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3.0 Úó
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3.1 {¤£�
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1768c)u{I

1807cJÑ/?Û±Ï&ÒÑ�
±^�u¼ê�?ê5L«0

.�KF�éuL

1822cÄguL/9�©Ûn
Ø0

1829c)pâ|1���ÑÂñ
^�

Fp��Ì��ü��zµ
/±Ï¼êÑ�±L«�¤�Å'
X��u¼ê�\�Ú0
/�±Ï¼êÑ�±^�u¼ê�
\�È©L«0

Jean-Baptiste-Joseph Fourier
�ÙÅ�Fp�

(1768,3–1830,5)
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3.2 LTIXÚéE�ê&Ò��A

LTIXXXÚÚÚéééEEE���êêê&&&ÒÒÒest������AAA

Ä�ü�&ÒAT÷v±eü��¦µ£��ª��/©EÇ0¤

1 ��{ü§LTIXÚé§��AN´¦�§��A�äk�©{ü
�/ª"

2 äkÊH5§U
^±�¤��2���a&Ò"

�ÄLTIXÚéE�ê&Òest��Aµ
d��©Û�{µ

y(t) =

∫ ∞
−∞

es(t−τ)h(τ)dτ = est
∫ ∞
−∞

h(τ)e−sτdτ = H(s)est

H(s) =

∫ ∞
−∞

h(t)e−stdt

ùL²µLTIXÚéE�ê&Ò��AE´E�ê&Ò§XÚ¤å
��^�´UC
E�ê&Ò�ÌÝ"dA5�XÚ�ª�©Û�5

4���B"

�s = jω�§E�ê&ÒÒ¤
E�u&Ò§´�a2��&Ò"
ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù ±Ï&Ò�Fp�?êL« 2016c 5� 23F 6 / 42

3.2 LTIXÚéE�ê&Ò��A

ëëëYYY���mmmLTIXXXÚÚÚ���AAA���¼¼¼êêê

XJXÚé,�&Ò��A�ØL´T&Ò¦±��~ê§K¡T
&Ò´ù�XÚ�A�¼ê"

XÚéT&Ò\��~ê¡�XÚ�A�¼ê�éA�A��"

E�ê¼êest´��ëY�mLTIXÚ�A�¼ê"H(s)´XÚ�
E�ê&Ò�éA�A��"

ØÓ�LTIXÚ�U¬kØÓ�A�¼ê§
E�ê¼êU¤��
�LTIXÚ�A�¼ê"

eµx(t) =
∑
i

aie
sit§Kµy(t) =

∑
i

aiH(si)e
sit

dd��§��UrëY�m&Òx(t)©)¤E�ê&Ò��5|Ü§
¿�¦Ñ�A�¼êéA���A��H(si)§XÚéx(t)��AÒHA

)
"

�ÙkïÄs = jω���¹"
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3.2 LTIXÚéE�ê&Ò��A

lllÑÑÑ���mmmLTIXXXÚÚÚ���AAA���¼¼¼êêê

�ëY�m��¹��§lÑ�mE�ê&Ò§=E�êS�´�
�lÑ�mLTIXÚ�A�¼ê"

d��©Û{µx[n] = zn

y[n] = x[n] ∗ h[n] =
∞∑

k=−∞
h[k]zn−k

= zn
∞∑

k=−∞
h[k]z−k = znH(z)

H(z) =

∞∑
n=−∞

h[n]z−n

zn´XÚ�A�¼ê¶
H(z)´XÚ�A�¼ê�é
A�A��"

XJµx[n] =
∑

k akz
n
k§Ky[n] =

∑
k akH(zk)z

n
k"

Ù¥z = rejω´��Eê§�Ùk?Øz = ejω���¹"
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3.2 LTIXÚéE�ê&Ò��A

AAA���¼¼¼êêêÚÚÚAAA������

3�5�êÚÝ
©Û�§¥§·�Q?ØLA��þÚA��"

ùp§·�q��A�¼êÚA��"üö�mkéXíºùpk7
�£�Ú?Ø§±Bïáåüö�éX§\�·��n)"

�µR´��N ×N�Ý
§v�N × 1��þ§XJ

Rv = λv

K¡v�Ý
R�A��þ§λ��A�A��"

ùp§·�k

h[n]∗zn = H(z)zn; h[n]∗ejωn = H(ejω)ejωn; h(t)∗est = H(s)est

üö����É�´µ��´Ý
�¥þ��¦§,��´À-�A�
A�¼ê�òÈ"
¢Sþ§cöÒ´�ö�Ý
/¥þLã"
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.1 ¤�Å'X�E�ê&Ò��5|Ü

¤¤¤���ÅÅÅ'''XXX���EEE���êêê&&&ÒÒÒ������555|||ÜÜÜ

ïÄ¤�Å'X�E�ê&Ò8µΦk(t) = {ejkω0t}"
d12ÙSN·���§ω0´T&Ò8�ÄÅªÇ§T = 2π/|ω0|´

§�ÄÅ±Ï"w,§T´T&Ò8¥¤k&Ò�ú�±Ï§�´
�|k| ≥ 2�§T´Φk(t) �±ÏTk = 2π/|kω0| ��ê�"

XJòT&Ò8¥¤k�&Ò�5|Üå5§����ëY�m
&Òx(t)µ

x(t) =

∞∑
k=−∞

ake
jkω0t

òëY�m±Ï&ÒL«�¤�Å'X�E�ê&Ò��5|Ü§ùÒ
´ëY�mFp�?ê"
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.1 ¤�Å'X�E�ê&Ò��5|Ü

ëëëYYY���mmmFFFppp���???êêê£££Continuous-time Fourier Series )

Fp�?êx(t) =
∑+∞

k=−∞ ake
jkω0t§Ù¥ak´Fp�?ê�Xê"

XJx(t)´¢&Ò§K

x(t) = x∗(t) =
+∞∑

k=−∞

a∗ke
−jkω0t =

+∞∑
k=−∞

a∗−ke
jkω0t

u´ ak = a∗−k,=µa
∗
k = a−k "

ùL²§é¢&Ò5`§Fp�?ê¥k = NÚk = −N ùü��X
êo´p��Ý�§ùü�Ü¿å5âý��L
&Ò¥¢¢33��
��u�Å©þ"

é?ê?1C/§��µ

x(t) = a0 +
∞∑
k=1

[
ake

jkω0t + a−ke
−jkω0t

]
= a0 +

∞∑
k=1

[
ake

jkω0t + a∗ke
−jkω0t

]
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.1 ¤�Å'X�E�ê&Ò��5|Ü

FFFppp���???êêê���nnn���¼¼¼êêê///ªªª

Ïdµx(t) = a0 + 2
∑∞

k=1<{akejkω0t}
òak^4�I/ªL«ak = Ake

jθk§��µ

x(t) = a0 + 2

∞∑
k=1

Ak cos(kω0t+ θk)

�Ä�a∗k = a−k§u´kAk = A−k, θk = −θ−k"ùL²§¢±Ï&Ò
�Fp�?ê�Xê§Ù�´ó¼ê§� ´Û¼ê"

òakL«�ak = Bk + jCk§��,�«n�¼ê/ªµ

x(t) = a0 + 2

∞∑
k=1

[Bk cos(kω0t)− Ck sin(kω0t)]

ÓnBk = B−k, Ck = −C−k§=Xê�¢Ü´ó¼ê§JÜ´Û¼ê"
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.2 ëY�m±Ï&ÒFp�?êL«�(½

FFFppp���???êêê���XXXêêê

±T�±Ï�&Òx(t)�±L«¤Fp�?êµx(t) =
∑

k ake
jkω0t

XÛ(½ak? í�µ

x(t)e−jnω0t =
+∞∑

k=−∞
ake

jkω0te−jnω0t

∫ T

0
x(t)e−jnω0tdt =

+∞∑
k=−∞

ak

∫ T

0
ej(k−n)ω0tdt

∫ T

0
ej(k−n)ω0tdt =

{
T, k = n

0, k 6= n

∴
∫ T

0
x(t)e−jnω0tdt = anT ak =

1

T

∫ T0

0
x(t)e−jkω0tdt

Ï~L«�µ ak =
1

T

∫
T

x(t)e−jkω0tdt; x(t) =
∑∞

k=−∞
ake

jkω0t
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.2 ëY�m±Ï&ÒFp�?êL«�(½

ªªªÌÌÌ£££Spectral¤¤¤���VVVggg

3Fp�?ê¥§���Å©þm�«O==´ªÇÚE�ÌØÓ"
����
��±Ï&Ò¤�¹��ÜE�ê©þ�ªÇÚ�A�E�
Ì§ù�±Ï&Ò�Ò��(½
"Ïd§k7�ïÄE�Ì�ªÇC
z�'X"

±Ï&Ò¤k�Å©þ�E�Ì�ªÇ�©ÙÒ¡�&Ò�ªÌ"

�±^���ã5L«,�©þ�ÌÝ§^�ã� �L«�A�ª
Ç§ù�xÑ�ã¡�ªÌã"duakÏ~´Eê§ªÌã��©�Ì
ÝªÌÚ� ªÌ"

ªÌãÙ¢Ò´ak ∼ ω�'X"du
&Ò�ªÌ���L
&Ò§ïÄ§�
ªÌÒ�uïÄ&Ò��§Ïd§ù«
L«&Ò��{¡�ª�L«{"k

&ÒªÌ�Vg§Ò�±¢yl���
ª��=C"
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.2 ëY�m±Ï&ÒFp�?êL«�(½

±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ

�	�a­��&Ò—±Ï5Ý/óÀ&Ò"§3��±ÏS½Â
Xeµ

x(t) =

{
1 , |t| < T1

0 , T1 < |t| < T/2

w,T&Ò�ÄÅ±Ï�T"

O�x(t)�Fp�?ê�Xêµ

k = 0�§ka0 = 1
T

∫ T1
−T1 dt = 2T1

T ⇒ �6©þ§�=Ó�'"
k 6= 0�§

ak =
1

T

∫ T1

−T1
e−jkω0tdt =

2

kω0T

[
ejkω0T1 − e−jkω0T1

2j

]
=

2 sin(kω0T1)

kω0T

=
2T1
T

sin(kω0T1)

kω0T1
=

2T1
T

sinc

(
k

2T1
T

)
Ù¥µ sinc(x) =

sin(πx)

πx

±Ï&Ò�ªÌäkXeA:µlÑ5!�Å5!Âñ5"
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.2 ëY�m±Ï&ÒFp�?êL«�(½

T1ØØØCCC§§§UUUCCCT���±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ���ªªªÌÌÌCCCzzz

ak =
sin(kω0T1)

kπ

lþ�e§T1ØC§TO\"

2T1
T

=
1

2
,
2T1
T

=
1

4
,
2T1
T

=
1

8

dã�±wÑ§�XTO�µ
ÄÅªÇ~�§Ì��\�
8¶

�ä�L":éA�ªÇØ
C¶

ÌÝ~�§��ä¿Øu)
Ð°½Ø "
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3.3 ëY�m±Ï&Ò�Fp�?êL« 3.3.2 ëY�m±Ï&ÒFp�?êL«�(½

TØØØCCC§§§UUUCCCT1���±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ���ªªªÌÌÌCCCzzz

ak =
sin(kω0T1)

kπ

lþ�e§TØC§T1~�"

2T1
T

=
1

2
,
2T1
T

=
1

4
,
2T1
T

=
1

8

dã�±wÑ§�XT1~�µ
ÄÅªÇØC§Ì���Ý
£m�¤ØC¶

&ÒõÇ~�§ªÌÌÝ~
�¶

�äÐ°§&Ò�°C�"
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3.4 Fp�?ê�Âñ

FFFppp���???êêê���ÂÂÂñññ

^E�ê&Ò��Ä�&Òü�©)&Òäk��2��y¢5§
�ù¿Ø¿�Xé&Ò��vk?Û�å"�!�3ïÄ&Ò©)�E
�ê&Ò�5|Ü��2�5¯K"

Fp�?ê�Âñkü�¹ÂµÄkak´Ä�3¶Ùg?ê´ÄÂ
ñux(t)"

b�±Ï&Òx(t)�±L«¤Fp�?ê§^k���Å©þC
qx(t)�§kµ

xN (t) =

N∑
k=−N

ake
jkω0t

Ø��µeN (t) = x(t) − xN (t)§Ø�&Òäk�x(t)�Ó�±Ï"
±þ�Ø���ïþØ��OK§Ùþ�Ø��µ

EN =

∫
T
|eN (t)|2 dt =

∫
T
eN (t)e∗N (t)dt
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3.4 Fp�?ê�Âñ

FFFppp���???êêêÂÂÂñññ���^̂̂���—²²²������ÈÈÈ

�±y²µXJ^k��E�ê&Ò�?êÚCq±Ï&Ò§3þ
�Ø����OKe§k��?ê�XêakA÷vµ

ak =
1

T

∫
T
x(t)e−jkω0tdt

ùL²µ3þ�Ø����OKe§Fp�?ê´é±Ï&Ò��ZC
q£E�ê&Ò�?êÚ/ª¤"

²��È^�µ

XJ±Ï&Ò÷v
∫
T |x(t)|2 dt <∞§KÙFp�?êL�ª�½

�3"

òFp�?êL�ª�\þª2(ÜE�ê&Òü����5��∫
T
|x(t)|2 dt = T

+∞∑
k=−∞

|ak|2

Ïd²��È�§ak7�k��"
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3.4 Fp�?ê�Âñ

FFFppp���???êêêÂÂÂñññ���^̂̂���—)))pppâââ|||^̂̂���

)pâ|£Dirichlet¤^�

1 &Ò3?Û±Ïýé�È§=
∫
T |x(t)| < ∞§�y
?ê�¤kX

ê�k��"

2 &Ò3?Û±ÏS�kk��4�:§�4��k��"

3 &Ò3?Ûk�«mS�kk��mä:§�3ù
:?&Ò�k
��"

ùü|^�¿Ø���d"§�Ñ´Fp�?êÂñ�¿©^�"

��2��&ÒÑU÷vùü|^�¥��|§Ï
^Fp�?ê
L«±Ï&Òäk��2��·^5"

�á140�ã3.8�Ñ
n«Ø÷vDirichlet^��&Ò"
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3.4 Fp�?ê�Âñ

333ÙÙÙddd£££Gibbs¤¤¤yyy���

¯K�JÑµ÷vDirichlet^��&Ò§ÙFp�?ê´XÛÂñ
ux(t)�ºAO�x(t)äkmä:�§3mä:NCXÛÂñº

1898cMichelson3^�Å©Û¤ïÄ±Ï&Ò�§uy
¿�Ø�
��¹µé�Å&Ò§^���ÅU\�§3&Ò�mä:?©ª�3
��Ú�þ§¿Ø�¤��Å©þ�O\
k¤~�"

1899c§Gibbs)º
ù�y�§Ïd�¡�3Ùdy�"

3Ùdy�L²µFp�?ê3&Ò�ëY:?Âñu&Ò��§
3mä:?Âñumä:�m4��²þ�"^k��F¼?êL«k
mä:�&Ò�§3mä:NCØ�;��¬Ñy��Ú�þ"�þ�
ÌÝØ¬��ê�O\
~�"�´�X�ê�Oõ§��ªÇCp§
�mä:?Ø §l
¦§¤Ók�UþÅÚ~�"

ù�´duFp�?ê´3þ�Ø����OKeé&Ò��ZC
q¤���7,(J"
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3.4 Fp�?ê�Âñ

333ÙÙÙddd£££Gibbs¤¤¤yyy���
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3.5 ëY�mFp�?ê�5� 3.5.1-2 �5Ú�£5�

���555ÚÚÚ���£££555���

ÆSù
5�§kÏuéVg�n)Úé&Ò?1?êÐm"

�5µ

ex(t)Úy(t)Ñ´±T�±Ï�&Ò§

�µ x(t)
FS←→ ak y(t)

FS←→ bk

Kµ Ax(t) +By(t)
FS←→ Aak +Bbk

�£µ

ex(t)´±T�±Ï�&Ò§

�µ x(t)
FS←→ ak

Kµx(t− t0)
FS←→ ake

−jkω0t0 ω0 =
2π

T

ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù ±Ï&Ò�Fp�?êL« 2016c 5� 23F 23 / 42

3.5 ëY�mFp�?ê�5� 3.5.3-4 �m�=Ú��ºÝC�

���mmm���===ÚÚÚ������ºººÝÝÝCCC���

�m�=µ

ex(t)´±T�±Ï�&Ò§

�µ x(t)
FS←→ akKµ x(−t) FS←→ a−k

��ºÝC�µ

ex(t)´±T�±Ï�&Ò§Kx(at)±T/a�±Ï"

�µ x(t)
FS←→ ak

Kµx(at)
FS←→ bk =

a

T

∫
T/a

x(at)e−jkaω0tdt

-at = τ§�t30 ∼ T/aCz�§τl0 ∼ TCz§u´kµ

bk =
1

T

∫
T
x(τ)e−jkω0τdτ = ak ∴ x(at)

FS←→ bk = ak
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3.5 ëY�mFp�?ê�5� 3.5.5 �¦

���¦¦¦555���

ex(t)Úy(t)Ñ´±T�±Ï�&Ò§

�µ x(t)
FS←→ ak y(t)

FS←→ bk

Kµx(t) · y(t)
FS←→ ck =

1

T

∫
T
x(t)y(t)e−jkω0tdt

ck =
1

T

∫
T

∞∑
l=−∞

ale
jlω0t · y(t)e−jkω0tdt

=
∞∑

l=−∞
al

1

T

∫
T
y(t)e−j(k−l)ω0tdt =

∞∑
l=−∞

albk−l

∴ x(t) · y(t)
FS←→

∞∑
l=−∞

albk−l = ak ∗ bk
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3.5 ëY�mFp�?ê�5� 3.5.6 �Ý9�Ýé¡5
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x(t)´±T�±Ï�&Ò§

eµ x(t)
FS←→ ak Kµx∗(t)

FS←→ a∗−k

dd�í�§é¢&Òkµ

ak = a∗−k ½ a∗k = a−k

�ak = Ake
jθk�§kAk = A−k θk = −θ−k

�ak = Bk + jCk�§kBk = B−k Ck = −C−k
?�Ú§é¢&Ò

�x(t) = x(−t)�§ak = a−k£¢ó¼ê¤

�x(t) = −x(−t)�§ak = −a−k£JÛ¼ê¤
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3.5 ëY�mFp�?ê�5� 3.5.7 ëY�m±Ï&Ò�ød��½n
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1

T

∫
T
|x(t)|2 dt =

∞∑
k=−∞

|ak|2

L²µ��±Ï&Ò�o²þõÇÒ�u§��Ü�Å©þ�²þõÇ
�Ú"

�á146�L3.1�Ñ
ëY�mFp�?ê�­�5�"

~1µx(t) =
+∞∑

k=−∞
δ(t− kT )

ak =
1

T

∫ T/2

−T/2
δ(t)e−jkω0tdt =

1

T

x(t) =

∞∑
k=−∞

1

T
ejkω0t ω0 =

2π

T
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3.5 ëY�mFp�?ê�5� 3.5.7 ëY�m±Ï&Ò�ød��½n

|||^̂̂555���¦¦¦)))FFFppp���???êêêÞÞÞ~~~

~2µ±Ï5Ý/óÀ
òÙ�©�§�|^~1L«�

g′(t) = x(t+ T1)− x(t− T1)

�g(t)
FS←→ ck g′(t)

FS←→ bk
d���©5�kbk = jkω0ck

�â�£A5§k

bk = ak

[
ejkω0T1 − e−jkω0T1

]
= 2jak sin kω0T1

d~1�§ak = 1/T, ω0 = 2π/T

∴ ck =
bk
jkω0

=
2 sin kω0T1
kω0T

=
2T1
T

sin kω0T1
kω0T1
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.1 ¤�Å'X�E�ê&Ò��5|Ü

lllÑÑÑ���mmmFFFppp���???êêê���VVVggg

E�ê&Òej
2π
N
n´��±N�±Ï�&Ò§r±N�±Ï�¤kl

Ñ�m±Ï5E�ê&Ò|Üå5§Ò�±��¤�Å'X�&Ò8µ

φk[n] =
{
ej(2π/N)kn

}
k = 0,±1,±2, · · ·

N´ù�&Ò8�ÄÅ±Ï§&Ò8¥�kN�&Ò´Õá�"

φk[n] = φk+rN [n] �ëY&Ò�ØÓ�?

��§3ªÇþ��2π�ê��E�êS�Ñ´�Ó�"

XJò&Ò8¥¤kÕá�N�&Ò�5|Üå5§

x[n] =
N−1∑
k=0

ake
jk 2π

N
n =

∑
k=<N>

ake
j(2π/N)kn

w,§x[n]´±N�±Ï�lÑ�m&Ò§þª¡�x[n]�lÑ�mF
p�?êL�ª"
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.1 ¤�Å'X�E�ê&Ò��5|Ü

lllÑÑÑ���mmmFFFppp���???êêêDTFS

ùL²§±N�±Ï�lÑ�m±Ï&Ò�±©)¤N�Õá�E
�ê�Å©þ"

�ëY�mFp�?ê�Ó

ak¡�Fp�?ê�Xê§�¡�x[n]�ªÌXê£Spectral Coeffi-
cients¤"

x[n]´¢&Ò�µa∗k = a−k
ak�¢Ü!�´ó¼ê¶JÜ!��´Û¼ê"

�ëY�mFp�?êØÓ

?ê¥�kN�Õá��Å©þ§`²lÑ�mFp�?ê´��
k���?ê"

k�I��U�N��ê§�±l0�N − 1§��±l1�N"
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½

FFFppp���???êêê���XXXêêê

�?êL�ªü>Ó�¦±e−j(2π/N)rn§¿ò�U�N�én¦Ú
��µ∑

n=<N>

x[n]e−j(2π/N)rn =
∑

n=<N>

∑
k=<N>

ake
j(2π/N)(k−r)n

=
∑

k=<N>

ak
∑

n=<N>

ej(2π/N)(k−r)n

du
N−1∑
n=0

ej(2π/N)kn =

{
N, k = 0,±N,±2N, · · ·

1−ej2πk
1−ej(2π/N)k = 0, Ù§k

¤±�k = r�kµ

ak =
1

N

∑
n=<N>

x[n]e−j(2π/N)kn

u´��DTFS�ü�'Xªµ

x[n] =
∑

k=<N>

ake
j(2π/N)kn

ak =
1

N

∑
n=<N>

x[n]e−j(2π/N)kn
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½

FFFppp���???êêê���XXXêêê

XJØ��k���§¦Ù�±�?Û�ê§Kkµ ak = ak+rN "

�ëY�m&ÒØÓµDTFS�Xê±N�±Ï�§�Ò´lÑ�
m±Ï&Ò�ªÌ´±N�±Ï�§kl0�N − 1 �±Ï¡�ªÌ�Ì
�±Ï"

~µx[n] = sinω0n§�ω0/2π´knê�§x[n]´±Ï�"�ω0 =
2πm/N§Ù¥m = 3, N = 5"Á±Ñx[n]�ªÌã

)µx[n]�±^lÑ�mFp�?êL«�µ

x[n] =
1

2j

[
ej(2π/N)mn − e−j(2π/N)mn

]
k�0�4�ka3 = 1

2j ; a2 = a−3 = − 1
2j ; Ù{ak = 0"
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½

lllÑÑÑ���mmm±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀSSS������ªªªÌÌÌ

�ÄXã�lÑ�m±Ï
5Ý/óÀS��ªÌµ

ak =
1

N

N1∑
n=−N1

e−j(2π/N)kn =
1

N

ej(2π/N)kN1 − e−j(2π/N)(N1+1)k

1− e−j(2π/N)k

=

{
1
N

sin[ 2π
N

(N1+
1
2
)k]

sin(πk/N) , k 6= 0,±N,±2N, · · ·
2N1+1
N , k = 0,±N,±2N, · · ·

�	ªÌ��ä§

ak =
1

N

sin[(2N1 + 1)ω/2]

sin(ω/2)

∣∣∣∣ ω= 2π
N
k

w,�ääksinβx/ sinx�/ª"
ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù ±Ï&Ò�Fp�?êL« 2016c 5� 23F 33 / 42

3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½
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�ëY�m±ÏóÀ&Òaq

1 ±ÏS��ªÌäklÑ5!�Å5§3(−π, π)«m����äk
Âñ5"

2 �±Ï�óÀ°ÝUC�éªÌ�5�K��aquëY�m&
Òµ

N1ØC�§ªÌ�ä/GØC§ÌÝÚÌ�m�Ñ�NO�
~
�"
NØC§N1UC�§du�ääksinβx/ sinx£Ù¥β = 2N1 + 1¤
�/ª§ªÌ�ä�½¬u)Cz"�N1~��§�ä�1��"
:¬�l�:l
¦ªÌÌ�C°"

�ëY�m&ÒØÓ

ªÌäk±Ï5"
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3.6 lÑ�m±Ï&Ò�Fp�?êL« 3.6.2 ±Ï&ÒFp�?êL«�(½

lllÑÑÑ���mmmFFFppp���???êêê���ÂÂÂñññ

DTFS´k���?ê§±Ï&Ò�±
��U©)¤k��Õá
�E�ê�Å©þ§Ï
Ø�3Âñ¯K§�Ø¬�)Gibbsy�"

±N�±Ï�S�3���kN�Õá��§=TS���±Ï
S�:��"DTFS�Xê�´±N�±Ï�§��kN �Õá��"
Ïd§l��þù§DTFSÒ´òS�3���N�Õá�C��ª�
�N�Õá�"

��3ª��
N�©þ§Ò�½U��¡E¤�&Ò§Ï
dDTFSØ�3Âñ¯K"���

N�©þ§?êò��Âñ
ux[n]§
Ø¬ÑyGibbs y�"

é'ëY�m±Ï&Òµ ëY�m±Ï&Ò3��±ÏSkÃê
õ�Õá��§Ï
CTFS�Xê�kÃêõ�Õá�"���k��
�Å©þ�§Ø�U¡E�&Ò"�X¤��Åêþ�O\§Cq§Ý
�5�p§3��þ�Ø�OKe�Ä4��¹�§Òg,�)
Âñ
¯KÚGibbs y�"
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3.7 lÑ�mFp�?ê5�
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DTFSkNõ5��CTFSaq§ùp�?Øk�É�5�"

�¦µeµx[n]
DTFS←−−→ ak y[n]

DTFS←−−→ bk

Kµx[n]y[n]
DTFS←−−→ ck =

∑
l=<N>

albk−l ±ÏòÈ

�©µeµx[n]
DTFS←−−→ ak

Kµx[n]− x[n− 1]
DTFS←−−→

(
1− e−jk(2π/N)

)
ak

Parseval½nµ

eµx[n]
DTFS←−−→ ak

Kµ
1

N

∑
n=<N>

|x[n]|2 =
∑

k=<N>

|ak|2

�>´&Ò3��±ÏS�²þõÇ§m>´&Ò��g�Å�o
õÇ"L²µ±Ï&Ò�õÇQ�±d��¦�§��±dª�¦�"
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3.8 Fp�?ê�LTIXÚ

XXXÚÚÚ¼¼¼êêê999ªªªÇÇÇ���AAA

LTIXÚéE�ê&Ò¤å��^�´�Ñ\&Ò\�
���A
�A��"

H(s) =

∫ ∞
−∞

h(t)e−stdt H(z) =
∞∑

n=−∞
h[n]z−n

H(s), H(z)�¡�XÚ�XÚ¼ê"

XJs = jω§K

H(jω) =

∫ ∞
−∞

h(t)e−jωtdt

H(jω)�¡�ëY�mLTIXÚ�ªÇ�A"

XJz = ejω§K

H(ejω) =
∞∑

n=−∞
h[n]e−jωn

H(ejω)�¡�lÑ�mLTIXÚ�ªÇ�A§§´±2π�±Ï�"
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3.8 Fp�?ê�LTIXÚ
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XJ��LTIXÚÑ\±Ï5&Òx(t)½x[n]§

x(t) =

+∞∑
k=−∞

ake
jkω0t x[n] =

∑
k=<N>

ake
j 2π
N
kn

KXÚ�ÑÑ�A�µ

y(t) =

+∞∑
k=−∞

akH(jkω0)e
jkω0t

y[n] =
∑

k=<N>

akH
(
ej

2π
N
k
)
ej

2π
N
kn

��§LTIXÚé±Ï&Ò��AE´��±Ï&Ò§LTIXÚ��
^´é���ÅªÇ�&Ò©þ?1ØÓ�\�?n"

ÜïI (ÜS�Ï�Æ>&Æ�) 13Ù ±Ï&Ò�Fp�?êL« 2016c 5� 23F 39 / 42

3.8 Fp�?ê�LTIXÚ
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~µ,lÑ�mLTIXÚ§ü óÀ�Ah[n] = αnu[n],−1 < α < 1§Ñ
\x[n] = cos

(
2π
N n
)
§¦ÑÑy[n]"

x[n] =
1

2

[
ej

2π
N
n + e−j

2π
N
n
]

a1 = a−1 =
1

2

H
(
ejω0

)
=

+∞∑
n=−∞

h[n]e−jω0n =

+∞∑
n=0

αne−jω0n =
1

1− αe−jω0

∴ H
(
ej

2π
N

)
=

1

1− αe−j
2π
N

H
(
e−j

2π
N

)
=

1

1− αej
2π
N

�b1 = a1H
(
ej

2π
N

)
=

1/2

1− αe−j
2π
N

b−1 = a−1H
(
e−j

2π
N

)
=

1/2

1− αej
2π
N

y [n] =
∑
k=±1

bke
j 2π
N
kn
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3.9 �Ù�(

������

CH3-1µ3.5, 3.8, 3.11, 3.22(a)abc, 3.28(a) bc

CH3-2µ3.30, 3.34(b)(c), 3.36, 3.43(a)(b), 3.45, 3.48(a)(b)(c)(d)

3.43 /�Ü�"�ó�êk0U�/�Üóêk0
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