
3.6 FORCED OSCILLATIONS AND RESONANCE

On section 3.4
, we analyzed the eq.

MX
"
t Cx't KX =D

and found the following types of solutions :

1) C --o (undamped ) Htt - C - cos (wot - a ) , where Wo = VET

2) Cd >4mk loverclamped ) Xlt) = Ae
-htt Be- rat

3) c2=4mk (critical damping ) Xlt ) = (AtBt ) e
-Pt where f- clam

4) ck4mK (underdamped ) Htt = C. coscwat -al - e -Pt where we =VwP-pT

Today : MX" t CX
'
tkx = Forces wt

GOAL : analyse the possible types of solutions as we change w .



CASE 1 : undamped ,
W two

MX" t Kx = Fo cos wt

can use undetermined coefficients to get

xtt ) = A-coswot t B. sin wot t
Folm
⇒

cos at

= C -cog (wot - a) t
Folm
⇒ coswt

what does it look like ? Periodic
, with higher frequency oscillations within each period .

Special case : BEATS

Happen when XD) = X'lol =D

xttl-m-w.at?wa,-lcoswt - cos wot )
Trick : let's use cos (a -b) - cosCat b) = 2 sin a sin b

, choosing a an b so that
a-b =W

,
atb = Wo

Then xttl-m-wwag-sinwg-w-s.vnw ( look at some graphs ! )



CASE 2: undamped , W=Wo (RESONANCE)

Mx" tkx = Fo cos wot

Use undetermined coefficients , guess Xlt) = t ( A- coswot t Bsinwot )

x ft ) = A- coswot t Bsinwottjtmewotsinwot

CASE 3: damped

MX" t Cx'tKX = Fo coswt

Xlt) = Xatt ) t XpIt ) ,
where Xa is a solution to MX

"tcxltkx ⇒ (transient solution )

Xp is a particular solution ( steady solution )

whatever Xen may be , it's always the case that find Xp It 1=0 .

Xp has the form XpHI =C.cos Iwt - a) .


