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introduction

English Chinese
signals and systems SRS
continuous time signal TS ENES
discrete time signal BHEEES
sampled discrete time signal KRN EES
real and complex signals BL(ESHSRES
deterministic signal HEMES
random signal BEHES
even signal EES
odd signal SIS
periodic signal BHEES
non-periodic signal IFEERES
energy and power BETRANER S
physical quantity YEE
variable g
phenomenon Y
RC circuit RC BB
capacitor FAEs
samples (=
sampling interval KEfER
sequence =27
real and complex number SLEFNSE
analogue signal RIS
digital signal HFES
fundamental period EXEH
instantaneous power ZHMIES
average power YT
normalized energy 3—{tEEE
normalized average power IH— T
Signal types and systems classification
English Chinese

Unit Step Function

B HEREN




Heaviside Unit Function

Heaviside E2JTIHEE

Unit Impulse Function ER{RTRK P RN
Dirac Delta Function Jkfirse Delta ERiEK
Time Shifted B
Exponential Function EEERE
Euler’s Formula BRI AT
Real Signal HXfES
Complex Signal SHM=5
Periodic Signal BHEES
Fundamental Period e~ NI
Fundamental Frequency =55
Real Part and Imaginary Part SEEBFIREER
Radian NE
Discrete Time Signal HHEEES
Continuous Time Signal ESEES
Unit Step Sequence el e
Unit Impulse Sequence ERTRKIH 5
Sinusoidal Sequence IE3&FF5
Operator HF
Deterministic System REMERS
Stochastic System REAERSE
Nonlinear System MRS
Time Invariant System ESAAZE RS
Time Varying System HEER
Bounded Input BRI
Bounded Output BREH
LTI systems 1
English Chinese
Linear Time Invariant System SMRAERE
Convolution Sum BN
Superposition Sum BN
Convolution Integral BRHRS
Discrete time EIRRATIE)
Continuous Time JELZEATIE]
Superposition Property EINEME
Time Shifted iRpZ2
Scaled Unit GERRERASL
Impulse Sequence vl
Unit Impulse Response ERTTRK AL
Geometric Sum Formula TUIFRFAT
Analogue Signals EES
Staircase Waveform TR




LTI systems 2

English Chinese
Linear Time Invariant Systems GRS AR RS
Eigenfunction and Eigenvalue FHE RSN E
Commutative Property AR
Distributive Property ya)i T
Associative Property KEXEM
Unit Impulse BAffH
Invertibility Giped
Inverse System LB
Causal and Non-Causal System | ERFHFERZRS
Discrete Fourier Transform Ry
Laplace Transform 1
English Chinese
Laplace transform hrEhIHR AR
s domain S i
complex variable Sx8
continuous time LTI system JELEATIA) LT1 2%
unilateral and bilateral BRINFINGA
region of convergence ISR 12k
s-plane S-S
complex plane S¥m
poles and zeros REFIE R
numerator and denominator PFHDE
set notation REMS.
Laplace transform 2
English Chinese
Inverse Laplace transform JIEAVA=EVE: i3
System Function RGIhRE
Unilateral Laplace transform BAIDH T AR
Partial Fraction Expansion B IBS BT
Cascade REx
Transform Circuits piyedachi
Fourier Series
English Chinese
Fourier series BEMRE
convergence zs




harmonics

sinusoidal signal
fundamental frequency
Euler's rule

magnitude and phase
Dirichlet conditions
exponential Fourier series
trigonometric Fourier series
harmonic form Fourier series
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Fourier Transform

English Chinese
Fourier Transform el g
continuous time LA
filtering IR
fundamental period EARTHA
Complex Fourier Coefficients SHEEHRK
infinitesimal 2\
nonperiodic E|353):
Fourier spectra BEME
Fourier Transform Pair BEM ISR
Convergence %,
Duality -
Parseval's Theorem IRHTEL/RETE
Frequency response SRERIE L
amplitude distortion LS
phase distortion iEvE ST
Low pass filter (RIBISIRES
High pass filter BB AS
Band pass filter B IEIRES
Band stop filter BRI RS

Z transform 1
English Chinese
difference equation ENTE
z-transform 2 iR
rectangular approximation FEFARL
discrete time LTI system EIEQRTIA] LT1 B4
bilateral z-transform XA 2 EEH
unilateral z-transform B 2 ik
region of convergence WI8G X I
unit impulse sequence BAIEKP RS




unit step sequence

BRI

Z transform 2

English Chinese
inverse z transform ¥ 2 ZHR
discrete time LTI system EIRETIE) LT RE%
block diagram FIHEE]
causal system ERRS:
unilateral z transform B 2 ik
power series expansion BRI R
partial fraction expansion D DEEFT
impulse response BTN
linear constant coefficient - SGMEHRY
difference equation £
system interconnection RFEREB
Discrete Fourier transform
English Chinese
Discrete Fourier Transform LT
Discrete Fourier Series RS EMRE
Fourier Coefficients BEMER
periodic sequence AR5
successive values FESE
spectra coefficients FEERE
duality -
Parseval's Theorem TREREL/RETE
Fourier Transform Pair {HERME S
Fourier Spectra EEME
Filters Design
English Chinese
analogue filter and digital filter LSRR Bk eS
implementation SEHR
approximate numerical integration technique | IEREERD A
FIR and IIR digital filters FIR #1 IR $FiSikes
butterworth filter SRS Eas
low pass filter (IR a8
high pass filter Vbt
bandpass filter IR RS
numerical integration HERD
bilinear transformation LA IR
Tustin's method PEET TR




finite impulse response B BRAK RN R
infinite impulse response FoBREX AR
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A signal x(2) or x/n/ 1s referred to as an even signal if
x(=1 =x()
x[—n] = x[n]

A signal x(2) or x/n] is referred to as an odd signal if

x(—n=—x()

x[—n] = —x[n]

A continuous-time signal x(t) is said to be periodic with period T if
there is a positive nonzero value of T for which

For analogue signals:
x@@+T)=x() all r
x(t + mT) = x(1)

For digital signals:
x[n + N] = x|n] all n
x[n + mN] = x|n]

Convolution:

40

y[nl = > x[klh[n — k] = x[n] * h[n] (2.39)
k=—o

y(@) = Jjw x(T)h(t — 7)dT = x(t) * h(t)

(2.40)

Laplace transform:

For a general continuous-time signal x(t), the Laplace transform X(s)
13 defined as

,’l:'t.'-'}=f:.1.'mr el (3.3)

where:

5= 0+ jw (3.4)



Laplace Inverse Transform:
x(t)=L7{X(s)}

x0)=—— [ X(s)e*"ds
L At

Fourier Series (original complex exponential form):

xn

k=—e0 0

| o
Ci :-:-f x(t)e M gy
Ty <o

1
Co =— x(t) dt
0 T, fTu )
Trigonometric Fourier Series:

a - .
x(r)= -oﬂ 1 z (a;, cos kwyt + b, sin kawt)
= k=l

2
a =—f x(1) cos kwyt dt
To Y To

b, = 2 1 d
Dy —Kfr('.r(t)sln kwyt dt
Fourier Transform:
X(w)=F{x(t)}= fl x(r)e'™ dr
i .~} _L = Jjeor
x(t)=% {X(w)}—zﬂf_IX(w)e dw

Fourier Spectrum:

X(w) = | X(w)] e/?™

(3.24)

(3.25)

(54)

(5.5)

(5.6)

(5.8)

(5.9a)

(5.9b)

(5.34)



Z transform:

x

X(z)= E x[n]z™"

n=—ow

Inverse Z Transform:

=i I =1 g
.-'l'[ﬂ] — R§f X(.;.)..'. (!.;,

Discrete Fourier Series:

x[n]= ¢, e/o" Q, = <&
k= N()) NU

Discrete Fourier transform:
X(Q)=F{x[n]} = 2 x[n]e

n=—wm

x[n)l=F {X(Q)) =lf X(Q) e dQ
2mJd2n

Discrete Fourier Spectrum

X(Q) = |X(Q)|e/#®

(4.3)

(4.28)

(6.9)

(6.10)

(6.11)

(6.27)

(6.28)

(6.30)
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Laplace transform for some common signals

x(1) X(s) ROC
(1) ] All s
u(r) % Re(s) = 0
—u(—1r) % Re(s) <0
tu(t) .;15 Re(s) > 0
k!
™* u(r) ey Re(s) > 0
|
e~ u(r) o Re(s) > —Re(a)
|
—e~ 9 y(—1) S Re(s) < —Re(a)
1
te " u(r) G+ap Re(s) > —Re(a)
1
—te (1) EEap Re(s) < —Re(a)
s
COS Wy fu(r) T Re(s) = 0
0
: W,
sin @, fu(r) o Re(s) = 0
< 0
s+a

e “cos wytu(r) Re(s) > —Rel(a)

(s + a)’ + o}

W,

e~ “'sin o tu(r) Re(s) > —Rel(a)

(s + a)* + o




Properties of Laplace transform

PROPERTY SIGNAL TRANSFORM ROC
x(1) X(s) R
x,(0) X,(s) R,
x(0) Xy(s) R,
Linearity ax, (1) + ayx,(1) a, X,(s) + a, X,(s) R'DR NR,
Time shifting x(1—1t,) e X(s) R'=R
Shifting in s s’ x(1) X(s—s,) R'=R+ Re(s)
1
Time scaling x(at) ﬁ X(a) R'=aR
a
Time reversal x(—1) X(—s) R'=—R
; s dx(1) '
Differentiation in ¢ T sX(s) R'DR
dX
Differentiation in s —1x(1) % R'=R
s
: 1
Integration f x(r)dt - X(s) R'DRN{Re(s) > 0}
-0 S
Convolution x, (1) = x,(1) X, (s) X,(s) R'DRNR,
Properties of Fourier transform
PROPERTY SIGNAL FOURIER TRANSFORM
x(1) X(aw)
x, (1) X, @)
(1) X, )
Linearity ax, (1) + a,x,(1) a, X, + a,X,@)
Time shifting x(t—t5) e 19 X(w)
Frequency shifting &/ x(1) X(w— oy
1 (0]
Time scaling x(ar) — X(—)
la| a
Time reversal a—t) X(—w)
Duality X(1) 2nx(—w)
Time differentiation @ JjoX(®)
di
Frequency differentiation (—jnx(t) a2
dw
Integration J‘l x(1) dt nX(0) 8(m)+.i X(w)
. o
Convolution x,(0)% x,(1) X, (@)X, (@)

Multiplication
Real signal
Even component

0Odd component
Parseval’s relations

X, (Dxy(1)

xp) =x () +x,8

x,(0
x, (D

| xX,0 dA =[" X,(0x,(A) dA

Ji.r,(r)xz(r) dr =%'[1X, ()X, (-w) dw

= 2 Gy A= 2
[xF di=——[" | X@F do

zln X, (w)*X,(w)

X(®) = Alw) + jBlw)
X(—w) = X*(w)
Re{X(@)} = Aw)

JIm{X(@)}= jB(w)




Fourier Transform of some common signals

) X(w)
o(n 1
o(r — t,) e jok
1 270 ()

e/l 270 (w0 —w,,)
cosm, ! ald(w —w,) +dlw +w,)]
sin @, ! = jaldlw —w,) — 3w +w,)]

1

u(r) ad(w) +—

Jw
: 1
u(—1r) adw) ——
Jw
|
e “ult).a>0 .
Jo +a
1
te “u(r),a=>0 —_—
(jw +a)”
: 2a
¢ " .a> 0 =~
a +w"
l ,—{l o

2 2
a

2 7T 0 2 ¢

e at a>0 _‘,(;/41
a
1 |r|<a sin wa
p, 1) = : 2a
0 |t|>a wa

" 1 |w|<a
sin art I’,,(‘U) -

¢ 0 |w|>a

2
sgn! pm
0}
- S . d 2n
E O(r — kT) ®, E 0w — kw,).w, =—
k k x 1
x ‘

Filters design — integration approximation methods

Table 5.1. Substitutions for Various Integration Methods

Method
Forward rectangular s=(z - 1/T
Backward rectangular § =(z — 1)/Tz

Trapezoidal (bilinear transformation) s =2(z - )/T(z + 1)




Some common z transform pairs

x[n] X() ROC
S[n| 1 All z
1 Z
uln] ']_—_—_T:_—l lz| > 1
1 1 Z <1
u[—n—1] — |z]
S[n—m] z—m All z except 0 if (m > 0) or = if (m < 0)
L £ 121> lal
n ’ Z
a"uln] l1—az' z—a 4
L £ |21 < lal
e T 3 4
@ut=n=1 1—az™ z—a A
- =
"uln) o 21> |al
e (1—az™")’ ' (z—a)’
5= -
—na"u[—n—1] = e & 5 |z] < |al
na"u[—n (—az"") ' (z—a) “
! [ ; ] 21> lal
n =TT z
(n+1)a"uln)] (-az")’| z—a
z°— (cos Q,)z
cos Q n)uln = ! z|>1
( omuln] P (2008 )z +1 |zl
. (sin )z
sin Q. n)uln = > 1
| omuln] "= (2co0s ,)z+1 12|
Properties of z transform
PROPERTY SEQUENCE TRANSFORM ROC
x[n] X(2) R
x,[n] X,2) R,
X,[n] X5(2) R,
Linearity ax,[n] + ayx,[n] a,X,(z) + a,Xy(z) R'DR,NR,
Time shifting x[n—ng] 27" X(z) R'DRN{0 <|z| < =}
Multiplication by z} Zpx[n] X[—z-] R'=|z5|R
2y
Multiplication by e /% enx[n] X(e=z) R'=R
" 1 1
— x| = fms 2
Time reversal x[—n] [ - J R R
dX
Multiplication by n nx[n] —z% R'=R
<
. < 1
Accumulation > xln] 1_—2_,X(Z) R'DRN{|z]>1}
k=—oco
Convolution X, [n]* x,[n] X, (2)X,(2) R'DR|NR,




