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2.1 &Ò�£ã���C� 2.1.1 &Ò�L«

&&&ÒÒÒ���LLL«««

Úóµ �Ù�3?Ø&Ò�XÚ�Ä�Vg§ïá�A�êÆ£ã�
{§±B|^ù«êÆ£ã9ÙL«§ïá�«&Ò�XÚ�©ÛN
X"

&Ò�±£ã��42��Ôny�"��&Ò©Û�Ä:§��
§�ïÄ(½5&Ò§(½5&Ò�±L«���½A�gCþ�¼
ê"

ëY�m&Ò´�gCþ£�m¤���´ëY�"

lÑ�m&Ò´�gCþ£�m¤���ê��&Ò"

lÑ�m&Ò��±lëY�m&ÒÏLJ�Ù����"
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

���£££CCC���£££Shift of Signals¤¤¤

éëY&Òµx(t)→ x(t− t0)
�t0 > 0�§&Ò�m²£t0¶�t0 < 0�§&Ò��²£|t0|"

élÑ&Òµx(n)→ x(n− n0)
�n0 > 0�§&Ò�m²£n0¶�n0 < 0�§&Ò��²£|n0|"

ÜïI (ÜS�Ï�Æ>&Æ�) 12Ù &Ò�XÚ 2013c 9� 18F 4 / 44



2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

���===CCC���£££Reflection of Signals¤¤¤

ëYµx(t)→ x(−t)§&Ò±t = 0�¶�º�é¡¶
lÑµx(n)→ x(−n)§&Ò±n = 0�¶�º�é¡"

ò&Ò��£��=�(Ü§Ò�±��x(−t± t0)Úx(−n±n0)"
3xÅ/��±k²£2�=§��±k�=2²£"��5¿�´§
�=�gCþC�−t½−n§¤±²£����cã��"
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

ºººÝÝÝCCC���£££Scaling¤¤¤

x(t)→ x(at)
�a > 1�§x(at)´òx(t)3�mþØ a�¶
�0 < a < 1�§x(at)´òx(t)3�mþ*Ð1/a�"

dulÑ�m&Ò�gCþ�U��ê�§Ïî�5`ºÝC�
�éëY�m&Òó"
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

lllÑÑÑ���mmm&&&ÒÒÒ���ÄÄÄ���decimation¤¤¤

Ä�µx(n)→ x(2n)"

w,§x(2n)´lx(n)¥�gÄÑgCþ�óê���:�¤�"ù
�L§¡�é&Òx(n)�Ä�£decimation¤"

é&ÒÄ��L§´Ø�_�"
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

lllÑÑÑ���mmm&&&ÒÒÒ���SSS���£££interpolation¤¤¤

S�µ

x(n)→ x1(n) =

{
x(n/2) n�óê

0 n�Ûê

lx(n)�x1(n)�L§¡�é&Òx(n)�S�"

é&ÒS��L§´�_�"
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

~~~1-&&&ÒÒÒ���gggCCCþþþCCC���µµµx(t)→ x
(
3t− 1

2

)
)�µx(t)

t→ t− 1
2−−−−−→ x

(
t− 1

2

) t→ 3t−−−→ x
(
3t− 1

2

)

)�µx(t)
t→ 3t−−−→ x (3t)

t→ t− 1
6−−−−−→ x

(
3
(
t− 1

6

))
= x

(
3t− 1

2

)
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2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

~~~2-&&&ÒÒÒ���gggCCCþþþCCC���µµµx(t)→ x
(
− t

3 + 2
)

)�µ

x(t)
t→−t−−−→ x(−t)

t→ t
3−−−→ x

(
−t
3

)
t→t−6−−−−→ x

(
−t
3

+ 2

)
)�µ

x (t)
t→t+2−−−−→ x (t+ 2)

t→−t−−−→ x (−t+ 2)
t→ t

3−−−→ x

(
− t

3
+ 2

)
)nµ

x(t)
t→ t

3−−−→ x

(
t

3

)
t→−t−−−→ x

(
−t
3

)
t→t−6−−−−→ x

(
−t
3

+ 2

)
)oµ

x(t)
t→t−6−−−−→ x (t− 6)

t−6→−(t−6)−−−−−−−−→ x (−t+ 6)
−(t−6)→−(t−6)/3−−−−−−−−−−−−→ x

(
−t
3

+ 2

)
ÜïI (ÜS�Ï�Æ>&Æ�) 12Ù &Ò�XÚ 2013c 9� 18F 10 / 44

2.1 &Ò�£ã���C� 2.1.2 &Ò�gCþC�

&&&ÒÒÒ���gggCCCþþþCCC���

/Xx(t)→ x (αt+ β)�gCþC�ïÆæ^XeÚ½µ

1 k�âβ��é&Ò�£�x(t+ β)¶

2 2�â|α|��é11Ú�(J±�:�¥%�ºÝC���x(|α|t+
β)¶

3 XJα < 0§��é12Ú�(J±p�I�¶?1�=¶

4 �AÏ:?1�y"

X~�µ

x (t)
t→t+2−−−−→ x (t+ 2)

t→ t
3−−−→ x

(
t

3
+ 2

)
t→−t−−−→ x

(
− t

3
+ 2

)
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2.1 &Ò�£ã���C� 2.1.3 Û&Ò�ó&Ò

ÛÛÛ&&&ÒÒÒ!!!óóó&&&ÒÒÒ999&&&ÒÒÒ���ÛÛÛóóó©©©)))£££¢¢¢¤¤¤

é¢&Òóµ

XJkx(−t) = x(t) ½x(−n) = x(n)§K¡T&Ò�ó&Ò"

XJkx(−t) = −x(t) ½x(−n) = −x(n)§K¡T&Ò�Û&Ò"

?Û&ÒÑU©)¤��ó&Ò���Û&Ò�Ú"
x(t) = xe(t) + xo(t)§Ù¥µ

xe(t) =
1

2
[x(t) + x(−t)]

xo(t) =
1

2
[x(t)− x(−t)]

x(n) = xe(n) + xo(n)§Ù¥µ

xe(n) =
1

2
[x(n) + x(−n)]

xo(n) =
1

2
[x(n)− x(−n)]
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2.1 &Ò�£ã���C� 2.1.3 Û&Ò�ó&Ò

ÛÛÛ&&&ÒÒÒ!!!óóó&&&ÒÒÒ999&&&ÒÒÒ���ÛÛÛóóó©©©)))£££EEE¤¤¤

éE&Òóµ

XJkx∗(−t) = x(t) ½x∗(−n) = x(n)§K¡T&Ò��Ýó&Ò"

XJkx∗(−t) = −x(t)½x∗(−n) = −x(n)§K¡T&Ò��ÝÛ&Ò"

E&Ò�U©)¤��ó&Ò���Û&Ò�Ú"

x(t) = xe(t) + xo(t)

Ù¥µ

xe(t) =
1

2
[x(t) + x∗(−t)]

xo(t) =
1

2
[x(t)− x∗(−t)]

x(n) = xe(n) + xo(n)

Ù¥µ

xe(n) =
1

2
[x(n) + x∗(−n)]

xo(n) =
1

2
[x(n)− x∗(−n)]
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2.1 &Ò�£ã���C� 2.1.4 ±Ï&Ò��±Ï&Ò

±±±ÏÏÏ&&&ÒÒÒ������±±±ÏÏÏ&&&ÒÒÒ

±Ï&Ò�½Âµ

x(t) = x(t+ T ) x(n) = x(n+N)

÷vþã'X��¢ê£��ê¤¥�����§¡�&Ò�ÄÅ±
ÏT0£N0¤

Øä�±Ï5�&Ò¡��±Ï&Ò"

x(t) = c £~ê¤
�À�±Ï&Ò§�
§�ÄÅ±Ïvk(
½�½Â"
x(n) = c£~ê¤
�±À�±Ï&Ò§
ÙÄÅ±Ï�1"
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2.2 ~^Ä�&Ò 2.2.1 �u&Ò

ëëëYYY���mmmÚÚÚlllÑÑÑ���mmm���uuu&&&ÒÒÒ

~^�Ä�&Ò�)µ�u&Ò!�ê&Ò!ü ��&Ò!ÎÒ
¼ê!ü À-Úü óÀ&Ò"

ëY�m�u&Òµ

x (t) = A cos (Ω0t+ φ)

ëY�m�u&Ò´±Ï&Ò§ÙÄÅ±ÏT0 = 2π/Ω0"
lÑ�m�u&Òµ

x (n) = A cos (ω0n+ φ)

lÑ�m�u&ÒØ�½´±Ï�"

�x(n) = cosω0näk±Ï5§K

cosω0n = cosω0 (n+N)

�â±Ï5�¦§kω0N = 2πm§Ù¥NÚm��ê"
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2.2 ~^Ä�&Ò 2.2.1 �u&Ò

ëëëYYY���mmmÚÚÚlllÑÑÑ���mmm���uuu&&&ÒÒÒ

=µ

ω0

2π
=
m

N

L²�k�ω0/2π´knê�§&Òâ´±Ï�"

lÑ�m&Ò�±ÏLéëY�
m&ÒJ�ÙlÑ�����£=æ
�¤��"éÓ��ëY�m&Ò
±ØÓ��mm�æ�§ò��ØÓ
�S�"

é±Ï5ëY�m&Òæ�§¤
���S�Ø�½´±Ï�" �k
�&Ò�ÄÅ±ÏT0�æ�m�Ts�
'T0/Ts ´knê�§æ�¤���
S�âäk±Ï5"

ÜïI (ÜS�Ï�Æ>&Æ�) 12Ù &Ò�XÚ 2013c 9� 18F 16 / 44



2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

ëëëYYY���mmm���êêê&&&ÒÒÒ£££Exponential Signal¤¤¤

ëY�m�ê&Ò���/ª�µx(t) = ceat§Ù¥§c!a�~ê"

¢�ê&Òµ�c!a�¢ê�

±Ï5E�ê&Òµ�c = 1!a = jΩ0�
x(t) = ejΩ0t = cos Ω0t+ j sin Ω0t"

ÄÅ±ÏT0 = 2π/Ω0"¢Ü!JÜþ��u&Ò§w,kµ

cos Ω0t =
1

2

[
ejΩ0t + e−jΩ0t

]
sin Ω0t =

1

2j

[
ejΩ0t − e−jΩ0t

]
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2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

ëëëYYY���mmm���êêê&&&ÒÒÒ£££Exponential Signal¤¤¤

¤�Å'X�E�ê&Ò8µ φk(t) =
{
ejkΩ0t

}
k = 0,±1,±2, · · ·

d&Ò8¥�z��&ÒÑ´±Ï�§Ù±Ï�µTk = 2π/|kΩ0|"
¤k&Ò�ú�±Ï�µT0 = 2π/|Ω0|§z�&Ò�ªÇÑ´Ω0��
ê�§Ïd¡�/�Å0"

E�ê&Òµ�c = |c|ejθ, a = σ + jΩ0�§x(t) = ceat = |c| eσtej(Ω0t+θ)

Re [x(t)] = |c| eσt cos (Ω0t+ θ) Im [x(t)] = |c| eσt sin (Ω0t+ θ)

¢ÜÚJÜÑ´U�ê5ÆCz��u��"
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2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

lllÑÑÑ���mmm���êêê&&&ÒÒÒ£££Exponential Signal¤¤¤

lÑ�m�ê&Ò���/ª�µx(n) = can§Ù¥§c!a�~ê"

¢�ê&Òµ�c!a�¢ê�

E�ê&Òµ�c = 1!a = ejω0�
x(n) = ejω0n�x(t) = ejΩ0t/ª�Ó§�T&ÒØ�½´±Ï�"

�k3ω0/2π = m/N�âäk±Ï5§÷vd'X�mÚN¥§7k
�|´ÃúÏf�§d��N=�&Ò�ÄÅ±ÏN0"

ÄÅªÇµ

ωB =
2π

N0
=
ω0

m
N0 =

2π

ω0
m

ÜïI (ÜS�Ï�Æ>&Æ�) 12Ù &Ò�XÚ 2013c 9� 18F 19 / 44

2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

lllÑÑÑ���mmm���êêê&&&ÒÒÒ£££Exponential Signal¤¤¤

¤�Å'X�E�ê&Ò8µ φk(n) =
{
ejk2π/Nn

}
k = 0,±1,±2, · · ·

ÄÅ±Ï�N§ÄÅªÇ2π/N"du

φk+N (n) = ej(k+N) 2π
N
n = ejk

2π
N
n = φk(n)

T&Ò8¥�&Ò¿ØÑ´Õá�§Ù¥�kN�Õá��Å©þ"

���E�ê&Òµ�c = |c|ejθ, a = rejω0�§x(n) = |c| rnej(ω0n+θ)

Re [x(n)] = |c| rn cos (ω0n+ θ) Im [x(n)] = |c| rn sin (ω0n+ θ)

¢ÜÚJÜÑ´U�ê5ÆCz��u��"
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2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

&&&ÒÒÒejΩ0t���ejω0n���'''���

ejΩ0t ejω0n

Ω0ØÓ§&ÒØÓ¶ ªÇ�2π��ê��§&Ò�Ó¶
é?ÛΩ0§&ÒÑ´±Ï�¶ =�ω0 = 2π

N m�§â´±Ï�¶
ÄÅªÇµΩ0 = 2π

T0
ÄÅªÇµ2π

N = ω0
m

ÄÅ±ÏµT0 ÄÅ±ÏµN

*	�ejω0n�éA��uS��ω0Cz��¹"�±wÑ§
�ω0l0O\�π�§&Ò��ªÇ��O\¶�ω0lπO\�2π�§
&Ò���ªÇ��eü"

lÑ�m&Ò�ªÇk����k2π"pªéAuπ�Ûê�N
C§$ªéAuπ�óê�NC"

ej2πn = 1, ejπn = cos(πn) = (−1)n, ej
π
2
n = jn, ej

3π
2
n = (−j)n
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2.2 ~^Ä�&Ò 2.2.2 �ê&Ò

lllÑÑÑ���mmm���uuuSSS������ªªªÇÇÇ���CCCzzz���¹¹¹
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2.2 ~^Ä�&Ò 2.2.3 ü ��&Ò

üüü   ������&&&ÒÒÒ

ëY�mü ��µ

u(t) =

{
1, t > 0

0, t < 0

lÑ�mü ��µ

u(n) =

{
1, n ≥ 0

0, n < 0

ü ��&Ò3{z&Ò���L«�¡�~k^"

G(t) = u(t)− u(t− τ)

G1(t) = u(t− t0)− u(t− τ)
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2.2 ~^Ä�&Ò 2.2.3 ü ��&Ò

ÎÎÎÒÒÒ¼¼¼êêê

f(t) = e−t [u(t)− u(t− t0)]

x(t) = (1 +
t

τ
) [u(t+ τ)− u(t)]

+ (1− t

τ
) [u(t)− u(t− τ)]

ÎÒ¼ê½Âµ

sgn(t) =

{
1, t > 0

−1, t < 0

ÎÒ¼ê�ü ���'Xµ

sgn(t) = u(t)− u(−t)
sgn(t) = 2u(t)− 1
d
dtsgn(t) = 2δ(t)
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2.2 ~^Ä�&Ò 2.2.4 ü óÀ�ü À-&Ò

üüü   óóóÀÀÀ&&&ÒÒÒ£££Unit impulse ¤¤¤

½Âµ

δ(n) =

{
1, n = 0

0, n 6= 0

ü óÀäkJ�&Òx(n)¥,�:�����^µ

x(n)δ(n) = x(0)δ(n) x(n)δ(n− n0) = x(n0)δ(n− n0)

ü óÀ�ü ���m�'Xµ

δ(n) = u(n)− u(n− 1)

u(n) =
n∑

k=−∞
δ(k) =

∞∑
k=0

δ(n− k)
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2.2 ~^Ä�&Ò 2.2.4 ü óÀ�ü À-&Ò

üüü   ÀÀÀ---

½Âµu(t) =

∫ t

−∞
δ(τ)dτ δ(t) =

du(t)

dt

lêÆ�Ýw´Ø�U�§Ï�u(t)3
t = 0?ØëY§Ï�Ø��"

l4���Ý���*`²µ
½ÂXã¤«�u∆(t)§
w,�∆→ 0�§u∆(t)→ u(t)"

δ∆(t) =
du∆(t)

dt
lim
∆→0

δ∆(t) = δ(t)

δ(t)�À���¡È©ª�1�Ý/§
�Ù°Ýªu"��4�"Ý/�¡È¡
�À-rÝ"
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2.2 ~^Ä�&Ò 2.2.4 ü óÀ�ü À-&Ò

üüü   ÀÀÀ---

δ(t)�L«�

δ(t)�äkJ�ëY�m&Ò����^µ

x(t)δ(t) = x(0)δ(t) x(t)δ(t− t0) = x(t0)δ(t− t0)

ü À-�ü ���'Xµ

δ(t) =
du(t)

dt
u(t) =

∫ t

−∞
δ(τ)dτ =

∫ ∞
0

δ(t− τ)dτ

ü À-&Ò�^u£ãUþk���^�m4á�Ôny�"

~µ¦�¼êG(t) = u(t)− u(t− τ), τ > 0��ê"
)µG′(t) = δ(t)− δ(t− τ)"
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2.3 ÛÉ¼ê

ÛÛÛÉÉÉ¼¼¼êêê£££singularity functions¤¤¤

c>3½Âδ(t)�§æ^
4��g�§òÙw¤¡È©ª�1�Ý
/3°Ýªu0 ��4�"�ù��½ÂE,´Øî��§Ï��±u
ykéõØÓ�&Ò34��¿Âeäk�Ó�á5§Xeã"
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2.3 ÛÉ¼ê 2.3.1 δ¼ê9Ù5�

δ¼¼¼êêê999ÙÙÙ555���

ùL²δ(t)´���~5¼ê§�¡�ÛÉ¼ê½2Â¼ê"é§
�½ÂÏ~æ^3È©$�e¤Ly�A55£ã"

½Âµ
∫∞
−∞ x(t)δ(t)dt = x(0)§Ù¥x(t)´3t = 0?ëY�¼ê"

5�µ

-x(t) = 1§Kk
∫∞
−∞ δ(t)dt = 1

∫∞
−∞ δ(t− t0)dt = 1

x(t)δ(t) = x(0)δ(t) x(t)δ(t− t0) = x(t0)δ(t− t0)

ex(t)3t = 0ëY§Kk∫ ∞
−∞

x(t)δ(t)dt =

∫ ∞
−∞

x(−t)δ(t)dt =

∫ ∞
−∞

x(t)δ(−t)dt

x(t)δ(t) = x(t)δ(−t) ⇒ δ(t) = δ(−t)
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2.4 XÚ�£ã 2.4.1 XÚ�.�Vg

XXXÚÚÚ������...£££The model of systems¤¤¤

XÚ´d�
�péX§�p�6�¯Ô|¤�äk�½õU��
N"

XÚ�±w¤éÑ\&Ò?1,«C�/?n�L§§�©Û��X
Ú§Äk�ïáXÚ��."

¤¢ïáXÚ�.Ò´�l¢SÔn¯KÄ�Ñ£ãÑ\ÑÑ'X½
ÔnA5�êÆ�."��kÑ\ÑÑ£ãÚG��m£ãü«"
~µRLC>´

Ri (t)+L
di (t)

dt
+

1

C

∫ t

−∞
i (τ) dτ = e (t)

q (t) = Cu (t) , i (t) =
dq (t)

dt
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2.4 XÚ�£ã 2.4.2 XÚ�L«

XXXÚÚÚ���LLL«««£££Representation of Systems¤¤¤

XÚéÑ\&Ò��^§Ù��Ò´éÑ\&Ò?1,«C�½$�
?n"

XÚé&Ò�C�õU´ÏLXÚ�.¥�¹��«êÆ$�5¢y
�"
XÚ�.¥�Ä�$�µ XÚL«�{µ

^�§L«¶

^>´ãL«¶

^�µãL«"
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2.4 XÚ�£ã 2.4.3 XÚ�pé

XXXÚÚÚ���pppééé£££interconnection of systems¤¤¤

?é£cascade interconnection¤

¿é£parallel interconnection¤

�"é(£feedback interconnection¤
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2.5 XÚ�5� 2.5.1 =�XÚ�Ä�XÚ

===���XXXÚÚÚ���ÄÄÄ���XXXÚÚÚ

=�XÚ£ÃPÁXÚ¤µ

Xµu (t) = Ri (t) = R× cos Ω0t

3?Û��XÚ�ÑÑ��T���Ñ\k'§�T��±c½
±��Ñ\Ã'"X>{�äÒ´��=�XÚ"

y(t) = kx(t) y(n) = kx(n) y(t) = sin (x(t)) y(n) = x2(n)

�«AO�=�XÚ´ð�XÚ§ð�XÚ�ÑÑð�uÑ\"

Ä�XÚ£PÁXÚ¤µ

§�ÑÑØ=��c���Ñ\k'§��Ù§���Ñ\k'"
�¹k>N!>a�;U����äÒ´�«Ä�XÚ"

PÁXÚ�Ñ\ÑÑ'X��´�©�§½�©�§"

y(t) =

∫ t

−∞
x(τ)dτ y(n) =

n∑
k=−∞

x(k) y(n) = x(n)− x(n− 1)
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2.5 XÚ�5� 2.5.2 XÚ��_5�_XÚ

���___555���___XXXÚÚÚ(Invertibility and inverse system)

XJXÚé?ÛØÓ�Ñ\ÑU�)ØÓ�ÑÑ§=Ñ\�ÑÑ��
éA§KXÚ´�_�"XJXÚéü�½ü�±þØÓ�Ñ\�)�
Ó�ÑÑ§KXÚ´Ø�_�( noninvertible )"

y(t) = x2(t) y(n) = x2(n) y(n) = x(2n) y(t) = 0

�äXÚ´Ä�_��´(J�"

XJ��XÚ�,��XÚ?é
��¤��ð�XÚ§K�ö´c
ö�_XÚ(inverse system)"

y(t) = ax(t) ⇒ y(t) =
1

a
x(t)

y(n) = x(n− n0) ⇒ y(n) = x(n+ n0)

y(t) =

∫ t

−∞
x(τ)dτ ⇒ y(t) = x′(t)
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2.5 XÚ�5� 2.5.3 XÚ�ÏJ5

XXXÚÚÚ���ÏÏÏJJJ555£££causality¤¤¤

XJ��XÚ3?Û���ÑÑÑ����ù����Ñ\±9T
��±c�Ñ\k'§ÚT��±��Ñ\Ã'Ò¡TXÚ´ÏJ
�(causal system)"ÄKÒ´�ÏJ�(noncausal system)"ÏJXÚv
kýÿ�5Ñ\�Uå§Ï�¡�Ø�ýÿXÚ"

Xµy(n) = x(n)− x(n− 1)Úy(n) =
∑n

k=−∞ x(k)´ÏJ�"

µy(n) = x(−n)!y(n) = x(n)− x(n+ 1)Úy(t) = x(2t)Ñ´�Ï
J�"

��`5§�ÏJXÚ´ÔnØ�¢y�"ùNy
ÏJ5éXÚ
¢y��5"�é�¢�?n&Ò�lÑ�mXÚ§½&Ò�gCþ
¿Øäk�mVg��¹§ÏJ5¿Ø�½¤�XÚUÄÔn¢y�k
û^�"

g�Kµy(t) = x(t) cos(t+ 1)´ÏJ��´�ÏJ�º
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2.5 XÚ�5� 2.5.4 XÚ�½5

XXXÚÚÚ���½½½555£££stability¤¤¤

XJ��XÚ�Ñ\k.�§�)�ÑÑ�´k.�§KTXÚ´
½XÚ(stable system)"ÄK§Ò´Ø½XÚ(unstable system)"

~µü{!RC>´!y(n) = x(n− 1)Úy(t) = ex(t)Ñ´½XÚ"



y(n) =
n∑

k=−∞
x(k) Ú y(t) =

∫ t

−∞
x(τ)dτ

L«�XÚÑ´Ø½XÚ"

ó§¢S¥oF"¤�O�XÚ´½�"XÚ�½53XÚ©
ÛÚXÚnÜ¥äk�¿Â"
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2.5 XÚ�5� 2.5.5 �C��ØCXÚ

���CCC������ØØØCCCXXXÚÚÚ

XJ��XÚ�Ñ\k���mþ�²£�§ÑÑ��)�Ó�²
£§Ød�	Ã?ÛÙ§Cz§KXÚ´�ØC�(time-invariant )§Ä
KXÚ´�C�( time-varying )"

=µex(t)→ y(t)§kx(t− t0)→ y(t− t0)§KXÚ´�ØC�"

u���XÚ�ØC5�Ú½µ

1 -Ñ\�x1(t)§�âXÚ�£ã§(½d��ÑÑy1(t)
2 òÑ\&ÒC�x2(t)§2�âXÚ�£ã(½ÑÑy2(t)
3 -x2(t) = x1(t−t0)§�âgCþC�§u�y1(t−t0)´Ä�uy2(t)

~1µ�äXÚy(n) = (n+ 1)x(n)´�C��´�ØC�"

x(n) = x1(n) y1(n) = (n+ 1)x1(n)

x(n) = x2(n) y2(n) = (n+ 1)x2(n)

x2(n) = x1(n− n0) y2(n) = (n+ 1)x1(n− n0)

y1(n− n0) = (n− n0 + 1)x1(n− n0) 6= y2(n)§¤±´�C�"
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2.5 XÚ�5� 2.5.5 �C��ØCXÚ

���CCC������ØØØCCCXXXÚÚÚ

~2µ�äXÚy(n) = x(2n)��C5"

)µ

x(n) = x1(n) y1(n) = x1(2n)

x(n) = x2(n) y2(n) = x2(2n)

-µx2(n) = x1(n− n0)Ky2(n) = x1(2n− n0)¶
µy1(n − n0) = x1 (2(n− n0)) = x1(2n − 2n0) 6= y2(n)§¤±´

�C�"

�,öSµ�äXÚy(t) = x(−t)��C5"
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2.5 XÚ�5� 2.5.6 �5���5XÚ

���555���������555XXXÚÚÚ

XJ��XÚQ÷vU\5�÷vàg5Ò¡TXÚ´�5�
£Linear System¤§ÄKÒ´��5�£Nonlinear System¤"

if x1(t)→ y1(t), x2(t)→ y2(t), then ax1(t) + bx2(t)→ ay1(t) + by2(t)

÷vd'X�XÚ´�5�"

~1µu�XÚy(t) = 4x(t) + 3x′(t)´Äk�5A5"

y1(t) = 4x1(t) + 3x′1(t)

y2(t) = 4x2(t) + 3x′2(t)

x3(t) = ax1(t) + bx2(t)

y3(t) = 4 (ax1(t) + bx2(t)) + 3
(
ax′1(t) + bx′2(t)

)
= a

(
4x1(t) + 3x′1(t)

)
+ b

(
4x2(t) + 3x′2(t)

)
= ay1(t) + by2(t)

qax(t)→ ay(t)§Q÷v�\5�÷vàg5§¤±XÚ´�5�"
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2.5 XÚ�5� 2.5.6 �5���5XÚ

���555���������555XXXÚÚÚ

öSµu�XÚy(t) = 1
x(t) [x′(t)]2´Äk�5A5"

~2µu�XÚy(n) = 2x(n) + 3´Äk�5A5"

y1(n) = 2x1(n) + 3 y2(n) = 2x2(n) + 3

y1(n) + y2(n) = 2x1(n) + 2x2(n) + 6

x3(n) = x1(n) + x2(n)

y3(n) = 2x1(n) + 2x2(n) + 3 6= y1(n) + y2(n)

x(n) = 0→ y(n) = 3

QØ÷v�\5§�Ø÷vàg5§¤±XÚØ´�5�"

�5XÚ�½÷v"Ñ\"ÑÑ�A5"=µ�5XÚ3vkÑ\&
Ò\\�§�½ØUkÑÑ�)"
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2.5 XÚ�5� 2.5.6 �5���5XÚ

���555XXXÚÚÚ

XJ��XÚ´�5�§�·�U
rÑ\&Òx(t)©)¤eZ
�{ü&Ò��5|Ü�§��U��TXÚéz��{ü&Ò¤�
)��A§Ò�±é�B��â�5A5§ÏL�5|Ü��XÚ
éx(t)�ÑÑ�A"

=µXJ

x(t) =
∑
k

akxk(t) , xk(t)→ yk(t)

K

y(t) =
∑
k

akyk(t)

ù�g�´&Ò�XÚ©ÛnØÚ�{ïá�Ä:"
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2.5 XÚ�5� 2.5.7 Oþ�5XÚ

OOOþþþ���555XXXÚÚÚ

k�«ó§¥2�A^�XÚ§�,ÙÑ\�ÑÑ�mØ÷v�5
'X§�Ñ\�Oþ�ÑÑ�Oþ¥�5'X§ùaXÚ¡�Oþ�5
XÚ"

?ÛOþ�5XÚÑ�±������5XÚ2\þ�Ü©�Ñ\
Ã'��A"

��§Oþ�5XÚ��A�)"Ñ\�AÚ"G��AüÜ©"

XJ"Ñ\�A�"§KXÚ´�5�"d�§�¡XÚ�Ð´t
µ�½XÚ´·��"
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2.6 �Ù�(

���(((

ïá
&Ò�XÚ�êÆ£ã�{"

?Ø
&ÒgCþC�é&Ò�K�"

0�
��&Ò©ÛÄ:�Ä�&ÒµE�ê&Ò,�u&Ò§ü
 À-�ü ��&Ò"

?Ø
lÑ�m�u&Ò�±Ï5¯K"

½Â¿?Ø
XÚ�Ä�A59pé�ª"
]�5!�_5!ÏJ5!½5!�ØC5!�5ÚOþ�5"

?Ø
ÛÉ¼ê"

Ï�3ó§¢S¥��2���aXÚÙêÆï��±^���5
�ØC£Linear Time - Invariant ¤XÚ5£ã"�Äu�5Ú�ØC
5§�XÚ©Ûïá�@���!ÊH·^��{Jø
�U"Ïd�
5�ØC( LTI )XÚò¤���§¤ïÄ�é�"
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2.6 �Ù�(

������

1�gµ2.1(1)(c)(3)(b) 2.3(3)(a),(c) 2.5 2.6

1�gµ2.7 (b),(f),(j) 2.12 (a),(i) 2.17 2.18
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