== ]
=S54t
SIGNALS AND SYSTEMS

[ERIIEZFPe K2




—\ B

=2 ERMRGMT BRE FHE

N AL

JL

hi0)

Signals & Systems (second edition) A. V. Oppenheim

REHE ARt

BT S5 ARA
BT HARA
55 RGO

A BSF
BEMNF JLREIL KR

Tk NEF

B Ak K H Rt




=, ¥IMEEAR i

FHE
o N7 AR

—
T EEELREY

F—E

ESS A%

Kl —

7 Bl - : ,
E=F- i

 BEBAUE —— - HOWE R




ufll%

H—E A
TR

. EEHEHE (+, - .

2. TR £(¢), MPEEREL S0

E X MR

3. ZiEARRT A R GUHI TR

)I'r

Qe

I

4. REGRIHER X HF

-/

N

SH5RG

AR B2 H)




§114%5 §12168 S 1365 HWELBHE

- {55 ( Signal) BRI (function)
FIEHE BN SHREEMEE)
—.. &4t (System)

1. & THH BB &, 48 BAE BBV G H & B,
HAZ R 2 Th e HIBAA.
2. 1%%/%%: %%E@Fia,fgﬁaﬁﬁaﬁ%a%ﬁ.

3. RGLHITRIALR

IFHl

S

N

k)

J (@)

J (k)

Chapter1

0

y(k)
- (1) ) =T
~ J(k) y(k)=T

1)

1(0)]



ARE NN ET
w| |w& |a| |®E |E
g 75
15 RAHER
— x, (k) Y (k) -
© () MR ‘Au,_*ﬁ?%%_JD“&dﬁ 1y, (0
AL R GAER

Chapter1




Il

=. FEHBR

1. BEET: BXIHELE  cos( Bt), e(t), e ™
BEBES: EXHEE  cos( Bk), e(k), a" P
BIMES: & XBEsE, HEEES:

H7ET: EXEEH EHEEK

2. LESCEERELKIISEERE

cos( Bt), e(t), e “,0 (1)
cos( Bk),e(k), a”*,s (k)
E%‘ SCEHREL kE’J’EEI%I)

]a)t . jo
o Z = IO@

e’ . s=0+ jw,e

Chapter1



\“fl(f) 1/, () [/:(0) 5:'
| N/
A { AR
| L VARV
fit)y=e" 1,(t) =¢(t) f(t) = cos(wt)
A0 b/, (k) RS
e I & 2l Al
1012 ' 0[1 2 ' 0f 1 | Il

fi(k)=a' fr(k)=¢g(k)  fy(k)=cos(fk)
=

CCCCCCCC



3. AES:

f@)=f+T),Vt, cos(wr),......
f@)=ft+ml),m==x1%2,.....

J k)= f(k+N),Vk, cos(fk)iE.
fk)=f(k+mN), m=x1,12,......
ERAMES

4. — (55
ZHET

Chapter1




. E5RELREBEHE

1. FAME B o R, s
Hi(@)Ex 1,(0), fi(k)£,x f, (k) >

2. HZEZ# Transformation of the independent variable
(1) F#&: f@)—> fe£e,),(t, >0)
Time shift f(k)—> f(ktm),(m>0)
(2) ;& Hr: f () —> f(-1)
Time reversal (k) > f(=k)

>1

a
fU%»f(U{
‘ I>a>0

(3) B ] REAR# .

Time scaling * @>1

k k
fOR > @

Chapter1



Chapter1

14 £

IAGRAG
1




% 1.1-2
lfl(t) | 1(?_1) NAGY) §§:°
T
; 4 4 {
~2 0 g
1l 1.1-3
Af4(t)
¢ - 2!
_1 0 :
1 1.1-4 1 L }/ D
NAG 1) t
P2 | -
¢
o 1 2 _0,5012t —2//\t’
0.5 0 2 4




B 1.1-5 28 ro) DT, K
f0),—f@), f@+2), f(£=-2), f(20), f (% 1), f(=2t+4)

1@ NAG)
| T
1N
5 - ! 2 of 1 2
+ /() t F(t+2)
1
t /_
5 of 1 3 5 10
1

Chapter1



t f(=2)

1./ ()
-2 1

1 (20)
_:2 0]0.5 |

Chapter1




E—:

Chapter1

WAQ)
1
—2 of 1
Af (1) t f(=20)
1
i 4 ::> } 1
12 09 12
t f120-2)]
1 \
. !
of 1 2 3



s
+f(0)
) ™0 1
 f(1+4)
1
| O i 1

Chapter1

¢ f(t+4)
/ 1
— —t = _:2 | 5 |
(=2t +4)
t :> I \ t
> 0 | I ; —




21 444+
NAO AU p f,E+2) | 292
1 1 1 -
{ ) 4
0 >0 -2 0
“h> S T TH BR 2
%32 He(t)Ra FHEE. (0
1> (1) 7
|
—— {
o { _2» ~10] 1
25213 /40 = /() 14 (=)
T~ 4
1 0 7 1 -2 0] 1

Chapter1




fi(t) =e)—&(t-2)

4 &(1)
1 ]
4

0 0

+f5 () =—sin(m)

11

3 t>
-1 O

Chapter1

-\

1 0=LO4O

vy~

fz(t)=6;(t+0.5)—g(t—1) ::::
| $it
I
-050 1

4/4() = f3(D)e(?)
1

3t
>

7

Js() = 15(0) 1,(1)




[y | eeee
5(5)

25, 1.0

f 0000

Chapter1



1.2 [ ER R BURT A ER B0( § 1.4)
—. BrER R 2 g(t)[u(t)] Unit step signal

1. X i te(t)

(L) =

s(t—t,) =+

Chapter1



2. SEB (W) EALR)

d |:
+ b Ru;\_*‘ T R u,(t) |+
(D cT— (D~
- i.(1) — i (f)

u (t)=|1-e % |g(t) C=1F, R—0
) ] u, (1) = &(1)

ic(f):EQ e ic(t):C%uc(t)=5(f)

Chapter1



3. &(t) MHZH

(1) FH{EHR R

E R

Bl SR sgn@)

r—-1,t <0

sgn(t) =< 0,1=0

_ Lt>0

sgn(t) =2¢&(t)—1

Chapter1

sgn(?)




(2) HIBERERBERNME 5 KR XA

Chapter1

sin @,te(t —1t,)

sin w,t

NN
Y,

|
|
)1
|
l
I

sin w,te(t—t,)

A

—

V

S~
e



o000
000
oo 0
) o0
Sin @,t °
sinw, (t —t,)e(t—t,) '
: [
I >
Iy
sin @, : sin @,
A 1 A
| |
| l
' [ ' [

v

VA R,

Chapter1



—. BB S(t) Unit Impulse Signal sece
1. X1 —R RT3 IR PR ) oo
4 71(7) tr.(0) (1)
[+ [T [
7 —>0
— ! > >
_h 0 +i ! .1 O+T—2 ! 0 4
2 2 2 2
t o 1 o)
(¢ — p,(0) —
s o0 40
T, 0 1 r 7, ol 7, ; 0 l‘>

Chapter1



2. EX2 P (Dirac) B
(5(t)=0,t %0 0
O(t):q (= ()
] s@ar =1 f
( 5(1)=0,t %0 ‘éf)(”
Ao(1) [ 450yt = 4 t
J-o0 0
5(t—1)=0,t £t U=k
o=ty FOO §(Ot—t )dt:i —l——tlﬁ
0

(A0(t—1,)=0,t #t,
PR t
A=) 1 a5t - A 19 ¢

Chapter1




— |1
Q,
TN
) ——
X
S = ¥k
=
e

5@ =2 (1) e() = S(r)dr

d t
Se—t)=—alt=t;)  &(t=1,)= j_ooa(r—to)dr

2. 5= ()
3. x()o(t) = x(0)o(r)
Fi1.2-1 THHEP19511.4-1) to(t) =0

e “o(t)=05(t)

o(t)cost =0(t)

o(t)sin3t =0

Chapter1



4. x@)Ae—t,) = x(t,)At—,)
J2

Bl122 8 costo(t-2) =22 5(-L)
4 %/5 4
T, . T
O(t+—)sint =——5(t+=—
+00 ( 4) +002 ( + 4)
5. [“xo@di=x(0) [ x06( ~t,)dt = x(z,)
) 1.2-3 5 J‘jooztg(t “dt =2

j_m S(t+3)e'dt =¢

%3 #H | S1-0@ +4dt =5

Chapter1



6. 5(1) MFHK so |

5’(z):%5(t) [[swar=0 1t

f:é’(t)x(t)dt ——x'(0)

%1 1.2-4 T+5H % [cos( @ 1).e(2)] =0(t) — @, sin(@,t)e(t)

Chapter1



#i1.2-546H /7(¢) BIBETE

2

—10]

-2

4 .

d(P20411.4-2)

t/'(t)

|

(2)
3

[
-

(~6)

1) = (2t+2)[8(t+1) e(t—1)|-2let—1)—e(t-3)]

TRE
8.5

Chapter1

0. £O*LO=[ f@OfE-Ddr
(2). x(0)*5(t)=5(t) * x() = x(2)

B S(at) = —5<t)

a

3). x(t)*S(t—t,)=x(t—t,)



5 RERBH—Hr S5 sece
@ 4 N v °e
27 17T 1
1 o, / t T
o1 2 o1 1(—5) 0 1 G O

437 REmsmms [ f(x)dx

4 b
(a) (b) ‘1}
2t S
TR _ |

>

~
ek

p——




1.3 RGERFFE. oPr iR

—. RAMDER (516)
1. (BHE) EERGREHRGOEASRE discrete ~ ~

J©

J(%)

2. BB RS IER
KR FRG ($PE

P

REG

continuous time system

y(?)

SYSTEM—>

y(k)
causal system

A S 2R GE)

Y <0 B, flry=0, MY <0 By, —EF y(®)=0.
3. RERGRIEFBRERS

RERS:

4. IERTE R GERTE

ERTTE RS -

Chapter1

£ () <o M [y, (0] <0

fime invariant system

& Oy W fe—1)>u 1)



5. &M R% & EEMRS linear system

(1.5

5@ =30, £,) >,

=] i 77

SR IEFIAT IR 1 By 2R G2 B2

M aqf)+a,f,@)—>ay)+ay, ()

QAL y(1) =y, (O +1,,O) vy () v ()
yzi(t)a yzs(t) iﬂﬁ%ﬂ%’&-

6. ZkMIAERIT RS (LTI) MREL

Chapter1

Y () <y, ()

] f (t) > y(t) linear time invariant system

]

af (1) = ay(t)
f()— (@)

[ feode— [ p(x)dx




i1.3-1 |f\(t) . PO 3
1
tb

! oo
o 1 4o 2
@’l LTIS Ilq) i

N |

linear
fime invariant system

#1.3-2 ZLTIRAHIERES x(OARFHA [ (B, 2002
y()=y,@)+y.,()
HHRRERE AN 21 , WM

y()=y.()+2y_ ()

Chapter1



. RGBT

511.3-3

(§1.5 RGHHERD

—WN
D LR o

=
fi(

+
- _y(t)

17 (A fmd

EERG “%MEWNMSFIE Differential Equation
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X WTFEH f,(), f,(), —wo<t<owm
EXBB: SO f,0=] [(@)LE-Ddr

gi2.1-1 240 1, () = (), f,(t) = e &(t)
f3(t) =ee(t)
e ()= L0 (0 =1-e")e@)

V(@)= 1) * f,(t) = (1_e_t)@
y;() = f,(8)* f,(2) = (e_t —8_%)5&)
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(=7 3 :
—(t - 17) t
i j;L t L owo=[2-rdr=>¢
2 -2lo t 4 02 4
4 /1) ft=7) 2>t20

(4) j‘2(_z-) 2 3—(f— Z') 3
4 t
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208%: fO*[L0O+AO]=£O*LO+LO*£0)
sgak: f0*LO*LOI=L0 L0 L0

4. vhEE SO0 =00 * f(O)=f(1)

B xS0 —-1,)=f(t-1,)
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Al ﬂ(t_t1)*f2(t_t2) =y(f—f1 _tz)
#2.1-5 \
y S (1) v, hO*LOF2
1 1 / - ‘5
0 2 0 3 2 3
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o I A | |
0 2 4 —-1'0 2 1 3 4 6
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i0)
0

V(0

w(0) =0f—=—"5(r)

h(t)

N, h(t)

é_'?i

W, (§2.2)

e

A

+

—u(t)

- u(0 ) =0

gl V' O+ O)+6y0)=f(1) (1)

J (@) = o(t) , y(t) = h(?)

W' () +SH () +6h(t) = 5() (2)
R'(6)+ 5K (1) +6h(1) =0, >0 (3)

2. h(t)E
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37T REEBE TN
= h(t)=(Ce™ +Coe™)e(t) (4)



3 h(OMIRE <ITRRBE
$2.2-1 V') +5)' () +6y()=f() (1)
W'()+5h () +6h(t)=0(t) (2)

= h(t)=(Ce™ +Cye™ )e(t)  (4)

H(t)=(C +C,)5(t)+(=2Ce™> —3C,e™).&(t) (5)

H(1)=(G+C)S(0)+(AGe™ +9Ce™)e(t) +(-2G ~3C,)8()

| (6)
(C +C,)=0 C =1

—> < —
5(C, +C,)+(-2C, -3C,) =1 |C,=-1

h(t)=(e™ —e™).e() (7)




Bl2.22 Rh(t) y'(@O)+5)'@O)+6y(0)=21")+3f(t (g)
(2). «ILE A& ¥E” 1)+ 5K (£)+6h(t) = 20'(t) +30(t) | 19)

& h(t)=(ce ™ +c,e”)e(t) (10)
()= (c, +c,)0)+(=2c.e™ =3c,e”™).e(t) (11)
h'(t)=(c,+¢c,)o0'(t)
+(—2¢,-3¢,).5(t) +(4ce™ +9c,ee(t) (12)

¢, +c, =2 ¢, = -1
3 m—
\5(01 +c¢,)+(—2¢,—3c,)=3 | C) = 3

h(t)=Be™ —ee(t) (13)
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(b) HHZRHER RS R
V') +5y' @) +6y)=7@) @
= h(t)=(" —e)e@) (7)

Y'(O)+5y' (O +6y(t) =21 () +31() (8)
= h(t)=2h/(t)+ 3h (¢)
= (36_3t . e_Zt)g(t) (13)
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20 10w
2. g(1)HIREX

A RN AR R HE R
e(t)= [ S(x)dx=g(t)=| h(x)dx
Bl Rk:g(t) YV @O+F5y@O+6y@)=f(©1) 1)
= h(0)=("—e™)e@) (7)
g)=[ (e —e)e(x)dx

1, 1

g(t) = (;e — Ee
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V() +5)' (0)+6y(0)=21"0)+3/ (1) (8)
- NO+5y()+6y,(1)=f(1) (D)
= ht)=(* e )el) (7)
= h(t) = 2h/(t) +3h ()

= (36_3t — e‘”)g(t) (13)
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_% ni0]
CORFILE

Ke FIHDHEL (@), v, (2), y5 (1) Jok i Ko J5 72

u, (0_)=2V,
iL (O_) — 1A9
f=1,t>0

() =uc(?)
v, () =1i,(2)
y3(t) :uL (t)a

@ O+3O+20@O) =211 @)
V(O0+3y,(O)+2y,(O)=61()+21(1) (2)

(O +3y3O)+ 2y, =" (O+3f(1) ()
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1.EX: RANBANS, T2 BARANABIANGS I
1 il B u (0.)=2V,
LT A () ﬂ_ i (0)=14,
oD * 1 []1F=F £(6)=0,620
B 3 y(@) =i, ()

V'(O)+3y O+2y@0)=6/O)+2/ () (1)
Vv +3y,0)+2y,0)=0 (2)
2k 1(0) =y, (0)=1y(0)=),(0)=—4 (3)
y. () =Ce?+Ce’ (4) =C=3,C,=-2
y (1)=3e =2 >0 (5)
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Bl2.1-4 SREFHATNL. »(0.)=1, y'(0_)=5
V'(O+5y @) +4y@)=21"()-4f (1) (1)

i y;,i(t)+5y;i(t)+4yzi(t)zo (2)
2 +54+4=0 (3) A=-1 4L =—4
V..(t) = Cle_t + Cze_4t (4)

C +C, =1
C —-4C, =5 )
B 2 =
C =3
C -5 (0)
==

y_(t)=3e" -2, t=20 (7)
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i

u, (1) _

JOQ

)2

>
1— H iL(t)

e
3

|

1F =

A RFIN S [EEBI0@AY.
E;%l] uc (O—) — OV:

iL(O—) — OA:
f(O=1V,t>0
y(t)=1,(2)

Y'(@)+3y' () +2y()=6f()+2f'(1)
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2.4FHA: VAUN x(0)=0! ﬁg)

o(1) . h(t)
o(t—1) . h(t—1)
f(0)o(t—71) . f(D)h(t—7)
[ r@es-rdr - [ f@h(t-v)dz
f(@)*o(t) . f()*h(z)
f (@) - ¥.,(@)

Y., (£) = f(&)*h(2)

Chapter2




Bl SR RS:

J()=¢&()
W' () +31 (1) +2h((t) =6(¢)

o) =le” —e™ |t

)

V() +3Y'@O)+2y() = f(t) R: Y., ()

v () =] e =™ |e(t)*£(t)

|
[)=|-—€e +—e
V., (1) 5 5
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Bl 2.1-5 BF: V') +5) @) +4y()=21"(1)-4f (1)
fO=e@) K y. ()
H'(£) + 5 (£) + 4h(F) = 25'(t) — 45 ()
ht)=|Ce” —Ce™ k)
K@) =[C,+C,J5(0)+|- Ce —4C,e™ (0

h'(t) =[C,+C, [ +[- C, —4C, [5() +|Ce +16C,e (1)

{ Cl -I—C2 =2 Cl )
(—C, -4C,)+5(C, +C,)=-4 C,=4

h(t)=|-2e7 +4e™* e (1)
v, ()= FO*h(t) =|-2¢" +4e™ (1) * £(t)
Chapter2 = |:2e_t —e™ _1:| g(t)



1. (0

RimaNAE =0 BF2IRME, BT8R R R RE:

0. ST {E B A

): A RIS S IR AR = AL 1)

y(0_)=1y,0)=y.(0)
2. y(0,) :ZRENAG T EVIISRESH L E/ER T, 5 H o N

fE =

.. 4

O B2 B48, B4 i B R AT G618
¥(0,)=y,0)+y.(0)

—)—a

P y(@) =y, (O)+y.,(O) =y (O)+y, ()

V(O +a () +a,y,()=0

v, (0)=»(0_) ».,(0)=y(0_)
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