísV·

�¦¬åí¶M� ¥ø¶Mí“ "”ÓO N

‰×7‰�, Ou…bí“ò"”º×tu_

zb� ;W Parseval ìÜ, FNf ´uY¹
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ƒ f(x), Ê L2 _í<25-� ¥uø_Ý

zO±íÛï, ˚T Gibbs phenomenon�

ÖÍ¥_Ûï9(\êÛ{%|Ûk

1848�íø¹dı “On a certain periodic

function” 52, T6u–›úøçÍíb

çðWilbraham� ODAøO´uz¥_Û

ïíêÛDj„¦Šks¹}2k 1898 ¸

1899 �…Ê1Å Nature ÆÐ,ídı�

Ê 1898 �T|¥_hôÛïíu1Å

íÓÜçð Michelson (1852–1931)� FÊ

1892 �|L�A�íW‹ë×çÓÜÍí

vøPÍ3L� ÄÑF¿ìm§J£„pJ

Ø (ether) .æÊ, UF×) 1907 �íÛ

ó�ÓÜÝ�çv, ÊAql
œíêWvÍ

,, Tkœgéª�ívH� Ê 1880 ˝¬,

LÅíÓÜçð Lord Kelvin ‚àéª,}

Âêp7ø[˚T Harmonic Analyzer í

l
œ�…íŠ?uªJYW�pí f(x)Ç

$l
wúiÖáN[b; 6ÿu, (1) N2

í an ¸ bn�çv\àÊú½ãíû˝,,F

J¢�_±åÊ tidal harmonic analyzer�

¥[œÂøòƒùŸ×D‚È´ÊUà� Ê

1897 �È, Michelson ql7ø<xX, U

)¥[ Harmonic Analyzer ªJ
|yò

áí Fourier [b; –lu 20 á, |(u

80 á� F�O¥_œÂ¡‹ 1900 �ÊÑ-

ÔŸí0ä²½}, )7íÝ�

*¥_l
œí�|, Michelson h

ôƒJ-¥_Ûï� I f(x) = x, x ∈
[−π, π), 1ˆWAø_ 2π U‚ƒb, àÇ

ü� éÍ f(x) Ê (2k + 1)π .©/� Bb

−6 −4 −2 0 2 4 6
−4

−3

−2

−1

0

1

2

3

4

Çü
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Éõ −π ¸ π sõÿªJ7�;W Euler o

ÿ˛%ø−í+N,

f(x) = 2(sin x−1

2
sin 2x+

1

3
sin 3x−· · ·)

= 2
∞∑

n=1

(−1)n+1

n
sinnx�

(f(x)u_Jƒb�)Ou,.3u n = 20C

n = 40, Fn(f, x) õ–Vßd·}¦¬åø

õõ, 7/¬åí˙"ßd.}ÓO n ‰×

7Z¾� Bbà Matlab íªõl
½¨¥

s_Wä, àÇý� Ouçv Michelson í

l
œí1ü"É�úü_�^bå, `Ç

íŠ?6'Ÿá� Fhô¥_�¦í¶M×

tuzb 0.56�

20 terms

−6 −4 −2 0 2 4 6
−4

−3

−2

−1

0

1

2

3

4

40 terms

−6 −4 −2 0 2 4 6
−4

−3

−2

−1

0

1

2

3

4

Çý Gibbs phenomenon
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ÖÍ¥_Ûïuâ¤ÔWhôƒí, O

uÉb f(x) �.©/í¶M, …ÿ�Z4

Ë|Û�

1899 �, Gibbs (1839–1903) �@7

Michelson íêÛ� Gibbs \çÑ��0�

1Å|Q×íbçÓÜçð�F„p7, ,H

í Fn(f, x) Ê (2k + 1)π Ë¡í|×MÁ

|üM�¡k

4
∫ π

0

sin x

x
dx�

7,-�¦í¶M®u

2
∫ π

0

sin x

x
dx− π ≈ 0.562281�

Ñ7
N,íjZ, Bb.êr�Ó

Michelson ¸ Gibbs í2¥V¿˝¥_

Ûï� Bb¦ø_ªœjZí 2π U‚ƒb

f(x) = π − x, x ∈ [0, 2π)� ¥_ f(x) Ê

x = 2kπ v.©/� f(x) ´u_Jƒb, ]

an = 0� ‡ÞzíF��É L2
p(−π, π) íÜ

3¸l
, ·ªJ�ƒ L2(0, 2π)� ÄÑ

∫ 2π

0
x sinnx dx =

2π

n

(à¶M,}xÍ), )

FN(f, x) = 2
N∑

n=1

sinnx

n
�

péË, F(f, 2kπ) = 0� I gN(x) =

FN(f, x) − f(x)� †

g′N(x) = 2
N∑

n=1

cos nx + 1 =
N∑

n=−N

einx

= DN (x)�

;W3æ (4), gN(x) Ê 0 í¬ivø_ó

ú”M|Ûk

xN =
π

N + 1
2

,

7 gN(x) íÇø_[ýNu

gN(x) = gN(0) +
∫ x

0

sin(N + 1
2
)x

sin x
2

dx�

7Ê 0 ¬i�¦¶Mí”Ìøu

lim
N→∞

gN(xN)

= lim
N→∞

∫ xN

0

sin(N + 1
2
)x

sin x
2

dx− π

= lim
N→∞

∫ π

0

sin θ

sin 1
2
( θ

N+ 1
2

)

1

N + 1
2

dθ − π

=
∫ π

0
2
sin θ

θ
lim

N→∞

1
2
( θ

N+ 1
2

)

sin 1
2
( θ

N+ 1
2

)
dθ − π

= 2
∫ π

0

sin θ

θ
dθ − π�

* Gibbs phenomenon Bbõƒ, J

f(x) .©/, † F(f, x) .}MõY¹� µ

óu.uú©/ƒbÿ}MõY¹á? Ï.

Ö7, Éb³��¡k�òí~(, Wà x
1
3

ÊŸõË¡� -ø_ìÜ#7ø_MõY¹

ík}‘K�

ÿ. Y¹ìÜ

MõY¹ìÜ: J f(x) uø_©/í

2π U‚ƒb� ú/_ x, JæÊzb δ > 0,

M < ∞, U)úF�í h ∈ (−δ, δ),

|f(x + h) − f(x)| ≤ M |h|�
†

lim
N→∞

FN(f, x) = f(x)�
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„p: ‚à Dirichlet kernel,

FN(f, x)=
N∑

n=−N

1

2π

∫ π

−π
f(t)e−int dt einx

=
1

2π

∫ π

−π
f(t)

N∑
n=−N

ein(x−t) dt,

]

FN(f, x) =
1

2π

∫ π

−π
f(x− t)DN(t) dt�

(12)

ç |t| ∈ (0, π], I

g(t) =
f(x− t) − f(x)

sin t
2

, (13)

L<I g(0) = 0� â f(x) í4”, ø−

g(t)6u 2π U‚ƒb�7/, ÄÑ |g(t)|Ê
[−δ, δ] ,�ä, â¤Rø |g(t)| Ê [−π, π]

,�ä�

âk 1
2π

∫ π
−π DN(t) dt = 1, ]

FN(f, x) − f(x)

=
1

2π

∫ π

−π
f(x− t)DN(t) dt

− 1

2π

∫ π

−π
f(x)DN (t) dt

=
1

2π

∫ π

−π
g(t) sin(N +

1

2
t) dt

=
1

2π

{∫ π

−π
(g(t) cos

t

2
) sinNt dt

+
∫ π

−π
(g(t) sin

t

2
) cosNt dt

}
�

âk 1√
π

sinNt¸ 1√
π

cosNtu L2(−π, π)

,íø £†Õ¯, âk (7), FJ,N2|

(ís_,}á·ÓO N → ∞ 7 → 0�

])„�

v (12)N2�à
∫
f(x−y)g(y) dyí

,}˚Ñ f ¸ g í~, (convolution)� p

T (f " g)(x)� ¥[,}, ¸…í×à�N:

∑
n

αk−nβn

·�rÖJ\í@à� Bb˛%�2íuÖ

áNí"¶� J

f(x) = αnx
n + · · ·+ α1x + α0,

g(x) = βmxm + · · ·+ β1x + β0�

†

(fg)(x) =
m+n∑
k=0

γkx
k,

w2

γk =
k∑

n=0

αk−nβn�

JBbz (αn), (βn) ¸ (γn) ŸAÌ¤Åí

b}, OÉ��ÌÖáÝÉ, †

(γn) = (αn) " (βn)�

,Þµ_ìÜ°vzp7 Fourier �b

�ø[j¶4� 6ÿuz,¹U Ff ¸ FgÊ

/ø¨–È (a, b) qY¹ƒ°ø_ƒb, …

bÊ (a, b) 5ÕEªJY¹ƒ.°íƒb�

¥_4”¸Nb�b (power series) u.°

í� s_Nb�b

∞∑
n=0

αnx
n,

∞∑
n=0

βnx
n

JÊ/ø¨–È (a, b) qY¹ƒ°ø_ƒb,

†

∑
(αn − βn)xn = 0, x ∈ (a, b)�

âûƒbMªc αn = βn, ∀n� FJ∑
αnx

n ¸
∑

βnx
n rÍó+ (ÉbY¹

7)�
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¥[j¶4, 6ªJâÇøõ|V� Ö

Í (4) N2 f(x) í Fourier [b fn

·.uÉƒbí[b (fn �= 0), OuÊ

[−π,−1
4
] 5È f(x) = 0� 7/ f(x) éÍ

Å— Fourier �bMõY¹5‘K� FJ…

í Fourier �bÊ [−π,−1
4
] 5ÈøY¹ƒ

Éƒb�

|(, Bbn3Bóv` FN(f, x) }

Y¹ƒ;ÌM (11)� cq f(x) u_ 2π U

‚ƒb, Ê (−π, π) 5ÈæÊ�ÌÖ_õ

x1 < . . . < xN , U) f(x) Ê (−π, x1),

(x1, x2), . . ., (xN , π) 5Èuª�ƒb� 7

/, Ê¥<Ç–È5q, f(x) ¸ f ′(x) Ê–

Ès«õíÀi”ÌMÌæÊ� ¥šíƒb

Bb2˚Ñ}Ò;Ëí 2π U‚ƒb�

�ÌõY¹ìÜ: J f(x) u_}Ò

;Ëí 2π U‚ƒb, ì2 f(x±) =

limt→x± f(t)� †

lim
N→∞

FN(f, x)

=
f(x−) + f(x+)

2
�

„p: âk Dirichlet kernel DN(x)

u_Xƒb7/ 1
2π

∫ π
−π DN(x) dx = 1, F

J

1

2
f(x−) =

1

2π
f(x−)

∫ π

0
DN(t) dt,

1

2
f(x+) =

1

2π
f(x+)

∫ 0

−π
DN (t) dt�

]�

FN(f, x) − f(x−) + f(x+)

2

=
1

2π

∫ π

0
[f(x−t)−f(x−)]DN(t) dt

+
1

2π

∫ 0

−π
[f(x− t) − f(x+)]DN (t) dt�

Í(à (13), ì2

g±(t) =
f(x− t) − f(x±)

sin t
2

�

"^,ÞMõY¹ìÜ2íxÍªêA¤„

p�

—…dT6L`kÅ�2Û×çbçÍ—


