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Signals and Systems
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.1 �±Ï&ÒFp�C�L«��Ñ

±±±ÏÏÏ555ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ���ªªªÌÌÌ

ak =
2 sin(kω0T1)

kω0T

�XTO�§ak¬Åì~�¿�ª
ª�u""�	Tak�Cz§

Tak =
2 sin(ωT1)

ω

∣∣∣∣
ω=kω0

2 sin(ωT1)/ω�L
Tak��ä§
Tak´éd�ä�m�¤���
�"eT1�½§KªÌ��ä�±
ÏTÃ'"
�XTO\§T�äÒ�±�5�
�8�m�æ�"
TªuÃ¡�§±Ï&ÒC¤
�
±Ï&Ò§TakÒªCu�ä¼ê"

T1ØC§UCT"lþ�e§
T = 4T1, T = 8T1, T = 16T1
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.1 �±Ï&ÒFp�C�L«��Ñ

lllFFFppp���???êêê���FFFppp���CCC���

^Fp�?êL«ã(b)�±Ï&Òµ

x̃(t) =
∞∑

k=−∞
ake

jkω0t, ak =
1

T

∫ T/2

−T/2
x̃(t)e−jkω0tdt

dx(t)Úx̃(t)�'X

ak =
1

T

∫ T/2

−T/2
x(t)e−jkω0tdt =

1

T

∫ +∞

−∞
x(t)e−jkω0tdt

½ÂTak��ä�X(jω)

X(jω) =

∫ ∞
−∞

x(t)e−jωtdt

¡�x(t)�Fp�C�"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.1 �±Ï&ÒFp�C�L«��Ñ

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

òX(jω)�±Ï&Ò�Fp�?ê�'�kµ ak =
1

T
X(jkω0)

¦Fp��C�µ

x̃(t) =

+∞∑
k=−∞

1

T
X(jkω0)ejkω0t

x̃(t) =
1

2π

+∞∑
k=−∞

X(jkω0)ejkω0tω0

T →∞k
∑
→
∫

x(t) =
1

2π

∫ +∞

−∞
X(jω)ejωtdω

Ïd��XeC�éµ

x(t) =
1

2π

∫ ∞
−∞

X(jω)ejωtdω

X(jω) =

∫ ∞
−∞

x(t)e−jωtdt

L²µ�±Ï&Ò�±©)
¤Ãêõ�ªÇëY©Ù��
Ì� 1

2πX(jω)dω�E�ê&Ò�
Ú"

±Ï&Ò�ªÌÒ´�§�éA��±Ï&ÒªÌ���"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.1 �±Ï&ÒFp�C�L«��Ñ

FFFppp���CCC������ÔÔÔnnn)))ººº

Äk�	Fp�C��X(jω) = 2πδ(ω − ω0)�&Òx(t)

x(t) =
1

2π

∫ ∞
−∞

X(jω)ejωtdω =

∫ ∞
−∞

δ(ω − ω0)ejωtdω = ejω0t

∴
∫ +∞

−∞
ejω0te−jωtdt = 2πδ(ω − ω0)

é,�ª:ω0§¦x(t)ÚüªE�ê&Ò��'µ∫ ∞
−∞

x(t)e−jω0tdt =
1

2π

∫ ∞
−∞

∫ ∞
−∞

X(jω)ej(ω−ω0)tdωdt

=
1

2π

∫ ∞
−∞

X(jω)

∫ ∞
−∞

ej(ω−ω0)tdtdω

=
1

2π

∫ ∞
−∞

X(jω)2πδ(ω − ω0)dω = X(jω0)

Fp�C�Ò´ÏL�'$�J��©&Ò¥¤�¹��AÌ©þ
�L§"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.2 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(jω)�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
��"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.2 Fp�C��Âñ

FFFppp���CCC������ÂÂÂñññ

ùü|^�¿Ø���d"~Xµsin t/t´²��È�§�´¿Ø
ýé�È"

AT�Ñµù
^�Ñ´Fp�C�Âñ�¿©^�"

Ú±Ï&Ò��¹��§�x(t)�Fp�C��3�§ÙFp�C
�3x(t)�ëY?Âñu&Ò��§3mä:?Âñu�m4��²þ
�§3mä:NC¬�)Gibbs y�"

éu±Ï&Ò§¦+þã^�¿Ø÷v§�´·�ÏL¦^À-¼
êE,@�±Ï&ÒäkFp�C�§ù�Ò�±òFp�?êÚFp
�C�B\���Ú��µeS"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

üüü>>>���êêê&&&ÒÒÒ

x(t) = e−atu(t), a > 0

X(jω) =

∫ ∞
0

e−ate−jωtdt

= − 1

a+ jω
e−(a+jω)t

∣∣∣∣∞
0

=
1

a+ jω

ÌÝªÌÚ� ªÌµ

|X(jω)| = 1√
a2 + ω2

^X(jω) = − tan−1
(ω
a

)
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

VVV>>>���êêê&&&ÒÒÒ

x(t) = e−a|t|, a > 0

X(jω) =

∫ 0

−∞
eate−jωtdt+

∫ ∞
0

e−ate−jωtdt

=
1

a− jω
+

1

a+ jω
=

2a

a2 + ω2

dux(t)´óé¡�¢&Ò§
§�Fp�C�´��¢ó¼ê§
ªÌ�±�^�Ìã5L«"

|X(jω)| = X(jω)

^X(jω) = 0
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

üüü   ÀÀÀ---¼¼¼êêê

x(t) = δ(t)

X(jω) =

∫ ∞
−∞

δ(t)e−jωtdt = 1

δ(t) =
1

2π

∫ ∞
−∞

ejωtdω

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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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

ÝÝÝ///óóóÀÀÀ&&&ÒÒÒ

x(t) =

{
1, |t| < T1

0, |t| > T1

X(jω) =

∫ T1

−T1
e−jωtdt =

2 sinωT1

ω

= 2T1 Sa(ωT1)

= 2T1 sinc

(
ωT1

π

)
LTIXÚ¥~��ü�
¼êµ
Sa(x) = sinx/x
sinc(x) = sin(πx)/πx
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

sinc¼¼¼êêê���nnn���$$$ÏÏÏÈÈÈÅÅÅììì

X(jω) =

{
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§3ù

ü«Fp�C�é¥§Ñk��´Ý/ó
À§��´sinx/x�/ª"ù`²µ&Ò
3��Úª��3X�«éó'X"

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�mFp�C� 2016c 5� 23F 15 / 50

4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

������ÚÚÚªªª������éééóóó'''XXX

þ¡�éó'XXã§�±w�§&Ò3��Úª��mk�«�
��'X§=&Ò3��óÀ�Ä§KÙªÌÌ��°§��½,"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

ÎÎÎÒÒÒ¼¼¼êêê

sgn(t) =

{
1, t > 0

−1, t < 0

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

X(jω) =

∫ ∞
0

e−ate−jωtdt−
∫ 0

−∞
eate−jωtdt

=
1

a+ jω
− 1

a− jω
=
−2jω

a2 + ω2

a→ 0 X(jω)→ 2

jω

u´k: sgn(t)↔ 2

jω

¢Û&Ò�Fp�C�´XJ�Û¼ê"
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4.1 �±Ï&Ò�L«—ëY�mFp�C� 4.1.3 ëY�mFp�C�Þ~

üüü   ������¼¼¼êêê

x(t) = 1 X(jω) = 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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4.2 ±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^�§ÏØU��l½ÂÑuïá
ÙFp�C�L«"�Dirichlet^�==´Fp�C��3�¿©^
�§Ïdïá±Ï&Ò�Fp�C�L«´�U�"

·�®²��x(t) = 1�Fá�C�´X(jω) = 2πδ(ω)"e¡��
�eX(jω) = 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=−∞
ake

jkω0t ↔ X(jω) = 2π
∞∑

k=−∞
akδ(ω − kω0)
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4.2 ±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) = sinω0t =
1

2j

(
ejω0t − e−jω0t

)
X(jω) =

π

j
[δ(ω − ω0)− δ(ω + ω0)]

~2µ

x(t) = cosω0t =
1

2

(
ejω0t + e−jω0t

)
X(jω) = π [δ(ω − ω0) + δ(ω + ω0)]
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4.2 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

~3µ±Ï5Ý/óÀ&Ò

ak =
sin(kω0T1)

kπ
, X(jω) =

∞∑
k=−∞

2 sin(kω0T1)

k
δ(ω − kω0)

X (jω) =

∫ ∞
−∞

∞∑
k=−∞

ake
jkω0t · e−jωtdt

=
∞∑

k=−∞

ak

∫ ∞
−∞

e−j(ω−kω0)tdt

=

∞∑
k=−∞

ak · 2πδ (ω − kω0)

=
∞∑

k=−∞

2 sin kω0T1
k

δ (ω − kω0)
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4.2 ±Ï&Ò�Fp�C�

±±±ÏÏÏ&&&ÒÒÒ���FFFppp���CCC���

~4µþ!À-G

x(t) =

∞∑
k=−∞

δ(t− kT )

ak =
1

T

∫ T/2

−T/2
δ(t)e−jkω0tdt =

1

T

x (t) =
1

T

∞∑
k=−∞

ejkω0t

X(jω) =
2π

T

∞∑
k=−∞

δ(ω − k2π

T
)
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4.3 ëY�mFp�C��5� 4.3.1-2 �5Ú�£5�

���555ÚÚÚ���£££555���

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

�5£Linearity¤

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

�££Time Shifting¤

eµx(t)↔ X(jω)
Kkµx(t− t0)↔ X(jω)e−jωt0 = X1(jω)

´�µ|X1(jω)| = |X(jω)|,^X1(jω) = ^X(jω)− ωt0
ùL²µ&Ò��£�K�§��ªA5§Ù�ªA5¬O\���5
�£"
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4.3 ëY�mFp�C��5� 4.3.3 �Ýé¡5

���ÝÝÝééé¡¡¡555£££Conjugate and Symmetry¤¤¤

eµx(t)↔ X(jω) Kkx∗(t)↔ X∗(−jω), x(−t)↔ X(−jω)

X(jω) =
∫∞
−∞ x(t)e−jωtdt

X(−jω) =
∫∞
−∞ x(t)ejωtdt ?

ét����µ
X(−jω) =

∫∞
−∞ x(−t)e−jωtdt

é?ªü>��Ýµ
X∗(−jω) =

∫∞
−∞ x

∗(t)e−jωtdt

ex(t)´¢&Ò§Kx(t) = x∗(t)§
u´kµX(jω) = X∗(−jω)"
<[X(jω)] = <[X(−jω)]
=[X(jω)] = −=[X(−jω)]
|X(jω)| = |X(−jω)|
^X(−jω) = −^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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4.3 ëY�mFp�C��5� 4.3.4 ���©ÚÈ©

���������©©©ÚÚÚÈÈÈ©©©£££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(jω)ejωtdω �

T5�`²Fp�C��ò����©$�=C�ª���ê$�"

é&Ò3��È©K�Akµ∫ t

−∞
x(τ)dτ ↔ 1

jω
X(jω) + πX(0)δ(ω)

du∫ t

−∞
x(τ)dτ =

∫ ∞
−∞

x(τ)u(t− τ)dτ = x(t) ∗ u(t)

|^u(t)�Fp�C�9�¡ò�0��òÈ5�=�y²È©5�"
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4.3 ëY�mFp�C��5� 4.3.5 ��Úª��ºÝC�

������ÚÚÚªªª������ºººÝÝÝCCC���£££Scaling¤¤¤

eµx(t)↔ X(jω)
Kk

x(at)↔ 1

|a|
X
(
j
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(−jω)"
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4.3 ëY�mFp�C��5� 4.3.6 éó5

éééóóó555£££Duality¤¤¤

ex(t)↔ X(jω)§KX(jt)↔ 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(jω) = 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

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�mFp�C� 2016c 5� 23F 27 / 50

4.3 ëY�mFp�C��5� 4.3.7 ød��½n

Parseval ½½½nnn

∫ ∞
−∞
|x(t)|2 dt =

1

2π

∫ ∞
−∞
|X(jω)|2 dω

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

é±Ï&Ò�k�A�Parseval½nµ

1

T

∫
T
|x(t)|2 dt =

∞∑
−∞
|ak|2

|ak|2¡�±Ï&Ò�õÇÌ"
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4.4 òÈ5�

XXXÚÚÚ���ªªªÇÇÇ���AAA

�	ejω0t²LLTIXÚ���Aµ

y(t) = h (t) ∗ ejω0t =

∫ ∞
−∞

h(τ)ejω0(t−τ)dτ = ejω0t

∫ ∞
−∞

h(τ)e−jω0τdτ

��§ejω0t´LTIXÚ�A�¼ê§éA�A��´

H(jω0) =

∫ ∞
−∞

h(t)e−jω0tdt

¤±ü À-�A�Fp�C�3ω0?��Ò´LTIXÚéejω0t�E\
�Ïf"Ïd§H(jω)�¡�XÚ�ªÇ�A"

éu½XÚ§=µ
∫ +∞
−∞ |h(t)|dt <∞ÙXÚ�ªÇ�A  ´�

3�"

�uh(t)�H(jω)´��éA�§ÏLTIXÚ�±dÙªÇ�A�
�L�"ªÇ�AÚü À-�A���±�LTIXÚï�"
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4.4 òÈ5�

òòòÈÈÈ555���

x(t) =
1

2π

∫ ∞
−∞

X (jω) · ejωtdω = lim
ω0→0

1

2π

∞∑
k=−∞

X (jkω0) · ejkω0tω0

ejkω0t h(t)−−→ H (jkω0) ejkω0t, Ù¥µH (jkω0) =

∫ +∞

−∞
h (t) e−jkω0tdt

1

2π

+∞∑
k=−∞

X (jkω0)ejkω0tω0
h(t)−−→ 1

2π

+∞∑
k=−∞

X (jkω0)H (jkω0)ejkω0tω0

y (t) = lim
ω0→0

1

2π

+∞∑
k=−∞

X (jkω0)H (jkω0) · ejkω0tω0

=
1

2π

∫ +∞

−∞
X (jω)H (jω) ejωtdω =

1

2π

∫ +∞

−∞
Y (jω) ejωtdω

y (t) = h (t) ∗ x (t)
FT←−→ Y (jω) = H (jω)X (jω)
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4.4 òÈ5�

òòòÈÈÈ555���

éu?¿Ñ\&Òx(t)§�±òÙ©)¤E�u£�ê¤&Ò��
5|Üµ

x(t) =
1

2π

∫ ∞
−∞

X(jω)ejωtdω

éuz��ØÓªÇ�E�u&Òejωt§ÙXÚ�A�µH(jω)ejωt"

XÚ�ÑÑ�µ

y(t) = x(t) ∗ h(t) =
1

2π

∫ ∞
−∞

X(jω)H(jω)ejωtdω

òÈ5�µ

y(t) = x(t) ∗ h(t)
FT←−→ Y (jω) = X(jω)H(jω)

duòÈA5��3§òLTIXÚ���òÈ$�=��ª���
¦$�"��þ§þãA5�¤á�´Ï�E�u&Ò´��LTIXÚ
�A�¼ê"
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4.4 òÈ5�

òòòÈÈÈ555���

eµx1(t)↔ X1(jω), x2(t)↔ X2(jω)

Kµx1(t) ∗ x2(t)↔ X1(jω)X2(jω)

-x(t) = x1(t) ∗ x2(t)§éx(t)���Fp�C�§k

X(jω) =

∫ ∞
−∞

[∫ ∞
−∞

x1(τ)x2(t− τ)dτ

]
e−jωtdt

=

∫ ∞
−∞

x1(τ)

[∫ ∞
−∞

x2(t− τ)e−jωtdt

]
dτ

=

∫ ∞
−∞

x1(τ)X2(jω)e−jωτdτ = X1(jω)X2(jω)

òÈA5�3ª�©ÛLTIXÚJø
nØ�â"
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4.4 òÈ5�

òòòÈÈÈ555������AAA^̂̂—LTIXXXÚÚÚ���ªªª���©©©ÛÛÛ{{{

�âòÈA5,�±éLTIXÚ?1ª�©Û, ÙL§�:

1 dx(t)
FT←−→ X(jω)

2 �âXÚ�£ã§¦ÑH(jω)
3 Y (jω) = X(jω)H(jω)

4 Y (jω)
IFT←−→ y(t)

ª�©Û�`³:;�E,�òÈ$�§&ÒÚXÚk��²(�
ÔnL«"

~µ�	ò�XÚy (t) = x (t− t0)�ªÇ�A9Ùª�ÑÑ"

h(t) = δ(t− t0)
FT←−→ H(jω) = e−jωt0

y (t) = x (t) ∗ h (t)
FT←−→ Y (jω) = H (jω)X (jω) = e−jωt0X (jω)

ò�XÚ�ªÇ�A��1§� ��5� "ª�ÑÑ��&Ò��
5�£"
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4.4 òÈ5�

òòòÈÈÈ555������AAA^̂̂—ÈÈÈÅÅÅììì���OOO

H (jω) =

{
1, |ω| < W

0, |ω| > W

h(t) =
1

2π

∫ W

−W
ejωtdω =

sinWt

πt
=
W

π
sinc

(
Wt

π

)

n�$ÏÈÅìØ´ÏJXÚ§ó§þÃ{¢y"ÈÅì�OI�3�
�Úª�?1ò©"
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4.4 òÈ5�

òòòÈÈÈ555������AAA^̂̂—ÞÞÞ~~~

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

X(jω) =
1

b+ jω
, H(jω) =

1

a+ jω
,

Y (jω) = X(jω)H(jω) =
1

(a+ jω)(b+ jω)

òY (jω)Ðm¤Ü©©ªk

Y (jω) =
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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4.5 �¦5�

���¦¦¦£££NNN���¤¤¤555���

eµx1(t)↔ X1(jω) x2(t)↔ X2(jω)

Kµx1(t)x2(t)↔ 1

2π
X1(jω) ∗X2(jω)

|^Fp�C��éó5§�±lòÈA5íÑ��éó�N�A5"
q¡ª�òÈA5"

x1(t)↔ X1(jω) x2(t)↔ X2(jω)

X1(jt)↔ 2πx1(−ω) X2(jt)↔ 2πx2(−ω)

X1(jt) ∗X2(jt)↔ 4π2x1(−ω)x2(−ω)

4π2x1(−t)x2(−t)↔ 2πX1(−jω) ∗X2(−jω)

x1(t)x2(t)↔ 1

2π
X1(jω) ∗X2(jω)
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4.5 �¦5�

���¦¦¦555���

eµx1(t)↔ X1(jω) x2(t)↔ X2(jω)

Kµx1(t)x2(t)↔ 1

2π
X1(ω) ∗X2(ω)

∫ ∞
−∞

x1 (t)·x2 (t) e−jωtdt

=

∫ ∞
−∞

1

2π

∫ ∞
−∞

X1 (jΩ) ejΩtdΩ · x2 (t)e−jωtdt

=
1

2π

∫ ∞
−∞

X1 (jΩ)

∫ ∞
−∞

x2 (t) e−j(ω−Ω)tdtdΩ

=
1

2π

∫ ∞
−∞

X1 (jΩ)X2 [j (ω − Ω)] dΩ

=
1

2π
X1 (jω) ∗X2 (jω)
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4.5 �¦5�

���¦¦¦555������AAA^̂̂

ó§A^¥²~¦^ü�&Ò3���¦5¢yN�!CªÚæ
�"AO�§ü�&Ò3���¦�±w¤´d��&Ò��,��&
Ò�ÌÝ§ùÒ´ÌÝN�"Ù¥��&Ò¡�1Å§,��´N�&
Ò"�¦5��¡�N�5�"

¦^�¦5�)º£ª5�:

x(t)↔ X(jω), ejω0t ↔ 2πδ(ω − ω0)

x(t)ejω0t ↔ X[j(ω − ω0)]

~µ�uÌÝN�

s(t)↔ S(jω), p(t) = cosω0t

r(t) = s(t)p(t)
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4.5 �¦5�

���¦¦¦555������AAA^̂̂—���uuuÌÌÌÝÝÝNNN���

P (jω) = π[δ(ω − ω0) + δ(ω + ω0)]

R(jω) =
1

2π
S(jω) ∗ P (jω)

=
1

2
S [j(ω − ω0)] +

1

2
S[j(ω + ω0)]

�uÌÝN���u3ª�òN�&Ò�ªÌ�£�1ª �"
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4.5 �¦5�

���¦¦¦555������AAA^̂̂—ÓÓÓÚÚÚ)))NNN

r(t) cosω0t↔
1

2π
R(jω) ∗ π[δ(ω − ω0) + δ(ω + ω0)]

=
1

2
S (jω) +

1

4
S [j (ω − 2ω0)] +

1

4
S [j (ω + 2ω0)]

d�§^��ªÇA5�H(jω)�XÚ=�lr(t)¡EÑs(t)"�
�ωM < ωc < 2ω0 − ωM=�"
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4.5 �¦5� 4.5.1 äk�C¥%ªÇ�ªÇÀJ5ÈÅì

���¦¦¦555������AAA^̂̂

¥%ªÇ�C��ÏÈÅì3ó§þ¢y'�(J§¦^Cªì(
Ü�½ªÇA5�ÈÅì¢y¥%ªÇ�C�ÏÈÅì"
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4.5 �¦5� 4.5.1 äk�C¥%ªÇ�ªÇÀJ5ÈÅì

���¦¦¦555������AAA^̂̂

��ulX(jω)¥��^���ÏÈÅìÈÑ�ªÌ"L²��X
Ú��u��¥%ªÇ�ω0��ÏÈÅì§UCω0=�¢y¥%ªÇ�
C"ó§A^¥§°��$ÏÈÅì  �´'�J¢y�§¤±²~
òþã�$ÏÈÅìO���½ªÇ��ÏÈÅì§Ù¥%ª:  ¡
�¥ª"
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4.7 d�5~Xê�©�§L��XÚ

XXXÚÚÚ���ªªªÇÇÇ���AAA

ó§¢S¥k��2��LTIXÚÙÑ\ÑÑ'X�±d���5
~Xê�©�§£ã"Ù��/ª´:

N∑
k=0

ak
dky(t)

dtk
=

M∑
k=0

bk
dkx(t)

dtk

duejωt´��LTIXÚ�A�¼ê§Ïd�XÚ�Ñ\x(t) =
ejωt�§XÚ¤�)��AÒ´y(t) = H(jω)ejωt"L²3Ñ\x(t) =
ejωt��¹e§)��ÑÑÒ´H(jω)��"�´ù«Åª:¦�½ÿ
���{�æ�"

éu�5~Xê�©�§£ã�LTIXÚ§�±é{ü/��l�
§¦ÑªÇ�AH(jω)"éþªü>�Fp�C�§¿|^���©A
5���µ

N∑
k=0

ak(jω)kY (jω) =
M∑
k=0

bk(jω)kX(jω)

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�mFp�C� 2016c 5� 23F 43 / 50

4.7 d�5~Xê�©�§L��XÚ

XXXÚÚÚ���ªªªÇÇÇ���AAA

duµY (jω) = X(jω)H(jω) ¤±§XÚ�ªÇ�A�µ

H(jω) =
Y (jω)

X(jω)
=

M∑
k=0

bk(jω)k

N∑
k=0

ak(jω)k

→´��'ujω�kn¼ê"

��dLCCDE£ã�LTIXÚÙªÇA5´��kn¼ê"¤±§
édLCCDE£ã�LTIXÚ§�I�¦�Ùh(t)�('X��©Û�) §
  ´dH(jω)��C���"Fp�C�ò��d�©�§L�
�LTIXÚ�¯KüC�����ê¯K"

ékn¼ê¦Fp��C�Ï~æ^Ü©©ªÐmÚ|^~^C�
é?1"
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4.7 d�5~Xê�©�§L��XÚ

XXXÚÚÚ���ªªªÇÇÇ���AAA—ÞÞÞ~~~

~µ,LTIXÚde��©�§£ã§

d2y(t)

dt2
+ 3

dy(t)

dt
+ 2y(t) =

dx(t)

dt
+ 3x(t)

®�XÚ�Ð´tµ�§¦XÚ�ü À-�A"

)µ�âþª����ÑTXÚ�ªÇ�A�µ

H(jω) =
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 d�5~Xê�©�§L��XÚ

&&&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 d�5~Xê�©�§L��XÚ

&&&ÒÒÒÏÏÏLLLXXXÚÚÚ—ÞÞÞ~~~

~2µ¦&Òx(t) = cosω0tÏLXÚh(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 d�5~Xê�©�§L��XÚ

pppéééXXXÚÚÚ���ªªª������AAA

?éXÚ:

H(jω) = H1(jω)H2(jω)

¿éXÚ:

H(jω) = H1(jω) +H2(jω)

�"XÚ:

Y (jω) = [X(jω)− Y (jω)H2(jω)]H1(jω)

X(jω)H1(jω) = Y (jω) [1 +H1(jω)H2(jω)]

H(jω) =
Y (jω)

X(jω)
=

H1(jω)

1 +H1(jω)H2(jω)
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4.8 �Ù�(

���ÙÙÙ���(((

ÏLëY�mFp�C�§ïá
òëY�m&Ò(�)±Ï!�
±Ï&Ò)©)�E�u£�ê¤&Ò©þ��5|Ü��{"

ÏL?ØFp�C��5�§�«
&Ò��A5�ª�A5�'
X"òÈA5´LTIXÚª�©Û�{�nØÄ:§�¦A5K´
Ï&Ú&ÒDÑ+��«N�)NEâ�nØÄ:"

éLTIXÚïá
ª�©Û��{"

édLCCDE£ã�LTIXÚ§�±é�B/dLCCDE��ÙªÇ�
A§?ÏLFp��C��±��Ùü À-�A"

½�LTIXÚ�±ÏLÙªÇ�A5£ã"

ïá
XÚpéª§?Ø
XÚªÇ�A��fXÚªÇ�A�'
X"

ÜïI (ÜS�Ï�Æ>&Æ�) 14Ù ëY�mFp�C� 2016c 5� 23F 49 / 50

4.8 �Ù�(

������

CH4-1µ4.13§4.14§4.24§4.25§4.27

CH4-2µ4.11§4.22(a)(c)(e)§4.31§4.32

CH4-3µ4.10§4.21(a)(c)(e)(g)§4.34§4.35

SKtØµ

4.27K¥�T > 0AU�T > 2�
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