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Ch
. 1.SENTIALAnOIDAL SIGNALS

&

·they are fundamental building blocks too many general signals .

-they are mathematically easyto manipulate; differentiation& integration again
yield complex expo signals .

I

A CampesapSimusoidalsignals
- Defined as

RG)= geat ;
C

,
at & -

---------------------
- Recall : i
-

Complex numbers (Page 71)
·

be j=

I- IE1 =I amplitude/magnitude .q2+ 62

O = KE= actan - angle/phase
"
"

.
webmaare i -ja) "(= = 2

=- (2050+ISO)i Also, 20S0 = so sino-ejo
2 ;2

--------------------------

Besand②
⑳ Real Exponential
-

· If 2 I a are real in en
+Ve AR() Examples

--

~chain reaction in atomie

~ complex chemicalreactions .

-f

E
explosion .



Example'ove t

at

~ ReZeit

~ Radioactive deco .

~Damped mechanical Locit .

O Example
-ot ~ De Signal

⑬-dieCamp spont& soidal
= Cases - 1 & I

-

-

I
. a'Imaginary ,

· I'real in eqe(a=jw.,
=1 foo simplicity)

·Not

RH = 2 = COS (Wotl+jsin(Wot)
-Imbeswot;

1
=

↳eswot
- I- ·

↓

always lins ona unit ziocl
act)-5 sincrotfai- W

"
...

! in the complex plane .-

On
*

. Resesot]
* Not =0()

-
·

O( 35/a

- important property-Periodic
-
esot. 2 w.
I

-D eswot_ eiw. Itti)

die- To be perio
·Wot
ed => I

i
. Wo= 0 =D KA) 1 constant

<periodic)
it

. No to ? In this ease
,
to be periodic

- j24 !I as e↳
-

·

eswot& eswor
↑

-Also both have same period
SExample

--

x4= 201 (Wot
-20s(wot)

=Regeiwetz esnot+
Not

I- -- e

Z :
To= 2/1Wol -



x1)= Sin (Not) ↑sin(wot)
- ImBesotyotegrot ..I#
To = 2n100 1->N

I Imaginary,

X

2 complex in egn
j4

(a= jw., = 1ee(

x() = 14 es(wot+d)
- le es(wot+o)

sinusoid advanced by wo

-
= 12/cos(wet+6)+j12/sin (Not+al

· periodic with period I.-

exampless - physical sys, in which energy is conserved the circuit
- Mechanical sys.

it
- Acoustic pressure to single musictone .

-*

it edu--Ic I woeIt

= YI I if W=2

Wo= =
with initial zenditions

tot
Yos Vos Yos=0

aat"
a

I wiry ⑰
000

0 0 &=-
n T -- 1



- Fou woo constant signal .

-Energymesage of a complexExponentiatsig.

Io ,eswothdt Case I)Eperiod !
= Fexdt=To /finitel

X
. to- limestotpdt=- (infinitel

Period eriod
= ↓ (finitel

To
~ Po-Im +

Ilesnotydt=1 (finitel
-I

②Gencompensatialsi:
- Both'2' and 'a'ase complex in egn

2= 14 ejo polic from
a=

0+jw.
castescanfoom

x4) = Ielesoe'tjwolt
= 121et/wot+o)

Example : Re(R)=121ecos(wot+a)
· Case I : 1= 0 the real & imaginary parts-sinusoidal

↑

· case I. -50 Sinusoidal sig. multiplied by a growing exponential
- Case I : 0 Sinusoidal Sig, multiplied by a decaying exponential

I Ieletcenvelope ↑

Easei ↓
---- I

-

~

-

-------------Best-.....
-

Mu-



&ReKY Iele envelope
o

TW -----...
-------

Examples : · Damped Sinusoid
- Rhe Cont IP dissipates encogy)
- Mechanical sys. /action dissipates encogy)
- Pushing a swingo

Be DT Complex ---panSinusoidal Signals
- Defined as :

xany-2x : C,4- (convenient.Way
OR

to representfooD

xin]= Ce
Br
; 2,BEC- (analogous to 2Tdefy

B
where X=e

3 Cases-D
,
and

⑧ ExponentSig
~

· if 2 & x are real in ega
cases-I
I
. (N1> 1 growing expo

I
. (11 decaying expo
I

. x >O Cxn · same sign for all in'

I < <0 2x"- sign alternates
% X = 1 2
~

it .

= -1 alternates blw+22-2

Example : Total return on investment asafunctionof monthly eas .



⑯dieCompleSinusoidalsig,
2Cases - 1 andI
-

I
. 'B'imaginary and 'I'real in eg

zens-eswse" (assuming B=jw & 2=1

wong
WA

for simplicity)
n=3 - esIn=2retselessneIn

=0

suppose w=I , Kanyein
- so we are hopping byone radian each time we increase n.

- however
,
if we hop by one radian

,
we will never again hop

back to an integes multiple of ais becausein is ixxational .

- Therefore
,
this complex exp, is not periodic .

* Ky= eswn can be periodic or a periodic dependingoniwo"

10 too what choices of 'W'is escnperiodic ?
- periodicity with period NtEs requires that

x(n)= eswreswIn+NY jn
jwN

SWN
should be 'I=42

Eri
JWN jk2

r 2 = 1 el (kt2)I
IWN -

0

C

③ - it follows that we must have *fundamentalfo:
is

1
*

Wo= =2Tk= WN
0

= 2 is periodic with period 'N' if the frequencyw' is
an integes multiple of an/N I k2π/N!0



Examples. 1.ess" is periodic with period, N=12 .

Iessxn) fundamental focp.
is

W=2/12 = 16

2
.

"
(n)

= 205 (In)
=Re92
: 3xnY is periodic with N=16 .

&

* Sequency-peodicityEmpesapaente
-Di complex exponentials have another periodicity property .

- too any time 'n', note that
I Ieswtanin
·

· esann jon
= e =C
eI jon

III
-

·N

=> I

· e is always a periodicfunction of 'with period ai.i -DT complex exponentials are "periodic infrequency"-
example: essmand & I" esstan) arethe

I
I

exact same signal .

↳-Also: => esweanx)ne
jon

·
-

- The sig .
With fo w

,
wan

,
wanaxe all identical .

· Therefore, we only consides to
internal of length 25' to

choose 'W'
· Either OW<25

- 01 -A W<A

- As WA from Eeso, the rate of oscillations until we reach it.
- As WA furthes, the sate of oscillation

until weseach 25.

- At w=2A ,
we have the same constant squence as at w=o

-P News w= 0
,
25

,
even multiples of i- low foep. signals .

& Neasw= In , odd multiples of-hightoup . signals .



ein- (esn -

-(1)"-oscillates rapidly .

#.B'imaginary ,

' I'complex ineg
B=jw ,

= 121e↑

-x xing=12esdeson
=> 121 escrontal
-> (2/20s (Wn+0)+ je/sincn+1)

-
-

- /

only phase shift
time advance/delay (by 4()) isthe
change here compared to

CaseI

③GalCamplExponentSignal-
- Both 2 &x are complex ina

C = 14 eso
x =
(xesw I bolas

men-le/resoesn
- lelnes(wntof
=> 121(x1(cos(contol +j sinkntol)

- Case 1 : IX= 1 Sinusoidal

CaseI : 121] 1 Sinusoidal sequence- growingexp.
- CaseI : 111 sinusoidal sequence-decaying exp

.


