
Let's revisit this problem 

A critical component of the problem was the constraint given to us that the volume needed to be 32000 cm3. 

If we had not been given a specified volume, the answer to minimizing the amount of cardboard to use would 
be to use none at all.  That is to say a box with zero volume minimizes the amount of card board used. 

To  obtain a useful answer we used the constraint of having a volume of 32000 cubic cm.  
Mathematically speaking how did this constraint work?   Well we had two equations each a function of 
three variables

                    

Both of these would be 4-d surfaces.. However for our volume equation we took a level surface namely:

         

We found intersection of this level surface with the 4-d surface defined by the function for surface area 

    
     

 
          

     

 
           

To obtain a function of two variables which we could minimize.  Another way to think of this is that we now have the 
set of surface areas of open boxes which have a volume of 32000 cubic cm

We then minimized and found that h=20 w=40 l=40 and that the SA=4800

Now we know that the gradient of a function of 3 variables is normal to its level surfaces…  So let's take 
the level surface                    

Then                                      is normal to the level surface and the 
tangent plane at h=20 , w=40 ,l=40 .   

Now recall  that we found the tangent plane where the constraint          coincided with SA it  
itself is a level surface and so the tangent plane for the level surface coming from SA will be the 
same as that for the constraint.  That means that the gradient of the constraint must also be normal 
to the surface at our point of intrest.   

Since        Then                                   .  If both vectors are normal to 
the surface they are in the same direction this means that they must be scalar multiples of 
eachother.  We can then say that there must be some  Such that:
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Two Constraints:  Suppose we require two constraints for our optimization problem. We can still use 
Lagrange multipliers we will just have on for each constraint. 

Here f is the function we wish to minimize or maximize and h , g our constraints. 
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