
MV1.1 Mechanical Vibrations, Conservation Principles

 
 

 

 

 Lagrangian viewpoint ,  mechanical  system on n  =  1    
  
                                                

                                           

       

      

 
 

 

                                                                                   

  
  

    

solution: 

            dM = 0 = dE 
           dP = ΣF = ma 
r × dP⋅ k̂ = ΣMc = Icα 
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Lagrangian viewpoint, n  = 1 applications continued   

                                                 

                                          

      

     
 

 

 

                                                                                               

harmonic forcing: dP ⇒ )ωsin(ωζω2 0
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damping ratio: kmc 2/ζ ≡
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magnification factor versus frequency ratio for damping ratios phase angle versus frequency ratio for damping ratios

MV1.2 Mechanical Vibrations, Conservation Principles



 
 
 
   

T r a n s i e n t  v i b r a t i o n s  
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note: yields m atrix system  for θ  ≠  0

MV1.3 Mechanical Vibrations, Single DOF System



Lagrange’s equation  
 
  
 
 
 
     
 
  
             
 
       

dE: L  ≡  T – V  =  (kinetic energy - potential energy)system
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extremize L w.r.t. 2n DOF, yields Euler-Lagrange equation

dP: 
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MV1.4 Mechanical Vibrations, Multiple DOF Systems
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repeat for i = 2, 3 ⇒  dP2, dP3

matrix (stiffness) formulation FKxxCxM =++

for this example 
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MV1.5 Mechanical Vibrations, Multiple DOF Systems



 
 Euler- Lagrange equations

Substitute into dP, premultiply by M- 1 
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MV1.6 Mechanical Vibrations, Multiple DOF Mode Solution


