
 

Digi thedscillators
We've seen that we can get different
kinds of motion with different

damping of the
SHO

It 2px ̅ wo x 0

there the relative strengths of β aw
affect the type of motion we observed

But the motion alwaysdecays because the

damping removes energy from
the system

What if we kept putting energy in

calledEnter Driven Oscillations

LHere we add timedependant
driver b dashpot

k doIFA
driver



In terms of the quantities above this
differential equation is readily written

mi bi Kx F t
drivingper

Denoting Flt
m f t unitmass

2px w8X f oscillatorlwithw.tk
m zp bht

Note this differential equation remains linear

Why Because the operations on t are

linear

Linearity of Differential Equations
Finan differential equhas many nice
properties in particular superposition

of solutions uniqueness of solutions



so it is worth knowing when you have one

is a linear operation Why

let H Xlt Xact

CH X H exact

If 4
Because we can

distribute the
Thus constants and operation is

simple derivatives are a LinedDifferential
linear operators So operator
are their linear sums

2pÉ wo x 442 2B two x

D linear differential

operator
80 2px ̅ Wix FCH
canbewritten Dx f



EI iÉoperator
1 Dlax a DX

2 D x x2 DX DX 2

3 D ax bxz aDX bDxz

for DX f we have to be careful

Assume there's a solution to the

homogeneous differential Eqn

DXn 0

where Xn t is the homogeneous

solution then this solution can

be added to any solution to



Dx f
without affecting thesolutionT
Why

DlxptXn f where xp is
the solution to

Dxp DXn f Dxp f
b c homogeneous solution

Dxp f

Xp is called the particular solution

Summary When solving Dx f the

solution is X XptXn where

Dxn O this xy.ge cze
t

as before which die out as
a



Moreover Xn t satisfies two unknowns

set by initial conditions
So Xp will

not depend on ICs However it is

particular to the driver fit

ff.I.IE snaewte
so that

2pitwpx ofc.es wt
if flt to sin wot then

jtzpy.tw y fosinlwt is the

valid DiffyQ

We cleverly combine them with a

linear operation



let Z t Xlt tight
then f t to cos out is in at

flt foe.int
Thus we seek the particular soln.to

2B Wiz foe.int
e

Note C is undetermined try 2 t Ce

but itmust notbe
set by initial conditions

I 2532 wo z foe

w Ce 2ipwceinttwpceiwt foe.int

w2 2ipw wo2 Ce toeing



fully
determined

C ÉÉ from
setup

We found C and it is fully determined But
it's complex Ultimately we will want
a real valued solution

Relz x t In z y t
Remember we can write C as a

magnitude A and phase S

C Aé'S

AECCA

A w.nu ipw w.r w ziaw



Ñ ÉÑ
What about the phase 8

e
if

gives

foe A wo w 2ipw

ha real

e't has the samephase as wi w i 2pw
or

fans w z

phase

S auctanl.EE hy
determined



We proposed a solution 2 t Ce

which became 2 t Ae feint

Z t A
wt s

real

Xpt Acos wt s partizular
sola

And finally

A Xp t Xn t

tffftqenttg.itFientsolutions
behavior decay as t 00

For weakly damped p w 2 typical
case

t Acos wt 8 ArÉβᵗcoslw t Str
whenew µ2_p pes



resf.fiiEiongarmbeuaior
is that we can observe large aptitudes
at particular chores of driving

longterm
t A cos out S

where

AE
wp w 4βñ

let β be small
so that 43 2

is small

if wo andwe are far apart denomis

large thus A small

if we and we are close denom is

small this A large
resonant behavior



A
resonance when

Wo is tuned to w
µg

my
change

diriner freq

Let's focus on the denominator

IFL 4 ph Amplitude

xwhen
thisdepends a bit on which a minimum

thing you change
the oscillator woo

or the drive w

Case 1 Tune wo to w Radio

obviously when wo W then
denom is 43 2

A to
2pm



Case 2 Tune w to fixed no ladi

Fn wo w 45W 0

21nF w 2W 8pw̅ O

4wo w I 4w 8p w D

4w w won 2,32 O

W O W Wo 2132

Thier Wydwkzptf
maxresponse
whenwe p

WE


