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B13E F95RGEMA
( Introduction of Signals and Systems )

AENGETERENEAMESMAEARR L, BB E£FSTARENGFES
MR . P IEFIBEAS e, VEAIRR T W IR S . ARG S HEANETR; RS W
HENH T RE MR RRE T R R

1.1 E8. EBESHAR%L (Information, Signal and System)

“f5 5 (signal) " —TRATE AN H HAEB SHSEFHEE ZHE L. EEEFESHHT
SZHIFER T — FIH S B ABEE .

1H B (message ) 2 3R3A % W) iz sh A0 £ LEE SRS, W AR . XF. B,
BAmEkzk, Blin, RIGHHEE . BRPRESR. FXENEE BIRERSFERENE

{5 B (information) W Z2H B F AR XM NE . 7ERE - NMHE)E, "WHER S| —E X
B A LM, Ll EEmELS: HERKE, FEME; HEERAFEWIA,
FRBMAENHET, F—FEAARREXGHERESA; HETRCEFEENER, B
RS ROMER.

HE KGR — AR A R BN, DG BT —EEXNES A e e A&+
AbEE

FORRERBEENTE, BHEMERE, REAERNEMYEE, fim, BEF5.
HfES . AEESS. XEYHBASERFER, Hit, F5 LR b2z R 2Rk
Yrgt, 7E8C B DU —A 8L 5228 i (independent variable) i) R ¥R~ , AT LA
ik BIBSFEIT AR

Signals are physical phenomena or physical quantities, which change with time or space. They
can represented mathematically as functions of one or more independent variables.

FEUMEAESHIES YRR, MRNMAR WYHEE, 85 TrEmEn, G
R, WESHLASERROH LR, Hik, A4 EZXE{5F5 (electrical signal) & FF 1+
o HLAES I H R BET E) 226 B E (voltage) BRHL I (current) o Y TR BEMS [E] AL A, 7E
g B AT ¢ ROk FR, FTLAA {55 (signal) " 5 sR%K (function) ” X PIA>44 7]
WRBHMA

In this book, we focus our attention on signals involving a single independent variable. For con-
venience, we will generally refer to the independent variable as time, although it may not in fact
represent time in specific applications.

Yt (system) & g T HEAE R AA AR A S TRA . BA ¥ E R B,
RYGE TR &[] BT B — 5 19 77 S O 58 R 55 AR I 8Pk . RGP SE BT 55
MRAEE | ERMAFEES, URBIARR . AR A/ Raik i ARG H w s
W EK, BMRGEHAR. FrtEhi b EBESIE,

e B s



A system is an interconnection of components (e. g. devices or processes) with terminals or
access ports through which matter, energy, or information can be applied or extracted. It will often
turn out to be more convenient to use the concept of the signal and the resulting response to describe
the characteristics of a system. Actually, the system will sometimes only be known in terms of its

response to given signals.

HESRGERM MM LKA I X HFRMNR . FEREBELENTR, RERE
PR AR B E S M E TR, FERITT REMAETHFENME, RERARFESH
WA, WERETIEM. Blin, BRESSEAIKXER,

bR, FE. FEMAGERATEIHHAE,

1.2 {55899 3 (Classification of Signals)

FEMPEINEARE, WTLAARFEABENE ST, B, &LbmARTEE
SR EMES . BRES . BHES . 8GEFES. THESS: EESS5RES,
HIRAE I A A R AT 3 0 i R S S REOLE 5 . BG5S 5 g A el £
5. AMESSERANES. BRESSHRESE.

1.2.1 BiEES SkPLE S ( Deterministic and Random Signals)

HEYESS 5 (deterministic signal ) EXF 48 & M5 — B %] ¢, T8 5 A0 A R BUME £ (1) 5
ZXH R (AT BRASANELE G BRIL) o BEBLAE S (random signal ) A R AT BRI AT E M, REELA
M BeER R TR, HBRMELES Wt

A deterministic signal can be represented by distinct mathematical expressions, but a random

signal cannot find a function to represent it.
PIE X B R SHER B RRE X RME— B#E M1 5 BUE.
A4 R B ENE .

1.2.2 #ZEMNNESS BB RS (Continuous — time and Discrete — time
Signals)

IR E SR R EBEREESE, "HHES A NESNEES SERHEES ., %%
i [ {55 ( continuous—time signal) ZEFCFTHFFT (0] 4, XE BRI 20 bR TN i 42 A A0 6
AR o X ELE" AR MBI [ BUER ESE, TifE 5 AMEME AT s, WAl Riksk,
HWRA)ZFR, WA 1-1(a) iR,

The independent variables of continuous~—time signals are continuous, thus these signals are
defined for a continuum of values of the independent variables.

5 RN (A5 5 AR R 2 B FBOR [R5 5. B iR [ 45 B+ ( discrete—time signal ) J& 4§ B
(] CHC R SR — N RAR ) JE B HIY , R AR A o4 6 ) Bt 220 4 o DR, T 7 At B i)
BAHEN . HHx(n)FR, WA 1-1(b) iR,

Discrete—time signals are defined only at discrete times, and consequently, for these signals,

the independent variables take on only a discrete set of values.

2 —



s} fin) 2t x(n)
N AN i
l -1 lf)_]l 2 1 n
(a) (b)
P1-1 g ()55 By Hon e 5 BOE
i R E {55 B O T (55 1R X A0 2 i A TR S i i R AR LE, TAE TIR(ER &
Sk,
Xt F L {55 WR{ELE ZE A FR A BUE 5 (analog signal ) 5 W6 {25 0 A PR 4 Bk o £
5 (pulse signal) ,
St F R G S IR LM FR AL (S 5 (sampling signal) ; 18 B B SO AR R BT
75 (digital signal) .

1.2.3 RS S53ERDIGE S (Periodic and Aperiodic Signals)

JE{E 5 (periodic signal ) & 5E AEX [H] (—co, +eo) b, HLA5HE—1> & R i) ik 1] 7] &l I T2

HE A, ELEAYES SEBANESREEERE 0 R
f()=f(t+mT) m=+1, £2, - (1-1)
x(n)=x(n+mN) (n BHEE) (1-2)

W2 LA B I BN IES T AN 43 3FR R i S 5 ) A R

For a continuous—time signal f(t), if f(¢)=/f(t+mT)for all values of ¢, for a discrete—time
signal x(n), if x(n)=x(n+mN)for all values of n, in this case, we say that f(¢)[x(n)] is
periodic with period T(N).

WERPIA S5 1 A 2 Lo A 2% (rational number) , W EATHI AR R —A A
a5, AW 30 i B/ N A %5 % (the lowest common multiple ) , 75 W 4k MG 5.
JEFAIME S (aperiodic signal ) RN RAERENES .

Example 1-1: Determine whether or not each of the following signals is periodic ;

@ asint-bsin5t @ asint-bsinmt

Solution: (1) For asint—bsin5t, this is a complex signal, and T, =2, T, =2n/5.In this
case, both T, and T, are rational, the lowest common multiple of T, and T}, is 2. So, the signal is

a periodic signal, and the period is 7=2.

@) For the signal asint—bsinmt, T,=2w, T,=2, T, : T,=r, the ratio is an irrational, thus
the signal is aperiodic.

FEEEESH, A (EER) KL, WZESFESHAAGES, ¥
JafES R AMGES .

1.2.4 RS 5% 55 (Energy and Power Signals)

& B{5 S i ] B (integrability) %1 43, {55 7T LL2r A BER {55 (energy signal ) FIZhH(F
5 ( power signal) ,
{55 AT A2 Bl i 8] 22 1k B W R SR 3, RS f () 76 1Q H3 B E i B Th 5o
A |*, WIZERS ] X ] (—o0, +o0) FFAE A S AESE (total energy) K
s



E=[" It [a (1-3)
HF- #4313 (time—average power) A
P=timo- [ 10) (1-4)
RS S RIS R AR (0<E<e) MfES. HEREAR, FUY I i,
P=lim” =0, RUIMERSFHENT, WA TN RS, ST
WE, RAEMRERIOMAEE%LE,

The signals with finite total energy must have zero average power. An example of a finite—energy
signal is a signal that takes on the value 1 for 0<<¢<1 and O otherwise. In this case, E=1 and P=0.

AR5 ARSI (0P <eo Y OFEF S, SN P AT, 0% Toveo B, E=lim2T - P=co,
RYRESRERTTR, WANES . BEKESRIRES, ENMREE TR, RENIRK
FBERHE

The signals with finite average power must have infinite energy. Of course this is meaningful,
since if there is a nonzero average power per unit time, then integrating this over an infinite time
interval yields an infinite amount of energy.

R, M ATRRRBRES XEIRES, HAHAPHESHARERESH
ARUHRES . MBARBEAES HAENR, RRES, BRI ETTR . HERITRE
FEABES

There are also signals for which neither total energy nor average power are finite. A simple
example is the ramp signal.

With these definitions, we can identify three important classes of signals: energy signals,
power signals, signals with neither finite energy nor finite power.

1.3 EAXRELLTE{ESS (Basic Continuous—time Signals)

AR EERNELEN EFES, XEFSERSENRBPLFEHAD, LA
H, BRES A XA G SHATE, H X E(E 5 XM R G ™A 1w X 234t
RGN T MAGHEFESR EIEM, BAEEE X,

In this section, we introduce several basic continuous—time signals. Not only do these signals
occur frequently, but they also serve as basic building blocks from which we can construct many

other signals.

1.3.1 R85 S (Real Exponential Signal)

FARBUR T BFRIE Ay
f(2) = Ce” (1-5)
A C o BOSER, MR o BARFIRME, ALUF =FE5: # o>0, NIHEEE S8 RE b
EIHHRTEA ;% a<0, WIHEEAE S 06 BE AR M K TR0 76 =0 MRSBRIEOL T, 55
AR AR, BN ERES .
s



Depending upon the values of these parameters, the real exponential signal can exhibit several
different characteristics. If a>0, it's waveform is growing. If a<0, it’s waveform is decaying. When
a=0, it is a direct current signal.

LARBUESHBOE mAE 1-2 fis.

HRHE e () A8 ¢ FBETER, 155 /() XAI2r 01155 (bilateral signal) (—oo<t<co,
teR) . ¥i1{55 (unilateral signal) (—oo<i<t, BY t,<t<oo) FlHf PR {5 5 (time —limited signal )
(tyst<sty), &5 f(0) TERTXE LR X 6] EA IEFHEME. HilfES X HEN1ES (left-sided
signal ) FI41 1155 (right—sided signal) o #7 f(¢) fE-co<t<t, K] 1RO, WFRAAMES (1, =
0, ZAMESHRHNPERNG S (causal signal) ) ; #{ES f(1) 1E t,<t<coX[H] £ 0, WIFRN A iH
55

TESE P B B 22 i P R AE OIS 5 ( causal decaying exponential signal) , A3 %KA
KN

Ce", t=0,ac<0
t) = 1-6
A1) %,t<0 (1-6)
WIE A 1-3 firR .
[0
a>0 S
\ C
a=0
a<0
0 t
B 1-2 SLHEES B 1-3 HEREEEGES

1.3.2 IE3%£%9 (Sinusoidal Signal)

IE R SRR S PEDAEAE LA, AN RS, BN

f(1)= Ksin(wt+6) (1-7)
K K AIRIE, o HAEE, 0 IV, BIEME 1-4 iR,

VIRVERN

B 1-4 EEES




1.3.3 EiE¥455 (Complex Exponential Signal)

f(t) = Ke* (1-8)
Rt s= oo S, K RS, FIFIBAZ R (Euler formula)
e = coswt + jsinwt
{e T = coswt — jsinwt
e (1-8) J’IF, 5
f(t) =Ke* =Ke™ + "™ = (Ke"coswt) + j(Ke”sinwt) (1-9)
K(1-9) Y, —ANERHRBUES W %0 LB AEIR M. SLH (real part) . HEH
(imaginary part ) #fJ2 i BE #5458 BOR LI IE3X 55 o
THREAES . ERESHATHERBES 2H, B o Mo WARBE, 7JE8MT
JLRMES I
o0=0, =0 —H {55 (constant)
0>0, w=0 —F45%{5 5 (growing exponential )
0<0, w=0 —FWHF5%E (55 (decaying exponential )
0=0, w#0 —LEPFEIIYZEHR (the real and imaginary parts are sinusoidal )
0>0, w#0 —3Z T FlHE P 4% i Iz 3% (the real and imaginary parts are increasing
oscillation)
0<0, w#0 —3ZHFHE 15 3 W ¥k 7% (the real and imaginary parts are decaying
oscillation )
W B R AR RO E 72 (5 5 ( decaying sinusoidal signal) , HEEZRIAAN

Ke ™ sin(wt) t=0

f(t)={0 t<0’ a>0

BIEINE 1-5 PR

1

08
0.6
04}

0 2 4 6 3 10 2 14
B 1-5 $E8CEmIERE S



1.3.4  HiFEf5 5 (Sampling Signal )

Sampling signal plays a veryimportant role in Fourier analysis and in the study of LTI systems.

The sampling signal, which is defined as

Sa(s) = 2 (1-10)
fhFE E S BA LUk
© =00, 55 FHUHEAKA 5a(0)= S| )y,
@ t#0 I, B ¢ F4aXHE R A, BREUE A 46 0 HE Saft)
RSB RWN, 17 0 i ‘
@ fEt=nm(neZ, n#0) 54, KEUERN O;
@ ZEBUEE R, B Sa(-t)=Sa(t);
@lea(t)dt='n',f;Sa(t)dt=J’:Sa(t)dt=%; R AT
-4n -3n 2= 0 a2t 3n 4n
® limSa(t) =0, B -6 HkEEe

FREE S B & 1-6 Bk .
LAAH S P A3 % i i B X[ A 3 % X 6] (zero crossing interval) o HH & 1-6 H1A[ 1A
A R B PR 2 DX B SERE DA 2w, HoAth i 2 X ] SERER N

1.3.5 @55 (Gauss Signal)

FE S HARBIEIK M ES, BIEME 1-7 P, € XHh
f(2) = Ee™’ (1-11)
§O)]

2
K 1-7 @S
& 1=—-, RARBCURT
f(%):zze‘ai ~ 0.78E (1-12)

R SE T 22 () HEROKME E RN 0. 78E B BT (5 4% (B 1] FE 3 . W15 5
BB TR B R R ST E S, XAEES T G EE AL,
The most important characteristic of the Gauss signal is that its Fourier transform is still Gauss
signal, which plays an important role in signal analysis.
TSR —RBEAG 5 ——AF 555 (singular signal) , XR[FSHBCERARR T4
—



5% B %K (singular function) , B R 307 B il H- 5 30 5 B 5 50 i BL A7 57 {H (singular value) (i
FEH) o

1.3.6 FARIEE(#3%) f55 (Unit Ramp Signal)

RS AR — I ZITFBR B (8] (E L PSR IR S, R MZEME RN 1, WFRH
RS
The ramp signal, which is a signal with time proportional growth, is an ideal signal. If the
growth rate is 1, then it is called the unit ramp signal.
S R(1) R, HEEARE N
0, t<0

R(t)z{z, t=0

AT REE SR BA(E S (ideal signal) , BAWLHK, HFSPIEMAE 1-8(a) iR,
FELFRB AT, HBPCEEHES, HREA

(1-13)

iz (t <71)
R(t)=[r i (1-14)
k (t=71)

#F{55 (truncated signal ) JFEIEZWNE 1-8(b) FiR .

R(1) R(1)
| k==
| i
0‘ 1 t o| T 1
(a) BAIBIEES (o) REHFIEES
B 1-8 HAEES

1.3.7 HfiBBKfS 5 (Unit Step Signal)
BN BRI S AFFS u(e) Fn, HEXH

0 0
u(t)={1 2:0 (1-15)
WIANE 1-9(a) fin. BAIMBRES u(t) 7E t=0 bFFEBWI S, TEHAE u(t) BH

5E o

Obviously, there is a discontinuous point at ¢ = 0. As same as the complex exponential signal ,
the unit step signal will be very important in our examination of the properties of systems.

B B BRAE 5 L AT LUIERHE BRI 2 ¢, LARFS u(e—t0) Fm, HREA N

0 t <t

u(t—to)={ (1-16)

1t >t
Xf BB AR 1-9(b) s
BYER(E S S BRI E S LR, BIE S EERBEANZ] ¢, IRTIEE N E, F
FX—HFHE AT DA (M AR R AR B FE S AR . B, ARG S RnE
TRk o LA B IE 5455 AT, W 1-10 frs . Horp f(e) = u(e) ~u(t—t,) o
— 8 p———



u(t) ll(!—lo)

| B Y —

0 t o] & !
(a) FALBYBRAE S (b) HERER i) AL B BR AR 5

B 1-9  BLEERSE S

A0 l/sj;m(l)

N RVAVAR

(a) FETE Bk oh (b) I IEX {55

=

K 1-10 fRIEHE S

The relationship between the unit step signal andthe unit ramp signal ;

de(tt) =u(t) —— first derivative (1-17)
R(t)=JJ_ u(t)dt —— running integral (1-18)
The unit ramp signal is also represented as R(t)=tu(t).
1.3.8 £F5#B(Sign Signal) e
RFS R AR Y |
1,t>0 t
sgn(t)={_l’ g 2 (1-19) 0
HHWERESRML, 5 RBAEE AAATE X, Hik T
e 1-11 frzs. B 1-11 22w
B, BrERES T ADRE AT S R%, By
sgn(t) =2u(t) — 1 8¢ sgn(t) =u(t) —u(-1) (1-20)

1.3.9 HufdhifsE (Unit Impulse Signal)

B BB G T ] — AN REE I E] G55 S M B E TR TS K, (B (] B BRI A A BRAE Y
PRERRDR A . Bildn, s pEdii N, BOsE T ekl , % BRmfE R o
%

The unit impulse function is quite useful in theanalysis of the signals and systems. The unit
impulse signal is denoted as () and can be defined on many ways.

(1) #1551 X (Definition of the Impulse Signal)

MAE S AT LA ARIEE SO, B, BsER ke =Mk ohiEas h shi ek, 5
AT AR KR . SR R %, hFERR%. kL 7E (Dirac) BREORE o

B BRI 5 B KB BE ( Dirac) 5& LR



f_o 8(t)det =1

8(t)=0, t#0
W RS A RRR, #kir mAKES hEGRERAF S RAR/D—3, H R
R ST R ERME, ERTLUESER, SESHEEMXS, mE 1-12(a)
FR7R o

Since 6(t) has, in effect, no duration but unit area, we adopt the graphical notation for it

(1-21)

shown in Figure 1-12(a), where the arrow at =0 indicates that the area of the pulse is concentrated
at t=0 and the height of the arrow and the " 1" next to the arrow are used to represented the area of
the impulse.

BT MRS AT AE R BAEREN 2 00, PARFS 8(1—to) Rm o MBURAE . MEGREN E
BRI S 85,08 X h

{f_was, J(Ddt =E -

S, ;o(t) =0, (t#1)
BOE A 1-12(b) fi7s.

&) oy ,n(t)=E5(r—t0)
(E)
(1)
0 t Ol 1o T
(a) SALPRARS (b) PR, MOSCREER BRI S, ,
B1-12 s

MRS RAE AR R, HBRER KR —RESHBCERR, flm, BRBERES
FEA SV IRERERI R A P, « I O7H) "B 2], AP EM OV BRZER] 1V, T

WA B i(0)= “ e LRI, BRI, AR, (e

B B ) R 43 R £ BB R T LA P o pR B 6 (o) ek
AT ENEA IR S, BATE T LR R @1 55 R . Bildn, st
FET ok v U BR A7 F) B v e Ry

1
5(1) =lri_x£7[u(t+%) —u(t—%)] (1-23)
A1)
1 malqsm%,ﬁﬁﬁf,agw%mﬁmﬂm,
1
ERiR %ﬁ%ﬁ%%#%ﬁﬂr-%=h$@,Wﬁ%ﬁf%?
N . I
UL L e B g, M R LB O A
%'"%,i_? : BSo

=13 ST b B B 8(t) is a short pulse, of duration 7 and with unit area

value of 7. As 7—0, §(¢) becomes narrower and higher,
— 10 —



maintaining its unit area. Its limiting form can then be thought of as an idealization of the short pulse

8(t) as the duration 7 becomes insignificant.
The relationship between the unit step signal and the unitimpulse signal ;

u(t) =J‘_ 5(7)dr (1-24)
&(t) =$ (1-25)

That is, u (¢) is the running integral of the unit impulse signal. This suggests that the
continuous-time unit impulse signal can be thought of as the first derivative of u(t).
(2) {55 #: )i (Properties of the Impulse Signal)

@ #liFE4F 4 (sampling property)
AU [ fsde=1c0) (1-26)
SRR [ A8t = 15t =fay) (1-27)

TGS SRR P B BT SR AR AR () TERRE AR A ISR
Proof; We can deduce the property from the definition of the unit impulse signal,

fjf(t)ﬁ(t)dt =f(i-f(t)8(t)dt + f:if(t)é(t)dt +f:’f(t)8(t)dt
=0+ joif(t)a(t)dt +0

=f(0) f:S(t)dt
=f0)
JR R R BRI — N RS S E 5 5 whidE SR LS AR 845 T M5 SR
RAEHIE
IR, FA1d T AUEBIRER AR YR R . SER AR BRI — N E 1, RAEELNES S
MR SR LG BB TR M5 S7E 1o SAEEIME.
MBS S RO MR, RATE AT LU

f(£)8(t) = f(0)8(¢) (1-28)
St =1)8(t —t,) =f(2, =2)8(¢ —t,) (1-29)
[ A= 10)8Ce = 1) dt = (1, - 1) (1-30)
@ X}t (symmetry property)
8(t)=8(-1) (1-31)

Proof: Becausef:oﬁ(—t)dt =—J:m8(x)dx =f:8(x)dx =f:8(t)dt

hence, 8(t) =8(-t) .

® REER# (scale property)
1
8(at) = |T|6( t) (1-32)
Proof: When a>0, the left hand side of above equation is equal to



