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5.6 Text 

 
For the purpose of this solution, we have numbered the equations appearing in the problem 
statement 1 (regarding the force on a particle) through 5 (regarding the momentum of a particle). 
 
 
Solution: 
(a) 
 
The three functions F, L and –H all describe the same system and contain the same information.  
Thus, they can be related to each other through Legendre transformations.  For this problem, we 
will obtain –H through a Legendre transform of L.  The canonical coordinates of L,  and x, are 
given in equation (3) and the canonical coordinates of –H, p and x, are given in equation (4).  It 
appears that –H is the first Legendre transform of L since one of their canonical coordinates is 
different while the other is the same.  To determine the conjugate pairs in this system of 
Legendre transforms, we find the total differential of L in terms of x, , p and . 
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Combining with equation (5) yields, 
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From equation (2), 
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Combining equations (7) and (8), 
 
dL pdx pdx= +& &  (9) 
 
Equation (9) is the total derivative of L in terms of x, p, and their derivatives.  By inspection of 
equation (9) we can determine the conjugate pairs for this system.  The charts below show the 
conjugate pairs and the canonical variables for L and –H. 
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Applying equation (5-91) text gives, 
 

L px− = −H &      (10) 
 
 
(b) 
 
The total differential form of –H can be obtained from equation (5-93) text. 
 

( )d xdp pdx− = − +H & &     (11) 
 
From equation (11) the partial differentials can be evaluated. 
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