Chapter 3.3 – Optimization Problems

Chapter 3.4 – Optimization Problems in Economics and Science

Obviously, from the titles of these two sections, there is a lot of overlap.

Optimization is a procedure to determine the best possible outcome of a situation.  If the situation can be modeled as a function, it may involve finding either the maximum or minimum value of the function over a set of values (domain).   The numerical solution to an optimization problem represents the extreme value of the model.

Algorithm for Solving Optimization Problems:

1. Understand the problem, and identify quantities that can vary.  Determine a function in one variable that represents the quantity to be optimized.

2. Whenever possible, draw a diagram, labeling the given and required quantities.

3. Determine the domain of the function to be optimized, using the information given in the problem.

4. Use the algorithm for extreme values to find the absolute maximum or minimum value in the domain

5. Use your result for step 4 to answer the original problem.

With respect specifically to economics questions and science questions …

	6. Some convenient equations include

· Revenue = (number of items sold) x (price of one unit)

· Cost = (number of items produced) x (average cost to produce each unit)

· Profit = Revenue - Cost
	The best guide is common sense.  The formula is usually relatively simple to apply if you slow down and think it through.



7. Practical constraints, as well as mathematical constraints, must always be considered when constructing a model.

	8. Once the constraints on the model have been determined – that is the domain of the function – apply the extreme value algorithm to the function over the appropriately defined domain to determine the absolute extrema.
	The quantity being sought will usually be defined in the question with respect to a certain baseline.  The first line of your solution will often be a statement that makes the value of the variable dependent upon changes to this baseline – for example “let x be the number of $0.10 increases in the fare”



Examples from Chapter 3.3

1. A farmer has 600 m of fencing and wishes to enclose a rectangular field.  One side of the field is against a country road that is already fenced, so the farmer needs to fence only the remaining sides of the field.  The farmer wants to enclose the maximum possible area and to use all the fencing.  What dimensions will achieve this goal?

2. A piece of sheet metal, 60m by 30m, is to be used to make a rectangular box with an open top.  Determine the dimensions that will give the box the largest volume.

3. Todd’s house is 30 km west of Eleanor’s house.  At noon, Todd leaves his house and jogs 5km/h directly north.  At the same time, Eleanor leaves her house and jogs directly west at a speed of 7 km/h.  They each run for six hours before stopping.  At what time, rounded to the nearest minute, are they closest together?

4. Page 145 #7, 8 set up

5. (like page 146 #11) A cylindrical shaped aluminum can  must have a capacity of 500 cm³.  Determine the dimensions that will create the can but use the least aluminum possible.

6. Set up page 146 # 13, 15, 19, 20

Examples from Chapter 3.4

7. A commuter train carries 2000 passengers daily from a suburb into a large city.  The cost to ride the train is $7.00 per person.  Market research shows that 40 fewer people would ride the train for each $0.10 increase in the fare, and 40 more people would ride the train for each $0.10 decrease.  If the capacity of the train is 2600 passengers, and carrying fewer than 1600 passengers means costs exceed revenue, what fare should the railway charge to get the largest possible revenue?

8. A cylindrical chemical storage tank with a capacity of 1000 m³ is going to be constructed in a warehouse that is 12 m by 15 m, with a height of 11 m.  the specifications call for the base to be made of sheet steel that costs $100/m², the top to be made of sheet steel that costs $50/m², and the wall to be made of sheet steel that costs $80/m².

a. Determine whether it is possible for a tank of this capacity to fit in the warehouse.  If it is possible, state the restrictions on the radius.

b. If fitting the tank in the warehouse is possible, determine the proportions that meet the conditions and that minimize the cost of the steel for construction.

9. Set up page 152 # 4-7, 11-14, 18
