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yln] = boa[n] — ary[n — 1].

(2.56)
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§[njo] A7tEE= 90l 23, &, n< 09 1 y[n] = 0°]2t2 7Pgeich
y[n] = bod[n] — ary[n — 1]. (2.57)

A71A n= 0,1, & A2 HASFHEA y[n]& A thadt Zo] Fei=A}

e n=0% M, 4[0] = byS[0] — ary[—1] = bo

o n=1¢ 1, y[1] = bod[1] — a1y[0] = —a1y[0] = —a1bo

o n=2% ™, y[2] = b6[2] — ary[l] = —ary[l] = (—a1)*bo
o n=3% 1, y[3] = bod[3] — a1y[2] = —a1y[2] = (—a1)’bo

Lol ftfol v ] 2 [ 38 | 4 [-]
o[n] | --- 0 1 0 0 0 0
yln] | -+ | 0 | bo | —arbo | (—a1)?bo | (—a1)®bo | (—a1)*bo

h[n] = (—a1)"bou[n]. (2.58)
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y[n] = boul[n] — a1y[n — 1]. (2.59)

e n< 0¥ I, 2E noll 54 u[n] =0, y[n— 1] = 0°]BE y[n] = 0.
o n=0% 1, y[0] = bou[0] — a1y[—1] = bo.
o n=1¢ 1, y[1] = bou[l] — a1y[0] = bo — a1bo = bo(1 — a1).

o n=2%
y[2] = boul2] — a1y[l] = bo — a1bo(1 — a1) = bo(1 — a1 + (fa1)2).
e n=3Y o,

y[3] = bou[3] — aly[2] = b() — a1b0(1 — a1 + (7(11)2) = bo(]_ — a1 + (70,1)2 B

y[n] = bo (Z(@’“) u[n]. (2.60)
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scipy.signal 2&59] 1filter () & o|-&5H Hr} 1filter ) 59
AHge ohg Tt 2k,

from scipy.signal import 1lfilter
1filter(b, a, x)

o710 A be} ats ZHZF A A S0 ‘:'74}9}—5‘_— ChabA o] Algeol T, x= U F
Aol o] g2 o] 54 FIR TEHHS £33 £k 9=t o] tl= a=[1]
S tidshd Hoh

IR TE]Q] 27| 270] 00] obd Aof 1filter() T4=2] mpx]ul nfj7} ¥
zio] 7] 278 Y5t oh-23 Zro] Aggitt

1filter(b, a, x, zi)
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A 2.1 (2.2)

8 g 2lo] thga} o] Foix & IR TEA n < 02 o y[n] = 002t
7H skt
y[n] = 2z[n] + 0.9y[n — 1]. (2.62)
(1) °] Eelo] JdPA gL F 3 ot
(2) ©] ZH 9| Y2 FHE Tt DA ZE I8)+= Python 2IHES
ZHgstet &, 0 < n < 6022 P ICH
(3) ©] Bejo] &) At S Foty I I =& Tzt
(4) °l ¥ o &9 A FHES ol I LE 1= Python 2IHEES
ZAstel &, 0 < n < 6022 P
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(1) ©] IR BE Q] PEA F-L2 hln] = 2(0.9)"u[n] o]t
(2) YV~ S-S 7571 DTS Tl Python AT YESH A At
77} thgat 2k

import matplotlib.pyplot as plt
import scipy.signal as sig
import numpy as np
def impseq(nO, nl, n2):

assert (n0 <= n2) and (n1 <= n0) and (nl <= n2)

n = np.arange(nl,n2+1)

= (n ==mn0) * 1.0

return n, x
n, x = impseq(0, 0, 60); h = sig.lfilter([2], [1, -0.9]1, x)
plt.stem(n, h); plt.x1im(0,60); plt.xlabel("index $(n)$")
plt.tight_layout() ; plt.show()
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(2) ©| IR WE o] 9] AT S vk} 2t
o n=0% m, y[0] = 2u[0] + 0.9y[—1] =2
o n=12 1, y[1] = 2u[1] + 0.99[0] = 2+ 0.9 -2 = 2(1 + 0.9)
o n=2% 1 y2] = 2u[2] +0.9y[1] =2+ 0.9-2(1+0.9) =
240.9-2+2-0.92 =2(1+ 0.9 +0.9%)
o n=34 1,
y[3] = 2u[3] +0.9y[2] = 2+0.9-2(140.940.9%) = 2(1+ 0.9+ 0.92+0.93)

yln = 2 <Z o.9k> ufn] = z%'gn;u[n] = 20(1 — 0.9" ).
k=0 ’

(2.63)
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my el

_\:114
kil

import matplotlib.pyplot as plt
import scipy.signal as sig
import numpy as np
plt.figure(figsize=(6,2))
def stepseq(nO, nl, n2):
assert (n0 <= n2) and (n1 <= n0) and (nl <= n2)
n = np.arange(nl,n2+1)
x = (n > n0) * 1.0
return n, X
n, x = stepseq(0, 0, 60); h = sig.1filter([2], [1, -0.9], x)
plt.stem(n, h); plt.x1im(0,60); plt.xlabel("index $(n)$")
plt.tight_layout();  plt.show()
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Y=Y Aol BAE = 12 IR ZE o] AREAQI A1 gln] o] Y w9
E9S T B2 &, n< 09 W, 2[n] = 00]=tal 7}Ag st

yln] = box[n] — ary[n —1]. (2.64)
ol Aol n=0,1,2, - & AN E HYFHA & y[n] S Fold th 2
Ag dg % 9l

0¥ o, RE nofl A z[n] =0, y[n — 1] = 00122 y[n] = 0.
o n=0¢% T, y[0] = boz[0] — ar1y[—1] = bo=0].
14 o
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o n=2% o

y[2] = boz[2] — a1y[1] = bo[2] — a1bo(z[1] — a12][0])
= bo(af2) — axal1] + (—a1)*a{0]).

o n=23Y o,

y[3] = boa[3] — ary[2] = boa[3] — arbo(2[2] + ara[1] + (—ar)*2[0])
= bol?[?)} + bo(—al)l‘[Q] —+ bo(—a1)2113[1] —+ bo(—a1)3l‘[0]

= bo(—a1)"af3 — K.

wtebaA A afn] o tigt LA IR EE Q| &3 o33 Zrt
y[n] = - bo(—al)km[n — k] = h[n] x 2[n], (2.65)
k=0

A7)l Bln] = bo(—a1)"- TIR BE| ] B~ Sefo
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NAH IR Bejo] Q%2 Aol o] PAAL thev} 2 AR WA ow BaH

y[n] = Z bpa{n — m| — Z apy[n — K| (2.66)
m=0 k=1

ylnl = ynln] + yp[n), (2.67)

A7|ON A y,[n] = E=2F 3l (homogeneous solution) E= Y45} (general
solution) 2kl o}, y,[n] = 5 dfl(particular solution)o]2til Sttt
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A2 WA 52 o
ynn] = Bz noll oA zln] = 02 9] f, = th= 74 9] sfoltt.

y[n] = Z ary[n — (2.68)

o] FrAA1S F}F ¥ Al (homogeneous equation)©]2tal S}, g = 10]2FaL
T A (2.68)2 tad 2ol & 5 Sl
N
Z apyln — k] = 0. (2.69)
k=0
o] A9 Sfi= that Aok Aol & dEA Qi
y[n] = e\, (2.70)

A71oA 2t A= Fagolth o] iE 4] (2.69) ol tHYsHH thF A& d=th

Z areN" " = (2.71)
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c (ao)\n Fa N aN)\n_N) =0. (2.72)
e N (ao)\N +a Xt CLN) =0. (2.73)

O Mg AN O il 08 A8 dir
aoAN +a X+ ray=0. (2.74)

o] A& 2 B A 9] EA W 4] (characteristic equation)©|2t1l FET}, o]
A2 Aol T NF 0| B2 o] A& WEAE e N A EAY.
o W Alo] Nje] Mz ThE e 2tk st of 1S 22t

A1, Az, oo, AvOlERAL S, FA} Sl that Zo] Fojzit

yn[n] = AT + c2A3 + - - + e AN (2.75)
4 344 bF H% 2= o—roﬂ A OH“ &t Zo] A3ttt &
%01/\-], )\1 - )\H»l = = )\H»m L_ _?‘Oﬂ = (m+ 1) H"‘] E}%‘ 6H7]- ?v]\%
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yln] = 2y[n — 1] + 2y[n — 2], 9[0] = 1,y[1] =2. (2.76)
W7, o] WA o] 54 WAL oh5at A
A —2X—-2=0. (2.77)
o] Ag TrESH= A= A =1+ /3, A2 = 1 — V3oth. wahA o] 2HE
P Aol 4 ol v Erh

yn[n] = e1(1+V3)" 4 c2(1 — V3)"™. (2.78)

Y0l =1+ c2 =1, (2.79)
yh[Pythonﬂ} 3 ( - 321 =2 = (2'8%21
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o] F AORHE ¢ T ;5 T o1 = 287} ¢, = 253 5 Pt whaty
WAL B4 o A5H 02 T g o] £ 4 L
3 3 n 3 - 3 n

wl =230 var s 280 )

£l
b

(2.81)

V3

= ?(1 +V3)" — ?(1 — V3L
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FAA o] 5 sl A AZ afn]ofl whebA D2HAH, afn] o] R 7HA]
Me 5 siE ol Wil dEA oy dito s 59 SiE

ohe 1 A AR A o Foket.

y[n] = 0.5y[n — 1] + 3, y[0] = 2. (2.88)

o, 7] BA] AJHiE 7Hgstet

o] WEE z[n] = 3u[n] Y 1 A IIR EZ FZHe 4= Qi
WA, o] A yn] — 0.5y[n— 1] = 09 EA FAAL ohgat 2t

A—0.5=0. (2.89)

o A% WESHE AL A= Soln2, of i WA 54 oht that g,
2]
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ynln] = ¢ (%) : (2.90)
dn] = 3% B0 B4 68 y,[n] = A4 Ak T y[n) & k33 2ok
it = wlol + wlil = e (5) +5 (291)
o A& A (2.88) 0 s, & A8 Pt
" 1 " !
c 5) +6=3 c<5 +B8]+3 (2.92)
_ c(%)n 26+3 (2.93)

+
o] JoRHE B=15430ER g=6°tt. B =6
y[0] =25 ©]85tH y[0] = c+ B=c+ 6 = 2°|B=, ¢ = —4 0]},
whebA yn]2 ot 2ok

Jin] = —4 GI uln] + 6uln]. 7 (2.94)
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i) n=1 y[l]:%'y[O}wL?)
@) n=2
i) = 5ol +3=3 (5ol +8) +3=(3) wlol+ 5 543
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WA 0> 09 o, yfn]& THET o] 7 5
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( y[0] +3:z::(;

(
(

1

2

N~ N

)ny[0]+3

y[0]+6—6

)
o
)

1 n
=-4 (5) + 6.

AN

, yln] 2 o 2

Pythonl} S o

(

A

N (YT
2 2 2
)k:
1-G)
_l
2
1"
2
6
1
<§> u[n] + 6u[n].
SR LA A A6 2 TR Be O] A7 Aol 29

(2.95)

(2.96)
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A 2.5 (2.6)

A8 v Alo] e} Zo] oA IR WHA n < 02 T y[n] = 00latn
745kt

y[n] = 0.5z[n] + 0.8y[n — 1]. (2.97)
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(1) $H AL DAL 1o}l AR TS e 0o 78 5 9
| = ] +0.8y[—1] = 0.5
1= ]+ 0.8y[0] = 0.8y[0] = 0.8-0.5

n=2% o, y[2] = 0. 55[2] +0.8y[1] = 0.8y[1] = (0.8)%0.5
] = 0.55[3] + 0.8y[2] = 0.8y[2] = (0.8)30.5

e © o o

E}EW o] IIR TE O] JHA §H hfn]& T3} Zol & 4= et

h[n] = 0.5(0.8)"u[n]. (2.98)
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(2) ¥HE AL T

[e}
o]

S o]-goto] &9 AT
o, 4[0] = 0.5u[0] + 0.8y[—1] = 0.5
]

e n=0%
o n=1% o, y[1] = 0.5u[l] + 0.8y[0] = 0.5+ 0.8-0.5 = 0.5(1 + 0.8)
o n=2¢ 1,
y[2] = 0.5u[2] + 0.8y[1]
=0.5+0.8-0.5(140.8) =0.5+0.8-0.5+0.5-(0.8)2
=0.5[1+ 0.8+ (0.8)?]
on=3%

wrebA, ol IR W] k) A

LERLEREL

y[3] = 0.5u[3] + 0.8y[2]
=0.5+0.8-0.5[1+ 0.8+ (0.8)%]

=0.5[1+ 0.8+ (0.8)2 + (0.8)°]

ek

o] ubale cheat o] 7

o} ocF
o

y[n] = 0.5 (2(0-8)k> uln)

_ (0.8)"*+1 ntl
OPythonlt} TG = X%G@J[I]IR 208 wk@[”]
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n

yln] = ul[n] * h[n] = > Kk = 0.5(0.8)F
k=0

(1—0.8)mt!
1-0.8

wHabA] yln] = 2.5 [1 — (0.8)"F!] u[n] ©] T

=0.5 :2-5{1*(0.8)"4'1}

Fegsta AR Pythondt @71 M9 A28 64 7 6 7 IIR REl9] A7
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A4 2.6 (2.7)

ohe 2 2} AR WA o) shE Fatet,

y[n] = 2.5y[n— 1] — y[n— 2] + 3, y[0] = 2, y[1] = 4. (2.99)
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o] WE|: gn] = 391 22} IR TE 2 e 4= 9t
A2y, WA yn] — 2.5y[n— 1] + y[n— 2] = 02] EA WAL thea P},
A 25 +1=0. (2.100)
22 =5 A +2=0. (2.101)
2A—1)(A—2) =0. (2.102)

o
rr

o A2 RHESHE AL X =, de = 20122, o] 1 410 53
\" n
yn[n] = a1 (5) + 22", (2.103)
on] = 3% 9] 5% 1 yy[n] = peFa FAL T2W yin] 2 037 Tk,

ylnl = yu[n] + yp[n] = & (%)n + 2"+ B (2.104)
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y[n]

[e)

=

2] (2.99) 9 y[n]oll HASHE H= A= =t

" "' _
Cc1 (5) + 622n + ﬂ =2.5 |:61 (5) + CQZTL !

1\" 1
— |:401 <*> + ZCQQ”-‘rﬂ

n N 3
=a (*) + c22 +§,3+3

Fregohshar v @ Pythonit 87 wl-¢= AI26 614 Al 6 74 IIR HE 2] ARE G

[ +3

o
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(2.105)
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Ol OBRE f=Dp+3 % = —6OIER, yfn] & b} ol & 5 e,

yin] = & <7>n + 22" — 6. (2.106)

27] 270 4f0] = 2,3[1] = 48 ©]-§oto] T BANS 2L 5 9k,
yol=ca+c-6=2 (2.107)
yl1] = %Cl +2c2—6=4. (2.108)

O] £ AORRE ¢ =4, c; =48 TF 5 QUTh

whebA, yln] 2 Th=3 2.

y[n] = 4 <1> ' u[n] + 4 - 2"u[n] — 6u[n]. (2.109)
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scipy.signal W72 9] Ifilter() T2 0|43 IIR ZEH O &9
13171

Python

Python} scipy. signal 7]z 9] 1filter O 5 ©o|-&sHH oA 1R
ZHO 1filter O o9 AMEHS et 2

from scipy.signal import 1lfilter
1filter(b, a, x)

of 7]l bo} ats 27} A28 @40 Aot B ThabAl o] Agol 1, xk 918
Agolt}. o] F42 ol g3 FIR DAL 44T 25 Gl

< YgJsta ek

it A g Pythonit 874 Wjo= Al26 a4 Al 6 7 TIR WE[9] A7H ]
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Python

zio] 27] 20& st thE3 go] ARg-Rtrt.

1filter(b, a, x, zi)

it A g Pythont 87 w9 AI2E 614 Al 6 73 TIR HE 2] ARF 4o &2

IR @& 9] 7] 27A0] 00] obd Ao 1filter () T4=2] upx|at 7} H
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AA 2.6° Fo1 A€ Pythong o]-&3iA &l B2t A= TA 42
ohg3} 2
y[n] = 0.5z[n] + 0.8y[n — 1]. (2.110)

QE2 2RI AT SHE FoHL IHZE T2l Python 2IPEE
ohgwt 2k
import numpy as np
from scipy.signal import lfilter
import matplotlib.pyplot as plt
a=[1,-0.8]; b=[0.5]
imp=np.array([1,0,0,0,0,0,0,0,0,0,0])
ustep = np.ones(11)
h=1filter(b,a,imp); sr = 1lfilter(b,a,ustep)
plt.subplot(211); plt.stem(np.arange(len(imp)), h)
plt.subplot(212); plt.stem(np.arange(len(ustep))| sr)
plt.tight_layout(); plt.show()
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ZHJstel, o, 7] 270]
() 4[~2) = 0,4/-1] = 0
(b) y[-2] =1,y[—1] =2
Q7 7HA] A0 §HS Foto] vl w skt
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Python A3 YEL th-&3} 2t}

import numpy as np

from scipy.signal import lfilter
import matplotlib.pyplot as plt

a = [1, -0.8, 0.5]; b=[1]
n=np.arange (30)

imp = np.zeros(30); imp[0]=1 # <mpulse
h1l = 1filter(b, a, imp)

h2 = 1filter(b, a, imp, zi=[1,2])
plt.subplot(211)
plt.stem(np.arange(hl.size), hl)
plt.axis([0, 30, -2, 41)
plt.subplot(212)
plt.stem(np.arange(h2[0] .size), h2[0])
plt.show()

29l return Z+S],
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