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Last time, we had a grand overview of the course, and started
looking at discrete-time signala.

il. LT Signals._l

We introduced some notation and definitions, and zaw thaz
wag important to regard a zignal as a rule, or an algorithm,
for producing one number, given another number. We also
locked at various representatiocns of signals. Cne important
point of view was to consider an N-point signal as a point,
©r a vector, in an N-dimensiomal vectar apace. Then we loo<ed
at some properties of signale, and some special signals, and

finished by talking about some properties specific to DT
Binuacids, :
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}1.1.6. PECULIAR PROPERTIES OF DT SINUSOIDS
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{a) the highest frequency is pi;

(b} adding Z*pi to the trequancy doess not change the szignal;
(e} DT sinuseids are not hecegdarily periodic

We locked at cos(2%pi*n), to find out whether i

ts frequency
was larger than pi. Sipnce n is integer,
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cos(2*pirn) 1 = cog{G*pi*n)
|

e UT freg. 2+pi is the same as OT frequency 0.
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Let's do another sxample very carefully, to gee whak!
here. Let's

=

8 happening
1ot the continucus-time gignal coa(pi*t):
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An important thing to notice is thar these Bignals are the same at

integer points. So, if we sample either of these signals at integer
points, we'll get the same signal:

comlpi*d)
cas{pi*l)
cos{pi*2z)

CoS{3*pi*0}
Co8 (2*pi*cl]
Cos(3*piv2} == qus{pi*n] = coz(3*pi*n)




In Homework problem 2, yvou've encountered a similar stituaticn, when
discrete gamples obtained from one conbinuouws-time cosine cculd
give rize to another conbinuous-time cosine.
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S0, let m= repeatsdmmes even ough™ these two cofifinucus-time signals
are different, their sampling at integer points i= the zame.

The red continucus-time gignal oacillates faster, but it s}) happens
in between sampling instantz. The sampling points do not see this
activity. This ia why I said last time that two different
continuous-time fregquencies can appear toe be the same discrete-time
frequency. This phenomencn is called ALIASING.
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¥You have all encountered aliasing when watching a movie. You muat
have noticed that sometimes a car moves in one direction, but ita
wheels zeem to be rotating in the opposite direction. & sirplistic
picture of thig jis: ————
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Let's now look at the last property--namely, that the DT sinusoids

are not necessarily pericdic.

Suppose you are sampling a CT sinuseid. If your first sample i= at
_=$E§% then, in ordeqmggr your OT sinugoid to be pericdic, it has

to have a value of #e*6 again some time in the future. ¢ you're

sampling, =sampling, sampling, and at some point wou hitg again,
From then on, you'll start repeating. So, then yeur DT sinuseid

i perigdiEz. In this case, f
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Then there is no way a sampling point can be at another Zero-crogaing
of this =zignal: after the first cne, there will mever be another
zero crossing at an integer. 2o, this zero will never repeat .

What should happen in order for thease two to catch up with each other?

You may remember that the next item on our agenda was to consider
ayatems. The concept of a ayztem i3 very similar to that of a
signal--that is, IF you interpret a signal as a rule for tranaforming
a2 number intoc anobher number,

1.2, Bystems.

1.2.1., WHAT IS5 A SYSTEM?

Let me re-draw some of the pictures I drew laat time, when we talked
about signals.

We said that a signal is a RULE for producing 2 number in its range,
given a number from its domain. Soc, each point in the domain is
a single number.
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A system takes a signal as an input, and produces another gigral
a3 an oukpur,

/ Y / h\
f Domain / Range Y,
/i of 5, D, 5 /of 5, R,
| a set of | ------- > | a set of |
Y signals / Y Bignals !
k! ! kY /
Y A ! i l

DT syatem: DY signal -» DT aigmal;

CT syatem: OT signal -= CT signal.

So, while a signal assigna to every number in it3 domain a number in
1ts range, & system assigns to every signal in ite domain a 2ignal
in itas range. :
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Remember, last time we had an example of a functicn which was the
"division by threav

Example.

argument n, an integer
—————— =

Funetion value £(n)=n/3, a real number
f = vdivide by 3n

d—
Hell, we can alao have a syatem which divides by three:

input =%, a DT signal output ¥ = 5[(x], a DT signal

______ =

system
& = "divide by 3"

The relationship between = and y:
yi{nt = x{n)/3 for all n between -infinity and infinity.

So this "for all n" is important. The crucial and most difficult thing
here is to realize that this whole signal is fed into this box,
not just one number, and a whole zignal comes out.

For example, let'a suppoge that the input signal here x{n) = coz(n}.
Then the cutput is a different aignal, v(n} = cosin)/3. In other
words, x 18 a rule for transforming a zingle number inte another number;

this system says I'm changing this rule into y:




Anothet Way of thinking about this is that the whole graph of x is fed
into §, and it produces the whole graph of Vi

To emphasize that the input of $ iz the whole gignal x, we will he
using notation $[x], rather than S([xin}].
N —
Motation:
5[x] is preferable to S[xin}]

——
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This‘notation is also
aceeptable, provided that you keep in mind that this is not just
x{n} for a particular number n, but rather the whole function x{m},
for all values of n. Then, once the system's responsge ig known,

it can be evaluated at a particular n:

5[x) {n) is synonymous with y(n), where ¥ is the response of L

gygtem & to input x.

Very often, systems are specified by iuput-cubput relationships.
A2 we zaw _above,

I (n}! = x{n) /3, ween<pa g ecifiem
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A generalization of this mapping idea is the so-called behavioral
view of what a aystem ig and doea: _

ehavioral view: a system is anything that IMPOSES CONSTRAINTS
on a designated set of signals, where the signals are not
necegsarily labeled a inputs or outputs.

Any combinbalon of signals that satisfies the constraints is
termed a BEHAVIOR of the system.




inotheT Way of thinking about this is that the whole graph of x is fed
into 8, and it produces the whaole graph of v

To emphasize that the input of § is the whaole gignal %, we will bLe
using notation 3([x], rather than S[x(n}].
N —
Motation:
Slx] is preferable to E[xin)]

T )
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Thisr;;;;tion is also

acceptable, provided that you keep in mind that thig is not juac
x{n) for a particular number n, but rather the whole function ®x{nl,
for all valuez of n. Then, once the system's response is ktown,

it can be evaluated at a particular n:

S[x] (n] ies synonymous with vi{n), where ¥ ia the response of
gystem § to input x.
Very often, system= are apecified by input-output relationships.
An we zaw _above,

inl = xin) f3, -ve&n<pa specifien a avatem.
[P - rep—
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A generalization of this mapping idea is the so-ralled behavioral
view of what a system is and does:

ehavioral view: a gyatem is anything that IMPOSES CONSTRAINTS
on a designated set of signals, where the signals are not
neceagarily labeled a inputs or outputs.

Any combintaion of signals that zatisfies the congstraints is
termed a BEHAVIOR of the system.
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fonstraints: ECL, KEVL, and the component equationg,
HW o Trob 2: popuianion dynamics. (Wo input, dynamical system

which degcribe=s evolution of a population.]
##i‘*t****t****t*i*********t**

ROPERTIES OF SYSTEMS.

§ ia linear if, for any two input signala xl and x2

{a) Linearity. A system
it patisfies:

3 nd for any two numbers al and ad,

glalxl+azx2] = als[=l] + a2s [x2]

any linear combinatien of any two inputs

That ia, if the reaponse bto
on of the regponses to these two inputd,

i@ the same linear combinati
then the system is linear.

Iz there a neat picture with explains this horrendeus formula? Of
course there is.
input x«€1 multiply by al
!
%
h output ¥
}:9 ————————— »aystem S ----=
input x2 multiply by a2z / T
I
_______.——-'

inpur ®x1 multiply by al
—————— = | gvdteaem 3 mm s
. 5
!
output ¥’
——————— =
input =2 multiply by a2 /
—————— = |eystem & e e
N ‘—=-nJ

This pro ; .
it Sa?ﬂ Eﬁg:Y#ésC:Ery important, because, if a system is 1ir

ag the sum of compute the reasponse to a o em 13 linear,
responses to simpler signals omplicated signal
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ehavioral view: i '
[E'___ w: arbitrary linear combinations of behaviors ?
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Mote that, in order to prove that a system is linear, we need to
prove thiz statement for every possible pair of inputs, cr
for every possible pair of kehaviora. However,

in order te show that a aystem is nonlinear, one counterexample
iz encugh.




