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are much simpler Few physical

than the elements display
nonlinear case. truly linear

A specific class of
systems that has
been studiesin

As a characteristics. For depthislinear-in-

mathematical
abstraction or
idealization,
linear systems
find important
applications in

example the
relation between
force on a spring
and displacement
of the spring is

automatic always nonlinear
control theory, t0some degree.
signal The relation

processing, and t between current
elecommunicatio through a resistor
ns. For example, and voltage drop

the propagation  across it also
medium for deviates from a
W|reless_ _ straight-line
communication o 5tion. However,
systems can :

if
often be PhvsicaD:
modeled by T
: Nonlinear
linear systems.
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control systems,
where(,) )01 mf
xXuf x f xu=+?i=i.
We limit the
discussion hereto
continuous-time
systems, although
similar theory exists
for the discrete-time

Ccase.
2 LINEAR

SYSTEMS - MIT
OpenCourseWare
[J The exponentials
eit(i=1;2;:::n)in
the zero-input
response are the
characteristic modes
(also known as
modes or natural
modes) of the
system. [0 Thereisa
characteristic mode
for each
characteristic root of
the system, and the
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zero-input response isFeedback

a linear combination
of the characteristic
modes of the system.
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D(z) + - ZHR
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Zident to find
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Control -
Mechat roni cs
Enbedded
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As menti oned
in Section
1.1, in the
t heory of

i near
systens it
Is comon to
al | ow

i mpul se (gen
eral i zed)
functions in
t he kernel.
For exanpl e,
in (1)
suppose h(t)
= g(t) +
g0?0(t),
where g(t)
iIs a

pi ecew se
cont i nuous
function and
?0(t) is a

unit inpul se
at t = 0.
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[11inois,

U S A
WWWV. cns. nyu. ed
u

Nonl i near
system
Systens can be
defined as

nonl i near,
regardl ess of
whet her known
i near
functions
appear in the
equations. In

particul ar, a
differenti al
equation is
l[inear if it

is linear in
terns of the
unknown
function and
its

derivati ves,
even if
nonlinear in

terns of the
ot her

vari abl es
appearing in
it.
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Cheng] on
Anmazon. com

eart hquake.

Thi s chapter
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on qualifying
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CHAPTER 6
EARTHQUAKE
RESPONSE OF
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| npor t ant
applications
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structural
dynamcs is
i n anal yzi ng
t he response
of structures
to ground
shaki ng
caused by an
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| i near
syst ens,
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elastic
systens, soO
we will refer
to them by
linearly
el astic
syst ens.
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t he anal ysi s Phenonena)

of the
system In
particul ar,

we mrmust have
d >c to be
in a
physi cal |y
realistic
Situation.
So the
t heory of
linear 2 2
systens
gi ves us
anot her way
of | ooki ng
at |inear
second order
di erenti al
equati ons
with
const ant coe

cients.
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publ i shes
research and

wi |

di scuss
what we nean
by a |inear

revieM/articIesti me-

reporting on
experi nment al
and t heoreti cal
wor ks,

t echni ques and
i deas t hat
advance the
under st andi ng
of nonli near
phenonena.

Topi cs
enconpass wave
notion in
physi cal ,

chem cal and
bi ol ogi cal

syst ens;
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2 LI NEAR

SYSTEMS 2 2
L1 NEAR
SYSTEMS W

I nvari ant
system and

t hen consi der
sever al

usef ul

t ransf orms.
2.1 De?nition
of a System
In short, a
systemis any
process or
entity that
has one or
nore wel | -
de?ned i nputs
and one or
nore wel | -
de?ned

out put s.
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A system can
be defined as
a set or
arrangenent of
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of equilibrium

and change in

dynam ca

systens, that
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