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Foreword

The concepts of signals and systems arise in a wide variety of fields, and the ideas and
techniques associated with these concepts play an important role in such diverse areas of
science and technology as communications, aeronautics and astronautics, circuit design,
acoustics, seismology, biomedical engineering, energy generation and distribution sys-
tems, chemical process control, and speech processing. Although the physical nature of
the signals and systems that arise in these various disciplines may be drastically different,
they all have two very basic features in common. The signals, which are functions of one
or more independent variables, contain information about the behavior or nature of some
phenomenon, whereas the systems respond to particular signals by producing other signals
or some desired behavior.

In many contexts in which signals and systems arise, there are a variety of problems
and questions that are of importance. In some cases, we are presented with a specific sys-
tem and are interested in characterizing it in detail to understand how it will respond to va-
rious inputs. In other problems of signal and system analysis, rather than analyzing exist-
ing systems, our interest may be focused on designing systems to process signals in parti-
cular ways. One very common context in which such problems arise is in the design of sys-
tems to enhance or restore signals that have been degraded in some way.

In addition to enhancement and restoration, in many applications there is a need to de-
sign systems to extract specific information from signals. In other applications, the focus
may be on the design of signals with particular properties. Another very important class of
applications in which the concepts and techniques of signal and system analysis arise are
those in which we wish to modify or control the characteristics of a given system, perhaps
through the choice of specific input signals or by combining the system with other sys-
tems,

The importance of these concepts stems not only from the diversity of phenomena and
processes in which they arise, but also from the collection of ideas, analytical techniques,
and methodologies that have been and are being developed and used to solve problems in-
volving signals and systems.

This distinction in the basic description of signals and of the systems that respond to
or process these signals leads naturally to two parallel frameworks for signal and system
analysis, one for phenomena and processes that are described in continuous time and one
for those that are described in discrete time.

The concepts and techniques associated both with continuous-time signals and systems

and with discrete-time signals and systems have a rich history and are conceptually closely
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related. Over the past several decades, however, the disciplines of continuous-time and
discrete-time signals and systems have become increasingly entwined and the applications
have become highly interrelated. It has become from the dramatic advances in technology
for the implementation of systems and for the generation of signals. Specially, the contin-
uing development of high-speed digital computers, integrated circuits, and sophisticated
high-density device fabrication techniques has made it increasingly advantageous to consid-
er processing continuous-time signals by representing them by time samples (i. e. , by con-~
verting them to discrete-time signals).

Because of the growing interrelationship between continuous-time signals and systems
and discrete-time signals and systems and because of the close relationship among the con-~
cepts and techniques associated with each other, we have chosen in this text to develop the
concepts of continuous-time and discrete-time signals and systems in parallel. Since many
of the concepts are similar, by treating them in parallel, insight and intuition can be shared
and both the similarities and differences between them become better focused. In addition,
as will be evident as we proceed through the material, there are some concepts that are in-
herently easier to understand in one framework than the other and, once understood, the
insight is easily transferable. Furthermore, this parallel treatment greatly facilitates our
understanding of the very important practical context in which continuous and discrete
time are brought together, namely the sampling of continuous-time signals and the pro-
cessing of continuous-time signals using discrete-time systems.

As we have so far described, the notions of signals and systems are extremely general
concepts. At this level of generality, however, only the most sweeping statements can be
made about the nature of signals and systems, and their properties can be discussed only in
the most elementary terms. On the other hand, an important and fundamental notion in
dealing with signals and systems is that by carefully choosing subclasses of each with par-
ticular properties that can then be exploited, we can analyze and characterize these signals
and systems in great depth. The principal focus in this book is on the particular class of a
linear time-invariant system. The properties and time invariance that define this class lead
to a remarkable set of concepts and techniques which are not only of major practical impor-
tance but also analytically teachable and intellectually satisfying.

As we have emphasized in this foreword, signal and system analysis has a long history
out of which have emerged some basic techniques and fundamental principles which have
extremely broad areas of application. Indeed, signal and system analysis is constantly
evolving and developing in response to new problems, techniques, and opportunities, We
fully expect this development to accelerate the implementation of increasingly complex sys-
tems and signal processing techniques. In the future we will see signals and systems tools
and concepts applied to an expanding scope of applications. For these reasons, we feel that
the topic of signal and system analysis represents a body of knowledge that is of essential
science and engineering. We have chosen the set of topics presented in this book, the or-
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ganization of the presentation, and the problems in each chapter in a way that we feel will
most help the reader to obtain a solid foundation in the fundamentals of signal and system
analysis; to gain an understanding of some of the very important and basic applications of
these fundamentals to problems in filtering, sampling, communications, and feedback sys-
tem analysis; and to develop some a powerful and applicable approach to formulating and

solving complex problems.

Huanglin ZENG
2010.5
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(Introduction on Foundation of Signal)
8|F (Introduction)

The concepts of signals and systems arise in a wide variety of fields, and the ideas and
techniques associated with these concepts play an important role in such diverse areas of
science and technology as communications, aeronautics and astronautics, circuit design,
acoustics, seismology, biomedical engineering, energy generation and distribution sys-
terms, chemical process control, and speech processing. Although the physical nature of
the signals and systems that arise in these various disciplines may be drastically different,
they all have two very basic features in common. The signals, which are functions of one
or more independent variables, contain information about the behavior or nature of some
phenomenon, whereas the systems respond to particular signals by producing other signals

or some desired behavior.

1.1 EE5EXS5ES K452 (Definition and
Classification of Signal)

1.1.1 {55 K H#iR (Definition of Signal)

ARAERESED S BEEE S, TR EZAR T X158 MK 1AM ASWAEH., 7L
Yi b BRI T EMH; KBFH ,/PDEBLF PR, DETRWA ™ A RBRFEE
A TE AR B AR IF(E BB, #5 B (information) X A BRI HE,

MATCRI-EHRE R R K EHRER, BAMNEIE AR EE. XL %5
M, H H R EL TR (message M — E B XM E SN — M 1538 2 55— b
T ExaLMER.

RREREMAYEFARXLR, BETUHES . XF. BAE. SHE S ESREX,
MR VE R FER S TR — N LERMAE T2, RIERN—/EH
. F5GignaD BIFAFEEMBEN R MY E BN EAR. 288 EEHONH
TS S El W BRI AL SRR, TS R E AL, 0%
AT LIRS TE] ¢ B8R f () KRR

BIESW R LM t<0 B, £(£) =0, Y HE A L HS S (realizable phy51cal signal) , X,
R E{E S (cause signal),

HESWREMG =0 0, £ () =0, IERZ A TFEN—MEHNE, [FE55 L B E 2
TEH— W , X IR BEES (reverse cause signal),
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155 B AR T LA A B TR e P S0 SR AR A T 7 TR SR H58 - 56 T3 5 BB R o A JS Tl
4. T EENRE S B — BB A S S i T R

1. 1.2 {E81)% 3 (Classification of Signal)

AT HEAT G TG R R KB R A FBHER ., XM TFEMES, TUAR
A BRI T 098, T HETHE LR LEH WK 278,

1. # %1% 5 5 M A1E 5 (determinate signal and random signal)

T 6] e BB B PERI 43 15 5 T 40 h 2 (5 5 S BENLIE B 2K,

WERSRE A LB F LR ARG S, BT UERAI—SILAE
T REBE N B G S . EAENE -GS RATENE.

BEALAE -5 A RE TR & B B (B2 fh A AR , AR 2 e (] A8 e 80, RS ] TS B S e RT3
FRA AR FANRE AR, B RAE BB — 5 E R,

X ERERS, BT UL NEBES ERRES SHANES.

JABE 5 (periodic signaD BI85 —ERE T I BEE BIWES, ISR N

fW=fGa+nTy), n=0,%1,42,- (L.1-1)

WREEXRAWRD TERIESHAM. XMES, RESRE—FHN 0L,
BP AT 5 72 BT A LA TR P A B e o

FEFAHAE S (aperiodic signal) FER 8] H A ELA R i & 46 60484, 154 B B o AT
LU B T TR KW ERES.

ARG S RSB AR ER , HE R ARE S-SR B4 ARG SR
MERRRAERE . ARG SRR EANAE. ES

f(t)= cos3t+ cos7t + cosllt

2. # 4 nt[E45 5 5 & #1455 (continuous signal and discrete signal)

A (L SR EL O FE 0 PT35S L5 555 MM L 5, W
SRS, |

HEEA5 5 SRA A B VO T IR BY R B — RIS A A0 X1 TR B2 AT
S R L B ST S SR S B FELS (DR

RETBCIEF S AR BRSO I I, P SEM MR U IR 2148tk A T S
RN 4 R ST S O S KT ST Fr i o — LA
BTG . B DA Bt e AR 51

3. 8 Z1E 55 o £42 5 (energy signal and power signal)

B 1 T B T BUERISY  TTIASY JORE R 5 5 Do A3 B A SR R A 5
{55 A T L SR B 12 At FR e 0 V) 10 s 1l BT
EH B MR SRR E, B

E=lim| f()ds | (1.1-2)
T-rood —T
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HP o RE XN

— im L[ p i
P=lim o] £ (de (1.1-3)

FES F(OWEERAR, B 0<E<oo, luh} P=0, MFRIE S HERARES . #HK
B {5 (energy signal),

FES fOMINEA R, B 0<<P<loo, I} E=oco, MFRHIES A XA RF S, K
WEA(E 5 (power signal), ,

— kUL, ABIE S HRIRES  EAMGES MR A =MER . ERBES R E
S Ak RERRES. HBEENE - M SATRRANBEZNRES, NEARREFES;
{HR AR —ABEE I R5 S, IERERET .

(8] 1.1-1Y s3#r FIUE SR,

1, =0 0, t=0
(D ulp)= (Du(—p=
0, <0 1, <0
3 fLk]=4® (4) f(t) =cos3nt+cosnt+cosllnt

B (D REEHEREES; (2) hEENERREGES; (3) NEsntEEEFES;
(1) RESERHERBES. '
[811.1-2] HRES z(n) =" +e 3By FH#H,

24 wo=0.2x i
o 0. 271: 10’ Nl 10
é, wo=0. 3r Bd'

Pr_ 2 _20 o _
o 0.3z 3’ N=20

“EWALAIR 20,8 () R 20,
(%1 1.1-31 WA L. 1-1 FoRfE s, HBTHREERESERRES.

[
1 \‘L/
0 | t o | t
(a) fi(p=e™ (b) f(ty=e™

Bi1.1-1 #1.138
B REELIIQNES fi@)=e2t F
T 0 o
= i —2| | _ . a1
E—kﬂ[_T(e : )zdt—Jﬂe“ dt—!—JO e dt = ZJ

P=0

e dt = %

=)
o]

FrLZ S N R ES .
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M TE LI FRES L= K

T —4T _ 4T
E=lim| (e%)2dt= lim(—e i )= oo
Trood ~T Toroo

AT _ 4T 4T T
g S =limis=lm& =

_ . E €
b= 71"32 2T 71-1330 8T Toco 8T  Tooo 2
BrLL, M5 S B IERE R AR 5 I RE S
(81 1.14]1 BHEE f(O)=2e—6e*(:>0) REMRE.
# E=lm[ fod=| @e—6enrd = Get —2ev+36c0d =3

1.2 FAK(FS (Basic Signal)

AVTHENBILHEENERES.

1. EFZ A 4% 5 (sinusoidal signal)

1) #ZERTE]IF 8% EY{E 5 (continuous-time sinusoidal sign;ll)
— M EK S S o R N

S (@)= Asin(ant + )= Acos(wnt +o—7) (1.2-1)

A A RHRIE wo AR (rad/s)» o HAVH A (rad) . ERESEBPES, AP
T(T=2xn/w). HTREESGIERES RBEEM EABZE o/2, T ENI5H R IER

1155,
REGES S EZRGE S AR ARXBIF N ERBEES, B
coswt = ﬁ—*é—gi (1.2-2)
sinet = “Z‘je_j‘"‘ (1.2-3)
EZERESEEER LR
(1) P53 S0 R 09 IE 5% 45 SAR N , BRAE IR0 S5 AL & AR, (AR IS & B
REMRNTEZES.

(2) HE—PIERESHIER S AN IE%E SRR B, MR ESR—EE
SRAMME S, HAMS T REN AN,

(3) IEFZ{E S X0 1] 3 A SRR AR R R R E 315 S

2) IE3%RF %) (discrete-time sinusoidal sequence)

R E TR SR M IE 5% 0 (] SR AR 5% B ) s B 2 BRE SS 1B 3R 19, X F IE RS IY
FKEXH

fLk]= Asin(Qok+ ) (1.2-4)

XBIRE AT o W X SEBIERESHER.
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Xt F J S P 50 RE LR
Slk+N]= f[k]
b NS P A .
BBIERFII RN ABES EEBORT 2n/Q0. #WHE 27/0, RIEBE NIFEZKE
504 R 5  BR

Asin[Q (k+N)+¢]= Asi“[ﬂo (k+ %)+ ?’]

= Asin(Qok+2n+¢) = Asin(@ok+)  (1.2-5)
2. Z 4% H A 425 (exponential signal)

D #EZEM R E #8855 (continuous-time complex exponential signal)
EENEEIRBUE SRR N
' f(@)= Ae" (1. 2-6)
LA s=a+jo BREFE.
B jw0 B a<<0, W £ () BEEIE ¢ MRS BB s >0, M £ () bEE
BHE] ¢ BRI B KR 8 =0, £(0) HEBEHREE.,
H jw=0 B}, f (1) = Ae* EIE LI A SLHEH(E 5 (continuous-time real exponential sig-
nal) . 5 a<<O, M /() BEE BT E] ¢ BOIEINFEAEHCRWN: %5 a>0, W) £ (o) BEZIHE ¢ BoRE I
RO K & a=0. 0] (O REFIET.
2) BB HUF 5 ( discrete-time exponential sequence)
2 e =a, BERE R L BUF A
fTkl=d*, a€R (1.2-7)
WAR o>1, R R KO BT R o= 1. ERE BT ;0<<1, & R A E RN
BYPF5 .

3. #45 -%4% % (unit step signal)

1) 7% %65 8] B A7 By BR 4% 5 (continuous-time unit
step signal) 1
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1, t=0
u(t)={ (1. 2-8
0, t<C0 . L2-1 BSnfiE A B ERE S
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HBEFmE 1. 2-1 Fixg,
T u(ORESTE =0 R AR, BEH 1 HRERIEEE, SR BRI A, AT %
Au(t), EBAIBERE SRS SR (=10 4, MFRHIER RO BRAE S, Bl FR N
{l s I > Lo
u(t—ty) =
! O’ t < tO
VIR LB BAAES A SR & . 2 <0 B, £ () =0, B — M EAS 2%
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kN fOu(e); BARRESHRELM: Y =0 i, £() =0, BEM— M REFSHD
FIER fOul—1),

2) BEHLEE] AL BRFFY (discrete-time unit step sequence)

B RLHE BB B BRI SR A ulk ], Hoxg R

1, £>0
u[k]={ (1. 2-9)
0, k<0

. ul R 1En=0 RbBIEHBIE LR 1,
1 FRE 3 F ARSI k1,4
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0, E<2n
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4. 345 ¥ 4% % (unit impulse signal)

1) 3% ZERTa] 88457 1P {% 5 (continuous-time unit impulse signal)
PELEIE] B PSS 0() R 1930 R E YR IKRLTE (P. A. M. Dirac) 8 56 1
B, SRR KL 78 BR R, & 37 7 B3 (singularity function) , T E L&

0, t#0 oo
3(t)={ 0 Fn J S(t)dr =1 (1. 2-10
oo, i = —o2

S(t) EHE F—ANMEA S L B AN R FR , A 1. 2-3 FTR,
FER ¢, MBI HEESTEN 0G—0) s EREXH

0, %t
a(t_to):{

oo, t =i
r S(t—t)dt =1

BHLE 60 AT LIRAR N — S A Bk oh AR BR . B 1. 2-4 R—HEETB Rk . (O, HEN
T BERN Ve, BN 1, ZF Kb SR 4k 248 /N R RF DL, BP 24 -0, 1/r—*ooB]‘, i3
TCPR K, BEBURARTEN 1. SRR EF SRRk N
s(t)= £grgp,(t)
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