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= Time-Domain & Frequency-Domain Characterization:

r o0 ) - : “+ oo .
lH(jw)= / ﬂf(t)e_jwﬂ\hf(e}w)= > hlnler

N=——00

5(t)/8[n] Pﬂ\
#(t)/z[n) . A
X(jw)/X(ej W o))
) s XGN A1) = HGON /0(t) < Y (jw)
x[n] s X(d N7 ] Ly H(e y[n] PN Y (el

y(t) = 2(t) x h(t) «— Y (jw) = XGwIH(jw)
yln] = z[nlxhln] s V() = X (/%) H(e™)
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems (p. 427)
rties

of Ideal Frequency-Selective Filters
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

er Continuous-Time Systems
er Discrete-Time Systems

* Time- & Frequency-

Domain Analysis of Systems
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= Magnitude & Phase Representation:

Im“ a,,b - (I_:\/a’2+b2
a+jb = <~
@ - \tan(@)zg
9 -—
Re = a4 jb=re’

>
g \
=
J

X(jw) = Re{X(jw)} + j Tm{X(jw)}
— —— —

X() = Re{X(&)}+ j Im {x (")) = |X(")[err X"

—
‘/-~ — -

‘X(jw)| or |X(e~”"“’)| . magnitude

X X(jw) or & X(e’*) : phase angle



Magnitude-Phase Representation of Frequency Response of LT SHatefhe "~
= Magnitude Distortion & Phase Distortion: (p. 428)

Y (jw) = X (jw) H(jw) j
Y () = X(e) H(e™)

Y (e)| = |X(e)] [H(e)]
L LY (V) = L X(eY) + L H(e)
|H(jw)| or IH(ej"’“M : gain of the system

H(jw H(e’™) : ph hift of th t
qﬁﬂ)ori\—(_\) phase shift o e system
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Magnitude-Phase Representation of Frequency Response of | TLSY&tE

= Log-Magnitude & Bode Plots:
(p. 436) X =—>

Y

Y(jw) = X(w) H(jw)

Y (jw) =//‘&(j’w)l [H (w)

YY) = 3X(w) + ¥ HGw)

=

= log |Y (jw)| = log | X (jw)| 4+ log [H(jw)|

= (20)log10 |Y (jw)] |0910 |X(jw)|@|0910|ﬂ(jm|
X —=i =10

20 logig (1) = 0 dB
= { 20 logyp (10) = 20 dB
20 logig (0.1) = —20 dB



Magnitude-Phase Representation of Frequency Response of | T|:SYstEi
= | og-Magnitude & Bode Plots: (p. 436)
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Discrete-Time Bode plot
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

(p. 448)

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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= First-Order CT Systems: (p. 448)
(++

y(t) Y (jw) = X (jw) H(jw)

Q}@ém T u(t) :@B

Y 1Y rix@

T (1) ey

= h(t) = - e~ UT u(t)
= §/g_§)\ = h(t) * u(t)

<\

= [1 — et/ u(t) _é;’yz' o Time Constant1t -
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. . e 1
= First-Order CT Systems: ,H(jw) — :)
. 1 Jwt + 1
|H (jw)| = -
—_— \Z(w'r 241
201091¢ |H(jw)| = —1010914 {('w'r)Q O@'

, -—f—= ) ‘ . l
oo 10 |Oglo (’UJ’T)Q —I‘ ]. :'@ W T

= = - 1

< —10logo |(wr)2 41| = —10109:0(2) ® —3dB L =2
| —10log; [(wr)2+ 1| = =2010035(wT) w >> 1

= —20log1g(w) — 2010g:0(7)

20

a.1/7 147 100 10017
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= First-Order CT Systems: H(jw) =—

-

JwT4

—(®)[log1o(wr) +1] &L <w < 19

= —(3)

l0g1g(w) —+ logio(7) + 1 ]

i : \

_______________

i i : : r—
— 34 | y i | 3z
—1
0/ 1/ 10/ 100/~ tan T @—+__
neo / l (x) 3 c
\
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= First-Order CT Systems: 1
H(jw) = -
Jwt + 1
2010910 |H(jw)| = o
s 2dB
0 w<<1l/Tt ||
E = _‘_Asymp’_[ﬂticl
_10 |Oglo(2) s 3R i 1/T ;Q approximation
4 g? =0 |-
—20 Ioglo('LUT) w >> 1/’7' é
= —201l0g10(w) — 2010g,0(7) or .
0.1/ 1T 104 10015
¥ H(jw) = e
e w < O.]./’T Asymptotic

approximation

I fexy)

—(m/4)[l0g10(wT) +1] 0.1/7 <w < 10/7F

! = —(7/4) ['oglo(w) tlogw(r)+1| |

_71-/4 w = l/T 34 I m | |

0/ W 10/ 1004

—7/2 w > 10/1 ”

i -

\
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rder CT Systems: (p. 451) zeto,
) (ol <o,
NCAE X
>
> HUY) = G Gy T an?
T G2+ 21<(jw%> +1
2
= H(jw) = -

(Jw —c1)(Jw — c2)

1 = —Cwn + wny/C2—1
co = —(Cwnp — wm/g'2 —1
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= Second-Order CT Systems:

2
: L Wn
= HUw) = o 5 nGw) + wn?
1
H(jw) =

GE)? + 20GE) + 1

¢ . damping ratio
wn . undamped natural frequency

(0< (< 1: underdamped
4 (=1": critically damped

. ¢>1: overdamped
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= Second-Order CT Systems: o w;
il 7 e T —
0F0r§=1,=>01202@ —~—— -
= = - ~ 7
2
= H(jw) =
V= G ﬂ)?
= h(b) —fwnteO u(t)
e For ( =1, = c1,co unequal:
S H(jw) = = w
ya Cb ﬂ;) @:2 21
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Second-Order CT Systems: M=__n

24/¢2 -1

e For 0 < ( <1, e¢1,co:_complex:

1 w,,%

H .w — p——
(.] ) (]%)24_2((]%) +1 (jw—cl)(jw_CQ)

oL = —Cuat juny/1 -
o= —Cup — jwpy/1— (2
— ’wnt
T e

2j1/1 — (2

"“\”/T___CZZ [sin ((wn\/l _ C2)t>_ u(t)

S

eclt eCQt
E g ?: = — 1
=t s(t h(t)*u(t) 14+ M [ - - u(t) ¢ 7+

=( h(t))= M [ecﬂ - eczt} u(t)
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= Second-Order CT Systems: %
N —GRT

[ Y iy
i [}

1 e

a2 t
E":'u L "

h(t) = wnpeSwn [sin ((wn /1 _Cg)t)] u(t) ' S —— o - =

cit

s)={1+1 [~ gy
c1 co

)
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= _ . w) = 1
Second-Order CT Systems: H(jw) GER +20GE) +1

If(jw)‘zk\/ll ) (@2}12+4C24(£;’?f
@%H(ij:QOQw : ﬂz 4f2(¥“éi}
(B COT+ 08 (K T ey

26
R —20I0919@ w = wy

\< - 4§|0910(w) + 40109:0(wn) w >> wn
— NANA—— — .
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|H(jw)| =

- @]+ @) 4=

o )
i R e el

N

3
= 4)+(4g2—2) (2@5):0 = w(w? 4+ (2¢° - Dw;) =0
\ Wy wy ) T
Ol(E£4/1 — 2¢2 wy,
@ FOI"\C/<\;\
, 1
= MaXx {‘H(]U])‘} at wmax=wnV 1—2C2 |H(]wmax)| —

2¢\/1 = ¢?
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» Second-Order CT Systems: m(jv) = - leﬂ) —

0 ’lUn<< W, - — 1

Q ¢

N

—20109;, W = Wn

— 4010g.9(w) + 4010g:o(wn) w Wn,
20 \H A

N - ! | L=
- | | 3

——

1%

_______________________________
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20 logyg
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» Second-Order CT Systems: H(jw) =

4H<gw>{)tan BN (= G

\wn

T%Q w < 0.1wp

/R e
A w=wy
A T = (x/ 10910(2) + 1] Qlwn < w < 10uwn
e 16 w > 10w

_______________________________________________

——————————————————————————————————————————————————————

______________
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= Second-Order CT Systems: H(jw) =
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1

GEY2 +2((GE) + 1

20 1
. 7=0.1 _
20 |Oglo |H(]U})| p— o2 Q = 2_C
0dB =\
. Asym.ptoti.c
0 w << wy ‘_;%_ oL approximation §=§0:.71 LJ
—201091¢(2¢) w = wp Sg? ol {=15 | Y{
— 40 |Ogj_0(’u)) + 40 |Oglo(’w‘n) w >> Wy o N
—60 |
-80 | A | \l
0.1y, , 10w, 100w,
V2 = 1 —2¢? i
e For ( < - 5= Wmax = wn\/ 1 —2¢
{=0.1
5 e i (=02
B N (=04
I H(jw) = ol R S Y- X
2 S Asymptotic
T —m2 | ‘ approximation
i
) -3m/4 |-
0 w < 0.1wp B
— (w/2)[log10(w/wyn) + 1] 0.1wn < w < 10wy, | | | |
4
_7-‘-/2 w = Wn 0. 1w, wp, 10w, 100w,
- w > 10wnp i
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First-Order & Second-Order CT Systems
= Example 6.4: (p 457)

(jw)? + 100!3 )—|—<104>
~ z
\WJa

27 Wn

=2 x H(jw)

S —
— ~

20 log,, |Hijw)|

szL
¢ =1/2

= 201091 |H(jw)| =
f\m

2010910(2)4+ 20109,¢ gﬁ g’w)|
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= Example 6.5: ;) = 000 +jw)
/1 — ' a! \ {1 ‘| . ]
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= Example 6.5:

_40 -

™2 I

w4 I

-4 T

—-7/2
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h(t)

s(¢)

2010910 |H (jw)|

 H(jw)

20 logyg [Hijw)|
| o
3 W 2

I
[=3
T

o
&

]

4 Hifjes)

e

3w

Asymptatic
— .
approximation

3

O/ 1|3
1 atr 10077
Z

e

Asymplotic
~ approximation

'
01fr

I
04 1004

20

0dB
e 20
I
S
5
2 _40
p=1
N
60
-80
0
*’TF/‘4 -
3
F-n2 |
%
~3m/4 |
m
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Asymptotic

approxima: tion o

100w, ()
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
p.461 = 1st-Order & 2nd-Ord

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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= First-Order DT Systems: (p.461)

Y (&) = X () H(e)

) — R

-—

yln] —ayln— 1] =aln] || <1

e —

- 1
= H(eV) =

) L —ae it [0\(<[

= hln] = a” u[n]

1 —qntl
V = s[n] = h[n] * u[n] = : uln]

— e
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= Impulse Response of First-Order DT Systems:

hin] e
(%)Y\l | a=+l 1 a_+;§ (—24')}'(
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o( Step)Response of First-Order DT Systems:
s[n] &[n]

(c) (d)
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= Magnitude & Phase of Frequency Response:

H(eV) =

1,-\_/‘_\1 —
1— a=(e—3'W) (1- acoszgt,(asi’@
/

: o}«{ 00
H(efw))| = : W

Vita-206sw) 7 7

%H(ejw) — —tan_l [ aSinw :|
—_— 1l —acosw

—
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= Magnitude & Phase of Frequency Response:
07 A< 0 f /)

20 logyp [H(e™)] . 20 logyo [H(e!")| < 8'-
ad-7
8
20dB 3 -+ 20dB
a=-3
T 16
1
a==-3 T 12
18 a:_% 1
/':\‘ i R\
H | y
) T

™ s
2 2

o 1 1 ol
4 4

2m - v V]
w -2 257 w

T _T
4 4

_m T
2 2

J (a) (b)
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o Second Order DT Systems: (p.465)

O44r)<1land 0<\9/<«
r
MQ e
A
= H(ejw) — 1 —7%5(938 J
, o
\cos(@) e79+e J9 Y(

— /
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= Impulse Response of 2nd-Order DT Systems:

e For 6 =0: I
- 1

e For O = m:
. 1

[n]

e R e [

e

e For 8 =0 or =

A . B

= H(v) =

1— (rei®e—iw = 1 — (re-i%)e—iw

. — —

= h[n] = [A+ B{ re_jg):)\ uln]

\

e’?

A= 24 sin(0)
2= _23‘ sin(0)
sin[(n 4 1)0]
r , U
sin(6)

—

]

=

r/\/\



FirXt-Ord & Second-

O%DT Systems(->

1 3
4 4
. 1 -
3 5D ]
; |“ 0=0 1%"‘ 4=0 1 =0
0 0 0
r=% r=% r=%
- - 1
‘ ‘ 0=3 ‘ 0=3 ‘
I, I1 ] -
0 0 ol
Lo | e | _3
r=3 =5 3
i, - — 1 o a@
, nzg l D=5 \ 6=3
. ll ]]'1
0 0 o[
r=‘} r=% r:%
! 9=32 . er%" L a=%’-‘
a
1, 1‘. l[i
ol ol ol !
1 f=1r 1 = \ “ 0=
| [htn
| Iy, I[ul'
0 ]1 0

o]“
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hin] = (n+1) (*)" u[n]

—

sin[(n + 1)
Sln(9)

hln] =(n+1) (—r)" u[n]

——
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o Stepg/Response of 2nd-Order DT Systems:

e For 0 =0:
_"

1 & n & n
sln] = [(r 1y — e 1)2r + . 1(n —+ 1)rjjb[n]
e For 6 = m:
1 i s —r)"*| u[n
s[n] = [(TH)Q Tt e ) } [n]
e For 8 #0 or A= Qj;J:(G)
s[n] = h[n] * u[n] b= _2jesiri@(9)

— (rei®yn+1 = (re—d0yntl
:[A(l ) )+B(1 (re™™) )]u[n]

1 — rei? 1 — re—J¢
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I’=% I’=% r=%
s[n] s[n] 12[{‘]
T | 1 4r =2 1af
4 z a -
3 p=0 0=0 3} 6=0 :i |
21 2 8 :
6
2l
o n o n 0 n
s[n] s[n] s[n]
4| R | 1 4 3
r=3g r=3 r=3
3l 0=3 3t - al 0=%
2| 2| 2
1 I T | HW I
s} n 0 n 0 n
s[n] s[n] s[n]
a} ,:% a4t r=% 4} r=%
3 6=3 3 0=3 3f 8=3%
2+ 2t 2t
e T, 1 |
| - I . U,I[tlullﬂmulﬂllllﬂlﬂlulﬂmm_n
s[n] s[n] s[n]
al r=% al r=% 4} r=%
3 037 31 o=37 3r o=37
2t 2t 2t
R B

[s] n (] n
s(n] s[n]
L 1 4f» _1
r=g r=3
S 0= = b=m=
2k

* Note: The plot for r= % , 8=0 has a different scale from the others.
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Frequengy Respo

= Magnitude & Phase of
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0 logyg [H(e'™)

- §=0

LA A

1
1 — 2r€os(0) piw + r2 e—i2v

0=0

P

——

[ ﬁ
- &
20 logso [H(e")|
24 dB
1

{
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h|n]

hin]

(c)
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i




First-Order & Second-Order DT Systems

20 logyg [H(e™)]

2010919 ’H(ejw”

I H (ejw) S@ - F ;

T 16
T12

20logo |H(M)| ;0 T

18
Ta

Ao
I
T

L3
2
E o |
)

yEE) A A

! 1
R e
h
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20 logyg [H(e™)|

1
ol

(o)

20 logig |Hie™)|
L24a8
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= The Magnitude-Phase Representation 423
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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= Magnitude & Phase Representation:

Im (a,b) ( ?":\/a2—|—b2
a—+jb =
r  tan(0) :g
0
Re = a4 jb=re’

X(jw) = Re {X(jw)} + § Tm {X(juw)) @@
X(&") = Re{X()}+ j Im{x (")} =(xX() @

‘X(jw)| or |X(e~’f"”)| . magnitude

X X(jw) or & X(e’*) : phase angle



Magnitude-Phase Representation of Frequency Response T L TLSYStEig 2

= Magnitude & Phase Distqrtions: |
A0 WYEV 474»( R

Py iy
4

=AY (Jw)| = [X(w)| |[H(jw)|
Y ()| = | X (/)] |H (e’

LY (&)

Y (w) = X(juw) H(jw)
Y () = X (&) H(e’)

magnitude distortion

phase distortion

— <]

I X () + &
\

|H(jw)| or |[H(e’*)| : gain of the system

X H(jw) or & H(e’™) : phase shift of the system
T~ —
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= Magnitude & Phase Angle: acosuot +6) =5 i 0 + 2

(O s *@QOU’@@U@U@@
— [

Magnitude-Phase Representation of Fourier Transform

—J¢ g—Jwot

0 (?“a,d,) ss3-18
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A

= Magnitude & Phase Angle: Acos(wow):gm /w0l 4 £ =30 gmiwol
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= Magnitude & Phase Angle: Acoswot+¢) =

eJO eJwot _|_
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A e~ J® g—Jwot

x(t) = 1 cog(Ont @)—I— cos(2nt gbl)—l—l co@@)—k CO@¢3)
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ATAVITAVIVAVITAVITAN {¢
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= Magnitude & Phase Angle in Images:

F . . X X (Jw,5w
2(t1.12) < X(jwi,juwo) X (jwy, jwa)|e’* (3_“ ?)
z[ni,no] +—— X(e¥1,e/¥2) ‘X(ejw1,€jw2) I XX (V1,e12)

g i

new mag -+ pha
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation 427

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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Magnitude-Phase Representation of Freq Resp of LTI Systems,,
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= |Linear Phase: ”
X Y
e =) v

Mo H3(e’™) =£{2(€jw)H1(€jw)

Magnitude-Phase Representation of Freq Resp of LTI Systems,,
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= Linear Phase: X I- %

Magnitude-Phase Representation of Freq Resp of LTI Systems,,

| | Hi(jw)] =1
Hy(jw) = e 70 = =
p— | S H1(Jw)| = —wip

>

= y(t) = z(t — lo)

—
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b e
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= Linear Phase: X I- %

) £ iF )
Ho(j HO

-

Magnitude-Phase Representation of Freq Resp of LTI Systems,,
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= |Linear Phase: D% v
p —’-—’
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= Group Delay & Phase:
 Linear Phase & Delay:

-

Hi(jw) = eﬁ = y(t) = z(t — tp) = delay =i
—— —_—

CE—

Hq(e™™) :i@ = y[n] = z[n — np] = delay = ng

C—
/ o

* Nonlinear Phase & Group Delay

mGw =) = rw) =05 {3 mGw)
=0 {rw)



Feng-Li Lian © 2013
E-SS6-TimeFreg-60

Example 6.1:

H(jw) l (jw) Ha(jw) H:s(J’w)!
H,(jw) D+‘ Y 1+ 67 256G,

2(3)2¢w; (Gw) 14 (22)2 4 25¢; (L)

(| H;(jw) —O o
= 3 < H;(jw) :/F@arctan[ L (/\)L‘,

IH(Jw)I =
%EH(Jw) = [ H1(jw) + ¥ Ho(jw) + ¥ H3(jw)

@ Q <IH(7’w)
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Magnitude-Phase Representation of Freq Resp of LTI Systems,,
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\
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Magnitude-Phase Representation of Freq Resp of LTI Systemsg,,
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Magnitude-Phase Representation of Freq Resp of LTI Systems,,
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Magnitude-Phase Representation of Freq Resp of LTI Systemsg,,
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters 439
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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= |deal Lowpass Filters:

1 w| < We
. =~ —_
@TH(J’w) = { L
0, |w| > we —unit gain
| 1, |lw Sw —zero phase distortion
H(ejw) p— = or - P
D/( 0, Jwe < |lw| <7
H(jw)
\/\) X HGjw) < H(E™)
—Wg o e o}
H(e’™) — e
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Time-Domain Properties of Ideal Frequency-Selective Filters . ,cc cce rimerreq-72

= |deal Lowpass Filters:

() 1, |w| < we
HQw) = p .
0, [w] > we A(t) = Sinu
| = S
- L, Jw] < we —  Sinwen
H(eY) = \ hn] = —Tn
, We < |’lU’ S T

(a) {®) We —
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Time-Domain Properties of Ideal Frequency-Selective Filters

= |deal Lowpass Filters with Linear Phase:

H(juw) h{t)




Time-Damai ies of Ideal Frequency-Selective Filters NTUEFEeggSIE_SI'II;I;deZC?l?i
= (Step Response’of Ideal Lowpass Filters:
t y \061 ringin
s(t) = h(T)dr o 0 Q
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation

of Frequency Respo
= Time-Domain Prope

nse of LTI Systems
rties

of Ideal Frequency-Selective Filters 444
= Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Orc

er Continuous-Time Systems
er Discrete-Time Systems

= Time- & Frequency-

Domain Analysis of Systems
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= Overlapping Spectra: e _,-_, %

X(jw)

| Time- & Frequency-Domain Aspects of Non-ideal Filters

Xo(jw)

H(jw)

[~

|deal Band-Pass Filter ?
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= Desired Fijter Ghar

acteristics: X _,-_> v

et @ d1 - allowable passband ripple

; allowable stopband ripple
passband edge
stopband edge
transition band

149,
18,

(A : overshoot |
6 . steady-state error
¢ wr @ ringing frequency
tr : rise time
ts . settling time @




Time- & Frequency-Domain Aspects of Non-ideal Filters

= Three Frequently Used Filters:

* Butterworth, Chebyshey, Elliptic filters

\Hc(jﬂ)\z =

‘Hc(jﬁ)‘2 —

2

|F|.(fﬂ)|

1.

1+ (f)2N

1

1+ 2V3(&)

Vy(z) = cos (N cos x)

|H.(j)]

1 1 —31 __ T

14+ €2U% ()

Upn(x) : Jacabian elliptic function &——ft—X{;
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Time- & Frequency-Domain Aspects of Non-ideal Filters

Feng-Li Lian © 2013
NTUEE-SS6-TimeFreqg-79

= Example 6.3: Two Frequently Used Filters:
Butterworth filter

Magnitude of frequency response

 Elliptic filter

Fregpency Response

=
w
T

=
o

-
o

o
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[ ]
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=
I~

=
o

9
o

e
=

Butterwoh filter

‘\'1_‘6—--...

‘ Frequeny (Hz)

800 1,00¢

1.2

0.8 I
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= The Magnitude-Phase Representation
of the Fourier Transform

= The Magnitude-Phase Representation
of Frequency Response of LTI Systems

= Time-Domain Properties
of ldeal Frequency-Selective Filters

= Time-Domain and Frequency-Domain Aspects
of Non-ideal Filters

= 1st-Order & 2nd-Order Continuous-Time Systems
= 1st-Order & 2nd-Order Discrete-Time Systems

= Time- & Frequency-Domain Analysis of Systems
472
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= DT Non-recursive Filters:

or infinite impulse response (IIR) filters

possible to design a causal, recursive filter
with exactly linear phase (related to time delay)

yn] —ayln —1]=z[n] la| <1 = H(Y) = = :
1l — ae W
ﬁgﬁ@or finite impulse response (FIR) filters
> ave exactly linear phase (related to time delay)
E— ss3-105
_—
1 M
yln| = Tln— k&
vinl = Far g, 2, on K
a"‘"/ """"
M n
< H(ej'w) _ 1 ejw[(N_M)/z]sin[w(M—I—N—l—l)/2]

N M 11 sin(w/2)
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= | og-Magnitude Plots: | | |[ss3-206

bte o VI -

H(ejw) _ 1 iwl(N-M) /2] sin[w(M+N+1g
N+ M+1 sin(w/2) ; :
— &

alfY)

|
(2]
o
T
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Iyl
R
-\
D

0dB-

= - W”mmmm :
2 3L | |
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400

= |Lowpass Filtering ’
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= General Form of DT Non-recursive Filters: 3104
1Y
yln] z[n — K] yln] = Z N+M+1 z[n — k]

~ sin(2wk/33
@_ [ B, < 32
. 0, k| > 32

( sin(27n/33)
— , n| <32

\ 0, |?’L| > 32

““U__jﬁ

h[n]

2
33

i

|
Rl

A :

@
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= General Form of DT Non-recursive Filters:

20 16@5gH(e)]

h[n]

33

1””” ““\h

h[n]
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Ss6-82
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= Comparison on a Linear Amplitude Scale:

20 logqg [H(e!)|

Time-Domain & Frequency-Domain Analysis of Systems

Feng-Li Lian © 2013
NTUEE-SS6-TimeFreq-86

20 I T T
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= Lowpass Non-recursive Filter w(th 251 Cogfficients:

yln] = z[n — K]

k=—
0.110
0.05
0.020
0.025
0.070

—
0 005 0.10

-20+

—40

Passband magnitude (dB)

-60 |-

—80

~100 |-

20 log,, [H(e™)]

—120 |-

~140 |-

-160 1 1 | | | | | | | | |

Coefficients determined by th¢ Parks-McClellan @

/
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d
gy(t) + ay(t) = ax(t)
_ a h(t) = ae ¥ u(t)
= H(jw) = - n
JwTa s(t) = [1— e u(t)
a
= H(s) =
s+ a
2010910 | H(jw)| H(s)
h(t) F - o)
1‘\ B 0dB s-plane
. . 0.1/ /T 10/T 100/7 1/ me
s(t) " G

|
0.1/r 1/ 10/ 100/t
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yln] —ayln—1] ==z[n] |a| <1

- 1 = h[n] = a" u[n]
= H(eVY) = .
1 — ae i 1 — gnt1
o = s[n] = u[n]
= H(z) = , 2| > |a l—a
20l0g1g |H (e’™)] H(Z)
h [?’L] F 20 logyg [H(e™)]
1 3 8 . I9m
e z-plane
4 Unit c@e
_ Vv
s[n] \ | gl \ i
a sk
3t T -t
1 -om - w
1 e &>

(a)
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(1) = 5(t)

X(Jw) =1, Vw

X wpl  H]l e H2 [—p| H3 |[—) )

—20
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s v T(w) = — @ X H(jw)
dw
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* The Magnitude-Phase Representation of the FT

= The Magnitude-Phase Representation
of Frequency Response of LTI Systems

* Time-Domain Prope
ldeal Frequency-Sel

rties of
ective Filters

* Time-Domain and Frequency-Domain Aspects

of Non-ideal Filters
= 1st-Order & 2nd-Oro
= 1st-Order & 2nd-Oro

er CT Systems
er DT Systems

* Time- & Frequency-

Domain Analysis of Systems



