— A siﬂm,"ﬁ c wmanifestation or réa i2ation of 4 PLysta;/
%u&m‘i Y

— You can think of a g{‘jm/ al 4 measurement of oné

Physical quontity it cegpert o onother.

— cryent i(t) 1S « sijm’

_.uo{f'aje vWt) 5 @ S‘I‘jna”

— Q?ﬁna,

p otylus—2 e
(—"V‘i(‘e 5/3’—/;al .

wtese ot of 4 dw”és(sve

‘ ( ve: )
- o Syl
Receivev A A \Y 7
~Tune v i' A\

':gor@*;jg V(/ ({(
4

£ power”
’ awp: asjual oL 0% /
) | | | a Gne
A\SXS;'EM s qny“\'*‘ij that nputs  gne (rr were) 5
gl 5)  gpg outputs one (or more ) S nal ().

DThe \syS'*eu:\ Wially trangforms  +he (aput 1afo The
butput i a predic+a ble way.

X(f)—-a’E-—’ y(t) = 100x(t) <’”“»‘75¢>

inpu t ‘ ovtput
| PAGE -]



,A“W @xample of a SlRSM"- an ‘W\nﬂjé IO(‘(})
- M@w time s wot me of the “MABPe"A"d_

Naviahles.
K % =~ Bud space ('Ap(i’t) VC(+) ’T\Q( |

~ For engineering awnalyeic ¥ a‘c’s{ﬁvx, we model S@Mlé X §yeclome
with  athewmatical 0':56( e,

= Then we can use the ﬁo\s of wathewmatics ‘CO(‘
avalysis L desiyn,

- The wiathe watieal objecks we ve T mode sz‘gmls_ are functions

= for owe gwk like the Dirac dellq
Use a wore powectul math
Mue o thi et e won

OEJZ/-F Called 4 d_ish}lu‘h‘a{\-
"t 90 1% 4oy much detar |,

ohjecks we we o mede| sycteme are

- The mathe Mmtf‘m'
operators .

= Operatrs are “Lunction ‘Fwn-kmsfl TW&" 90'{‘ ble
Up me Aunstion and putput alcther ona ,

WE |2



— S0, Wlm"'é a function 7

DEF: A function ig a rule + hat matches each

membe « of one se,,t-J called +he 4
ae

g

whth
a member ot aQ se,cawA set ¢ led -t—b\) b
el e Vawnge,
EX: set A F—'uvtcfh(m/\
- Dome }: e

Range

In words: " f maps A+ g

In symbols: F:A— B

— Here are The wmateheg
mede by £

O — %%
O— ®
A— @

- NotES;

L Every mewmber of set A is
matched o one M Q’_’d)t’ me
member of B,

2. Some members of B wiight”
get wmatched to wore +han
ove wmembher o A

3. Not all members of B have
1o 3&_1" wmatched.

PAGE (-3



DEE: i€ the mewbers of a set can be matched up
with wtegers, then the <et s cglled ;aumfah'(e.
- IV\‘&'uf'{'i\/ejy/ +in
membe g,

s means that you can tount” the

~All £inite sets are countable.

— Inkfinite sets gye countah le
ot members

of M{“e,jefs.

€ the number
S et wiore then the nymbe,

by integers. s, . Example,
| k< 5""\'&@45 £or
= Fer a countable sor o+

thewm up USing g W

We can write Ay
vai“eﬁws,

V\umbav”s) We can add
Capita) ‘5;3‘4’% aa (GC)P“:

<0<

Sum = Z.ak

K 2 ~no

(G the loop

Exewmples o cgua’m%(e sets;

counte v

- The domeia \"A" ot the Function on [Page. l.3.
— The nectural numbers s IN = 12,3, - --

An exawmple of an uncomtehle <ot :

— The yvea) nuwberg [R.

PAGE | 4



DEF © a funckon that has o souontable domain (¢

called a “discyete — dowain funetian oy

N diserete - Fime " funedran  (if +he devngin
represents +ime )

DEF

& Luncrion that hae an uncovntable dowann
V< called a \\Cavx“"\‘muausf-damam” ‘pMV\H-faA oV
\\Cam+fnuau5—+fmﬁll -CMV\(,-HM (i€ the dowin

represents +ime ).

" The Cuncyun on page |3

funetion ;S ecuuse ‘we do

1S a dtsc,rf,%'e%clmrm
wmewn A T CouV\T?cl)(e,
“Aho‘f’her QXQW\Fle -va\é—i“{a/\ 2 5({) = .tz
| DomaiV\'. ‘lR, '{"\f\& 5&“" of rm\
R.a.nf)e: rR) the §&+ o real
S(¥) |

N

humbewg? 5. IR3 K.
numbers
—when we wvite | 5({_—)th/ we
Wmean tuat Nt skands for
a wmewmber of 4the dewzin.
— In symbols: t &IR.
 read AN R TSN R
— In TWs case, the domanm 13 meaunﬁl»?e/
SO 8 s a comtinuws—tme Lunction.

NoTE: - All rexl numbers i the domain qet
- mapped by the funcyien s,

— Nt all rea)l numbers vy +he range

Jet mapped +» (-4 W@WMPE) PAGE |.5




— Tha members of an uncoumtable set can't
be matched up with integers. |

— S0 they also can't e MAexd \oy fﬂi’@ﬂ@f‘f.
=) For an uncountable set ot numbers, you

Cannct add +hew up with a W
Sigma do looF,“

CaPi’\'Q\

~But, n a certin sense you can add Hiew,
WP uéih’\ﬁ \\C«agpf"\'a,\ Roman/\ S O“AA(—\‘?M”H,
€.9., in+63m+€m :

. |
Msum ! = SQ s(t) dt

0 90: o add up numbers Framm o untable set,

We a ™ cqpital Stgma de loop * 4
L
Sum = Z%Ekj
e

= add up numbers Prom an uncopntable et
Uie 5¥Capt"fta'r Rewaan S addi~tion (,ivd‘e;qvaﬁm);

\ b
YSum' = Sa %(t)dt

- PacE G



- A ZOV\*FMWQS-‘HMC .Sfamt‘ l'\QS c’mas’n rR. The siﬁm’, e-q-) hac q
value al every +ime.

=>F0r4 Contravous— Hime 9‘30\:.'/ qov cannot coumt the
Nawmber of places vhere the signal has a value,
EX:

Sommm—

+ 3&) ~The voltage vi4) has B value
> - at every +ime., Ltis

(ontinyous -‘{'p‘ue S!)Ma /.

- A disﬁcrc\‘e**"”'e 5?3!46«’ has Avwain Z, the mte gers.

You can count He number of places where +the Svjua/
haf a value. ’

EX ¢ The closing price cach é{ﬂﬂ of save particaler stock.

XTnJ .

—t+———+——+—— Day

I 2 3y &l’z; é 9 lp 1l 12 1314151

— Some signak like the me above ate in hevently
Riscrete- Time, | -

= You can alo wake a Jiscrete +"M€-S'17"0|' by samplivg
a conhmupys-time signal at a coumhble womber of +imes.

.6/)(" 0\'\33"'“' avdio Comput 1 Aisle (ev),

CPAGE 17



akG A DISCRETE ~Time SIGRAL Flom A ConTinvovs- TIME

[\ r——\" | .“‘: :‘ ,“‘ v\
U

’__ﬁ ‘ | 7" ‘44:
Sample1q

-'Yov& \'\avc a\readj seen cg/d‘muou;«hme s.‘ﬁmls anA s«dgfems
W ECE2723,

= Yov LWC a\fcaaj seen duclete- Hme 93«0’6 a‘\d Q]S‘*&MS
W ECcE 2713,

IJV\POf {6 n‘f Cote

IR +he et of real v\uw\ﬁ@rg

WRXIR ot Rli The set o€ ordered Pans [;‘/] where. X IS /4
Cl"‘d 5 1S in R

iR’ the <et of ordered n-tuples Ex. K -~ X ] " where
zan X; e U\R

a e ek of compler numbers, For each 20 &) e
can wrife 3z = 41-35 wheve a and b are w (R. So,
f{ﬁam@f'ﬁ(dly C is ZoQ&M"’fC“’ to /Rz

The et of w\‘rejers

'ﬁ‘e cet of Fd"Ta’\AIS hdck ra‘hmn, can he wm‘ﬁm\ 4s
F/‘b where P and q are W Z -

S N

2,3 Y. -
N The set of natunal or wwimj nombers e

BAGE 7



§y mbo 1<

W (
\j Lo a\\l
€ \\;“l, or \\§ f$ Gn C\P)MM* OF /i
3 A there ex?sk”
A7 “ooeh that!
EX:
VxelR “for all X m the reals !

ZxeR ot x2S N toce exisks an X intue reals .
cueh Hhat y AR 3(3@.1-&( +hon 9 !
(. ‘) 'Glr QXQM’,C)

Siqnal Reprewontations

~RuY, we review some  wear algebrg on R*.

L}
. T [b)
y 3o ("‘l

x .

-

— |

= iR" s the set of ordered poirs Owﬂ o [xy]
- tach ¢y ovdeved Pair deseribes a POM"' in the F\“e'

PAGE D



— The set of Foi'\fs)or‘ vectors, i::,';s is an or thonorma [
basis  for R’
- This wmean<

Il Any veckor VER can be written as a linear com bing Fren
o€ the basis vecdors:
Ve o+ 6]
where ¢, and C. ale constints,
2. Euch bads vectar has unit leng H, .

3. AN of the vectows 1w the bacis are Mu‘l‘uaug

or thogonal : 1\53 R]
DEF - andMt)
- Given a;\uiz—\'or X = [’,‘“;] ER" and g vector V= [‘{,‘;] elR? the
dot pro TS delued by
- A 2'
XY= Xii ¥ %Y, = 2 XuYa
n= )
. v _T J=
EX: X=[1) ¥ [?}] a number 4t

L'/

———

Xey= 13+2:4 = 3+4= ) a vertor

\|

NOTES

- In genér"’/ the c‘ﬁ PFOJUH' ic writlen \)SMj anjle. lm'(’td!.‘
<§,?> = ?(?

R6E [0



- I8 one or both of the vecturs have (ompley- valued entries,
Hhen you must conjugqate the entries of the sewmd Vecter

when Computing the dot produc :
%jec" )
’ W 2
2,3y = %¥= 2%

N - Y
M: guen a Vector xeﬂiz, how do we write X a¢ a
linear combination o +the baosis ET;T” ]

Answer: Ute the Aot producd.

| N - N
3 3

where ¢ = £¥,17
=

Cz: <)-z))7

In other words,
a 2 7‘ - 2 g
<¥i2i+ SRS

X =
ex: 2= (5]
- 3 o4 "‘
Rz (XTYi+ LKV

TOAONBERHARNE

- (5.|+8-o)[\0] + (Sco*'g")[?]

= 56| + 80¢%) |

- Glv ‘ PAGE |1} |



~Ths way seem overly simple, but the approach werks v
qeneral .

) S —‘Y\E. = _ '6'2
EXD ev= | g ©7

. 2
19 also an Of""nmoﬁna‘ BGS?( for rR )

-To wrte g vectar iéﬂ?z as « linear combing fien
of this bacis, uce +he Same  strateqy

vl d 244\ 3 J
X= <K,€.)&\+<K,é‘,>€1,

— The space R is the set of ordered triples X = [%] where
%')X7/ YB 6"2.

- One or%ono\rml \msis Lor "13 \s the se+ iT,;,Ei where

03 15 ke8]
“The dot Product in B3 15 detined juct like you expert
\. - X > \
R EY A Y R

s

KKy =Ry = K tkele iy,

i X1y,
1=/

\l

PAGE |12



X
-To write a vecky ,?:[’;;] as « lineor combination of
- 9 2 o
Fhe bafis iil 3,ki/ Pro(eed as Le(Oftf

-
-

i: (i,i>?*’<§.3>;"'<z}\k>k )Dan
t t ' (W’@)
C( Cz ¢

3

= Dontt -(}wt_)e(' Yo conjugate the entrigg of the serend
vertpr ‘\’\'ey avre_ me\ex -Valued.

- The F@C@Juf& waLQ [LN \Ma‘a&r A\M@M\m‘ SPOCBS as we\l
""C‘MQ\A& (R37?3
- A veckyr ReR looks like

)‘Z: [Xr Xz Xy ... %3793-]1’

-4 X,jeRY”, 3, Hen the dot Product s

37‘?3

<82 )_x.y,—
=)

3793

= Don't &rw o a}ﬂd‘ugdf £ the verters \‘wue cempler enlriec

- - -t
_ i the set of veus §8,8,, 8, 1095 § 1 an orthonowme!

basis for TR”%) then any Vm['a’ ReRS7? fyn be
weiften «¢

| 3 3 —
X= (Reye+ (8 B* o TR, y02) Cyq0s
3793 L9 B
= L <{¥yene, .
ne |
PAGE |13



—This \dea extends eatily to wnfinite dwencional vecter
Spaces ‘oo .

= (onsidor Verkors of the formn

S

T
X: [...)X-g) )(-z')(-”)(o, X')X)) x;)oal]

where +he ndex g over all the \ntegers Loown =00
to o0

-Twis kind 0% pector s identical Yo o discrete-tme siynal
XCal ot Yhe Yype you shdied ia ECE 2713,

- J

— For two sock Cigrale X,y (or XTAY, yCad ) ) He
dot Product s \')uxfl

o0 r & ¥
Ly = %Y= iZ;:_:NYf‘]

1>~

~The dea of “Yot Prodw‘l'” o two Signale KT ad yTn) s
|. Load ‘H\e—sigv\al Values 1ato veetors
2. Stand the vectors yp beside each other

3. T the entriee are compley, tonugate the serond veetpr
4. Multiply wrregpov\d,yj entries |
- Rdd up the products

—7

PAGE L4



-In pPictures:

%ra) yIn)

Lot e woe e
\\h)”“‘l L1t T L TR
i D I P
: .

L7 =l

¥

A

- Jynd
& hum ber, <7\["3/7t'3>’,_z_:”y |
—The concept extends to continvovs—+ime S;j,m/; ac well:

MV/\‘ At Avnv/\vﬂu,l,‘_’ ¢

.

™ —

R
o IR
- ~——t AL

| v oo
Gy = | xyt)dt

PNE L5



So What ?

—Recall the discrete-time  signal (kromecker Je,,'h)
L) w=0

5‘[:1\]: iol other H—O—a—o-t-o-v-o-o-—;"

—l"")’z

\\
- The Scjm' s turned on" ot w=o.

Y * r
- write i\t as o vector: C..ocoovoo ---]

n=p

N | as |

~The ciangl S

Stgha M a-1) | Z” sther ~—o-..¢.[...-o-)n
164123

- The S?ﬁm'- 3[»]:] = ? I, azk

O other Z
& Yurned m o't A=k . ’

7K
A

(P

.::) So, For Aiserete—time Sgmale XD, He et

ia[ﬂtklzkel plays the same role a5
te st §3,3,87 playe w R

. -—COV\SVJ&( ""\e ijul' | xC4)

3

2
|

n
7 01 3 yrg

- Oﬁvious/j, XCAY = #[n] + 28T-1] # 34 [n-2]
3

B s R ‘»-],_«* PAOE |16



- But et ue (ib‘ear a\ﬁe\:rq to write XCAY a¢ a linear
CUN\‘M\'\&\"(M 6‘(' '{MP_ qu?g ?d\['\‘\ﬂgkéz .

Y\t'\-): vl ¥ C-\ 6\['\"('\)] *Ccé‘['\"OJ + C\J‘t““-‘]-"" i
— " '
g [+t YOS

—The coefficients . are qiven by

\(

(XT3, grn-k] )
P ]

S XCn3 (n-k )
A= -o00

Cy

{¢

= xCk] (why?)
"o =), (=2, (=3
and the rest are zéro.

~¢p XY= A8Tn3+ 29[+ 3402 /

= This worke in Sewm‘.

PGE |17



. -Ia ECE 3793, we. will often need to write a Sigw’
In terme of more than ome bagig.

-—\N\N:\?
- just bke clhangivg toordinates  (say, reckomgular to

<perical ) cometimes wakee a calculus problem
easiey,

- c"\«mjinj hasis will sometimes make Pml)le.m
easier n ECE 379 3.
’M " The set ia“l?""d;“l IS, as we heve seen,

an ' ori'ko.\,,rw| 'Dasig Lo the st o€ discrede—
—hW\E ﬁjnais XC'\‘)

—E_P.f.'.(; The set iegwni also o basis,

welng)'’ 222
Note: pon: wav\-\-‘asm W

—> There s pre quasuvecbr" Lo each wef‘*mﬂ

"'97\?5“55 ic not orthonormal. Each basis veeta”
hag lemy th @ (rnot ome! ).

— Byt His Lasic i< or-ijmJ.

pacE W8



;'Gi\len ) Siam\ XD\_}/ lets write XCh) ag a l{neay—
Cm\sna‘h‘m ot the bocis 333‘““3‘06 Crr

Skep A U&Qf’we AO“' ProduH' to fmd the r%uwea
coeECicients:

Yor ALY patticulir value wef-ﬂ,ﬂ] we have te basis
\Soﬂr\ald eawv\ " ‘A}ered (oe(:F'Clef"’L Coo 3,05,1 Lj

CN - <Y\cn‘3) eéu)n)

S wom) (e*‘"‘)*

n=-900

o .
= 3 xtnye 7

y\’,"f’

D Ths s called the diserode time Foorier Truntform

= Wually, we weke all o Yre cetlicients forall
of 'H\Q \:u&?s 4.‘3M|( ‘+oge+ke/r af a ‘pun('}“m

o€ Nl (idesin set) using te netution X(et)-

. 2 e
Y () = {xty, ety = ) xinle

A= -°*

PaGE )19



Step 2 Add up all the coetlicients tives the corrcspadﬂj
T basig sr.jml; to jet aur signal  xCxy.,

Note . Since the basic sigrale have leng th htt

inttead 06 L, we haue o scale tho

toeblicients &3 :t‘TT .

ALn) sle‘_AAA {(cae-ﬁ}(ﬁasis Siﬁnal)-g

We -]

1 AM P YW 3
= Mwepn] { ftw e’

- L phad %X(e&)@w"g

— This 1 culled the discrere-time inverse
—————————

Fovtier Yvantderm .
-/

PAGE 1120



- Now cmsider He et of contnucus—ime S1g na s x(t).

EACT : Tkyeise‘i’ i e')wtfwélk i« a basis for thic sef
0€ 5{3'\4'51

- Bs n diccrete Yime, Hic bass ¢ not orthonorme )

- Each bLag Signal  Was \emﬂr fi_‘e

=S £ We use He Aot product 4o write x(t) as
a linear combination o the  basis {esq;-} i

elR
we will have o

Scale He e ttirmnts by 3=

S*’e‘g‘ » -Cor each {:as?s Sijo\a‘/ use the 0‘0‘" PrOAU("' +5

Fnd Hee relbuNeA coelicient

Cw = {xlt), e*t)

= et et at

-

= X(w)

This s called He Fourier ﬁam@‘m 0¥ X(f).

PAGE 112 |



g\'c\a 2 MA vwp al Hhe wetlicients Yimes the CW,SPMJ,% |
T lass stgnals to gqet our s\‘ﬂnql x(4) .

(dort Lurget fo scale by 3o ))
(0= 35 0% 2oet) (besis siguat)

- F Mgt e w

= L ML S xwyertS J

v % ot
E\-‘Sw X(W) 6° C\‘«)

i

- This 1S called He inverse Bourier  transferm | .

PAGE 21



~Now  soppose we have an X (t) whp 8 a “bed guy,”

= o5 T2, Xt} grows and grows out of control :
/\/I

“We want o write X(t) ag a linesr combinabion of the Locss
{eiwt Kuefk.

- We +f3 Yo (ompute the coetlicients )(lw) using He dot
prod et '
X(w) = (et i)= S x[t) e At

...Bu_"" 'H'\;S 'n\‘ffjm’ Mowj U‘P) })Q[a\ue xL{) \U () Lad.

"M‘)’L‘v Ne can Ly Hings up i€ we mulkiply the stqnal by
a decaying exponential et - el o->0"

\ T 0/70

e

PaGE (123



“Foc o gqnal Hat is had” on the other side,
T X (t)
WQ  May have o wWe a “3row‘mj'l CXPMM‘h\q' e'a'tw.‘w‘ln 040

Je-ri’ J oo

—So In 3ehera\, Lo “bad 30),;" X)) we will write the
fixed up ST3M| oot

ot 'H'\Q kasis

)((‘\') as a liuea( town binaton
ot
%6 gwem.
—The “ute! o of 4o exponential will he a parameter,
“We will call the required coetticients (dot products,)
| X(Qw\i
Klow) = (e tatt), et

= Certxmy gt gt
-w
- Cawy g 0T o



- 85 Ae@‘niv\j a cwplex Varichle S=o0HW, we can
wite the o ad jw  together o qet

Als)= (e x(p), ot
- gux(f) e St at

.

— This s cal\e.d He, La‘:late ‘\'rau-tuﬂ
o€ x(t),

—The pmcedurc Lo MAMJ up the coefficients times the
basis Lunctions +o 3e+ back ta x(F) ic called
*Hr\e, nyerce ,..La]slace +rqw;'€wm -

I i Swiler 15 Wit we have ﬂlreodj deowe with the
bourier and discrete-time Fouvier truwsfuws, but
o little more complicated Yecause of the ot
“Lixer upper %nc-\'.‘w\.

~we will aver W n dedai] in C‘MP{'@T 9,

PAGE 1.25



- Now suppose we have @™ had quy” X3 who qrows
out o€ comtrol 2% w0 o0 a8 ne> —weu

‘31‘12@3 \ N ( ’
T\b'ﬁ( \ A\ : I " _Zy
] h
) / o OOy
U\ “\ . !"n O'r ',..’.~ “- !~/ n th
\ e \\ . — \‘w b:w

- When we Hj ‘f'o Use ‘H'\e Jo’" Pmda('l”f?) w/‘{‘{—e Xan as
a linear (mbingtion of the Basic .zed“"‘g
fke coeftic ients

X(ew) = {xeny, e

_6w "\

U&Cfﬂ,ﬂ-} )

2
= X.wl) e
nwe -v

hlow wp.

~ Like before, we can fix this up by mulkiplying XT3 times
an appropriate exponentia| o« *€R, a>o, neZ |

-

= if fd>*') thon 0(1‘25 a p}emyinj
~exponential : l

*« L.
'.

D i f 0.(0((']./ tren 4" ic @ qrowing e,ypmaafn/,

]
(4

PGE |26



- Now we will write +he Lived up S‘B“" d:“)(l:w] ot
a \inear tombination of He batic { e&w\i

using tee dot P‘bduc-‘,

we -1, Wj

— The re,(bu‘\reA Copfficients ore

.X(d) e) = <o("* XCa7, es“”‘>

P
= ATy enien

- But for any pair of reals dw, oo™ ¢ Just a
complex  number in polar Lorw .

- So define Z'—'- O('eé'w. Then we have

Klg)= {d"xen], e

% n
- J_XI?

o -

;Tl/\rs e called the z'+ﬁ'"’£r1° of XD
Pace 127




= When we add up the coe€Cicients X(z2) +imes the
basic Siqnals 4o et rewy, i s calld the
nvevse 2 —Xvunslarn, |

—we will look at +his ia detail in C‘MP"" 0.

ARV



Signal Eneqy ¥ Pover™

- Vo |tage G\WPPCA o Vesistr ¢ v(t)
:0’) —-CuNve ﬂnhvglq vedcker 1S {(t)

— Oum¢ law: v(t) = R i(¥)

- ‘IM{’amLantous Chﬂ'ﬁ'j dics.’;xﬁcco N (st
(t)= Vi) il}) = L2 (8) = Rizth),

-—>> 11\5+ emratj \5 P\rDPOf“’!MMvQ Yo ‘Hr\e S‘c()uar&S

of +he curremt and W,’mj@ s mal

’\'\ u M&f N, M! 'P ‘)/ // M//
Y0 eteng\ 30/ ‘eqffored 1
- The enpwaq ditsipated in the reo‘ﬂw Crom £ 1o L, s
R t' 5 1.;
VIR = (P radt

t, A
.—PWM (s &%j P@r \AVU“'" ..‘»"w\e‘
- Au&v’age power p\rcsiF«feA i recistor ﬁm 't» o t i
\ t _ ___L__ 1, .
a/_‘T’SL '}{Vz(f)df R g R U')ﬂHr
|
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= Based on the above, engineers tefer 1o the integral
~~ O{ aV\Y S%b(ared Sranal as \\ene/rgy/{

“’def’enc["{j on the unitc of He signal, this W v

Mn‘gh‘l’ no+ ‘mue any’ﬂu‘nj o with actual
ehefﬂy N the WV %yg;‘cs "
energ \ anywa Y

enemy

sense. We cal ;+'

for any §«‘fjna/ X({—)J
be

we define the enerq y 1%
Ee = Llw)lz At

~For discrete time <

l‘gnq/ )([n’]/ -H\e €H€4‘yy S oleFf‘nec/
as

80

Em = Z_lXEu],z(

hZ-0o0

N

= These deLinitions are 3000‘ L veq| -valyed g,‘7;ml§ @'4

Thats why we have
the ma]m"f'udeg ,xlf')l

and -[Xan} in He deCmitions .
._Lil’_ewise, We. de,ﬁ.‘ne +Ae POWer- of g4
S‘\QM\\ X.(f') as ﬂ
T

= b L 2
o foe 2T L'X&)’ s

Continvovs Fime.

- even ‘va«jh +hi'¢ may \I\Ave V\Uﬂaing a0 0‘0 with aC‘hm’
power in the ohysical cense. ?{\(,Eﬁ

|30



- For a discrete time signal a3, the power s
defined by N

2
Lim ‘ I XE'\], .
N

Fﬁo = N> ZN+ | h=-

> R Ep < ®, they F,=o0.
™ F O<Ro<a, then Eg= <0,

“Note: Thece gy Some su‘gna—és for which both Ew and
ao are in @"m‘i’e_ Ex: )((-é): €to

- Signals Qe which £,
\‘Qneray Sl\av\ﬂk/“ o

- S?f)m\s for which
Power gig gl ¥

< © are swmehwes aalled

r ik eheﬂjy ngnaﬂr /{
0<Fe < 00 are sometimes called

or ™ Linite Power  Signals v

- Ue eneqy of 4 power gignal s infinite.

Note: T, Symbols  E_ 4 B are ot standlard,

but the book. USes  they 1 SO We will Top.

13
Proe B30



Travxs'@crma‘\‘\ms 64 the (V\AQP@MC‘@A‘L \)av"alala

\
@ Time Sk‘f’f"wa” ot Tranglation " k(t- ‘L")

-8 1,50, then the jmph of x(t-to) 1S the
Somt o5 the 3,rop«t‘ of x(t), bhut sL,;f—FeJ

Njk‘l‘ '93 '(:a,
\/J\Aj? Su'ppofe _fo :2. Tl\p/nj S‘agl u/l‘e" t’i'

\S Ao;ma X(Z)) -H"e Cawe +LHV\;

) did 2 sewnds ago.

= %o x (t-2) does ev@ry%m? 2 seconds lfev
Fhon x[t)‘

x(t"‘)‘)

—b-—l("' )((-t)':t




~\\_C ,to<0/ the ay\aph ot X(f"to) is the Sawme a5
() but shifted left by to.

_E_l(_: To: ’2) X[{')':‘t
ALY) L= (-1)) =K lEeE)

- For Yeske X RW, it Wil hely To alweys A, <hifie the
Sawe wav“,u a\wat\s 'Hﬁv\\( o{/ x(t"tb)) whether:
JEo Is positive or Aeﬂdwe.

@ \\T\’Mf gca,fw(}” ov \\D‘,Ia'h‘m ! : )((a'f')

£ O.)\) the %ﬂa‘)(’l of )((a‘“ goes (0)' -Eu_jif_[
Hhan Hthe 3\rqp\n of X(t)... gp the Smplf\ ﬁe’{'s
S%\A{Sked,

1§ pcac<l, the qraph of x(at) 9gees

than the C\j“‘l’"\ ob x(t)... S0 the grapl’\ jéf(’s
chretched .

\17 C(awef

—
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SCACING EXAMPLES | .
¢ £(Le) £(8) £(z%)
”N

- IN THE SPECIAL  CASE  WHeRE a=-1, 7Hs

(5 cacep RerFlection RecAUusE (T FLIPS Tie
GRAPH OF Tue  Fynetion AROUND  THE VERTICAL
AXIS > (F P =t | Thon

Flt) P (-¢)
_(,ENWLLY) (F q<o0 Twen THE ECRAPK OF THE
FUNCTION IS REFLECTED  AND SQUASHED of -
STReETcweD -
f(-£t) NG | £(-2t)
T A (S




@swr ond Seae . K(at-to)

RULE OF THUMB * To obtuin the gruph of x(at-te) Yrwm
He graph of w&)) do the chiét Lirst awd Ha

Cede second .
— X ()

ERX: Beok - 10 ‘ -
F_N —>t

r

— 3mp\r\ X (3t + l)

™ Stepd” shi €t (k)

L R

“NOTE ¢ x[ale-t] i acd the sume as x(eth),

Mﬂ»evl X[“H“m] = )((a‘!’-—a'fo). ?AOE lJS



Digcra*@ E—'X&mp\&s : ’)CCM') =

xir)

‘;PA&E [,36



PERIODIC SIGNALS

— Continuous Xime case :

DEF ¢ £ 3 TE.\E) T>O) suclhh Hu, 1 x(t+T)=§<Ct)
Wt €1k 3 '."L'Aev\'*hef Function X () is cal\ed

Periodic i, perod T

N(\ﬁe‘ £ %) e pericdic with pericd T, tlen x (t)
'S alsg periodic W\«TL\_ Peried 2T and with Perted
NT Lor any 'w\'t"‘eﬂe,r N>o.
EX: Pertsdic with Foem*ad 4 : |

- xly)

DeF: ¢ To 15 ’Hle_Sw\aHe,s’f por.'—(w“'ue
nomber such that A(44T) =2 () ¥t e,

then To & cal led Hie ‘Fuvﬁc\é mam‘f‘?{l P@-W@A
ok x(t). | |
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b uthatiniie b .

—> Diccrete fime case:
DEF : & A NelN st xX[n+ Mj =%l Vne Z,
then Xxtn) s called  pericdic with peried N.

Noter (¢ ~rno IS Pertodic it peried N, H.e,

XD s alss periodic witl, peried 1N, where
K 1S any positive inteqe,

DEF ;

£ N, 6 the smalles 4 POSI'H\/& inteqe~
Such tuwt %[ pn+ N, ) = ALY Fwe Z, then N,
€ called the  Fundament,| Peyrtodd

o+ KT,

CNOTE 7 A signal At 5 hot pericdic it called
~ aPen”od(g f/’ |

————

X&) =5 I Pef‘s“adfcﬁ. with any PositHive.
reqa\ period. Since there S N0 UA{Fue

Swallegt PEM{‘@J/ "h«ﬁ ‘QMV\G{‘IMM"“QI FQ«V‘?&W(
'S undelined,

].\_)Eé ¢ N continusus—time Con stauT *51*3 r,( lilﬁﬁ

N A diserete-time cmnctat siqual like XTUI= T
¢ pericdic wtth any pontive inteyer
Fér!\Od t

Past 1,36



— The fundamertal pericd of a conctant Sffj(«a‘
X s 4,

EV@J\ & Oo\o\ g?f)v\a\\g

DEF: (¢ ()= Q(’t), Hen L) s

called AN BVeN FuneTion)

EVEN FUNCTIONS MRE  SYmWmETRIC ABouT

THe VELTWCAL AXIS:
o=

-\
: 2t

\

DEF ¢ \& £(t)= —£(t), Twen £&) is
CARLLED AN DD FuncTion .

ODD  TFuwmncTions afe ANTISHAMETRIC ABUT
THE VERTICAL AXig:

pe)=t

E.X /X/
—2 t




- ANY PuncTiod £(t)  (av ge wertten as
THE Sum oF AV EVEN FumcTion Er[+47)
Any &N 0DD Funiction (9'5(’{1“‘6)5.

Evitw] =1 fw)+ p (~t)]
L] = £ [4)-£ () ]
CHeck |

s Eifu{coafe)] = £y 7
CELT S AL = ll_‘p(‘t)‘\-f("tﬂ—{-

p—
——

[Fer-£64)]
(Pt eet)r pey - -£-t)])

=z 200 = g

Is &/f\f[é)j AN EVEN FuNcrions ?
év{#(-t)f = %[{—‘(x) +PC~°<)J}

“= -t \
= tl#e6) v p] %[nt)w—t)]—* f”f“fﬁ/

| Is\@iflt)im o> FuncTionw ¢
* ChieCe)]= 4[+6- )
= £[fee)-£)] = -4 [;(t) £(-4)]

90
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~IF XCnl= xtn) B AL VALUES ©F pn, TieN

XEnd 15 AN EVEN  Sepuence .

TIF XENI2-XTn]) For ALl yaLues op N, Tien

INES RIS N 00D seuewnce .

—

—ANY SEQUGNCE (AN B WRITTEGM *s THE <im
oF AN gyEN Se&ua\)ceé.@ccnﬁ Atsd Aty
oD  StRuene (@ E‘wa‘J'E,
EvrTnal = 1;[)\(:0 + XC—H‘J]

FACTS 7 xrag= Ev i Xt + O 2xen g

Ewéxcflz s even .
OLExn 3T is opd |

—

T .

NoTE: [§ X)) ¢ Qé_é\_)_ ‘H\e/r\ X (0) = =X (0) .

This means X(0) = O.

£ XOn] ¢ _(_)_égl_) then XLol=0 +too.

Wl

boe t4%



EXFor\e ntial S‘fﬂna\sz Continuous time

-~ We now COV\Q‘\Ae\F Siawa\s ot ‘H\e QorW\

X (+) = e“t .

| . "
— These age cal\ed \Q)(Ponen'ﬁC{\ S‘u‘ama\s.
- I¥ aelR and avo,

X)) ¢ @ \\jr‘ow?nj
_ N
exponential 5 for

a<O, X)) s a
N\ ) ' f
o\e,caymj €xpon e:/\ﬁq‘ '.

1 e
— st €

P) o e i
Gr‘ow:‘nj Dua)'""j
-IF a s pure by )Maj/'nwy/ Then T el
Such Hat az= 3”0 A

—> In thig case, 2. e twot

RQ{X('(':)K = (s Wot)
XS = iy 4 ¢

= oSyt + }Sm Lo €,

A osine with itvﬂeguency Wy |
/ a yl‘h& WE

H‘\ ‘pf‘e%uem;/ Wy |

are *H\ S'qme_
LoPhase sl e T radians PAGE %



- Since. Jﬂy\e ~Y—uw\AaW\er\""a( M‘bﬂ\ of Sine C{V\A wsine.

15 2T radians, the Fundamental pericd of
(oSwst and smwst 18

2.1C
To = \“ﬁ“

- AnoH\er way +o (oolc a‘f 'H\e_ PGW\DA?
To i the Swmallest nuwber such Het

obt o (ttT) o1t hweTo

= % b s the smallest honzero nvwber  cuch
+'/\ﬂ+ ebwﬂ; = i ’

— Thig means e%wDTD = C(DSM)OT; 1 SS(V\WDT; = ft_ .
= Twis means g wolz = O
(oS Wp 7;; = :l_

= % wel, = k2T Lo any ke Z.

=7 The swallest nopzero period s whesn
k:: ic T‘\en (/UDT; = 2_7]_

So b= J%

Wy
et &5




’T‘«\e STﬂV\a\ X(JC)‘; C%wot 1S alled a \\Comple;(
QXPoneV\ﬁq\ ‘ o a N CUM(DIQK Sinw sold '(.
—> cmmgete sqmmetvic

o

No €. F ‘
€ : For any amplec number z, zzat)b,

*
Z+Z7 = (atib) + (a-3b) = 2a
= So RQ[Z] = Zrik

2
22 = (anh)- (amjh) = 23b
¥
% dnlz]= = =
2

-~ APP')".“j ‘H'\CSC ‘purmu\ag tr X(t)= ejwoti we have

e%wot + e—— 8wot

Cosuw,t = avother form
2 of Eueck
ot =yt formu a -
Snuwet =, s

2}

N‘O*l'e' Tt 3 'S’mvdamf o ue S " for radian #mguemcy
and £ ppe Herteian \Drecbuemcy

~ Since ZTrad = 1 H?.:)
TN N

W=2Tf  and = T \.“N



~{F Yoa MULTIFLY & (omPLEX  EBXPonENTIAL BY

A QERL  CrPopenNTIAL, You 6ET SomcETHIVG
CALLED  p

N

TOAMPED & xPonenTIALY ol A
L] l
PAMPED  qusop

T st ‘ . .
o egw = eat[{oswot' f‘asinwafj

aA<o

- Iﬂ 'H‘ne- MUST

G EMELAL CRY =
. ; ‘LF .

Te L, wHepge 56 CEC hw

J C= {cle AR D Q:g".[—éwﬂ

(:6,0‘} Wo € ﬁ{) ) wE HAavE

Ce |¢) ot 25'95(wptch)*{*a'Sin(wotw)}

—~ = lc]e” 3C9+w¢,f:) {,,l.'“-

PAGE TR




EXPOV\QY\*M\ g?f)M\S‘. Discrete. Time

. T A diserete tiwe e;q:menﬁa\ Siﬁv\qi takes He $orm
XCn) = Cef ")

where C avmlﬁ May be. f”ea)l iw\aj\‘nary/ or Cau,p/éa(-

~ This s uSu\a\\y weitten  ac

XCn}z Cx” ; where o&'—’ep.

- When & and C ace
‘:)e\f\aviors :

re«\, ‘\'\'\ere, avre 4’ Possiue,

. o(>‘\ * qrowing exponential 'f-;"“ ’ ‘ l i

2. o<x<|; decayinj exPov\enﬁq| . JI”I‘L .-

3. -]<= <': alferm‘l’%nﬂ o\eca)n'hj exponentia |

O

TT
4, St<—|: alterngting growing exponenf“q,

R
— . xl{l |.q‘

Pace 5L




~1f C=1 and § i pure imaginary tHe S‘(‘ﬂr\a\

YWo N
XI[h) = Cep“ = e¥ coswon*-‘&sm We
s a Aiscrete time

com plex expovxev\ﬂa’ . COS;J,'Z?,:(;G{,,;C

—> Yow can Hhink of XCnl ag Con‘faimnj samples of
'H\C continvoos +iw\e S‘\\C)V\cd, X({);eiwot’

-

x[n] = cos 2wn/12)

A
oy

x[n] = cos (8mn/31)

,1 lI“, ‘[“‘ ,wll 1,
Ty

This 57th|

- | | s not
x[n] = cos (n/6) | Per iod\\c, X
““,h v e sampls

: eIl e e
g

period \ooundnn’ej
of the
Continygous |
Figure 1.25 Discroto-time sinusoidal signals. Signal . §

' r?AOE 5z |
h‘\" i

i



e— ‘w
CoSwen , sinwon, and ¥ cxamples o

Ascrele time Sighals  that  have Wwfivite evergy bect

Liwi Ye power

the signal xcny=z Can
and imajinary pari-s 'Hv\ﬁ’ avre
ped Stauseids .

= C= [cleb®

diSCre;\'e 'HMG OMW\

and o= |o]ed

Whece  © w, €R, Hhen

X0 = Cum = Ll cos(won+8) +lc] 1l § sin (o1 + ) |

Figure 1.26 (a) Growing discrete-time sinusoidal signals; (b) decaying
discrets-time sinusoid.

e \-“b
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L MPORTANT DirrerencES BeTweeN D\SCKET(::_

AND _CONTINVOUS  sINUSOIDS

= understund +he differences, consider

~ 4  continvous time ST3M| X(t) = cosw,t
— & discrete fime <

3M' XCnl = COSwon, obtajned
by Sampling X (+)

~As w, gets brgqer and bigger, X&) oscillates
Faster and Paste-

TN

= XDl qglep oscillates faster up to q Poin‘l‘) but ﬂe“‘/

45 Wo qets 'o\‘f)%er, Xtn7] oscillates
.-wky(?

slowep !
~IL we is Lig) C0S wot May 90 ‘Haroual\ Severq‘
o cycles between Places where t is an mTeger
= Then the gruph of cosuwpn doesn't ook much ke
the graph of cosuy,t - ez
WY 4 teL tex el el '
Voo Lo /}t/ cos(wet)
N/A AANNAAN >t
'y, A

oS [Na "’1 |
i I R = 1




. —Notice  hew the L\f N 1'1 Cre frnenc / CoM ﬁ'ww;—?l?“me :
AN} Sih lLSOld +Mfﬂ€d M 'TLO a {{0&/4{ | a rry/f(j
discrete~time  \wave Forn, . |

e——

~ Thrs  phenomenon i ulled > ALiasivg”

— J:”' is the Same eHeqL ‘Hmff malce s
wajon WL\EGLS 00!< ,erce ’H\e are
plm’l(Vl\‘) S'aw/)/ éqc CWﬂrﬂ(S on ‘p:/Wl

— S%andaro( violeo Aas 4_(}6”,,‘& rate
~ we 9F 30 Lrames per second.

'pV‘ame 3 Recavse f(’ke igllee‘
? alwmos gets allthe

~ .
O O - ay around  between
, Q | each Hame, TTappas

ke | T be furmhj dow’}/
bachwafDlS/
PAGE F?S
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— Al of the unigue discrete  (osines can be
— | Sﬂ“em"ed with O<SW, &T.

- If —-Ttswoso) then  cosw,n = COS(“"’O")j

and 0§ - o § TU. ‘
i_P "'E\( wo \(2]'(} .f.ken COSwon = COS[(LT(“(UO) n}/

and 0& 2T - wp < T,

—

> f —27’(,\<w05~ﬂ:) then

cos WoNn = oS (_(Uon) = COS[’(‘()O"' Z.TC) V\]

and O < We+2TL < T0,

)

- T‘\MS, Wl\eﬂ Wy 15 ou‘l'g,‘de [O,TD]) He S’fjhal

C0S Won  hqe the exact

Zme values gqs another
S(jml with fre%ue_ncy

mside Loy ],

— Iy -Pac-l—j OSwpn = Cos[(wo-f-Z?Lk) h:l For
any keZz,

\eS]
PAGE &5



can genera e
- Since sinwn = —Sin (-wen ), we q9

all +he Umicbue discrete Sines with ?re%uemaeS

~TL £ W & TL.

- - w n.
—> For any keZ, sin L(“’O*’”‘k)”] - Sih

~ For these reasons,

a

we. on'y need o consider—

iScrete Preﬁuenc{es Wo I +the fange —-T Sw, < TG.

— For ay Wo outside thig Fange,

Same Si‘th, as q
Mside (-

SIh o is the

. «——>F5r aV\y Wy outside ‘H«\TS V‘ahge}

Sawme ¢
e Signal qs avother cosine with ﬂc“f—’%“e"‘cy
Mside [Ceo, ],

CoSwen (S "H\Q

— People Sometime s Say +haT 'y

screte ‘Precéu.&ﬂCl‘eS
reater +Hy, T do et exis+ "

—~ TLN\S isn'+ €XdC-H>/ +Y‘M€~ The -(:re%wencies dO
exist, byt the

. Y 3 Sl it yglues that are
deatical o Huuse thet g be  obtainec
with g lowe

r @re%ue/ncy .

\, V2
PAGE 15D



*sa1ouanbayy JUBIYIP [eIIAAS 10} S3UBNDAS [eplosnuls swi-31aJoslq  £Z't nbid

®

c c _:__ il I
T

ug sod = {ulx (gruig|) s09 = [ulx (pruwy) s0o = [u]x

LLLLLLL T LLLLLL T
CTTTTTTT [T TTTTTTT

(2rurg) s00 = [ulx uL $09.= [ujx (g/us) soo = {u]x

L ]
]

o

.

-

.
.
.
.

(@ A

) || R ___:__ :

0 1T

(prur) s0o = fulx (g/ux) s09 = [u]x 1 = (u.0) SO0 =

[ ]

{ S



— Aother  difference : the disceete Time signq\s

COS Wo N ) sSin wo V\) OU\A e)Won arc

eciodic  oply - Yo ¢ .
pPeriodi onty (£ T @

—> OH\er‘w:‘se) +he Samples  coswon Fall at ditferent
Places in the  continuoys

sighal o5 oot in cach
Period o€ (0Sw, 1

M the period of coswot in
)oand no g, “periods’ o€ oS won

are exaC‘Hy ’ﬁ\e Same .
— The SGMP(QS anL'- \\"'\"C UP i “PPOM Per"od +0
Pef\('od . |

-~ T¥f ..s_—)% is m‘\‘u‘om', "Hr\ev\ CoStuh, Sinwen, and

e are pericdic.

—~>In thie ase, the samples all qt the SC?IMJri-a e

‘ ] supey” < | seveval soricds
Points in each cperu‘ool of coswot . ;{'w@smpta-(ta |
Wo . ‘A Malce one
—> For 2t To Be rq+lana// W MuS‘}' Can"‘alﬂ pe,u‘oé# of |
the Lact,r TU. et

M
PAGE 55



-IF WO/ZT[ € (IQ) You can find the Guv\dqmen‘lﬂ’

- NN Wo ™M :
PeﬁoA ‘Qy wr\'\’mg _ﬁ: -‘—\J—— J where M;N e L.

\ m . .
= N S om @ﬁf@ﬁ\. -(:orm) *hen wm and N

have no cowmmon factors and N Is +he
'Fuho\amen‘tq\ per\‘oo\-

EX: XCn) = cos(%’—,‘- n

- 8K Wo
We = ~— = =
© ' 7 2T b

3
F‘*"\D\amev\‘l‘ﬂ Per"od = N= 3

wswot wiake one per
of coswon

eech m=4 peyioks of
B { ‘

DE XCn] = Coé—%

——— 4
Wo _

A = No
we - L ¢<& = NoT PER|ODIC .

U

|
Wo= T

TABLE 1.1 Comparison of the signals /! and e/v",

elwo! elwon

Distinct signals for distinct values of w,  Identical signals for values of wo
separated by multiples of 27

Periodic for any choice of wy Periodic only if wg = 27rm/N for some integers N > 0 and m.
Fundame_ntal frequency wq Fundamental frequency* wo/m
Fundamental period Fundamental period*
wo = 0: undefined wo = 0: wedafgad
wo # 0: 22 ' wo#Ozm(i—:)
N *Assumes that i and N do not have any factors in common. L j

K11
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'DiSC\fC""e’T\MQ \M\rf lw\pu(.(e_ AMA uvﬁ"' ("’eP

~we have a\veadj seenn the O Kvovecker a‘el‘\'a.”
ov “disade time  umt wpulse 7,
IR T - e
O  other e !
N Yur ved Mafimu
- The Tvanglde QTw-1e) g bt(-umeo! o’ ot =k

00y L
w“

K

- C[emf'*:\) avnj d{SLTE-\—e(’(':MQ S\:ﬁma} X(wW) can be
wi Hen ac Q hneer (wmbpha})‘a/\ (wes‘st\‘fed !UM)

of the set (hasis) % |
M"""ﬁkez .

X0 ]
el
' = 1 o+ +i + 3
:"23 h o ! 2 o |

=l

J[n‘)\-r 20 n-1 ]+ Sa‘tw-z') ~ d‘[.ﬂ,{)

-

~ can do g by taking I productsi
Ces R, Il )® 2 XrfInt] =Koy >



time

- When Yov worlc on the 3mp|/~ of a Jiccrete -twme
sgnal, Yy ave rcPfeseerWj twe signal in teyws

of tWe  bLasic %d\[“'\dikez

~TWs s called Qiscrete -Hime time . dowann 0"4/7‘("5'

“Dusnez=time wnit step

4L , n2%0
D D o

ACnT)

RIS Ny

L o 12

N
NoOTE! UCn) = Z—- J\[kj

K=-o

no
A'Sv/ Lo j""fk US"W%JD‘} P\@AU{‘}S! Uln) = 25:00(\["-"')

e 157



_NOTED JTA) = 0Tm) - uln-t)
Two we4s To =ee:
® cdrapln:a& SN | 4] e - b
° { o

-
win-1) = 2 20
k=-00

%) n-\ ’
S aTe) - L ATk

=% K=-~0e

| uwiny ~uTn-1y =
; } o
B T 1 R A
K=-v Addal
=[]

Alsv/ din-k] = uCn-k) = uln-k-1]
‘ 1

o ot k ’Ton at lktl

PRoE [.SH



Cav\’(fhuous‘—)T\;Ag Unix Step and Uit Tupulse

- This s the Par-\ o€ the leorj where we run ‘wmlo some

+m\3\e moo\elina siana‘g witHh -(lqnc{-,'ms_

- The w\ad’kgwxahcdb corvect oy Lo moedel thece -S\‘gna‘S
\S us'mra a velated Jﬂ:)?e‘ o€ wath 0bje($ts Cal\eA
Askributions _

= a diskyibution a‘ﬁ""\&s a S-'ﬂn‘t' Lj \'\00\)5"' Be\‘\ﬂ\lﬁs
under W\‘chgrals and in det pmd\uﬂ.

Recalls <KD, 4t = ( x(o)yr@)dt

“For example, the classical delinition of the Divac
d&Ha (\ACH'G' -pul\[‘h‘m”) V¢

P 4
[“xew) s At = xo)

- Note that there exisds wo Lunction with Hhi's
property. (swyzome]

=M on d(F) dw'ﬂj,

- The dierrJ’du’ffM contept Frees U Lromn kaw‘nf, +5
df‘(‘me & funstion a'f' auevjj t (;aj what ‘fy L\M’Ay I\S),

“We dont have Hwe Yo cover dishibution theer y
vif)orouxl\j) ¢p we will be infovma).

- Pace .59



(omsded o whole class o€ sigals Ugl) with £owll:
| Ua &)

‘-)

- On +he scope, they all Ik the same —
and the eyacd val ) J
AYoung t=0 BVES ot Hhe S(jna‘

AVt important.

- for the Yime scale e are inteyested i, we can use
ne . :
one wode| for +his who le class of 51‘3»\4&";’,

— Tt i | Ll
ult) = 31_':3 Uy (t) '« ot

0

-The bpok defines "t oag
0o, t<o
wt)= {7 too
=D MTE. This is not a function becavse i+ doesn'?
+ell You what the value of ulb) isS.

= But under an im‘eam’ or W a dpt Frpduc'f, the
valhe of uit) ot one point doecn't matter.

—swht s s called o dickvibution or
geveralized Lanction |
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—The ‘M’fcgm\ of wlt) is:
t S
§ u9)dg .

/Jaf

0

Other dedinitions people use Lor wlt) include:

—

‘ i t’/& @ rmr——
uu’)" E 0o, t<o ——eeen T

o

o——

_ 1, tro
ule) = {o, tco —9 » T
0
| tro0
wld) = { Yo t=0 C
O —tco ———r— e f

_ Nove. of these delmitions will work £or all cases
we will cee n this class. '

= Wwhen you heed the wvalye 0¥ ult) at €
jwit have  tp ure Your head

=0, You

PAGE |.6)



EX ; | X (t)
/N st

~——

- we want To break up X(t) wto X (1) and Xo L)
XL (+) AR Q’) p 4 {*)

ya at+ M\ ot /1N, ¢

N B

NoTt:

"

0 >t °

g we should be gbl to break the 5»‘9%’4—!/’

!U‘m%

x, l¥) = u(-t)x (t)
Xp (t) = Ul¥) x [t)

_ Bat does this work 7 Does

27
. L4

X(t)z w(-t)x(t) + w (£)x (t)

- Tt )epemds Tow you defive ulo),

- For the above 4o wprk, we have to let ulo)=1
$or oA oF the ynit cheps awd w(0)=0 dor the
0““’\07‘ - or ‘e.\r u(O) - _\2 -Co{ Bp’“ﬂ .

2 No gewrnl vule Wil always worke. You just
hove 4o use Your b\pao'. PACE .62




_ Now back o Uy () .. - ,\e+,5 consider 1ty dexivative

Gp) = Zuy (4) - W

’LV _
S

1
4
() &

— t

— b

—‘FI)‘\" b 5M4’(/ d,\l -l’he ;73““" J‘A ({’) iv\%& c‘ng aré
short pnit-area pulees.

— On the SCope +hey all ok ke ‘\’h(:‘__)o-—

-~ Bm+ kavc UV\i'\' avea ' g"d‘l (f) &‘\' = L .

_ skl with A swall, look ot how d\Alt) Lewoves v
a Jot Pfodul+..-

PAGE 1.6



X (k)

—r—1

K, nwy = §rig ot

X (£) dy 1t)
X — X
;
- S
¢ O

- |f x(t) s reusona'o(j smopth and A s swmall Hhen
XM)’&X(M, and there \¢ |iHle error
[ AFPTDX‘IW\N}'WJ ‘He Fmdu[..’.— b‘j

- x)
X(ﬂcﬂ[t) w ﬂ A

- The Jot pmdu(+ is the area under +his, and we have
o

<xc+),d‘5[f)> = §x(f)dktf))t ~ ’%‘-’Q.A = X(D)\~
-

PAGE |44



e ewffmg it all together and letting 80, we
wme 1o YW clscical Jefmitiam of the Divac Deltnt

P g

A>0

vith  Yhese propeaties:

=0, t#o0
();o ) g ? \‘mplies inEuite \\eigld'
g Fae= 1
e o,
Smxct)o‘t’r) at = x (o) ‘T

(0

D of wurse this s mmene as o function, becavse
thd \s R0 aleaw under a peoiut,

- Alw&‘js f(‘,w\e\h\*&r ""MQ"' J\a') S a 6“%"““284 (\—uvxc—)';mu

Yot we use +p wode) an ot ul : ea
pulse like cignal. g shert, ) unit e

—Appljin} +ime Sl«iHc‘w&, we. gef ‘H/\e So Ca“fd
“Sif‘h‘nz pv‘op&r‘b ! of ()

2
§ Fli-to) x(t)d¥ = X (to)
-0

PAGE 165



- Not€ / gwfy(t'z) K(ﬂ At = x(2)

— 0

4 cross the place
R So_dlt'ﬂx(‘l’)dt =0 (ti\\iiwr, He delta 5

-~ ‘\'b\rneé\m“) .

—Be carefull w\:\en Yov have the Produ(—} of a
g‘\”ﬁvw\\ with a Diree deltar

(4) #l4-10) = X(to)§(+-tv)
3 T \/Vk:; distribation

a mum!aef,
4 siqnal a disteibodion

- \:\)3\3\\1'60\ Dirac delta:
kd‘[‘t fo)

/—1* B S ookdwz’%)df = kgm )4t = k1K
>t - : O

t

- [/\/q, have Prat &%ﬁul& = JAU;).

}!M J\AU/) - d\[%)

ﬁ'_:;\hs(ﬂ wlt) ; Ase

- Palirng it all Fogethed”

ﬂw( U1 A‘Aa>—"7 ;uaﬂ = J(t)

A>0

Paoe | b6



- This allsws us, ina da {'NLU.'HOV\AJ sense +D r&?rcsen‘"

The dexivatives of sigwals that are w+ s‘hmc-Hj
speakiny oh%@rev\hable,

X | : i
__._._J ‘L_—_./\r- ;\
J <

- Time $c4ling for Diva A,,/H,“.
J\(af) - l“‘ d\({’)

”:% SO, - " |
(“ot) et -0 = fxplaren)dt

- o

- | Xt Loltn)dt

—od

:%S’x(l’)d‘({fﬂd{ = -7L’ X(-—l)
T fet

,‘rz.
L}
-2

=t
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~The derivatve of ¢lt) i called the “unit doublet”
P - &0t

»t
{

— Tt wain 'PmPer‘\j BT
/s
xeny, flen = §xwe'thar = - xle)
o

- v tan dexive “,’NS,L Artlen Fictive o) a_ d ‘,’ul .
twhe lwit g6 b-%g Stating on ) aw cing

- Hi@\«@(‘éemmhues» of 0°H) are detmed bj Ho pmpa\*'-v

et 8Wy = (xns®pat = (-)5Wpp)

e .65



_ N()W) b’ac‘( +O ‘r"le BOO(C-!

~Recall: a system is Something At iyputs « sigual
and outputs q _S‘iawal,

— It ;s G MQFPMﬁ (o, @uw—hov\) —LV‘M one

§&+ of s(g«a\s Jo am-\-kw sex a‘G S¢3M«lg_

- A ontivuous - time Sy Stew :

. — ot s ()= v(Y)
— v (Z)_"*L 29 ot s gl) = ()

3
’X&)~)E£+)= Cx/(4) /~> yl)

— A c(c‘scve+f—+“me SY&\'&W: |

xwy — H 4™

—_—

EX: N
— 3&3:2"[“]

k=n=5

PAGE 1'69



Intec connections o Systems

| \BQ’Z\C/OV\ ,an?/ 1,3/3)/.,\,?/ sq,(u 47(4;/ systems often

Contain ports +hal can Hewcelves be @neideved
as systems,

- We now C()nﬂ‘der some  (omwmon wovys ‘I’ha‘l’S’mM\

o for - subsystems’ ore ih*‘erconner\'ed;
0 WA btﬂaer Systeme

— We will jost rite “)c") “y'je—rc,} for the Stqna ls .
= For a continuous-time System, they would be X(t)
and vy (t),

= For o ol«‘scre-[-e—hwe <

yetem they would be xn3
angk yTuJ

W L g TR ;
Cascade or Series Connection -

—

X — > F 9{(# 7 )

L

- System F oinputs X and  outputs
—System G inputs 2 and owtputs

- Syskewy H inputs X and  optputs \.\10

Yace 30

- U a Series connection ot E gnd

© = XN




,Pam\le\ Conpection

u ‘
P
r——{f__x
+ >y
X ‘? — 2z +
G‘ 2
i ]
- System F inputs X and outputs Z, .
- Systewm & nputs X and outputs Zq -
- Systew | nputs X and outputs Y= 2, t%,.
— — H S a Pa(‘a“&\ COV\V\CC“'\‘O'\ ot F'a“d G.

Feed laa ck Conne C—Hov’\ ',

—System H inputs X and  pubputs Y.
~System G inputs y and outeats 2.

- System F inputs 2,2 X—-2Z2 gnd outputs V. m?
- H s a feedback wnnection of Fand 6. ?Njgﬁﬁ} |

I




S'ys‘hewx PVDPQF’ ries

—We Wil wow exawmine Several properties of systems.

— To show +hat g4 Systew E\_a_g_ one ot the properties,

NI generally hecessary fo el That the property
holds  Cor al possible nput sigunals.

—> To do this,  you Usually stact woith
Stqual Y (t) ¢ KCh] ), and sep
ho\ds .
Do Show that @ System does not have ome of the
Properﬂes, 1t i su€ficrenT 1) construc +

just one bmpul Signal or which the N\o{serﬁ/
fails .

an arbi*mry
f tee property

MEMORY

-TIf the ouTPuT at any time depends OV\‘)( on the \‘V\P“-t’
at thal same time, and Mot on the value of the
taput at  other times, then ‘the System 1S

memory Lef_{. =
((t) R
—
: stor: ——W
___)_(__ RCS(S‘I'DF Fvib)—

mput i X(£)= ((t) ) current
OM‘\'P“T.' y(f) = V(ﬂ, VOH’Rjﬁ

y() = Rx(t) V10

—> outpuT at time t depends only Ohmﬂﬁ ZT PRGE '#3%
n ‘iwme t, and wi at other Times.



EX:  yTnl = 5xXCn]

~ Outpul af time n o\epends on\y on the inpul

at time n, and not on the wvalue of the
wput at other Yiunes.

= A system +Hut is not Memoryless is said to
have Memovy

— For a system with memeory, the outpuf ot any
one time can depend on the values of the
WpuT at Hat time and at other +imes too.

(4t C
Eﬁ :  Capacitor - /(
+ v(t)—~

iV\PUd'i X(t) = \L('l')) CurrenT
output’ ylt) = V(#), voltage
i(t)= Cfvit)
- App,y fundamenty | theorem of calculus:
t
vig)= £\ )y

-00

t
yi£)= £ xwwdu

t*éOU\TPwT at '{'ime t depev\ds on pre)evl’l’ \IQ\MQ
oF tnpul and all past yalues ot inputs

— This system has memory, \'l\‘)

PacE 183




n
EX: yCr) = Zxrﬂ,
— k=n-§

= oufput yIn3 depends on inputs XIn3, XCh-13,
X [n-2], XCn=31, XTw=413, and xcu-57.

~> This  systemn |yac Memor y.

EX: ynl = XCn+307].
_—Iy\ +l\\‘$ CASQ, +ke ouj’PL{T Qt {-\‘\ME n Aepe“ds on
@ future yole ot the input .

= L& s syctem could be built; we would all
R rich oy Yo stockl warket /

| Invexh\;;\ijty

~Recall that 1 system is” an operator : its a Lunction
H"“T \V\QFQ \V\Pt&'\' STSVW\'S + ou‘i‘\:uT <

= T the Mapping s
1S fnveckble.

fanqlS..

oue—fowne) then the sy s teun

— This means +hal no Fuo distinct input ¢

gnals
Produce e Ssame oyt

put Siﬂnql )

\.1‘{
PAGE 4



-1# a system G is inveckible, then 'k s possible

Yo construct an  verse systemn H such that

= If X(t) is input t G 4o produce output y(t)

~>  Then y(t) is input o H, the ou‘fpuf ot
Wt the or\"afvm\ signal X (t)

X(¢) \?E—*Z—l—ti’(:—lj—___—*—? X (t)

(s used o€ en in Commun’iCQ"""Oﬂg.

— Thys

- Suppose M represents +he distortion the
when q Commu i ce’hiong
a Cﬁmmuyy,‘cq"‘(mg_ .C[I\J(ﬂ

- A ommon Practice s t5

System ¢ |

Y occurs

sighal passes through
ne( . |

onstruct an  in yerse

= The communicqtions sighal X (t) is processed with
G before \se‘ing sent 'H\rough the channel .

~ The processed signal Y(t) i< Avansmitted down
the ¢ hanne | .

— The veceved signal {s the came as the
O ina Sigua| ¥ (+). |
- In ‘HM‘S case, the £y5+6m G iS called “1{
& Channel equalizer PAGE H3E

T




- Genera\ procedure +v check 1€ syctem 5 lnvertible:
@T"Y,*O solve the Ilo relation for +the input sgual.

I you can, then switeh the names of the input

and output sigunals, Thats the T/p relation Lo
the inverse 3y stem.

IIF yov can't, then use the “reasun ! 4p help you

construvet +wo  input Nguals that both wmake the
Same output sq‘“ﬁvw.&.

EX: ) = Sx(t) sy x(t) = 1%
~ The T relatiog Lor the

??syeffse sy stew i’“‘s:j£+)=l§)<(+)-

~ D N~y ’ '
EX ycﬂ‘;:lz_'xtk") = ) XCY + XTI = JTa-1) + KTu)
<= - 00

K= ~00

Se YTA) = YyTn-1) + X)) b Xy = Y- yTu=1)

—The I/0 relation fur Hie inverse SYstem ig- Y T XGry= XTu-1]

_l_,-:'_)_(_: Yyi«l= 0O. Note: +thic wequs de'" the SYS$teun

WA every tuput qual 1, Tthe
ouC\'Pud’ Siqua| Yn3 =0 I
—> gilven +he ou‘*’pw\' S\‘gmlj i+ is imp0€‘5§ue +o
tell which Tnput sigual produced |+,

—> We can't solve e ILZD r&laﬁm for the
A (iv\puu\'\ sx“jv\al.

—> The syskewmn 15 not mvertible,

PAGE .76



EX: Y (t) = x*(t)
— This S ystewm c,gcsk not have an nver<e. ‘Cvi‘vm‘/)
Yit), we can+ +eT™ € the iAput  wes
U = fyt) or x () = -5, They bet,
make  the came output.
CAUSALITY .

TIE the value of He output signa) af any given Hine

dves not depend on future Values s¢ +he inpu t

€{?wa€/ ‘H[eM +\4e S\/S*\"ﬁm s cawfal,

= This mequg that the value o¢

cat fwme t+ L, n depends ol
Present values ot the

«Fu’mre Va’u&s

the output S'yua l

Yy en the pas+ and

Pt siguel .., not o
ot the {nput ,J\ﬁmal.

E'_:___ - avexf‘&jers z

yit)= 55 x(t)de

Y
i~
M

=
"
o

7t

—> Both cavsal becaure +he present value of 4l
ou’\‘P\ﬂ\ 6\‘3vml de,pemdf omly on PQS4 and PVES@/F}'

ValWSfS ot ‘the Mpuﬁ' o’\\\jnﬂ,.. not on ﬁu,{-we
values ot fthe nput

sc‘jnal,

M&E 177



EX: centeced avecugers

t+2.C
yit) = 5§ x(T) 4T
t-25
N Nt
y(y\j = '5 Z_ 'XEK—}

k=v-L

2 Both hon- cavse) . Becavse Y (0) depends om

—Hlﬁ «ctc@uxf W\pu')' VQ}Uf xcz:) in The ’Pirjf

cuse  gnd Y[ij A@Pf/mds on the Lfuture

put vedue XTI} in tue seim,l Case.,
tA: ylH) = S:%C‘C)a(t

—> not cav SQ-I} ObeOUS))’-

T TN case, tue precent value of the output
clependy only on tue present and future valueg
ot the MP(A"F 5(3%04\/ but net on ﬂe- Pas+t.

— Such a SYstem T called anth cau see |

— What 300@1 are non-cavse avxd awﬁcaum\ 5)#5‘\'69—\5 7

| —-They can be used when

entive input sigual
is avallable at guce.

F{_Z( D~ Sovar duta stored on dis k.
“Aud‘io Aats stoved on CD,

—> YoU can regd m He Wkp,e inpu+ 5'\“5‘44’ 4*10/
USE Nn-Causu| processing, PAcE |78



— Ao, onsidec an image  XIm,n7J.

= The whole picture is acquired at once.

~ Theve is no ceason Hut the processing

S\(\m\d be cavsal With respect to the
SPomc\\ Coovrdinate s M and n -

STABILITY:

_D_E___‘_:3 A Sigv\a\ X(t) is bounded if 2 BelR
OsB<®0, such that

x| RV (t).

J

DEF: signal XTud ts bounded ¢ AReR,
OLB <W;  such +hat

| ’lXEv\'S,‘§B Vn.

DEE ¢ A system i Stakle ¢ every

bo\u\AEA ‘n\FULT‘ P\*od\lces a Eom\de&
output. |

l\)_f)_igi thie kind o4 §'\'4\si\\'+y is  called ™ Bourded
Tuput Boungded Ouﬁ)u‘\'“ S'{'a\oi'ﬁy} or
“R1B" Stakility .
Wy
PAGE H39



— Thevre ave O’l"'\ér Kinds of S'\’a\n{\ﬁ'y} but we w’iééwa‘é"
Use Thewn w —uigs  clace

— For example; there s anpther \cined tuat Says +he
System 1< sxable only £ % s gIgo stable avd

n addition, all jnteeme| 5'9nals ins de +he 5y s hewq
e also bounded, |

n
EX: oy = 3 XCR].
Kan-§

CCLAIM This System s (BIBp) stable.

PRDOF “ \.e’t‘ ')(‘Cv\j ‘Dﬁ a lDOU"\AQA W\Pu'%' Sfiﬁ%&(.
~Then 3 BQ(R) 0SB<00) 4.1 l‘x_rvx‘)’se ¥n.

= Further more,

n LTMCM@ l‘e+
i N f ‘negzyel
lyeo | = | 2 %T0 \ < Z_\XC“Q) ‘@rgwmg
k:f\“s ’ ?\<:.V\~'S
X
K=wvw-3S

= 68

“There.waore) [3(’n’)l§é6 wd He Sytem Is
Stakle. @6_1_3

<i(l the input gn‘jnol is boundﬂd kY 6/ tuhen Hie
o({-\"Pulf S\‘ﬁﬂq\ K {)()\Jv‘dé‘&[ ﬁ;;}/ 63. So every (DOU“J»@Q{
iv\pud' 5(5\44) Pmdvmg q £0VV\01€0' OU*P“‘C‘» 5“3”&")

PagE (.20



—

t
EX: oyl = § x®4y

- This System is M S+tq L\e
Prook ;- Lot X(t) = u(-t).

~ Then X(t) is l:ouu\deob Lemvse
Ixte)| £ 1 v teR.
- When t=o,

o - 0
y(o}::(u(—t)dt— == S.’Lalt'—? a0

0

J
So Y(H (s o ‘aouv\ded .
ttz RED .

EX: yit)= (xcorac
t~-2

= SLK\DPOSE )((%') ES Q \wuV\AeA kl\«'\'bbft»
~Then IRBeR, OXIB<®0, sych thal ()| SB ¥

_ T"\ﬁil’\ L% tt2
\y L{:)\ = \ gX(T) atT \ g S ‘XU’)\ AT
-2 f\ t-2

2 hmmr\g‘e Iue%ud "7 &r w\‘reow’j

& BaT = 4R.

*-—le\e-ce_%,(e} }y[ﬁ‘ N LI‘B \f t) ang ‘HLQ

.4\
SY stem s Geowged- sTarLE \

PAGETES



Time Wuwriance Caka. ©Shifd iMVarCance.;"

" Tranclation Mvayia M.e“)

e S

~ When ’("a\kimj about this ?r‘ope’r‘?j we can Sove
time and wri‘h"'\)j laj Msu'nj aperoﬁbf' na‘f'q‘/"fm;
write ; Y(t) = H{x(t)f |

read - ij) is the outpul o€ system H when
| %(f) s the t'VleL‘,",

—> 6(‘ a alfscre‘"’&_.'fime S}'S'/—QM G w.'f/; /”P‘JL X0n]
a"‘J OMIL,M'I' 30‘0/ HW Can g,'ua;/ar/y WW"_{'E— »
VAL :C—,{xa}f _

7;7"'6 InVan'aan -CCM"‘MUQJS 7‘1'“16) -

A Conﬁnuaus-—-f?‘ne system H ic time M\/m‘fa/ﬂt -

Y Xl) with @) HEx] and V ¢t eR,
Hiak-4)8 =qlt-t,).

Discrete-Time

A discrete -4/me systemi H is Hme MVar/'anf A
¥ %003 with yond = H{XCH}? and ¥ n, e Z,
HE xCn-n,15 = Yon-nJ

PrGE 1.82




—~What it means:
—éI'F T Pu+ il/\ Sowme S:j“al aj’ noon dMCf ?e+ an

output yit) -
x(t) LAY,
At pllpeer

5 And then T come back ot 3700 PM and b the
Same 'H"'""j ) g 3@‘1‘ f‘Ae same au‘f'pu?" als Keﬁre/
but C'far+:.9 at 2:00 Pm Hhis tiwe:

k’K(‘l"'3lmm.rs) 'U(f‘%%urs)
,‘AVAV———H’_ '/lv/j)/ /lv/\ﬁ,t B
3:00 30 |

— 10 the Systew S +}'me MVﬂriaVﬂL) "H\en ‘H]Q PFDP3H¢‘65
of the system dont Change over +Hime.

- If agqiven input Produces a qiven owtput ‘hxlay/ Fhat
Sawe MPM"' will produce the same output pmmorrows

You get the Same 0¢,d‘pd' both c!a¥5 " response o
the same nput applied poth days. |

- PAGE .83



gx: yw=H{xd] = ws[xw)] .

et W) = R{ETWE = s (x.(f)]_ Let €, €R-
Then oy (k- = cos [xte-ts) ]
Now let n'xz(%) = X (E-t).
Then Yo (t) = HZ%H—)} = ¢os (%t 3
= cos(x, (f—to)J Y ($-t0).

T'Ae,rg -‘-\ore 't% 5‘/34‘% H i Time \v\va\mam""-
\\

\+2.

EX: dTwy= 5 xCk],
K=n-2 N2 7 L + cZ
| | %, Ck h .
Let xj'[nj = H'{% ‘CV\—)‘g KZ-n—?- -e °
NNt let m=k+Ny,
Then Y4iTh-uo) = L__ YT} — lk=wm-Np
, k=n=hy~2 K= N=Ny=2 = Mz p-2
nt2 k=Nn+2—> Mm=n+72
= ZY'CM_an { wnte \\k"ayc‘n fnstead of "
m=n-2
N2
= 2 %lk-n]
k=n-2

Now let %ln] = X, Tn- ho) .

nt2-

Then Yo Tn) = H{%, NS = Z— X [k_)

2 =n-z /
Xilk=n, | = -n
kzn.—z L bj ilsy ‘) PAGE |.2%4
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P

=X ; 4o = nXIn] ,

——

Let %Im= AT, Then y,T= HE%mS = niT)=0,
Let %00 = X [n-2] = §Cn-27.
Then 4T = Hix ol = “A‘[n—Zj = 28Tn-27),
Sl qitn2] =0 # YT, So this system
_is V}g_"_t {‘M\e wvariant.
NOTE { Tn 4 Case; the systew wulhiplies the input by

@ factor flat depends on time, Thus, the
Properties of the sycem are Hme varying

The proof above uses a counterexample. Uerds b you
Could a\fermﬁvelg do Hiis ome using a direct proof :

Given Th relation:, an‘j = NXCn).

Let itn) ‘—'VHixtCﬂg = AT and let n € Z.

Then 3|Cn-no’l = C'\'"o)xcc""”o-)c
Now let Ulw) =% Cn—ho?) .

T‘/\eV\ \jon] = H»'{'xz['”‘)z = n'xz[n‘) = V\’X.('\"n(.)). .

S(V\Ce jztv\‘) # j|tk"n0] iV\ 3&61‘21!, +"\:S gys'{e\d/\
s ned time  fwvariant

PrGE (.85




- Shilt lnveriance. can qe¥ wv\(iusinj, as You will see r'n
re \owmewor

- Tkﬁft. aYe "(\A\O \\'\-fa,v\t,,{-o{ Mq*\\al{ ! \\V\\IO\\’C‘A .
A) swkting a sig nal
R) Putting a sigmal thiough the system.

—bor a gtk vaviant system, the order of +hece tuwo
Yvans Lormad ins doesnt yakte v :

Systew C’.v;—} SWit ¢ l

9 — Y (+-%)
“ - ’ ’ Skig
Swifk £iest Systews Seremd

Kal) = X, (b=t} | H | — u, (¥)

Ty

- Tnonswering +Wis Lo rule of +humb ise

= Plug n tne Seéomd transformakion Ge the independent
veviakle in the *V‘anfwvm‘h'm Yt was done Pivst.

E)S'. I/D re,\a'\'tm 'CW s\/s-\'em\ \s ‘ﬁ(-\—) = X(Z\’)’

Is the systews Wit wvariont ?

™

Ora *t(*)‘+krouf)k the systew Yo 5“3&*\'-*‘3(7“’)', Phen shift 1o

AR AS AW
1Y xforme X[t) 2 4 (=% (21)
ZW Xfoewm: tr—> t-to

Y (t-to) = Xi(21) = % (2t-2t)

/\ t=t"to -—""“"7
FETREER \_/-v—\——-J
rule ot

thumb PAGE |- 66




(2) Stk X ) sk To make x3(H= nlt-tc), Hhen
~ put Xz (H) ‘\’\mru%ln the 555\'39\4 to get Ys (H):

AV i dwem: £ t-Fo
2“3‘/ o X ) >y, (2t)

Rule of Thuwh: plug in 26 Soe 4" in fivst X frw:
thig waakes 2t - %o

So o l¥) 2 Yalzt) = X (2t - %)

-:_—-_> Since \sz-\') ‘4‘- 'jl(,'t "fa)/ "{’\Ae 3xjs+ew\
i NOT SWET INVARIANT .

- |
Iv\’miere,\i .
| Xt‘ﬂ ‘ )’, “’)'—'-)(,(Zf) Y(“"‘°)

ot Tt

- VZ N Yo 1.0 ‘__[ ""o*li

' (+) = Xz (Z—f) /

% L
33 AR




L INEARITY

- A continuan- Yime systewm B ¢ linear i€
V), %8 with y, () = H w41
‘ and 3;(%‘)’\4?’)(,({)3)
f‘_\'_\_g\_ M constants ¢, ¢, € C , we heve

HT ctlt) +6%0)§ = a4 ) +GYelt)

‘:>I¥\O’Hr\er WD(‘AS, -Cor- a la‘wear SyS‘\LQM) 'H«Q
Qfﬁ”“ of the systew commutes with
limear comhing +ions.

— A discrete—ime  syctem H is linear i£
V2t % Tn) with Y,n] = Hix.tn3§
and Yol ) = H{Zz[nj;) _ﬂ_ﬂ_&_‘_ Y/ conttents
€ )Ce E Q:)

H{ct')ﬁtﬂj +Cz')(-zrn')i = G 'j!["‘) + Cz‘jlcnjf

EX: yl=5. |
Le“’ ’)(4(-\")4 &MA\ ’)61,(” 66 4V‘l=5+fﬂ\rj Sigm’s aMJ /e'f'

a ond a, be arkitrary conclonts.
Then oi(H=H{xT =5 and yothr=H{%HI=5.
Then ay H’)H{z‘jzlf) = 5(4,t4z). Pace |13

Let )= adt) +a . (4). Then e NUT
Gl = H%alS = & # cnlt)rasgett) = gemeal = LinEaR



NOTES & syston Ht 1 not linesr 1 called nonlinesy.

' 3({')""0 ( the ‘hmv.ql s‘yS‘vLer)
L&+ ')C,U') “"A 'XLIH l>€ af’?‘{'rarj MPu_"/‘ S'fjﬂQ/S

and let a, and a; be arbitrory conthtr.
Then 4, (1) = Hint)§=0 and 400 = Hint)s = o.
Let %#,(¢) = a,x, (t) + a, /‘C;(H | |
Then ysth)= Hiw (W3 = © = ay b + aduth),
Theredore this sys—lem TS lineay
NOTE; This is 7‘4@ om"/ éms—bm'l‘o.,d-puf'” gys‘/ew)
T l«meav;
EX: 4yl= ;E’X.C—H. |
Lot %(4) and %oth) be arbitrury inputs and let a and
4, Ee avL‘fran (am*"an"‘s Let Aslt)= a.%,(+)+az7(z£ﬁ

T\Aen 33&)-— Hi‘xabfﬁ g}?@&) .
a -—at[dlxﬁ)‘i'az')lz(ﬂ] o

= a|dd«}x &) “'aza}?(z()c)

=a H{x W + a, Hir(H)F = @
The system 1S |iweay

I

y ) Mzg,ﬁ)«/
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Bl ogea = (xtn3)° .

Let YOwd= Hixtal = ()
and YaTr) = H‘i%[ﬂg - (%Jn'))z. |

Let %0 = Al Tl + QoX,Tn] wheye a,ya, €
are conctants,

Then Y,tnl= HExaTng = (x-,&n)z_
= (At )+ 2t )
= at xfin) +ai kg tn) +2a‘q1'x.m Xl
Za, {a.g‘r:vnz + qz%alglmf-r 2q,qz7c,c@7(z[nj |
. —‘}é AiTn] + 242 T in jemem(.

Trereture His system is nonlinear




— The Class 0‘(; sydems ‘H/wd' are \D&tb_\. \H\ear

— and oWt WVariant ¢ ex-Heme\\/ iW\Por-MnT

and Science.

by Draineering, watl, )

~ These systeme are called

N Unear Shi &t
Xnvariant Sys‘\'evhs}”

If
or NLST systems '

("
S Ao known as M Linear +iW\C inwrmﬂT,

. “
W Lihear ‘f‘ransquion n varmmf, oY

“ O systems.
N\

t/ )

- EcE 37193 1S all about Lot systems
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