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Notes  on  the  function  gsw_pt_second_derivatives(SA,CT)    
  

This  function,  gsw_pt_second_derivatives(SA,CT),  evaluates  the  second  derivatives  of  
( )A
ˆ ,Sθ Θ ,  namely    

A AŜ Sθ ,             θ̂ΘΘ             and             AŜθ Θ      (1)  

in  terms  of  the  partial  derivatives   
Θθ ,     

ΘSA
,   
Θθθ ,     

ΘθSA
  and  

   
ΘSASA

  using  Eqns.  (A.12.9c,d)  
and  (A.12.10),  repeated  here,    
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,   (A.12.9a,b,c,d)  

    and        
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  .     (A.12.10)  

So   the   present   code   first   calls   gsw_CT_first_derivatives(SA,CT)   and  
gsw_CT_second_derivatives(SA,CT)  to  evaluate   

Θθ ,     
ΘSA

,   
Θθθ ,     

ΘθSA
  and  

   
ΘSASA

.      
  
   The   output  

A AŜ Sθ    of   this   function,   gsw_pt_second_derivatives(SA,CT),   has   a  
singularity  at   1

A 0 gkgS −= ,  where  a  nan  is  returned.      
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Here  follows  appendix  A.12  of  the  TEOS-­‐‑10  Manual  (IOC  et  al.,  2010).      
  
  

A.12 Differential relationships between , ,η θ Θ  and AS   
 

Evaluating   the   fundamental   thermodynamic   relation   in   the   forms   (A.11.6)   and   (A.11.12)  
and  using  the  four  boxed  equations  in  appendix  A.11,  we  find  the  relations    
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   (A.12.1)  

The   quantity   ( ) Adp Sµ    is   now   subtracted   from   each   of   these   three   expressions   and   the  
whole  equation  is  then  multiplied  by   ( ) ( )0 0T T tθ+ +   obtaining    

( ) ( ) ( ) ( ) ( )0
0 0 A Ad 0 d 0 d d 0 d .p T pT c T S c Sθ η θ θ µ µ+ = − + = Θ −    (A.12.2)  
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From  this  follows  all  the  following  partial  derivatives  between   , ,η θ Θ  and   A,S     

       ( )
A
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A, ,0 ,p pS c S cθ θΘ =                              ( ) ( ) ( )A

0
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µ θ θ µ θ⎡ ⎤Θ = − +⎣ ⎦    (A.12.3)  
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         ( ) ( )
A A 0, ,0 ,pS c S Tθη θ θ= +                ( )A A, ,0 ,S T Sθ

η µ θ= −    (A.12.7)  

   ( )
A

0
0 ,pS c Tη θΘ = +                                            ( ) ( )A A 0, ,0 .S S Tη µ θ θ

Θ
= − +    (A.12.8)  

The  three  second  order  derivatives  of   ( )Aˆ ,Sη Θ   are  listed  in  Eqns.  (P.14)  and  (P.15)  of  
appendix  P.    The  corresponding  derivatives  of   ( )A

ˆ ,Sθ Θ ,  namely   θ̂Θ ,   AŜθ ,   θ̂ΘΘ ,   AŜθ Θ   and  

A AŜ Sθ   can  also  be  derived  using  Eqn.  (P.13),  obtaining    
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in  terms  of  the  partial  derivatives   
Θθ ,     

ΘSA
,   
Θθθ ,     

ΘθSA
  and  

   
ΘSASA

  which  can  be  obtained  
by  differentiating  the  polynomial  

   
Θ SA,θ( )   from  the  TEOS-­‐‑10  Gibbs  function.      

  
  
  
  


