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Rewview

Last time, we Saw o a linear, time-invariant (LTI systerm can be
charscterized by its unit-samplefimpoise respomse.
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Charascterizing o system by its unit-samplefimpuobse response s oes
pecially imsightiul for =oeme systems

Microscope

Blarring cam e regresenbed by comeobving Che image s bh Che optical
“point-spread-function” {30 impaise responese).
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Elwrring = irversely related to the diameter of She lens,

Hublvle Space Telescope

Hubide: images before and after upgrsding Uhe opticos.
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Frequency Response

Today we waill irmvestigate o different wey Lo charscteriee o systesn:
the fregueency respeoase,

By spsbems are naturally describeed by Cheir responses Lo sinusoids,

Example: audio systems




6.003: Signals and Systems Lecture 11 COctober 20, 2009

Check Yoursell Freguency Response Preview
. - If the input to a limear, e mnsaniant systerm s an eternal sinusoid,
Hoey weere freguenoies modifeed i followwing maeac clips? then the culput & also an etemal simeoid-
w e freguency
HIF: high ﬁﬂ:l"”"f:'ﬁ T- incresed « poesitly different amgditude, and
LF: ko frequencies 1o decressed » poesitiy different phase angie.
dip 1 dip 2 £[L) = coafuwt) ML) = M oot | @)
1.  HF] HF|
- LF LIF
T | ol 1 W .o IR WY
3. HF] LIF| | N sy |U "
4. LF] HF |
L mone of the abeee
o ’ The: Frequency resgpoanse s a8 plot of the magritede M oand angle &

a5 i function of frequenoy w.

Cemonstration Freguency Response
Bleasure e fregoency respomse of a3 mees, spring, dashpol system. Calomate the frequency resgeonse:,
1 (I} Methods

& sohve differenbal equaston

o fimd particular sodution for 208 = 6wl
& find impulse resgeonse of systesn
—t ] o conwohe with 2] = ol

Plerws e bhosd
& e eigeniunctions and eggersalues

EiﬂlE‘l'Ifl.ll'h:“ﬂI'I"_i- Check Yourselr EHEI'I“.I"H:"JIZH"E
B the output =gnal 15 8 scalar muitiple of the il =gnal, wee refer - Y
b the sigmal as an egoenfuonction and the scale muoltiplier as e E o | ; ibed by
ERprTva lue. L) | 2L = =(L).
o e [ R [T Deterrmine if cach of the following functions is an ckpen-

function of this sestem. I i &, fnd it egemesiue.

"\:' aystemn [ Az(t)
-""-"r 1. «* for all time

Egraincien 2 & Ew all e
3. & for all time
4. ensll] for all time
4. ull] for all time
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Complex Cxponentials

Cownplesx exponentmls are sgenfunctons of LT systems.
I 2t} =™ and A{l) & the impulse response Lhen

YL} = (ke 2){t] = J‘: B ety — .-.ﬂf_: R e I 1 o

LTl

<= Mp

— H{s)e™

Furthermore, the sigemaloe s Hijs) !

Rational System Functions

I =ytem w orepresented by oo inear differential egoation with oon-
stant coeffciemts, then it swstem function s a ratio of pobmomiasks
in .

Emarmple:

BlE) 4 e | apde) — 22{e) 1 7L 1 Raxlr)

Then
22 | Ta b B M(a)
a2 da b4~ s}

H{s} =

Vector Diagrams

The vl of His) at a point 5 = sy can be determined graphically
using wectorial anshysis

Factor the momerstor and demsosmimatoes of the systern function to
make poles and reros explicit.

_ gl ml{se  nils  s)
i) Hiﬂ- Pl padise )
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Each factor in the memerstor /demssminator corresponds o @ sector
froem a rerofpobke (here 5) W sy, the point of interest in the s-plane

Vector Diagrams

Exarnple: Fond the respomnee of the system descnibed by
1
H -
[’} .
to the input (I} = 1 {for all tme].

A plane

S A

2

The denominator of Hia)], o, is 25 1 2, & vector with length 2 and
anglke £/4. Therefore, the respomse of the system is

with — H{23)e80 - ﬁ;‘-‘f;-‘-‘"-

Vector Diagrams

The value of H{s) at & point s = s can be determined by combining
the comntributions of the veclors eecaciated with s=ach of the pokes
amd eroe.

[sn  m){ss b=z}
Hisg} = K
(sul (s poi{ss  mijlse )

The magnitsde & determined by the prodoct of the magmitodes;,

ey Jisn o zllis -zl =)
e L (N Y [P

The amgple b= determined by thie surm of the angbes,

LM (sg) = LK | Loy 2g) | Llag 2} 0 Ling M) Llmo m)

Frequency Response

Fespomnee o etermal simsois,

Let 2t} = ensend (for all time). Then

Z(L) = —1 {r"‘"’ i n"’q‘"]-

amned the responss Lo @ sum s Uhee surm of the resposses.
Wit) — 5 (M) 9 1 HI jug)e>)




