
&&&ÒÒÒ���XXXÚÚÚB
Signals and Systems

1114ÙÙÙ ëëëYYY���mmm&&&ÒÒÒ���XXXÚÚÚ���ªªª���©©©ÛÛÛ

ÜïI

ÜS�Ï�Æ
>f�&Eó§Æ�

2013c 10�

���ÙÙÙSSSNNN

1 Úó

2 ëY�mLTIXÚ�A�¼ê

3 ±Ï&Ò�ëY�mFp�?ê

4 �±Ï&Ò�ëY�mFp�C�

5 Fp�?ê�Fp�C��Âñ

6 ±Ï&Ò�Fp�C�

7 ëY�mFp�C��5�

8 ëY�mLTIXÚ�ª�©Û

9 ëY�m&Ò���Ä�

10 �Ù�(

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 2 / 67

ÄÄÄ������¦¦¦

1 ÝºE�ê&Ò´��LTIXÚ�A�¼ê�Vg§9±A�¼ê
�Ä.é&Ò?1©)�Ä�g��{¶

2 Ýº±Ï&Ò©)�Fp�?ê��{§Fp�?êXê�(½§
ªÌ�Vg¶

3 Ýº�±Ï&Ò�ª�£ã—ëY�mFp�C�¶

4 Ýº~^&Ò�Fp�C�9Fp�C��5�¶

5 
)Fp�?ê�Fp�C��Âñ^�¶

6 ÝºëY�mLTIXÚ�ª�©Û�{¶XÚªÇ�A�Vg9&
ÒØ�ýDÑ�^�¶

7 ÝºëY�m&Ò���æ�¶l��ÏLS�¡E&Ò�Ä��
n�L§"

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 3 / 67

Úó

������ÚÚÚªªª���©©©ÛÛÛ{{{

��©Û{µ
3��ò&Ò©)¤δ(t)½δ(n)�

�5|Ü§|^LTIXÚ��5Ú�Ø
C5§�ÑòÈÚ�òÈÈ©"
ª�©Û{µ

Ä�g�����Ó§ò&Ò©
)¤E�ê&Òü���5|Ü§|
^LTIXÚ��5Ú�ØC5¦Ù�
A"
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)

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 4 / 67



4.1 ëY�mLTIXÚ�A�¼ê

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

l©)&Ò��ÝÑu§Ä�&Òü�AT÷v±eü��¦µ

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"
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4.1 ëY�mLTIXÚ�A�¼ê

AAA���¼¼¼êêêÚÚÚAAA������

XJXÚé��&Ò¤�)��A==´òT&Ò���E~ê�
¦§K¡T&Ò´dXÚ�A�¼ê £Eigenfunction¤"
¤¦�E~
êK¡��dA�¼ê�éA�A��£Eigenvalue¤"

E�ê&Òest´��ëY�mLTIXÚ�A�¼ê"¦+,
LTIX
Ú�U�kÙ§�A�¼ê§�´E�ê&Ò´��U
¤��
�LTIXÚA�¼ê�&Ò"

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

)
"

�Ù�ïÄs = jΩ���¹"
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4.2 ±Ï&Ò�ëY�mFp�?ê

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

ïÄ¤�Å'X�E�ê&Ò8µΦk(t) = {ejkΩ0t}"
d12ÙSN·���§Ω0´T&Ò8�ÄÅªÇ§T0 = 2π/Ω0´

§�ÄÅ±Ï"w,§T0´T&Ò8¥¤k&Ò�ú�±Ï§�´
�|k| ≥ 2�§T0´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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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.1 ëY�mFp�?ê

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

Fp�?êx(t) =
∑+∞

k=−∞ Ȧke
jkΩ0t§Ù¥Ȧk´Fp�?ê�Xê"

XJx(t)´¢&Ò§K

x(t) = x∗(t) =

+∞∑
k=−∞

Ȧ∗ke
−jkΩ0t =

+∞∑
k=−∞

Ȧ∗−ke
jkΩ0t

u´ Ȧ∗k = Ȧ−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) = Ȧ0 +

∞∑
k=1

[
Ȧke

jkΩ0t + Ȧ−ke
−jkΩ0t

]
= Ȧ0 +

∞∑
k=1

[
Ȧke

jkΩ0t + Ȧ∗ke
−jkΩ0t

]
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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.1 ëY�mFp�?ê

FFFppp���???êêê���nnn���¼¼¼êêê///ªªª

Ïdµx(t) = Ȧ0 + 2
∑∞

k=1 Re{ȦkejkΩ0t}
dȦk = Ake

jθk§��µ

x(t) = A0 + 2

∞∑
k=1

Ak cos(kΩ0t+ θk)

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

dȦk = ak + jbk§��,�«n�¼ê/ªµ

x(t) = A0 + 2
∞∑
k=1

[ak cos(kΩ0t)− bk sin(kΩ0t)]

Ónak = a−k, bk = −b−k"¤±Xê�¢Ü´ó¼ê§JÜ´Û¼ê"
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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.1 ëY�mFp�?ê

±±±ÏÏÏ&&&ÒÒÒÏÏÏLLL���555���ØØØCCCXXXÚÚÚ

XJ��LTIXÚ�ü À-�A�h(t)§XÚ�Ñ\x(t) �±Ï&Ò§
�±L«¤Fp�?ê�/ª"

x(t) =

+∞∑
k=−∞

Ȧke
jkΩ0t

@o�±�ÑXÚ�ÑÑ�A�µ

y(t) =
+∞∑

k=−∞
ȦkH(kΩ0)ejkΩ0t

Ù¥µH(kΩ0) =

∫ ∞
−∞

h(τ)e−jkΩ0τdτ

w,§y(t)�´��Fp�?êL�ª§ÙXê�ȦkH(kΩ0)"
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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.2 Fp�?ê�Xê

FFFppp���???êêê���XXXêêê

±T0�±Ï�&Òx(t)�±L«¤Fp�?êµx(t) =
∑

k Ȧke
jkΩ0t

XÛ(½Ȧk? í�µ

x(t)e−jnΩ0t =
+∞∑

k=−∞
Ȧke

jkΩ0te−jnΩ0t

∫ T0

0
x(t)e−jnΩ0tdt =

+∞∑
k=−∞

Ȧk

∫ T0

0
ej(k−n)Ω0tdt

∫ T0

0
ej(k−n)Ω0tdt =

{
T0, k = n

0, k 6= n

∴
∫ T0

0
x(t)e−jnΩ0tdt = ȦnT0 Ȧk =

1

T0

∫ T0

0
x(t)e−jkΩ0tdt

Ï~L«�µ Ȧk =
1

T0

∫
T0

x(t)e−jkΩ0tdt

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 11 / 67

4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.3 ªÌ�Vg

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"duȦkÏ~´Eê§ªÌã��©�Ì
ÝªÌÚ� ªÌ"

ªÌãÙ¢Ò´Ȧk ∼ Ω�'X"d
u&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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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.4 ±Ï5Ý/óÀ&Ò�ªÌ

±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ

�	�a­��&Ò—±Ï5Ý/óÀ&Ò"§3��±ÏS½Â
Xeµ

x(t) =

{
1 , |t| < τ/2

0 , τ/2 < |t| < T0/2

w,T&Ò�ÄÅ±Ï�T0"

O�x(t)�Fp�?ê�Xêµ

k = 0�§kȦ0 = 1
T0

∫ τ/2
−τ/2 dt = τ

T0
⇒ �6©þ§�=Ó�'"

k 6= 0�§

Ȧk =
1

T0

∫ τ/2

−τ/2
e−jkΩ0tdt =

2

kΩ0T0

[
ejkΩ0τ/2 − e−jkΩ0τ/2

2j

]

=
τ

T0

sin(kΩ0τ/2)

kΩ0τ/2
=

sin(kΩ0τ/2)

kπ

±Ï&Ò�ªÌäkXeA:µlÑ5!�Å5!Âñ5"
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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.4 ±Ï5Ý/óÀ&Ò�ªÌ

τØØØCCC§§§UUUCCCT0���±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ���ªªªÌÌÌCCCzzz

Ȧk =
sin(kΩ0τ/2)

kπ

lþ�e§τØC§UCT0"

T0 = 2τ, T0 = 4τ, T0 = 8τ

dã�±wÑ§�XT0O�µ
ÄÅªÇ~�§Ì��\�
8¶

�ä�L":éA�ªÇØ
C¶

ÌÝ~�§��ä¿Øu)
Ð°½Ø "

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 14 / 67

4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.4 ±Ï5Ý/óÀ&Ò�ªÌ

T0ØØØCCC§§§UUUCCCτ���±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ���ªªªÌÌÌCCCzzz

Ȧk =
sin(kΩ0τ/2)

kπ

lþ�e§T0ØC§UCτ"

τ =
T0

2
, τ =

T0

4
, τ =

T0

8

dã�±wÑ§�Xτ~�µ
ÄÅªÇØC§Ì���Ý
£m�¤ØC¶

&ÒõÇ~�§ªÌÌÝ~
�¶

�äÐ°§&Ò�°C�"
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4.2 ±Ï&Ò�ëY�mFp�?ê 4.2.5 &Òé¡5�Fp�?ê�'X

&&&ÒÒÒééé¡¡¡555���FFFppp���???êêê���'''XXX

&Òäké¡5�§7,3ªÌ¥k¤Ny"XJx(t)´¢&Ò§
kȦ∗k = Ȧ−k§(ÜFp�?êL�ª´�Xe(Øµ

x(t) =
+∞∑

k=−∞
Ȧke

jkΩ0t, x(−t) =
+∞∑

k=−∞
Ȧke

−jkΩ0t =
+∞∑

k=−∞
Ȧ−ke

jkΩ0t

¢ó&ÒµȦk = Ȧ−k Ȧk = Ȧ∗k
¢ó&Ò�ªÌ´¢¼ê§
�´ó¼ê"

¢Û&ÒµȦk = −Ȧ−k Ȧk = −Ȧ∗k
¢Û&Ò�ªÌ´XJ¼ê§
�´Û¼ê"

?¿¢&Òµxe(t)↔ ak xo(t)↔ jbk
¢&Ò�óÜéAX&ÒªÌ�¢Ü¶ÛÜéAX&ÒªÌ�J
Ü"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.1 lFp�?ê�Fp�C�

���±±±ÏÏÏ&&&ÒÒÒ���ªªªÌÌÌLLL«««

3ó§A^¥k��õ�&Ò´�±Ï&Ò£Aperiodic signals¤§
é�±Ï&ÒATXÛ?1©)§�o´�±Ï&Ò�ªÌL«§Ò´
ù�!�)û�¯K"

3þ�!®²�Ñ§ÏLëY�mFp�?ê�±r±Ï&ÒL«
¤�|�Å'X�E�ê&Ò��5|Ü§ù«©)&Ò�g����
±í2��±Ï&Ò"

3��¥§XJ��±Ï&Ò
�±ÏªuÃ¡�§K±Ï&Òò
üC¤���±Ï&Ò¶

�L5§XJé?Û�±Ï&Ò?1±Ï5òÿ§Ò�½U/¤�
�±Ï&Ò"

·�r�±Ï&Òw¤´±Ï&Ò3±ÏT0ªuÃ¡���4�§
l
��ëY�mFp�?ê3T0ªuÃ¡��Cz§ÒATU
��
é�±Ï&Ò�ª�L«�{"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.1 lFp�?ê�Fp�C�

±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ���ªªªÌÌÌ

Ȧk =
sin(kΩ0τ/2)

kπ

©Ûµ
τØC§O�T0�§Ì�ò�5
��8§ªÌÌÝò~�"ªÌ
�äØC"

T0ªuÃ¡��§±Ï5Ý/ó
À&ÒòüC¤�±Ï�ü�Ý
/óÀ&Ò"ªÌ�ÌÝòC¤
Ã¡�þ"d�lÑ�ªÌòü
C�ëY�ªÌ"

T0 →∞,Ω0 =
2π

T0
→ dΩ, kΩ0 → Ω

τØC§UCT0"lþ�e§
T0 = 2τ, T0 = 4τ, T0 = 8τ
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.1 lFp�?ê�Fp�C�

±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ���ªªªÌÌÌ

�XT0O�§Ȧk¬Åì~�¿�ªª�u""�	T0Ȧk�Cz§
§3T0 ªuÃ¡��AT´k��"Ó�î�I�Iº´ëYªÇΩ"

T0Ȧk =
2 sin(kΩ0τ/2)

kΩ0
=

2 sin(Ωτ/2)

Ω

∣∣∣∣
Ω=kΩ0

w,§2 sin(Ωτ/2)/Ω�L
T0Ȧk��ä§
T0Ȧk´éd�ä�m
�¤����"��ªÌ��ä�±ÏT0Ã'"3T0ª�Ã¡��4�
�¹e§±Ï&ÒC¤
�±Ï&Ò§T0Ȧk�ÒªCu�ä¼ê"

d

T0Ȧk =

∫ T0/2

−T0/2
x(t)e−jkΩ0tdt

XJlimT0→∞ T0Ȧk , X(Ω)

Kkµ

X(Ω) =

∫ ∞
−∞

x(t)e−jΩtdt

ùÒ´ëY�mFp�C�"

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 19 / 67

4.3 �±Ï&Ò�ëY�mFp�C� 4.3.1 lFp�?ê�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ������±±±ÏÏÏ&&&ÒÒÒ���ªªªÌÌÌ

òªÌ�±Ï&Ò�Fp�?ê�'�kµ Ȧk =
1

T0
X(kΩ0)

±Ï&Ò�ªÌÒ´�§�éA��±Ï&ÒªÌ���"

¦Fp��C�µ

x̃(t) =
+∞∑

k=−∞

1

T0
X(kΩ0)ejkΩ0t

x̃(t) =
1

2π

+∞∑
k=−∞

X(kΩ0)ejkΩ0tΩ0

T0 →∞k
∑
→
∫

x(t) =
1

2π

∫ +∞

−∞
X(Ω)ejΩtdΩ

Ïd��XeC�éµ

x(t) =
1

2π

∫ ∞
−∞

X(Ω)ejΩtdΩ

X(Ω) =

∫ ∞
−∞

x(t)e−jΩtdt

�±Ï&Ò�±©)¤Ãêõ�ª
ÇëY©Ù��Ì� 1

2πX(Ω)dΩ�
E�ê&Ò�Ú"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(1)

x(t) = e−atu(t), a > 0

X(Ω) =

∫ ∞
0

e−ate−jΩtdt

= − 1

a+ jΩ
e−(a+jΩ)t

∣∣∣∣∞
0

=
1

a+ jΩ

ÌÝªÌÚ� ªÌµ

|X(Ω)| = 1√
a2 + Ω2

θ(Ω) = − tan−1

(
Ω

a

)
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(2)

x(t) = e−a|t|, a > 0

X(Ω) =

∫ 0

−∞
eate−jΩdt+

∫ ∞
0

e−ate−jΩdt

=
1

a− jΩ
+

1

a+ jΩ
=

2a

a2 + Ω2

dux(t)´óé¡�¢&Ò§
§�Fp�C�´��¢ó¼ê§
ªÌ�±�^�Ìã5L«"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(3)

x(t) = δ(t)

X(Ω) =

∫ ∞
−∞

δ(t)e−jΩtdt = 1

ùL²ü À-&Ò¥�¹

¤k�ªÇ©þ§¤kªÇ©þ�
ÌÝÑ�1§� Ñ�0"

ÏdXÚ�ü À-�Ah(t)
âU��£ã��LTIXÚ���
�kA5"ü À-&Ò3XÚ©
Û¥äk­�¿Â"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(4)

sgn(t) =

{
1, t > 0

−1, t < 0

Xã§ÎÒ¼êsgn(t)�À�&Òx(t)3aª
Cu0��4�"
é&Òx(t)§kµ

X(Ω) =

∫ ∞
0

e−ate−jΩtdt−
∫ 0

−∞
eate−jΩtdt

=
1

a+ jΩ
− 1

a− jΩ
=
−2jΩ

a2 + Ω2

a→ 0 X(Ω)→ 2

jΩ

u´k: sgn(t)↔ 2

jΩ

¢Û&Ò�Fp�C�´XJ�Û¼ê"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(5)

x(t) =

{
1, |t| < T1

0, |t| > T1

X(Ω) =

∫ T1

−T1
e−jΩtdt =

2 sin ΩT1

Ω

= 2T1 Sa(ΩT1)

= 2T1 sinc

(
ΩT1

π

)
LTIXÚ¥~��ü�
¼êµ
Sa(x) = sinx/x
sinc(x) = sin(πx)/πx
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(6)

X(Ω) =

{
1, |Ω| < W

0, |Ω| > W

x(t) =
1

2π

∫ W

−W
ejΩtdΩ =

sinWt

πt

=
W

π
Sa(Wt)

=
W

π
sinc

(
Wt

π

)
ÓÝ/óÀ&Ò'��±uy§3

ùü«Fp�C�é¥§Ñk��´Ý/
óÀ§��´sinx/x�/ª"ù`²µ&
Ò3��Úª��3X�«éó'X"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

������ÚÚÚªªª������éééóóó'''XXX

þ¡�éó'XXã§�±w�§&Ò3��Úª��mk�«�
��'X§=&Ò3��óÀ�Ä§KÙªÌÌ��°§��½,"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.2 ~^ëY�m&Ò�Fp�C�

~~~^̂̂ëëëYYY���mmm&&&ÒÒÒ���FFFppp���CCC���(7)

x(t) = 1 X(Ω) = 2πδ(Ω)

∵ x(t) =
1

2π

∫ ∞
−∞

δ(Ω)ejΩtdΩ =
1

2π
∴ x(t) = 1↔ 2πδ(Ω)

x(t) = u(t) u(t) = ue(t) + uo(t)

ue(t) =
1

2
[u(t) + u(−t)] =

1

2
↔ πδ(Ω)

uo(t) =
1

2
sgn(t)↔ 1

jΩ

∴ u(t)↔ πδ(Ω) + 1
jΩ

�±w�§¢&Ò�óÜ�Fp�C�
�¢Ü�éA§ÛÜÚJÜ�éA"
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4.3 �±Ï&Ò�ëY�mFp�C� 4.3.3 &Ò��°

&&&ÒÒÒ������°°°

&Ò��°§��§��´l"ªÇ©þm©�I��Ä�&Ò�
pªÇ©þ�m�ªÇ��"

éõ~^&Ò�ªÌÑäkÂñ5§&Ò�UþÌ��¹3§�$
ª©þ¥"d	§éõ&Ò�ª�î�/`Ñ´Ã��"

ó§¥�¢S(DÑ)XÚÑäkgC�ªÇA5§Ø�U�vk7
�DÑ¤k�ªÇ©þ§���yUòÓk&Ò�Ü©Uþ�ªÇ
©þk�DÑ=�"½ö`§XÚ7L�¤DÑ�¢S&Ò��
�"

3ó§A^¥§½Â&Ò�°�{Ì�k±eü«µ

1 X(Ω)�ÌÝeü�����1/
√

2�éA�ªÇ��"(3dB�°)
2 éªÌ½ªÌ�ä´sinc¼ê/ª�&Ò§½ÂÙÌ�°Ý���
£=ªÌ1��":S���¤�&Ò�°"

±Ý/óÀ�~§U�°�½Â�±�Ñ§ó°¦±�°�uC(ó
°�°È´��~ê)"ù�Ù/�N
ª�Ú�����'X"
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4.4 Fp�?ê�Fp�C��Âñ 4.4.1 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"

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

xN (t) =
N∑

k=−N
Ȧke

jkΩ0t

Ø��µeN (t) = x(t) − xN (t)§Ø
�&Òäk�x(t)�Ó�±Ï"

±þ�Ø���ïþØ��OK§Ùþ�Ø��µ

EN =

∫
T0

|eN (t)|2 dt =

∫
T0

eN (t)e∗N (t)dt
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4.4 Fp�?ê�Fp�C��Âñ 4.4.1 Fp�?ê�Âñ

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

3þ�Ø����OKe§�±y²§d�k��?ê�XêȦkA
÷vµ

Ȧk =
1

T0

∫
T0

x(t)e−jkΩ0tdt

ùL²µ3þ�Ø����OKe§Fp�?ê´é±Ï&Ò��ZC
q"

²��È^�µ

XJ±Ï&Ò÷v
∫
T0
|x(t)|2 dt <∞§KÙFp�?êL�ª�½

�3"

òFp�?êL�ª�\þª2(ÜE�ê&Òü����5��∫
T0

|x(t)|2 dt = T0

+∞∑
k=−∞

∣∣∣Ȧk∣∣∣2
Ïd²��È�§Ȧk7�k��"
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4.4 Fp�?ê�Fp�C��Âñ 4.4.1 Fp�?ê�Âñ

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

)pâ|£Dirichlet¤^�

1 &Ò3?Û±Ïýé�È§=
∫
T0
|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"

�á97�ã4.18�Ñ
n«Ø÷vDirichlet^��&Ò"
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4.4 Fp�?ê�Fp�C��Âñ 4.4.2 Fp�C��Âñ

FFFppp���CCC������ÂÂÂñññ

�âFp�C��Fp�?ê�'X§�±��§Fp�C��Â
ñ^�ATÚFp�?ê�Âñ^��aq"�k�A�ü|^�µ

1. ²��È^�µ

e
∫ +∞
−∞ |x(t)|2 dt <∞§KX(Ω)�3"ùL²§¤kUþk��&

Ò§ÙFp�C��½�3"

2. )pâ|^�

1 x(t)ýé�È¶

2 x(t)3?Ûk�«mS�kk��4�:§�4�´k��¶

3 x(t)3?Ûk�«mS�kk��mä:§ù
mä:Ñ7L´k
��"

ùü|^�¿Ø���d"§�Ñ´Fp�C�Âñ�¿©^�"
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4.4 Fp�?ê�Fp�C��Âñ 4.4.3 3Ùd£Gibbs¤y�

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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4.4 Fp�?ê�Fp�C��Âñ 4.4.3 3Ùd£Gibbs¤y�

333ÙÙÙddd£££Gibbs¤¤¤yyy���

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�m&Ò�XÚ�ª�©Û 2013c 10� 24F 35 / 67

4.5 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

�d��,±Ï&Ò^Fp�?êL«§�±Ï&Ò^Fp�C�
L«"XJU
r§�Ú�å5§Ã¦¬�LTIXÚ�©Û�5�B"

du±Ï&ÒØ÷vDirichlet^�§Ï
ØU��l½ÂÑuïá
ÙFp�C�L«"�Dirichlet^�==´Fp�C��3�¿©^
�§Ïdïá±Ï&Ò�Fp�C�L«´�U�"

·�®²��x(t) = 1�Fá�C�´X(Ω) = 2πδ(Ω)"e¡��
�eX(Ω) = 2πδ(Ω− Ω0)ATéAu��¥��o&Ò"

x(t) =
1

2π

∫ ∞
−∞

2πδ(Ω− Ω0)ejΩtdΩ = ejΩ0t

=ejΩ0t ↔ 2πδ(Ω− Ω0)§ùL²±Ï5E�ê&Ò�ªÌ´��À-"

òþã'X\±í2§u´�±Ï&ÒL«�Fp�?ê�µ

x(t) =
∞∑

k=−∞
Ȧke

jkΩ0t ↔ X(Ω) = 2π
∞∑

k=−∞
Ȧkδ(Ω− kΩ0)
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4.5 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

ùL²§±Ï&Ò�±^Fp�C�5L«§§d�X��m��
À-¼ê�5|Ü
¤§z�À-©O u&Ò�g�Å�ªÇ?§Ù
rÝ´Fp�?êXê�2π�"

~1µ

x(t) = sin Ω0t =
1

2j
(ejΩ0t − e−jΩ0t)

X(Ω) =
π

j
[δ(Ω− Ω0)− δ(Ω + Ω0)]

~2µ

x(t) = cos Ω0t =
1

2
(ejΩ0t + e−jΩ0t)

X(Ω) = π [δ(Ω− Ω0) + δ(Ω + Ω0)]
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4.5 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

~3µþ!À-G

x(t) =

∞∑
k=−∞

δ(t− kT )

Ȧk =
1

T

∫ T/2

−T/2
δ(t)e−jkΩ0tdt =

1

T

x (t) =
1

T

∞∑
k=−∞

ejkΩ0t

X(Ω) =
2π

T

∞∑
k=−∞

δ(Ω− k2π

T
)
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4.5 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

~4µ±Ï5Ý/óÀ&Ò

ÙFp�?êXê�µ

Ȧk =
sin(kΩ0T1)

kπ

X(Ω) =
∞∑

k=−∞

2 sin(kΩ0T1)

k
δ(Ω− kΩ0)
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(1)

�!?ØëY�mFp�C��5�§�3ÏLù
5��«&Ò
��A5�ª�A5�m�'X"Ó�ÝºÚ$^ù
5��±{zF
p�C�é�¦�"

1. �5£Linearity¤

eµx(t)↔ X(jΩ), y(t)↔ Y (jΩ)
Kkµax(t) + by(t)↔ aX(jΩ) + bY (jΩ)

2. �££Time Shifting¤

eµx(t)↔ X(jΩ)
Kkµx(t− t0)↔ X(jΩ)e−jΩt0

ùL²µ&Ò��£�K�§��ªA5§Ù�ªA5¬O\���5
�£"
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(2)

3. �Ýé¡5£Conjugate and Symmetry¤

eµx(t)↔ X(jΩ) Kkx∗(t)↔ X∗(−jΩ)

X(jΩ) =
∫∞
−∞ x(t)e−jΩtdt

X∗(jΩ) =
∫∞
−∞ x

∗(t)ejΩtdt

X∗(−jΩ) =
∫∞
−∞ x

∗(t)e−jΩtdt

ex(t)´¢&Ò§Kx(t) = x∗(t)§
u´kµX(jΩ) = X∗(−jΩ)"
Re[X(jΩ)] = Re[X∗(−jΩ)]
Im[X(jΩ)] = −Im[X∗(−jΩ)]

x(t) X(jΩ)

¢&Ò X∗(jΩ) = X(−jΩ)
¢Ü´ó¼ê§JÜ´Û¼ê
�´ó¼ê§��´Û¼ê

¢ó¼ê ¢ó¼ê
¢Û¼ê XJ!Û¼ê
óÜ+ÛÜ éA¢Ü+JÜ
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(3)

4. ���©ÚÈ©£Differential and Integral¤

eµx(t)↔ X(jΩ)§Kµdx(t)
dt ↔ jΩX(jΩ)"

y²µ Fp��C�úª�ü>é�mCþt�©§��

d

dt
x(t) =

1

2π

∫ ∞
−∞

jΩX(Ω)ejΩtdΩ �

T5�`²Fp�C��ò����©$�=C�ª���ê$�"

é&Ò3��È©K�Akµ∫ t

−∞
x(τ)dτ ↔ 1

jΩ
X(Ω) + πX(0)δ(Ω)

dδ(t)↔ 19��È©5�§��u(t)↔ 1
jΩ + πδ(Ω)"
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(4)

5. ºÝC�£Scaling¤

eµx(t)↔ X(Ω)
Kk

x(at)↔ 1

|a|
X

(
Ω

a

)
ùL²µ&ÒXJ3��*Ða�§KÙ�°�AØ a �§��

½,"ùlnØþy²
���ª����'X§�y²
&Ò�ó°
�°È�u~ê�(Ø"

��A~µ

ea = −1,Kkx(−t)↔ X(−Ω)"
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(5)

6. éó5£Duality¤

ex(t)↔ X(Ω)§KX(t)↔ 2πx(−Ω)

déó5�±�B/ò���,
A5éó�ª�"
~µ¦x(t)�Fp�C�"

x(t) =
2

1 + t2

)µd

e−a|t|, a > 0↔ 2a

a2 + Ω2

-a = 1¿|^éó5§��

X(Ω) = 2πe−|Ω|

|^éó5§d��A5íÑª�A5"
£ªA5µ

x(t)ejΩ0t ↔ X[j(Ω− Ω0)]

ª��©A5µ

−jtx(t)↔ d

dΩ
X(jΩ)

ª�È©A5µ

x(t)

−jt
+ πx(0)δ(t)↔

∫ Ω

−∞
X(jτ)dτ
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(6)

7. Parseval ½n∫ ∞
−∞
|x(t)|2 dt =

1

2π

∫ ∞
−∞
|X(Ω)|2 dΩ

ùL²µ&Ò�UþQ�±3��¦�§��±3ª�¦�"d
u|X(Ω)|2 L«
&ÒUþ3ª��©Ù§Ï
¡Ù�UþÌ�Ý¼
ê"

é±Ï&Ò�k�A�Parseval½nµ

1

T0

∫
T0

|x(t)|2 dt =

∞∑
−∞

∣∣∣Ȧk∣∣∣2
∣∣∣Ȧk∣∣∣2¡�±Ï&Ò�õÇÌ"
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(7)

8. òÈA5

eµx1(t)↔ X1(Ω), x2(t)↔ X2(Ω)

Kµx1(t) ∗ x2(t)↔ X1(Ω)X2(Ω)

-x(t) = x1(t) ∗ x2(t)§éx(t)���Fp�C�§k

X(Ω) =

∫ ∞
−∞

[∫ ∞
−∞

x1(τ)x2(t− τ)dτ

]
e−jΩtdt

=

∫ ∞
−∞

x1(τ)

[∫ ∞
−∞

x2(t− τ)e−jΩtdt

]
dτ

=

∫ ∞
−∞

x1(τ)X2(Ω)e−jΩτdτ = X1(Ω)X2(Ω)

òÈA5�3ª�©ÛLTIXÚJø
nØ�â"
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4.6 ëY�mFp�C��5�

ëëëYYY���mmmFFFppp���CCC������555���(8)

9. N�A5£Modulation Property¤

|^Fp�C��éó5§�±lòÈA5íÑ��éó�N�A5"

x1(t)x2(t)↔ 1

2π
X1(Ω) ∗X2(Ω)

q¡ª�òÈA5"

ÙöÝºFp�C��5�±9~^�Ä�Fp�C�é§ë�µ

L4.1–Fp�C��5�¶

L4.2–Fp�?ê�5�¶

L4.3–~^Fp�C�é"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.1 ëY�mLTIXÚ�ª�©Û

LTIXXXÚÚÚ���ªªª���©©©ÛÛÛ

d��©Û{µy(t) = x(t) ∗ h(t)

�âòÈA5§3ª�kµY (Ω) = X(Ω)H(Ω)

ª�©Û�Ú½µ

�¤±éLTIXÚ�±3ª�þ?1©Û����Ï´Ï�E�ê
&Ò´��LTIXÚ�A�¼ê"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.1 ëY�mLTIXÚ�ª�©Û

~~~1µµµFFFppp���CCC���������ÈÈÈ©©©AAA555���yyy²²²

Ï�

y(t) =

∫ t

−∞
x(τ)dτ = x(t) ∗ u(t)

u(t)↔ πδ(Ω) +
1

jΩ
= U(Ω)

dòÈA5�

Y (Ω) = X(Ω)U(Ω) = X(Ω)

[
πδ(Ω) +

1

jΩ

]
=

1

jΩ
X(Ω) + πX(0)δ(Ω)

¤±kµ

∫ t

−∞
x(τ)dτ ↔ 1

jΩ
X(Ω) + πX(0)δ(Ω)
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.1 ëY�mLTIXÚ�ª�©Û

~~~2µµµ&&&ÒÒÒÏÏÏLLLLTIXXXÚÚÚ

XJ,LTIXÚ�ü À-�A�h(t) = e−atu(t), a > 0§XÚ�Ñ
\�x(t) = e−btu(t), b > 0§¦ÑÑy(t)"

X(Ω) =
1

b+ jΩ
, H(Ω) =

1

a+ jΩ
,

Y (Ω) = X(Ω)H(Ω) =
1

(a+ jΩ)(b+ jΩ)

òY (Ω)Ðm¤Ü©©ªk

Y (Ω) =
A

a+ jΩ
+

B

b+ jΩ

�¦�µ

{
A = 1/(b− a)

B = 1/(a− b)

a 6= b�§ÑÑ�A�

y(t) =
1

b− a
(e−at − e−bt)u(t)

a = b�§y(t) = te−atu(t)
E|µÐm¤Ü©©ª§,��±
|^~^�C�éÚFp�C��
5�"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.2 XÚ�ªÇ�A

XXXÚÚÚ���ªªªÇÇÇ���AAA

duXÚü À-�Ah(t)�Fp�C�H(Ω)3��þ�N
ªÇ
�Ω�E�ê&ÒÏLLTIXÚ�§XÚé&Ò¤�)�K�§¤±¡�
XÚ�ªÇA5½ªÇ�A"

�uh(t)�H(Ω)´��éA�§Ï
LTIXÚ�±dÙªÇ�A�
�L�"¿�?ÛXÚ�H(Ω)Ñ�3§Ïd^ªÇ�AL�XÚ�§
��Ñ�ué­½XÚ"

éu�5~Xê�©�§£ã�LTIXÚ§�±é{ü/��l�
§¦ÑªÇ�AH(Ω)µ

N∑
k=0

ak
dky(t)

dtk
=

M∑
k=0

bk
dkx(t)

dtk

éþªü>�Fp�C�§¿|^���©A5���µ

N∑
k=0

ak(jΩ)kY (Ω) =
M∑
k=0

bk(jΩ)kX(Ω)
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.2 XÚ�ªÇ�A

XXXÚÚÚ���ªªªÇÇÇ���AAA—ÞÞÞ~~~

Ïd§XÚ�ªÇ�A�µ

H(Ω) =
Y (Ω)

X(Ω)
=

M∑
k=0

bk(jΩ)k

N∑
k=0

ak(jΩ)k

→´��'ujΩ�kn¼ê"

~µ,LTIXÚde��©�§£ã§XÚ�Ð´tµ�"

d2y(t)

dt2
+ 3

dy(t)

dt
+ 2y(t) =

dx(t)

dt
+ 3x(t)

)µ�âþª����ÑTXÚ�ªÇ�A�µ

H(Ω) =
jΩ + 3

(jΩ)2 + 3(jΩ) + 2
=

2

jΩ + 1
− 1

jΩ + 2
→Ü©©ª©)

��C��¦�µh(t) = 2e−tu(t)− e−2tu(t)"

��é�©�§£ã�LTIXÚ§�±é�B/¦ÑÙü À-�A"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.2 XÚ�ªÇ�A

&&&ÒÒÒÏÏÏLLLXXXÚÚÚ—ÞÞÞ~~~

~1µ®�h(t) = sin 2πt
πt §¦x1(t), x2(t)ÏLXÚ���A"

x1(t) = cos
π

2
t, x2(t) =

1

3
+

2

3

(
cos

2π

3
t+ cos

4π

3
t+ cos 3πt

)
)µXÚ�ªÇ�A´�¼ê

H(jΩ) =

{
1, |Ω| < 2π

0, |Ω| > 2π

ÏdÑ\&Ò¥$u2π�ªÇ©þØ�ý�ÏL§
pu2π�ªÇ
©þ���P~
"

¤±µ

y1(t) = x1(t), y2(t) =
1

3
+

2

3

(
cos

2π

3
t+ cos

4π

3
t

)
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.2 XÚ�ªÇ�A

&&&ÒÒÒÏÏÏLLLXXXÚÚÚ—ÞÞÞ~~~

~2µ¦&Òx(t) = cos Ω0tÏLXÚh(t)��A"

)µ x(t)↔ π [δ(Ω + Ω0) + δ(Ω− Ω0)]§�h(t)↔ H(jΩ)§Kk

Y (jΩ) = X(jΩ)H(jΩ)

= π [H(−jΩ0)δ(Ω + Ω0) +H(jΩ0)δ(Ω− Ω0)]

qH(−jΩ) = H∗(jΩ)§�H(jΩ0) = Aejθ§KH(−jΩ0) = Ae−jθ

Y (jΩ) = Aπ
[
e−jθδ(Ω + Ω0) + ejθδ(Ω− Ω0)

]
�Fp��C���µ

y(t) =
A

2
e−jθe−jΩ0t +

A

2
ejθejΩ0t

=
A

2

[
ej(Ω0t+θ) + e−j(Ω0t+θ)

]
= A cos(Ω0t+ θ)
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.3 &Ò�Ø�ýDÑ^�

&&&ÒÒÒ���ØØØ���ýýýDDDÑÑÑ^̂̂���

(Ü1nÙSN��§ü�LTIXÚ?é�o�ªÇ�A�uz�
XÚªÇ�A�¦È§��gSØK�o�ªÇ�A¶¿é�o�ªÇ
�A�uz�XÚªÇ�A�Ú"

&Ò�Ø�ýDÑ^�

&Ò�ªÌX(Ω)Ï~´E¼ê§�±L«�µ

X(Ω) = |X(Ω)| ejθ(Ω)

3ØÓ�A^|Ü§éÌÝ�ýÚ
� �ýkØÓ��¦§LyÑØ
Ó�¯a§Ý"

3(ÑDÑ¥§Ì�'5ÌÝ�
ý¶3ã�!ã/DÑ¥Ì�'5
� �ý"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.3 &Ò�Ø�ýDÑ^�

&&&ÒÒÒ���ØØØ���ýýýDDDÑÑÑ^̂̂���

XJ&Òx(t)²LXÚDÑ��)�ÑÑ�µ

y(t) = Kx(t− t0)

Ù¥,KÚt0þ�~ê"=&Ò²LDÑ��u)ÌÝ�'~CzÚ�½
��ò§K@�&Ò3DÑL§¥vku)�ý"d�kµ

Y (Ω) = KX(Ω)e−jΩt0

H(Ω) = Ke−jΩt0

&Ò�Ø�ýDÑ^�µÌªA5�~ê!�ªA5¥�5"

éuÔn�¢yXÚ§�ý´Ø�;��§ó§þå¦3&Ò�°
��Sò�ý��3#N��IS"ÏJXÚ�ÌªA5Ú�ªA5´
p����§I�ÀA^|Ü�ØÓ3�ö¥�ÑÜnò©"
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4.7 ëY�mLTIXÚ�ª�©Û 4.7.4 n�$ÏÈÅì

nnn���$$$ÏÏÏÈÈÈÅÅÅììì

ΩcµÈÅì���ªÇ
0 < Ω < ΩcµÈÅì�Ï�
Ω > ΩcµÈÅì�{�

�Fp��C���n�ÈÅì�ü À-�Aµ

hLP (t) =
Ωc

π
sinc

(
Ωct

π

)
n�$ÏÈÅì��±äk�5�
 A5§d�3Ï�Skµ

H(Ω) = e−jΩt0

Ù¥t0¡�+�ò"d����A
ò�t0"

n�$ÏÈÅì´�ÏJXÚ§´
ÔnØ�¢y�"
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4.9 ëY�m&Ò���Ä�

ëëëYYY���mmm&&&ÒÒÒ���lllÑÑÑ���mmm&&&ÒÒÒ

3¢S)¹¥§~�±w�^lÑ�m&ÒL«ëY�m&Ò�~
f"XDý�ì¡!>K�¡�§ù
ÑL²ëY�m&Ò�lÑ�m
&Ò�m�3XS3�éX"3�½^�e§ëY�m&Ò�±^§�
lÑ�m��5L«
¿Ø¿��5&Ò¤�¹�&E"

�XêiEâÚO�ÅEâ�uÐ§lÑ�m&Ò�?ndu�\
(¹!¯�!�B§Ï
  '?nëY�m&Ò�\��"ùÒI�
rëY�m&Ò=C¤lÑ�m&Ò"

�!ïÄëY�m&Ò�lÑ�m&Ò�m�'X§Ì��):

3�o^�e§��ëY�m&Ò�±^§�lÑ�m��5�O

Ø�¿��k�&E"

XÛlëY�m&Ò�lÑ�m��Ø�ý/¡E¤�5�ëY�
m&Ò"
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

æææ£££ÄÄÄ¤¤¤���

3,
lÑ��m:þJ�ëY�m&Ò��L§¡�æ£Ä¤�"

3vk?Û�å^���¹e§��ëY�m&Ò��|lÑ�m�
�´ØU��/L�ù�ëY�m&Ò�"

éÓ��ëY�m&Ò§�æ�m�ØÓ��¬��ØÓ���S
�"
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

ÄÄÄ������êêêÆÆÆ���...

3��µxp(t) = x(t)p(t)
3ª�µ

Xp(Ω) =
1

2π
X(Ω) ∗ P (Ω)

�p(t)�þ!À-G�§¡�n�Ä�"
3��µ

p(t) =
∞∑

n=−∞
δ(t− nT )

xp(t) =

∞∑
n=−∞

x(nT )δ(t− nT )
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

ÄÄÄ������êêêÆÆÆ���...

3ª�µ

P (Ω) =
2π

T

∞∑
k=−∞

δ(Ω− kΩs)

Xp(Ω) =
1

2π
P (Ω) ∗X (Ω)

=
1

T

∞∑
k=−∞

X(Ω− kΩs)

��§3��éëY�m&Ò
?1n�Ä�§Ò��u3ª�ò
&Ò�ªÌ±Ä�ªÇΩs�±Ï?
1òÿ"
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

ÄÄÄ������¡¡¡EEE

��§��Ø�ý/¡E&Ò§7L�y3Xp(Ω)¥Øu)ªÌ�
·U"�dL÷vµ

1 x(t)7L��u�pªÇΩM"

2 Ä�ªÇΩs ≥ 2ΩM"

d��d±eXÚ¢y&Ò�¡Eµ
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

GGG¿¿¿dddAAA£££Nyquist¤¤¤ÄÄÄ���½½½nnn

½n (G¿dA£Nyquist¤Ä�½n)

é��u�pªÇΩM�ëY�m&Ò§XJ±Ωs = 2π
T ≥ 2ΩM�ªÇ

?1n�æ�§Kx(t) �±��/dÙ�m����x(nT )¤(½"

Ù¥Ωs¡�G¿dAªÇ§2ΩM¡�G¿dAÇ§´÷vÄ�½n
�¦��$Ä�ªÇ"

3ó§¢SA^¥§n�ÈÅì´Ø�¢y�"
�n�ÈÅì�
½kLÞ�§Ïd¢Sæ��§Ωs7L�u2ΩM"

$ÏÈÅì���ªÇ7L
÷v:

ΩM < Ωc < (Ωs − ΩM )

¿äkT��Ï�OÃ"
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4.9 ëY�m&Ò���Ä� 4.9.1 Ä�½n

æææ���öööSSS

®�&Òx1(t)��u100Hz§
x2(t)��u400Hz"y�ée�&
Ò?1æ�§¦÷vÄ�½n��$Ä�ªÇ"

1 y1(t) = x1(t) + x2(t/2)¶
2 y2(t) = x1(t) · x2(t)¶
3 y3(t) = x1(2t)− x2(t)¶
4 y4(t) = x1(t) ∗ x2(t)"

)µ��¦Ñþã�&Ò��pªÇ=�"

1 ��Ð°§ª�Ø §Ïdx2(t/2)��u200Hz§¤±y1(t)��p
ªÇ�200Hz§�A/�$æ�ªÇ�400Hz¶

2 ��¦È§ª�òÈ§¤±y2(t)��pªÇ�500Hz§�A/�$
æ�ªÇ�1000Hz¶

3 ��Ø §ª�Ð°§¤±x1(2t)�þ�ªÇ�200Hz§y3(t)��
pªÇ�400Hz§�A/�$æ�ªÇ�800Hz¶

4 ��òÈ§ª�¦È§¤±y4(t)��pªÇ�100Hz§�A/�$
æ�ªÇ�200Hz"
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4.9 ëY�m&Ò���Ä� 4.9.2 &Ò�S�¡E
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en�$ÏÈÅì�ü À-�A�h(t)§KÙÑÑ�µ

x̂(t) = xp(t) ∗ h(t) =

∞∑
n=−∞

x(nT )h(t− nT )

��§S��±n�$ÏÈÅì�ü À-�A�S�¼ê"

h(t) =
ΩcT

π
sinc

(
Ωct

π

)
=

ΩcT

π

sin Ωct

Ωct

x̂(t) =
∞∑

n=−∞
x(nT )

ΩcT

π
sinc

[
Ωc(t− nT )

π

]

��Ωc = Ωs/2�§

x̂(t) =
∞∑

n=−∞
x(nT ) sinc

[
1
T (t− nT )

]
ù«S�¡���¥���S�"
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ïá
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4.10 �Ù�(

������

1�gµ4.2(a)(c)(e) 4.4(a) 4.6(a)(c)(e)

1�gµ4.8(a)(c)(e) 4.10 4.11(a)(b)(d)

1ngµ4.14 4.16 4.3(a)(b) 4.18(1)

1ogµ4.23 4.25(a)(b) 4.37 4.38
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