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— Whet c\ofs This reaHy meon .

- Tt wmeans +hat Vo  ave -+,

‘.uxk‘\"\f; of he
awAio 5{3;»&&} Py

A Suw o aasim"SE
— Bad Yo wish et You could
the  base

“+the

Mpwer

by rcAWMj the sizes of

\M «\I\Fe%m’:’mé\/ cosines o Hap S ,

"S\IVV\II\Q\F]Y/ yDM Pro Ea\ll‘/ ‘/\MVQ Caf Q‘(’ (eCtS’é
have Seen)

Verq
a  S$teveo or anm MP3J Flaye-w’

et has Tone  strols” like bass and +reyle

Contrels. .. e hass, ~h\e)sle/ an Wl;‘clv*amj{’_

contvols...  Hp even « g rapliic 64‘6»{4“%‘90’2

- IwFW'\'t‘\/e‘y) "’Mefe (awl'wfé ema_(o(@ Ve

o QASUH how  wue bassf 'W‘e\o\ﬁ’, mtc\mv’tf,@,

eve. 6 the audio sigual .

~ T othey- Wawés, you ~think of e augi

5(@:&14&\ el E:,emﬁ, 2 Swum  of €osines

= The hasg cont vy | agﬁjur"ﬁ o W e W

e \UW —@fé’fsuem(y €05 nes ﬁ@* aﬁ@ﬁé&”d{
Wty +le S\hian |

— The trehle control adjvrds Lo much the
le\rjb\ .Pre%uev\cy cosiaes Fet @fédﬂ@t‘f‘d

tnto  The Sub , PAGE 473



_Reza\\ E-\A\@'("S Qw’w\u\az e\ie =7 R jS‘”\da'

- 67wt ) Hhen we can apply Euler's formuly
ot every tiwe T+ qet

P

1(‘\’ ’
e ot T (oSt + )Sinwgt

TACT  a real continuous- e sigua| KH)  can

be written as a  sum of complex expamentialg
éjw-‘c
— We J\)J'F have o Set up “{“l/\e T $o ‘\"A&C{"
al +he lmaginagry parts cancel sut
— Then w\,«hf—mj A 45 a4 suwa of expmeatiale

Jw v ! . \
€ B he Aiflevent Loon wviting hivwa o

A Sum pf  cygines

= Yo will learn how T do ws i Eer 3793

F_j"ié.:[. : A Coempley  gpatinuou (—tome sigual  XH) @

also \Qe wr i Tten as

A Suun gf Comaplex
ey poentialc @3“”‘

—> The 0»«‘7/ Aifference Lromn the yeal
that)  when k) \S

cale i$

(”GPMF\P%/ ﬂ\e
ivvwﬁivwfy Parts A\ have 4 altl

cancel gyt (a the cum .

PGE 4.4



L X When you Haiwk of Confinvoss —time o

SV\M\Q
2y ae ‘De?wj Sums &

Corm\eyf EXPoneniiel g

ywt
Y — st +j<mw{:} s called

e @re%uev\ey Agvn o v .

ACT
U a reul-valued Aiscretve ~twe  signal % T
€ an Swmdarly be yrifen A5 A Sum o4
Aserete—Aiwe cosine s
FACT 0. real- valued Alserete —time srﬁml HTh™

Can ﬁ\"\’ﬁ\(‘w\q‘\’ive\y he W\F\”H‘@f\ 2§ &

Ascrere-tiwme  comp ey exponenticle

e PN = rogun « yStaeon

SUuw of

—> we just need Yo get Wp the sum <q

‘Yt all Phe ‘emczﬁ(maf;; Pm“ﬁg caneel out

— welre 409 1o learn how &, Ao ~thet bA

IWST a0 nate heve

FMT:  a cowpley- valued Adicerete ~tHme sfﬁml

AT can alen be writlen ac A Sum of

Ksevete ~tume Compler Cxpoentiqly edwn
—7 The oWy difterene Srom tue veal case is +aal
}\w € KTy ¢ gw‘;,i@¢/ ..\—\,\Q {w\aﬂ}nwy faav’“%s c\am"f
ave +p 3
a\\ cansel out i tue Suug Még%’*j



*ﬁ("ﬁ Simler 15 +he Contlawgus ~ tunp a@se,

2 when vou Huwk of Your discrete-+iumg

Sigwnals  —ytnT 724 Ee‘«v\g Sums ob

Comp\eY eypuentiale  @3wW

= LUG WaN -e-\“swzwm/

\\-t- \\5 C@\\e’d “{'\/\e -@‘t’"@%\he\’w\f AOW\Q(‘E‘\“

—Bux why wowld we want Yo deo thig 7

r—r—

—Why eu\d we want to write our diserete-tue
é\\f)vw\\s KTW) as Sunmy o4 WP\*@}L @KPM@WQH%\S
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6\{‘0!? 5 Yo Q\V@ady 9ot U\)‘\'H/\ wols tnside

g—-\

the range < w < T,

E}Sﬂ; W, = %TE 'S ouﬁrsfcke; "H/\e '!“Jwtﬂe E-TT]T(),

) ¢ 15T
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discrete~ xime  siquals XTwYy a5 g

natoval  sasis {d\fn..k']g 2
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——

&— The entries of this yeetw ave
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PaT®rn ] = o JWn Lo
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with ~—Tm<w<T.

The Spectral Rasie
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Y
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AT e game Hwme, we a\sp Hiak of him ag being

A vertor in an nkinite dimeagiona | yector space,

= Aad we wil wetke sur dicsrete- time Siqnals Y u
A% s ok ‘t“‘ktg kas:sﬂ

E_A_’_C;-:['* The spectral Lieic {e“‘whz) )
wel-mT

\S 0r+\«93ma13 L\A'\' i+ g no-t or
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= Eacl Sasis Vet L.
ot one.

¢ length 2T yngdend

— This means +hat any two difberent vectwrs

Hrom the basis are orthegonal--- They
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- Tw other words, (& w, ki, ) Hhen
, . % ,
< e&'«\-’\ V\) e’\)wam > - Ze‘)wlv\e—'dulw - O

N = —o=
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() = 2T,
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~ The \a.s+ +w0 -Qaf%s cawn Lwe wi i Tten %3e+he~r

in ome equation  lilee Yugs -
<€Jmmj ejsz> = ZWJ‘(N\*ME—))
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G\\SJ(WILU\:\"\M c'rescm\:ed W Fhe hotes ‘Cﬁf‘"
Module 2 .

Sbmear\/ 7 T E . { R mn}
. ke as’s cC
—— we -1, T)

'5 orthogmal Lut gt v thsnorme |, Eacly

bGLSlj Ve ctor kas tenj+h \/ 2N (W\ q
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XA Look back ot ho-ves pPages LLW0b Hureush l's 1!09
nNowg !,
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Gjun lmwe \@vng‘h J 2 Tm%eaﬂf ot

e weans Fhat s

=> When we add up the dot Ptf‘aa/urﬂ
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- Now we will weike g Alse rede —+ wme 3?3%4& T
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et

U\)et""ﬂ]ﬂ) ’
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Sasis  vects, . JVES W 4 wymben
Lor E6.cl ‘mas\‘g Nec -t

Add “R  the &M‘" Producty (V\uMLers)
Tmes 4, bacic Vectors .
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[Qmj“H/p \/E_ﬁ W stead of ene, We
kwe ‘o ah‘v i kg B‘f 2T,
= Tl GIvey KTy
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— Conygate tie entiieg oL +h

e Cecond erdy
- Mu\h ‘ "!”'\Ae (a
! \(Z‘t—hw entvier thaet aye becide

— Add i+ wp down  Fag Vertes

X TN Cédwn)%: e"I™"
— \__ - 7%,'

W

ERELARRALN
|
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;
M

/4

W

L
X3 ey = > w3 eien
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e~
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— Thig ﬂivt‘% W 4 V\umbéi- -C&f‘ 6&6‘« Bas.‘s
Ve r-toe

— Theye \$ one Ea;ig Vectu ﬁw” 6‘&61/\ w € Z:-—'W} 7(),

7 3 we get a pumbor Lor each w5

.pr\aw‘ ‘W +O Trv

— These Numbers are
TR N e,

Complex ja ﬁ@é’t@sf"qu € v e
- _,6 [<C’—>6P "f"r‘ack ot 4” +b\_é$@_ V\UW\\’J‘QYS

(dot PV Juds)/
W make an

and e Pla‘f“ +Fhe
L) axid ;

dot prodyrts

AMNE oo
Aot produy s N Fe

—> Notice +Hhagd This makes g -E’um-éfafl ot .

— Becase +here ¢ one basis yecte Lo
LT veal w Lrwn m owom, 4y

6 “Uike" @ Continums— +iwme "PQAV\["(’(M

nFe seme Pt w15 q
Contihuouy Varable,., |ike .- -

= 4.7
rrt diserete ke v, Fhat 4.22



— This graph of +he g+ Products i

a
fClAV\ZJﬁ'M o LD

- T+ WOUM y\,\&ke SEn¢e o cell i X{“’U)

= o reasons that T will explam \,:,d-'ev*"’;,
We  hstead call + K(ei~),

{\iW\W\M)’ ot *a\;°v‘i_ﬂe_§0’&’ Product of T3
With the speetm B

L Lasic verturg -

¥ This ic called Mie Adiceyete—
“Tvransgfonrmn

+ime Ty Cie~

or DT BT,

— It 15 given in The book tw - (7.2) on paqe 24 1.

NOTE : The book writes (A tthe
Istead o€ 1. This is pot s
write €™ and < |,

-Pnfﬁuﬁmly I/ﬁ&";&;éllé’
bandocd U/ Mt people
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— Why does the bogk weite [ 7

14

-a€+-cn, you get g &ucre""@ +\W‘@ s°

Sam/\p\«w3 G cmi-mwms ﬁvv/\f Signal x (4) every T
Secongdyg. 5

gral rasy by

— Theg 3\‘\@5 Yot N ra = "XUTs)

[ teqep

T ‘/‘t‘wu?j“. hy- }M‘}’Pj-év_g
o'y Catled 4y, \ i 92neral,
he Sawmp ling tey .,
XD = Acos(wt + ¢)
+
hew XTIy s alse 4 cosine, bt The -@r‘e«gﬁu-’eﬂéy
XS Nt Lo,

— The Saw\P?rnj "h'mes are at f:-V)Ts o
- S0 we get «ATtw) = 'Y.(v\Ts)
= A coas (uun"rs + ¢)

= ACO§(MTSV\ ‘\"¢)
At

n
w

— %, Por 4 conttnums - +iunp Lrequency o+ W,

we ge'f o disere te-tme freé()\wwf? ot

JB: b\)Ts

— Thig ¢ e4. (4.3) on o 165 of the bupk |
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— Since  +he (ontinvous and Adisevete -('\f‘elb“e”aes are

Wt e Same Y ou need o use du‘@%ereg\‘/l' S\/Mkaig
for rhew,

— The book Wies w Lo Continuass —Qref)uemcy dmg(
dy Fo diserete -@retéutena/g

= Bt W s wet sk durd

— The ECE3793 Lypk wses e Lo

Cont inuous -Pwezﬁuenfy and _0L Lo diserete
Q\r@f()\wv\cy,

— The ECE 4213 buok duos i+ back o s
Lromwna “+nat s It Wses N Hor continuovs

Fregoents and w L discrete e guency.

M&lﬁﬂl ot 'l")/\ﬁ 5’(’0’1‘7’ . Ql’\y "f'(w\e yau l()al(_ (§%

4 new buok, piake sure

To Pay atention ho what  syuwbyle

ave Eeing Used ‘CW‘ continuays «Orﬂguemcy
and dicerete %re()uwwy,

Tl«elrels hot any Standavel Nptation ‘i\nc/

A (wuld Ee A,“-C\f@'f(?m“ﬁ"‘ ivi ev&{f)f Ec)ofd_
You  logle at
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Okay, now back t the  mam g,@\r-y;

—~We want +p  uvite e c\(gcre*’@w
MWD al a4 suwm of ‘he

fe

- We twok +he dot pv*ociur( ot NCR) with «
basis vecta— |ike s

time gl\ﬁk\é{,
§P@(“{‘rai {,ag{g

we -, )

6o ,
{xmy, eivnd = Xleiv)= ) xmie ™"

=~

— This gives we a number +fu each
basis verta ... a4 nowmber Lur each co.

— )((@J'W) 'S a .Cmnf%c‘m o Lo
— T¢ Youn f?\uﬁ Y w = %) Yot

qet a number 4,1 & Phe dot

Produrt ot *Xtwy with the beass
Ve (g ei%”‘ '

PALE 424



- NowW e v\e,ed ‘o add up ‘I‘L\e (,\0»#- p\mdu(%é
tiwmes The imc\‘; veectars f;e,f‘ 224N

— Recavse ‘l‘\/\e £a3‘»g Vectors \\ave \eu\f)'fh \/2:71’

11 Stead ot e, We. )/\ave 4o dfvfcfe Ly 27T,

— B€(4\Uf— J(\r\ere [ One. g%s?s Ve(+af *(:(J\.f
every real puwber betweea and T,
WE  cannet wee capital T c{alde

— (aP‘\)m\ > aaldt‘vxﬁ Ca do loap.
— The looP Counter g Y Le ntegey

= But here;, pur  w s real, pet
“,/\‘{"e\j—@‘f.;

— %0 we have % we capital § addivg
EV\S’\'@Qﬁic

o U N
/ I dot product addins

add o € AT +he Mi’i@;
fix 1t up W:\l er wt hosis
Ler over ™ basi§ lhati €
\;zﬁu\ ::‘jg vector vector
h al \S

V ectoyg PhGE 477



- This ¢ ca\\e& the  inverse Digeve te —

OO Trang L ovmn

tan &

) o7 IDTFT,

— T ¢ FINEN  n e1. (7.8)

o€ the bk
-\ Page, 24é. “

— NOTE ! the book writes éi\s nS e d ol wo.

Su mwary

ok DTFT and IDTF—'—T';

X(e) = 2 xmg e
)’\':-m
\ H
AW = iﬁg X(ed=) e ",
=Tt

PAGEALD



-We say That  %[n)  and XL{e®™) sre a C‘DTFf P4/
o a ‘ Faum'?f' '{'tfamspmrm pau’r“,

~Here ave spme e\ fle ront WaYE that vvou cam Lorite
4

A avd X(ei) gve a DTET pair '\ .
X (ei®) = D‘TFT{'xmg

XTH] = TOTET fx(ei)
X(e*) = FH xomf

xwd= F xed)

%] 2TET X(es~)

) &2 Xlei)
~Now, jn fhe inverse DTFT equation, we wrote xtn)

A a4 sum o€ bagc Lunctions @390 |, i+h Lreguencieg
(78! ﬁac'mﬁ AN ~T 4 TT:

A : '
)= 37 | xle™) ed=" 4.4
-7l

~y But if ypu wanted tv, you  couldd nstead wee
basis Lungtions eIwn

Toom 0t 27
—or s Tty 3T

— o Lepun avy pther intecval ot lensth 27

gEms—amy

with Leeguencies don g

PAGE 4.2.9



~ This {5 becavie you get all +he basis
{Lumc&;‘wﬁ_s“, €y You get all the possible
Graphs of @it lorg a5 yeu tulce
2T worthM oL Reequencies,

— The basis Lunexions {GJW‘% C-, )
we -,

have +tHie Same graphs as the basic

-Guw\(%?avqs iejwag
we Lo, 2m)

4{;/\1/{ the game ﬂr\qphé s the hac<is

Cuncficas {ejwwzﬁwe [T, 37)
/

\MSFS Functiong
— T othher waw.i%) ﬂ\ey are a)| \SVSJ(

d(‘”r@ﬂ’@ﬁ' Wy § 6f wettiag Hae S .

b 61 —(jumr‘l'img_
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=%, tor the Wwverse DTET on p«ge 4.28, we
cod have writlen nstead <

L *® '
) = 3R g X(e32) @)™ 4.,
o

o 31

AT} = 5=, S X eSN) e g
A

— o this Ceason; many beolks write <the TOTET
lilee +hig -

LThY = éﬁ SMX(ES‘“) eN 4

~ The ‘e R
he Symbeg| Szﬂ wieans  Hagt You Can intfgvete

OW, any  wrerval o \emg'H« 20 ... KWy witrl

Tuen oyt tue same o wmaller how Voo dg it,..

—~becuvie you will get the same pagis
functians pg ma e © g you do i,
B And the funchion X (e3%) i ackualy defined
for el weR  and W o1 27 ~pevied ¢
N )

PAGE 4.3)



Proot that X(e1“) js 2Zm-pericdic 3

-/——’

Let W, EIR suehh that TN we < T

Let k€Z be any mteqer,
Let w = o + 2Tk,

Tke_v\ X(_@_Swo) - X(_e&w‘) e e a ‘Hq@‘;} aré

the Sume  puuml er,

Hevels how 4o ghows vt 5

(2]

' ’bw "
X(edn) = pwraest
hz-~ce
00 _ we +2T K ) h
= Y ey ed
h= - oo
3 Slwen =) 2T kn
= Z’___’KT'V\‘)@J e ’
h= - e
o Nk

o0 [
= T Amente

h= -

= K (e3*) /
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—50 the graph oF X(eiv) s actually 2T —pevicdic |

—For exawmple, Tt might Lo like g,

X(ei=)
- \/\—W tas
— T 2T

-2

~ But Lo Conveniencdy we uQue«L\\\; J\US’\' ﬁWxP"\ W Lvoun
- %o T ke we Adid on pege 4,273

— Some¥imes Vou wrey alsp see vt ‘ﬁf‘le"@d
Lrow O o 270 wgtead,

—7 B\A‘k‘ eNen ‘H‘w\;f)%\ we uimﬂty 01/\(7' gwq[ﬂf\ JUS'Q‘

one peciod
’,..‘_‘> Yo waust always Cewmen s er”

‘H/\ac\” X(,qu§ . La€y w DTFET..-

1§ a\weys 4 z’f"\‘»—gaev{odfz,
g

lgumﬁ'im. _&N& 'ﬁ

PAGE 4,33



“Tn BLE 2M3, we W always race the IDTET
From =T 49 0 Wke s

YTy = 3 ) Klet) e A

- And We il usua(iy ﬁmph X(éiu) JGMW\ -0 4o T
| ke *Hq\‘g ]

Xleiv)
\
_ i-'/\*’") “y
~ T T

"NOW) -Car euc\n L) X(eW) is ac%ua\{y & G:I-\MP}G;t

Nnuwwmher ﬁemem.h

= So we actually need two graphe;

—eone graph Lo the real part
Req % (e5~)%

—and o seeond graph of the
WG4 TGy pevt ‘Q"”‘{Xﬁei")g

PAGE 4.34



~Swce K(€I7) is a  complex numher Lor each L, we

Can olso  convert gll Yhose nuwmbers o polar Lovrw.

— Thyg ﬂ{\jes ws a -@mmc%\‘m \\((65“)] ”k\/\a{' V\ﬂﬁ
all  +he W\Aﬁ V\'l’h,,olé'i)

— Au\cf a Fuwne tion e:urﬁ X(@JN) "{'L\q‘f' Whas at&
the awnqgles,
—_ ary Y(ed=) 1 Sovae t{wacs W ttes

as L X(edw),

—Here 15 the wmath Lor Converting betwean e
recranguler and polar Lorwms o€ the Lumrtion

Ylei=Y -

xe)| =/ (Resxte)? (e i)

Jm«{xtea“’ﬁa
Re% x.(e5°)§

arﬂ X(e&u) = CN"C"\’MI\

Re £ X ()8 = | X (e cos qu%(&“))
d"*"iX(&”)g = \ X (ei*) {sm arq 2((@*"‘"))

—> The wmeaning (s thal, conceptually at leas t,
You do thece calewlations at every o,
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—S6 wskead of gGraphing -+
1AL e ~ :
ot X(e1) grapang real awd twacginery POTTY
— Wt Ccan 4\-\'e\rv\c&cve\y ﬁ\(‘qu\\ twe Maquitude.
and gngle,

:?7( A
Re % Le3) § Snnf KL}
’_/-—\——'/N =3y ) 1/\ - D
-1 N —T7 ,
—_— Y ~—
| x.(ei~) |
f'/}\\\ -
=T Tl

”‘O’P&QV\ 16 wuvre '\V\-Qprvmac\'\‘\/&‘ -\’0 \OO%\ a.}(«« “+he

Graphs of | X(e32)| awd  arg X(e¥) --- (o€

-

PhGE 4.30






- We 60‘!’ He\w{'J Loe the i1nput evq enfunctian
XN = @37 e associated efqen value was
6 number given &s;/

J‘Mo l<

L hik] e

kv-ﬂfo

—_ Lq*“ \\\\” vS J‘Uf'f" A fﬁ&ﬁ Counyey UJ@ULL,S@‘(

W\

“k' becavee W aas already beivng used

Cor something else (+he lndependent +ime
variable) on page 4.1 .

- BLA{’ 1/\8(‘@ (o’ Fﬂﬁe 4!3%; we Couu J‘Uf‘é" KA
well weite “al Lo +hie é@g)f} Cepn e

VAS- ('@qcf Then Yhe e\c)emvatue_ Eur
XTn)= €3V | ke Like +ai's

HO
\ = 2 ho e“J"""”"‘
=~ e

- AAA) wmore ove i, +hig e%aa‘?"e‘w\ S 5004{' For
any veal pick of the number wo.-.
H”S 5‘0&d {%\f‘ Any 4 5.572,‘

LAY
~ 5o, Jor any welR, the sigual KTa)= ey~ is
A eifpem@mwv(’fm ot @iy LTI Syﬁ"@m T

a"\d +he 5(,5506?&%@0{ erﬁémvg,iue_ i€ ﬁ;\l@M b\}/

éil\ﬁ\j@,‘“d"‘m [ {

& 10
h= e

PAGE 4,38



“But this 1s Just 4 DTET of +he impulse
respanse  hiramy

—In other wWord$ : the Lrequency response  H(eiw)

¢ a Lunetion 4yt Giues

all the £1q envalues

o+ the LT SYstem |
M »
Ae™) = ) hoaeni=n
NS e

— ?lwﬂ VA any real v\usw&er Wy and VY OA
38\' +he eigenvalue Lor Hae mput
e(g ulumectien AWM = ijm .

% Ak

THIS 1S SUPER SUPER-

SUPER.  |mporTANT )

L S
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- T o'i"/\&&'_waﬁds) e Aot PWOAU('% ot L\Tv’\j
W"'Hf\ eiwvx

~
B V-

iy, ey = He™) = S hnge-™
. "

AN A iINES Yo, e ij@r{ﬁ'dn of the Vet I/\Z’mj

onto The vyectoe ejwﬂ
J

—> And that ¢ exactly —+he ngev\vah«té ot +he

VT svstewm b bt i associcted Loith ‘e
‘Ccﬁén@u\nc%ﬁax\ 6&"“"

— 50 whey we weite  an mwhi%fw;f ftput 51‘3&44(

Y a4 qumn ot e§3-em-(lmw\e«\~€w‘5/

. = The

'{:\re'?bu%(y responre H(ei""’) g /ves
hs

“:‘.,(_i the 6(‘990\\/&.)'4@;,1-!%-}— W@ k\eedf
‘o find the cutput Signel V)

PAGE 4.40



~Now \eths worle oy+ a DTFET Lrum +ae clef

\'VH“{'\'M",
E._).{. e ) = (J‘i)ﬂ AT ")
. = .
X(e) = 5 xmrei=n
NI -2
\  hzo
= i (£) utay 37" uﬁ\j:{o,} neo
ARl v
o - a2
= 2 (8)en
n=0
20 e.._,'w i
= Z '—i—)
n< @

— T covld have writtea Ythis as
2 ‘ v\
Z <Ze°'°")
h=2

~> But we Wwualy wyite DTET ¥ N Ferme
o€ eﬂjd ... becavse thats |how all
the Lorwmulas ave wwal!y wr i tea ...

—> S0 T |le€+ +he 5 U m ancl e S

-jwy N
(%-E:"J \kV\S“Teﬁﬁll

—> Note \HMCFJ ho malter how v o P(d‘— bl y
pv !
-/,2:"7‘: 1. S we can appPly +he
Sum for muly +o et —
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n=
N o apply sum Pormulg
mm—— I — L2 ,
] %:sz_fie \' with ol= 3e7"
ne o
_lw\@ N
f EeT) -Ge™)
TNTE o g
Nows Lor any welR, s e 3¢ 06 &
Covaplex  number with maguitude
[sev| =4 < 4.
A N#
== So i’)‘;"‘w (lie“d\“‘:) =0 B
L | =0 \
= -~ = - o
X(C | — _\ze-jw l _a.l?:.@ W
I
—
—

pacE 4942



—To write ¥X(ei*) iw Ve ctanguley Lormm

— W other wam\s, +o Cind the veul aud
im&ﬁlnwy P&Mf"’t'q/

—yaw b\we ‘o clear The \j out ot +he dém&wmafm

“Just like alwoys, you do this |y multiplying X(ei-)

Ey ene  in the Lorwma i.: conivgate of depomivato~

ConjuguTe o € Jdengminatar

—The dewnsuminator is il'__;_-e_jw

— The Conjuqate ol e denemaing borm

. Yed
K [,ieJ
-\ ol
%0 X(ei‘“) - \ — \ 2.6_‘_
-\
\—he |- fed
\____‘—-\/N-—*”
ONE
\—-5es™ —
- ' _iea B N
\-tet - 3e iy et
o ne
il
|- % e’
= N - ,
|~ s =5 Ismw = heos(e) -5 jampe) T E
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)
|- te!

reo X(e-f“) - - — —
—L _ A Lo
\ 3 (oS 7 Cused — Z)5hw + —!z—_ jswu...x + L4
N . . ¢
Zeve
= feosw - fisme,
5
p — o5
L
— S (o5
- [ < ) = Siney
= )
F — s %-—»c’asm
So:
|\ = 5 s

To 10(\:100 +Hae S?er—\’ﬂti w\agni'f’udﬁ lX(@Jg)l-&V\A SPQC"('*%’

Fb\&sﬁ CH‘{] X(ejw)} We could appfy ‘H/\e @wrmmlas

ON page 435 ,.. it would be Mmessy

PAGE 4.44






FACT : 10 e 1S real

,  then
X(e*)

ijug«*ﬁﬁ SY mmme te e -

>

Kleiv) = X*(e“d'“’),
- T+t —pol\aws ~Cr0w'\ -H.\\g ‘f’b\ﬂ‘{' .

— The real part of Kleiw)
e veéew -&LMN-HM ot #

IS an

— The laginary pev ot X(ei“) (5
an 0_4_4 Lonetion o & AP

— The Wagnitude 48 X leiw)

eve ”
N Lunctian ot oy

¢ awn

— The angle (

Spectral phase or just “phase )
of X{ejw)

s an ao‘\d —C(AV\C'(’I'M 0'6' “J,

Phoe 4,4,



— Back newr the Micﬁéie of Pege 4§) We Sﬂe(éq. Wk",

a  veal-valued discrete —tume Tgna |

KnY con be weitten as a4y ot

d:w'ef'é‘ =A@ € Kpowe AT if»‘tbﬁ

Y WOV :
e T (O T (S e

— But ﬂ«mi’/ To waake Hhic werlk oAt e

have to $ix wp e Suwa % that atl

the ima@imwy pay ¢ eamee ot

=3 The Lact dpgt X (e =) 15 always QNUM@&*@

e s S

SYmmetric  uhew ntany is

real is evactly
what  maleee  +hie Wovlk, .

— Suppose tha® XTwd is real, awd Suppese Yhat Lo
- | .
w= 5, X(e3®) 15 somne cormplex pywmber X(QJ%I)':A*JB

— Thew, Zecavie ATwW) i< V’C‘Zeﬂ} \({ei‘"") (RS

COnjr 9T e Symme ric

~% X(e i%) = X%C@%) = A-jB

/._-—-_?)
PAGE 4.47



=50 when we write KW} as +he  Suun

" . -
ATh) = ﬁg X (ew) eawn c\w/
~t

~The Suwm (integral ac-hm?l?) will contain 4

e L V5 \ Yo N
Tecm 27 X(€°7)€° 1 and alse q

| | o
teria qu{ X(E-“W&)Q 3 .

— When thee two torme det added 5)/ The inteq s

\/
‘l{' W\a\ccg

r . y o Ty
%{(L X(€3.%) 6‘3“&/7'/\*_ XC@ JT(/_}) e / “1

.' Tt
(B , T+ 5\“’\“‘“)
= g [ (reB) (s yen s

L (amiR) (Cos CR) + 9 (-5 MWX

T

\ ’}; — ‘(ﬂ"‘

L oy s G t{BeogHn BT
[Aws{’n |

!
2ﬂ v - Sha m
~jAsnEn - Bws % 1 B33

W

+ RevsEn

= %‘[Zﬁcas”%ﬂ—ZGsw\%m”} — REAL::

TS T
—M

PAGE 4.40



~And the same thing happeas at all The othes
*Fv“et()mew(_(eé w Lo et Y5 TC.

~ S0 when AN & real

) s Xled=) s conjugate

o mvaetric

— and thic makes all the twagiusry parte iy

+he mverse DTFET czawcel ouk sy Fhat

.
ATy = %rtS (e ey, = REAL

— 45 1t w\us’fl,

-—-N@w} Sowne O‘P ‘[’.'i\e emhr;ef's A oAl DTFT —[’AL)(Q
(see test 2. Lovwula Sheet on the course wieh ~§~"’€'€)
look pretty easy 4o understond, lilkes

DTET _,.—-L—-—‘*"
At ntn) )mci &~ L —ae™”

DTET 51 [wCNM“ﬁJj

</—""§ -

XC) = ’_\’H HﬂL n

3 va <N wfz
- N3
DTET
S} & 4 ete.-.
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—But some of the other ones ok havd berause
ﬁne,}e have éapifai sigua do lwps”  in thew.

-‘Hexret L\ow "(3 MV\e}{»eAi’S‘{’QMoé Jﬂ/\e\‘f’f

First, recat Hfat tts ealy s undeystand
v RSt 37 = 308] +7[97...
l‘ae':} iths tfﬁ.S;/ o understend +tnat E::’?j 14

a Suwn of Two Ea‘:"ts Veeterg "f c:.meii
wWith  welghts  (Joh products) 3 a4 7.

SQCMAJ TQCQ[l ‘h"\&tﬂt.) ‘GVOM Eu\,\e\[‘eﬁ' ‘?'Q("Ml«h/

COS wn = 35_@3""’“" -+ —Szf_@"’d“‘""‘
—> But ed*™ and ™" are DTET
haots £umetrang,

—> So  Coscon 15 a Sum of exartly tweo
DTFET bosis .(fmm({«mﬁj E)f)'{'!’\ W:"&”’Lf}
weight (ot ?we)ﬂw%) L
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~For ewwple, € w=§ | Auen

T _ r‘TYI/m ._."Tr/gl/\
cosgh = sedi®t Le

— Recauwse thwe TOROTET ¢ an ivﬁ"eﬁ*”'ﬂl) Lor

everydhing Ho  werle out  we need The

Trangfww of  CosTn T be
X(e) = Mh(w-F) + T (~tE)
whevre §(0) i< the Divae delta.

= This follows Lran Ahe N si6ting pmpeﬁ'y "ot +the
Direc delta that we saw on Pege 2,073,

~with X(ei) = Wow-F)+ THw+F) we get
g
.,L \ \')wm
Kln) = 27€g X(ei=) e Aw
~Tt

7 ST{ [Ro(w-F) « TH(weB)] e du

= 27
-7t

:ﬂ‘
T \ g WA _ W
- “22%(8 J‘{M"%J e\) dw + Z,:’{ Sﬂd‘(w’f%-) CJ hAMJ

_,\_-ﬁ e LT{(%W) Jua
= 50 B ) e + 5 § gt B e,
n T

—~> PAGE 4.5



"B S B) w “umed eV 4t e T

= S0 §*n S(w-F)e " Jw = Value of eiwn at uz%
= eiBY
T
\ |l WA T 0
—5 5Y d-F)etMow = fed
W
Aed Ml T) i tuened on'at wz —F
m
o B RV
S %Sﬁ&(w-f%)@i dw = 737
= And Brom tne  lact page,  we ﬁet’
T
o) = %Sﬂ J\(N*‘-ﬂ:)ﬁ\‘w"m + = sTJ‘/b\yb‘Tr) ejwm W
g L
= ‘%6“% I 4

~% , L xtm = seh, dwe graph of Xlew)
Shoutd loo & \\k@ A

|
7T K
| lJT e
—Ti "5 o T T

Fher 4,52



~ But even +hou§|v\ we uSuall‘y jrar"’i XCE."‘“) fovr w=

ad\\y) on p-4.32 we saw 'l'hﬂ'l‘ﬁifj DTFT must he 27
MuSt he

= S0 in veality ) the e qraph of K(2%) b 4o Lok IVlee +,
\ g 4

- o w=TC

~perisdic .

¥ (&)
T T N
T - T N ™ T T TC
NI |
——t X '\ \l Lo \ % ‘
. ‘ : ‘ ; ==t
L fom) =T 'n L 2T I 4w
¥ ! ! 3 : ' '
i v \ o 37 Noow :
Lol Y N
? ? v + Wl‘_‘ '\""n ;‘l ﬁ
i CooF
o o W i =i -;
)

1
\l-l_T[ - :{)g,riodfc_

-Tf vou write the- whele 'H/.‘mg” 25 a -Gu.ﬂf‘h'é'/\/ Yo ﬁe—+

X(E3) = oo 4T (- (- 1-3)) 4 TS (o (o))
15 (- 75 ) 4 T8 (1o (e ) )

06 = ) T (19 Tg) o T (- (21 ) )
+ 5 (w- Lzm»'“!e)) + TP (w - Ucﬂ"“/e))

+ T‘NW-(,‘I-TH'%\) + e
= The pattecn ok the 4erms n this  <um g

e (e - mf-Te) ) + o (w- ZTh+T8) ) ;

where integer
er s any wteg PAGE 4.573



— We Can  wiive 'HJ\\\S wrta & C‘O \UOF".

X(e®)z T3 {atw-§-2m) + ¢ (arF -2 §
gz

— the =0 tevwn of The loop gives us -
Y (et=)

;’_> (/\)f/\?C\/\ [ ﬁ@ OV\IY F@v["{" ‘Hl\a'}' MQ“H'@WS’
"FW" ‘H\e WnWwverse +T\QV\S—€CWW]

. T[ . ~
X Ty = éﬁg X(e¥) " duy
2t

T.:> becavse -twe ‘W\*@gm‘h‘r‘f\ M‘;«* G 0es

*FWPW‘ e = =T v .

= The resk o the terms i the do &ao? ahove
—Q//\r }?&0 :\‘“+ \‘\Pio? Aown ! Moré e:‘c)Pi@S
evety 2T +p wake K (e¥) 2T —peviedic.

—7 But they domt enver ity the wverse ~ransferun

when e wﬁeﬁnﬁ’e Lo —T0 “+n T
| PAGE 4,54



- Siemi oy reassoning  explainsg o My Ste rie s laakﬂf?ﬁ

Tirans Lo wg
I DYFT o
e e 27 L - -2me)

L=-o°

DTET z
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