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Now that we have seen we can use superposition

to build solutions to the war equation we

might ask can we use the concept of
superposition to deal with more general
periodic signals

We've claimed that any flt that is
periodic can be written as

Xlt do Eancoslnwotltbusiulnw.tl
A where nwo representharmonics of some base
periodicity no typratly the It observed

foggy Est pond signal
this is maybebestconducted via example

thpginfightnal
in electronic systems is the

dutycyle A signal is turned off and on

at some regular interval thewhich can vary interval widths

Intent



and can ramp up and downdifferently

HEE
In all cases we can use FerDecompristin
flt not I ancostawot tbusinluwot
A later we will use the fast farriertransform FFItoshowhoutogetapmxruteans.int

EIamplethesquareway
Consider the square wave 50 dutycycle

ÉLIE

Mathematically this signal is discontinuous

V t
0 oats Tol

Vo TEL t To

over one cycle



 

Orthogonalfunctions
Were encountered orthogonality before
when we took sealar dot products
vectors dB are orthogonal
if

D

Functions are orthogonal over an

interval a to b
b

AA BEX dx O
a

is the defu of orthogonal for

two real valued functions

Aside if A B are complex
then

I Acx BX dx 0

It is possible to have sets of
orthogonal functions



let And be defined as an orthogonal

set for n 1,33

A a Amex Estant
to ʰ

We have already seen this with

sinusoidal functions
um

sin nx sin me n m o

him
cosinx coslmx

unto

sinlux cos mx 0 for any norm
T

complex ftp.inxg jimodx feiMeimdx i
IT



EIE.fi 1 swo

I
That To

A antrum

ftp.toextractan
ffvct

cos mwot dt fE EL coslmwof d

orthogonality gives only to when

n M

SFA cos not f cosinwot at



an cos not dt Tct cos wot

tCansolve

cost lat
d

it cos 7 at

t En sin
4m to

to Fins.nl n f Enflo

for14
Thus

an frit cos not dt



Or

an fÑt cos uwotlt.at
similarly

bn A sinInuit dt



We will use Fouriers Trick to find
an's a bus to approximate this duty
cycle with continuous functions

HH Eg Eancosluwotltbnsinlnw.tl
An Sect cosInwot dt no

ToIbnFofoxasinland
usingorthogonalfunctions
to getcoeffs

Lets lookat it first and comparetothe model
Vet is not symmetric so
ans 0 follows sine symmetry

If is just theDcoffset average of signal
Ao Vo

Oursimplihednd
flt VIE bnsmlnwot
All thats heft is to find bn



but Fit sin Inwot dt Wo EE
O Lt To zV t To
Tolz LEZ TO

To
our integral simplifies to

but I fjo sin aft at
2

sin Itt dt

In loosen EID
but 2 Eun costar 1

ÉIbnaffosinity
4 O

EE

VA Y E II coslait i sin Etz

TtButwhatoes this look
like



Apply Fourier Seriesthed
Let's go back to to Eom

xt̅2px wo x fit
Let t be the long term

solution

what we've called Xp t in the past

Define D 2B wo

a linear differential operator So that

Dx f
Assume we have two different

problems with different drivers f af
Then

DX f Dxz fz



t Xlt are the particular

long term solutions for filt felt

driving

If f t filt felt then

t X 1H 2H for D

DX D x x2 DX Dxz fitfz f
For a collection of fult s where

flt fact we can define

C alt such that

DxnlH fact



This becomes very useful if the
force can be Fourier Decomposed e.g

for an even function

fA tacos nut

where w 2T T Tis the base
period

We can the construct long term solutions

Xn Ancos nwt Sn

where An Sn are similar to our

old solutions for Xp t

An
f ÉnW

sn arctanl.IE



Thus longterm solutions are of the
form

1H Ancos nwt Sn with w

sina.ingIug tionsisiust
Find for given f t

compute An fn
Write down t


