
Damped / Driven Linear Oscillators from 325!
EOM :  !!x + 2β !x +ω0

2x = f (t)          where  
!
Frestore = −k !x ≡ −mω 0

2 !x ,         
!
Fdamp = −m(2β ) !v ,       

!
Fdrive = m f (t)

Damping Cases : Critical damping : β =ω0 ≡
k
m

,     Underdamping: β <ω0 ,     Overdamping: β >ω0

Coupled Linear Oscillators!
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Transverse oscillations of taut string: kT =
tension
length equilib

Inner Product Space description and Normal Coordinates	      *  
!x  = column vector of generalized coord

	 • Space :  
!x(t) ≡  solutions of a linear oscillator system

	 • Inner Product :      
!y !x ≡ !yTM !x                        and associated magnitude :  

!x 2 ≡ !x !x

	 • Basis : âm  of eigenvectors defined by  K
!am =ωm

2M !am  and normalization  âm ≡ !am / |
!am |

	 • Basis is Orthonormal : ân âm = δnm
	 • Completeness for  

!x(t)      and      Normal Coordinates ξm : 

	       ξm  is the component of  
!x  along mode m :    

 

!x(t) = âm âm
!x(t)

modes m
∑ ≡ âm ξm (t)

modes m
∑    

	       ξm  is projected out of  
!x  by :                          ξm (t) =  âm

!x(t)   = Am cos(ωmt −δm )
	 • Transformation betw x-space and ξ-space :        

	 	 vectors :        
!
ξ = R !x           

!x = R−1
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⎞
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	 	 matrices :     Mξ = R−1( )TMR–1         →    Mmn
ξ = δmn     &   Kmn

ξ =ωm
2δmn

Lagrangian Mech from 325  * Gen. coord qi must be indep

 
S ≡ dt L(qi , !qi ,t)
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 for each qi

 H ≡ !qi (∂L / ∂ !qi ) − L  conserved when ∂L / dt = 0

Principle of Least Action :
   L = T −U   →   δS = 0 @ true {qi (t)}

Gen. force Qi ≡
∂L
∂qi

, momentum 
 
pi ≡

∂L
∂ !qi

 H ≡ pi !qi − L  equals T+U when  
!ra =
!ra (qi )


