Project:  Making A Candy Box With Lid

A candy maker wants to package jelly beans in boxes each having a volume of 100 in.3  Each of these jelly bean boxes is to be an open-topped rectangular box with a square base having edge length x between 3 and 6 in. (Figure 1).  In addition, the box is also to have a square lid with a 2-inch rim.  Thus the box-with-lid actually consists of two open-topped boxes -- the x by x by y candy box itself with height y 
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2 in. and the x by x by 2 lid with height 2 in.  (we assume that the lid fits very snugly).  The candy maker's problem is to determine the dimensions x and y that will minimize the total area A (and hence the cost) of the two open-topped boxes that comprise a single candy box with its lid.


   

Figure 1
Solve the candy maker's problem.  Begin by expressing the total area of the two open-topped boxes as a function A of the base edge length x.  Show that the equation A'(x) = 0 simplifies to the cubic equation 
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.  But instead of attempting to solve this equation directly, graph A(x) and A'(x) on the same set of coordinate axes and find the zero of A'(x).


For your own personal candy box problem -- or is it to be a home for your pet ferret? -- suppose the box itself is to have volume V = 40 +5n in.3, where n is the last nonzero digit in your student I.D. number.  Its lid still has a 2-inch rim.  If you make your box-with-lid out of nice foil-covered cardboard costing $1/ft2, what dimensions will minimize the total cost of the material needed?  What is this minimal cost?


Suppose instead that you want to make a cylindrical box (Figure 2).  Now the base box and its lid are both open-topped circular cylinders.  Find the dimensions r and h that minimize the cost of this cylindrical box-with-lid (with the same volume V = 40 +5n  in.3 as before, and with its lid having a 2-inch rim as before).  Which costs less to make -- the rectangular box or the cylindrical box?

        Figure 2
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