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The work done when iq changes to ii qq δ+ for ni ,...,2,1= is given by: 
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We can find iQ from (1) when the system is not conservative. 
 
Calculus of Variations: 
 
Consider the integral: 
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We have to find that value of )(xfy =  which makes I a max or min – stationary. 

  
 
 
So, 0)()( == ba ηη , hence endpoints correspond. 
So that for (2): 
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a b 

x and Y axes. 
Bottom curve is (1), top (2) 
Both go through a and b. 
(1) has equation: )(xfyY ==  
(2) has equation )(xyY αη+=  
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Similarly: 
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If 0>f for some value of x in the interval bxa ≤≤ , then by continuity there is an 
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Which is known as Euler’s equation. 
 
Generalisation: 
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In order to make I stationary we can vary iy , ni ≤≤1 , and just as above, we will get 
Euler’s equation: 
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Putting tx = (time) iiii qyqy &=′= , for ni ≤≤1 , we get: 
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Hence we have Hamilton’s Principle: 
For any dynamic path from 1tt = to 2tt = , the integral: 
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Is stationary. 
 
Consider again a dynamic system of n degrees of freedom. But each point does not 
depend upon time t explicitly. 
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Putting: 
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Theorem: 
 
If T and V do not contain the time explicitly, so that L does not contain the time 
explicitly, the Lagrange equations has an integral: 
 =+ VT constant 
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The part in brackets is (5): 
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Comparing with (4) 
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From above. 
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∴  T + V = const 
 
The constant is the total energy E: 
 
 T + V = E 
 


