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For reference, we consider an isotropic solid, with 2 constants    .  The Voight elasticity tensor 

is: 

 
 
 
 
 
 
           

           

            
      
      
       

 
 
 
 
 

 

In the special case of Poisson solid with     , the tensor becomes: 

 
 
 
 
 
 
       
       
        
      
      
       

 
 
 
 
 

 

In the more general case of a transversely isotropic solid, two commonly-used forms of the 

tensor are (Love 1927, Dziewonski and Anderson, 1981): 

 
 
 
 
 
 
         
      
      
      
      
       

 
 
 
 
 

  

 

 
 
 
 
 
 
 
 
   
     

       
       

       
     

    
      

       
     

      
    

       
   

        
  

         
  

 
 
 
 
 
 
 

  

Note that the second form introduces a parameter  . Comparing forms, we derive a relationship 

for  : 

     
       

               
 

    
       

  
 

 

      
 



We now consider a medium consisting of an alternating sequence of two layers of equal 

thickness, each consisting of an isotropic Poisson solid.  The Lame parameters of the two layers 

are: 

                               

where      . Backus’ (1962) formulas require the volumetric average     of various 

parameters: 

    
         

 
 
       

 
 
       

 
   

      
      

  
       

  

 
 
         

 
 
          

 
      

                      

The isotropic Voight tensor of the layers has parameters: 

     

    

     

    

    

And according to Backus (1962) the corresponding long-wavelength Voight tensor of the layered 

medium is: 

            

                       

                           

                                          
 

 
      

                                                              

      
 

 
            

 

 
 



 
 

 
 
 

 
        

 

 
 
 

 
         

  

 
     

  

 
  

The fractional P-wave anisotropy    and S-wave anisotropy    can be quantified by: 

   
          

          
 
       

       
 

     
  

        
  

   

     
  

        
  

   

 
 
  

  
  

   

 
 
   

  
 

   
            

            
 
       

       
 

      
  

   

      
  

   

 
 
  

  

 
 
  

 
 

so that           
       

 . The parameter   is: 

  
 

    
 

    

  
  

       
 

    

  
 
  

 
    

 

 
            

 

 
   

The     case reproduces (as expected) the homogenous,     case.  A limitation of the 

layered model is the ratio: 

  
  
  

   

  

 

  
 
  

  
                

  
   

  
   

  

 

   
  

 

  
        

are fixed “un-tunable” constants. 

For 100 km depth, the Dziewonski and Anderson (1981) PREM model gives            ,  

           ,                            and          , implying that    

                               and                 . The first ratio is similar to 

the layered prediction, but the second is far off.  Furthermore, PREM’s    value implies   

    , corresponding to a layered model with        (figure 1), a prediction that is far from 

PREM’s       .  The layered model does cannot match PREM. Consequently, fine-scale 

layering cannot be a major source of anisotropy in the Earth’s mantle.  



 

Figure 1.  The function      for the layered model. 

Note: I have numerically checked the small number approximations against the exact 

expressions. 
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