
The unit labor requirement ( , )a x t  is bounded from below, ( , ) ( )a x t a x , 
where 

( ) .xa x e  
At 0t   there is a (0) 0z   such that ( ,0) xa x e  for all (0)x z  and that 

2 (0)( ,0) x za x e   for all (0)x  z . There is learning by doing of the form 
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Here ( , )a x t  denotes the partial derivative of ( , )a x t  with respect to t and 

( , ) 0b v t b   if ( , ) ( )a v t a v  and ( , ) 0b v t   if ( , ) ( )a v t a v .   

  



2 ( )( , ) x z ta x t e   
2 ( )( , ) 2 ( ) x z ta x t z t e     

2 ( )

2 ( )

( , ) 2 ( ) 2 ( )
( , )

x z t

x z t

a x t z t e z t
a x t e






  

    

0

1 ( , ) 1( ) ( , ) ( , )
2 ( , ) 2

a x tz t b v t v t dv
a x t


   

   

0 ( ) ( )
( , ) ( , ) ( , ) ( , ) ( , )

2z t z t

bb v t v t dv b v t v t dv v t dv
  

      . 

In a closed economy with symmetric unit labor requirements ( , ) xa x t e  
for all ( )x z t  and that 2 ( )( , ) x z ta x t e   for all ( )x  z t , 
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