
 

Notes2isysteurslsystemproperties
Objectives

1 Understand how to use block dragrams
to represent mathematical relationships
between signals and how to turn a

set of mathematical relationships between

signals into a block diagram

2 Check whether a system is memoryless
or with memory causal or non causal

or anticarsal invertible or non

invertible stable or unstable time

invariant or t.me varying and

louear or nonlinear

3 Come up voter examples of systems
which have a green set of the

properties lasted above



Systemsandsysternexampi
Remember our boxes and arrows view
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we want to characterize different types of

things that systems do we saw a few

examples earlier
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time dilation contraction

y t Xx t X 21 contraction

221 dilation
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xCu x an
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true reversal

ylt XC t

y fu XC n

There are lots of other operations on signals
that you can think of

modulation

y Lt x Ct cos 2T ftC
It

yet 4

it
this is called amplitude modulation
AM because the amplitude of alt



gives the amplitude of the cosine wave

This is how AM radoo works an

audio signal Icle a song or a baseball

game is modulated onto a carrier

frequency which is the station's frequency

and the signal transmitted over the

antenna is y Ct

Phil Actually there is a little more

stuff going on in real AM radro

systems but this is basically how

they work and how early AM

radios worked

In general in this class we well
be learning about the coretiples
behead technologies that use

systems to process songuals Real

deployed systems have a lot of
tweaks hacks to make them
more robust lefficientl usable

For example the core ideas behind

JPEG image compression are straight
forward but the actual JPEG standard

is more complex try to tale a look



if you are interested

Main

Frequency modulation Fsu uses xct

to modulate the frequency doin

Y t cos 217ft t Zak fotxltide
If you're interested or AM FM radio

and how it works some basics are

covered in ECE 322 principles of Comm

systems

flu is beyond the scope of this class but we

will see AM as an example later on

The book has many examples of physics
and circuit based systems 1.8 1.9 and

systems based on difference equations
l lo I 11

The main goal is to figure out how to

group or classify systems into categories
so that we can analyze all systems on

a particular categoryffype using a

common approach



There is a famous quote from the statistician

George Box that

all models are wrong but some

are useful
That is exactly what engineering analysis
is about boolding a model for the

problem you want to solve that rs

good enough to capture the relevant
behavior of the system on the real world

but also be simple enough that we

can design solutions

FBoxesandArrowsrevis
we want to be able to use block

diagrams to understand how systems
connect to each other These block

diagrams will help us visualize the

interactions between different systems
Ex
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x et

1 yet X t XzCt 7 yet
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2 If we think of systems as maps

yet H exit

then we can apply systems one after
the other sometimes called a cascade

yet Hal H xu

Multi acct

sptronadeessins
yet

yet 24,1 41 t HalxCt
b Ct

filterbanhue 17or 0 yetparallel h fprocess'T Y Hat y Ct

yet H x Ct t Hz alt

X LEI
Amodel 2 24 µfor

yetanalog altsynesie 4

All of these examples are described for CT

signals but you can get DT examples by
just substituting t for u



3 we can get more elaborate

day

x w t

delay yet
A

addagl3

Xz It

y It X t 44 t X It 42 t X Ct 314

I I Xz t 1

This could be a model for the opening
to Beethoven's 5th Symphony see

YouTube if you haven't heard it

n i4
I

t.int
knowledge of Western da'ssic T Eustice is not
required for this course I am just trying to
share some fun examples I can think up of

you have others please do let me know



4 Feedback

io T gets

1
This is a bat more complicated
It helps to define a signal

2 t Hzlylt

FProtipi If you are faced with some complicated
problem it often helps to nave some of the

intermediate quantities to help sort out what

is going on

Ex

input to It xlt 2 Ct

yet 74 exit 2 Ct

Z t 742 ya

yet It l xlt t Halylt

Lefb look at a DT version where He is a

unctde lay Hel sais sa i

and H Sar 2 scu t sa I



Then

ya It xCu7 t Hz yes

24 XC t ya 13

2xCu t 2 ya l

t x Cu i t ya 2

or yCuI 2g Cu II ya 2

2 xCn t xEn 1

This is a somewhat complicated
relationship between input and output
How should we understand it More on

that coming soon

fsystempr.pe
One way to classify Systems is in terms
of the hands of transformations they use
A related way is to look at tie properties
frey have

causality yCu7 or g t only depends

on current past inputs xan
or ex t

Invertibility can we get Cu or xlts

from ya or yet



Memory Does cyan depend only on

the current xcu

Stability Can you x as n x

T.me invariance If ya H yer

and I delay the input do we have

H du n ya m

Linearity if g Cu It xCn7

and yzCu7 HCxzCu7

is x X Cu 22 20

a y.cn tayra

fµef A system is memory less if the

output yet or yen at t.me t Lor u

only depends on the input act or xErD
at time t or w

We call a system that is not

memory less a system

wctnmemong.NET
Exampes

a ya 1 031 3 cos Zaxas

Memoryless



2 yet x t t 3 412 yet I

Nyt memoryless I

3 y Lt Lt cos Zafer f

Memoryless
4 yCw xCn x'zxCu i 41 6 2 t

Not memory less

4 Try to come up with examples of systems
that are real complex DT cT and

memory less with memory 8 combinations
in all

Def
Det A system is caused of the output at t
yet or gar only depends on the

current and past inputs A system is

iron if it is not causal A

system is quticauseal if the output at

true t depends only on current and

future inputs

1
fsome times it gets a bat confusing thinking
about time like this when would a system
be auticausal Thos s's largely due to a



sort of mixed metaphors problem
Remember that signals are not always functions
over time we are calling the independent
variable time just so we can be concrete

Lots of signals vary over space images for

example so we wight define the coordinates
c of a pixel in terms of

i ng m us 2 colours with
a s he top left being co oHT

Then an anti causal system
would use only pixels toan image
the left 2 up from Cr c

to compute the output at Caza

MHanticausal 1
neighborhood r c

A second thing to think about is that not

all systems operate in real time If you
have an audio recording you can apply systems
where yen is a function of xCu3
Cut 17 etc The sane holds for all sorts

of offline signal processing

Ex
Example i ya cis tsar it xd 2

causal



t
y t axle de causal1 1 x

called an

integrator

Any memory less system is causal why

y t x Ct cos C2tfc tie

this is ca l because we only care

about how yet depends on It
not on this cosine term

n
l

ya L 1 6312
Zintl

in n

where have we seen this before
Power calculations

This is wet causal To see thrs
it's important to check the output for
all Cort

y 3 XC 3 xG2 t Xb
looks causal right For
n O ga depends only
on XC n xd

But

y C 33 12 x 3 tx 2 t txt

ya
depends on 653 xC2



For n LO ya depends on

future xlw values so it

cannot be causal

Protip check what happens for n 0

and u LO Sometimes things
that look causal are not

T
Try the same 8 combinations from the

previous self check but replace memorgless
both memory wath causal vs noncausal

Def
Def A system 74 is invertible if there

is a system 74 s ch that

74 241kt t
or 24 HCxais xd

Etxct yet424 Hits or

oxen xan
inverse
system

that rs different inputs Xilt Xzlt
lead to dafferent outputs yet galt

X t Xzlt I g Ct gut



Ex

Exampies
Invertible systems

1 y u x Ecu system

Cu Iyar inverse

n
2 yen I m accumulator

me x

x Cn y u ya I

3 y Lt act 3 delay by 3
X t yCtt3 lookahead by3

note this is anticausal

Non invertible systems
a yet I Ct 12

many inputs have the same output
for real xct if

X Ct xlt
42 Ct xct

then g Ct gz Ct

for complex Ct if
Xw t e J T then

Y Ct 1 for any 6

2 ya x 2in generally non invertible
we are throwing away all xCk

for odd K carat get Ren back



DetFDet A system is bounded input bounded

output BIBO stable if for any input Ct

or Cu7 such that 1 411113 or 1 631113

the output lyctil E fCB or lycidl E fCB

Not
Some people say bee boh and others say
bye bah I have never heard bee bow

but you never know

BIBO systems have bounded outputs when

the input is bounded

Ex
Exampies

1 ya Ix n 12 calculates the
instantaneous
power

of 1 631 EB then

I ya E 132 so fCB D

Thos system rs BIBO stable

2 yet father D integrator

this system is not stable To see

why it helps to come up with a

counterexample



try t Uct

t
yet UCI de

x

O t LO

t t so

but then

I yet I t x
as to

so yet blows up and this

system is not BIBO stable

Another way to look at the accumulator
n

system
yay I xlm

me p

is recursively i n I

ya i I Cm
m

gar ya l x n

this will often be a more usefulIcompact

way to think about this system



The two most important useful properties
that systems can have are linearity
and fine invariance Linear time invariant

LTE systems will be the main type
of systems we will discuss in this class

effDeff A system is linear if for any complex
a Az

Hr a x Ct tazxact

a alt az 141 247

H a x Cu actor
a H x as t azH kais

Linear systems are important because

they let us analyze what happens to
complicated signals by analyzing what happens
to the components of the signal separately

It's usually possible to check whether a system

is linear but sometimes the math can get
a little confusing So it's important to

practice



Jffor any of the systems considered earlier

in these notes or in section 1.5 of the
booth check if they are linear

Ex
Exampies

g Ct tx Ct

To check set act a X t ta Elt

yet t a X Ct az Xc Ct

a t x Ct taz tact
a y l t t azyzet

if we define y Ct and yzct to
be the system outputs for Act and add

So yes LINEAR

yet xlt 23

Check

yet a X Ct taz Ect

a3x 473 t 3 afar 4h12 xzft
3 a a x Ct htt 2

az alt 3

a XCt73 t az XzCt 3

NOT LINEAR maybe this was
obvious



See Examples 1.19 and 1.20 for other
cases be careful

Det
f A system is time invariant it
for all signals x Ct or xCu7 if

yet 24 exit

or yay xena

then

74C act to yet to

or H xcn m yen m

The meaning is this shifting the input
by a delay loohahead to or w shifts
he output by the sane amount

This notion of time invariance is very

important and also kind of special If

we us the system's response is sort of
on demand if you delay the start of the

input the start of the output is also delayed

By contrast five ranging systems have

different reactions footpots depending on the

absolute time



Et
Examples

1 yet exit

Chech rxCt to
2
yet to

time invariant But not linear
2 yen u xCu

Check input 2 Eu Xu no

output near n x Cn no

ya no

Cn no x Cu no

rip use the definitions but be careful to

follow all the steps Cutting corners when

you are first learning leads to brg
errors

Fry doing the example 1.16 in the book

Be sure you understand what is going on

Try to male vp other examples of non

time invariant systems that are similar 2

dissimilar to this example

Go through the earlier examples here and

in the book which systems are true invariant


