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In order to solve the optimization program we need first 

to find the first-order conditions

• We construct the Hamiltonian function

where  is a Lagrange multiplier
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• We take the derivative of the Hamiltonian with 

respect to the control variable and set it to 0
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• We take the derivative of the Hamiltonian with

respect to the state variable and set it to equal

the negative of the derivative of the Lagrange

multiplier with respect to time
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Transversality condition

• Infinite horizons with f of the form 
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• It may happen that the dynamic optimization problem
contains more than one control variable and more than one
state variable. In that case we need an equation of motion for
each state variable. To write the first-order conditions, the
algorithm specified above should be modified in the
following way:

• The Hamiltonian includes the right-hand side of each
equation of motion times the corresponding multiplier.

• We take the derivative of the Hamiltonian with respect to
each control variable and set it to 0.

• We take the derivative of the Hamiltonian with respect to
each state variable and set it to equal the negative of the
derivative of the Lagrange multiplier with respect to time



In economic problems, the objective function is usually 

of the form  







The Ramsey-Cass-Koopmans Growth Model



Properties of CIES Utility Function
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The augmented Solow model with human-capital  

accumulation: the Mankiw-D.Romer-Weil model
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