Applications of the Derivative – Optimization Problems
1. You are under contract to design a storage building with a square base and a volume of 14,000 cubic feet.  The cost of materials is $4 per square foot for the floor, $16 per square foot for the walls and $3 per square foot for the roof.  Find the dimensions that minimize the cost of materials.   ( 40ft by 40ft by 8.75ft)

2. A total of 2000 square feet is to be enclosed in two pens, as illustrated.  The outside walls are to be constructed of brick, and the inner dividing wall is to be constructed of chain link.  The brick wall costs $10 per linear foot and the chain link costs $5 per linear foot.  Find the dimensions x and y that minimize the cost of construction.     (x = 40ft, y = 50ft)

	
	Chain link









       Brick

3. An open box is to be made from a 10 inch by 16 inch sheet of cardboard by cutting squares out of the four corners and folding up the sides.  What dimensions of the box will yield the largest volume?     What is the maximum volume of the box? (12 in by 6 in by 2 in , 144 cubic in)

4. An ecologist is conducting a research project on breeding pheasants in captivity.  She must first construct suitable pens.  She wants a rectangular region with two additional fences as shown in the diagram.  Find the maximum area that can be enclosed with 3000 meters of fencing.   (w = 375m,     l = 750m,area = 281,250 square meters)

	
	
	


5. A closed box with a square base is to have a volume of 16000 cubic centimeters.  The material for the top and bottom of the box costs $3 per square centimeter while the material for the sides costs $1.50 per square centimeter.  Find the dimensions of the box that will minimize the total cost of materials.  What is the minimum total cost?     (20cm x 20cm x 40cm and cost=$7200)

6. The management of the UNICO department store has decided to enclose an 800 sq. ft. area outside the building to display potted plants and flowers.  One side will be formed by the external wall of the store, two sides will be constructed on pine boards and the side parallel to the existing external wall of the store will be constructed of galvanized steel fencing material.  If the pine board fencing costs $6 per linear foot and the steel fencing costs $3 per linear foot, determine the dimensions of the enclosure that can be constructed at minimum cost.  What will the minimum cost be ?   
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A canvas wind shelter for the beach is to be constructed of 96 square feet of canvas that has been donated by a local company.  The wind shelter is to have a back, two square sides and a top (see figure).  What should be the dimensions of the shelter so that the space inside the shelter will be maximized?     ( 4 ft by 8 ft )

8. A building supply store wants to build a rectangular outdoor storage facility on the rear wall of its building.  An iron fence will enclose the facility on 3 sides and the wall of the building will be the fourth side.  Find the dimensions of the storage facility with the largest area that can be built with 200 feet of fencing.     ( 50 ft by 100 ft )

9. An efficiency study of the first shift (from 8:00 A.M. to 5:00 P.M.) at a certain factory indicates that an average worker who arrives on the job at 8:00 A.M. will have assembled   Q(t) = -t3 + 6t2 + 15t transistor radios t hours later.  At what time during the shift is the worker performing most efficiently?  (1:00 P.M.)

10. An appliance firm is marketing a new refrigerator.  It determines that in order to sell x refrigerators, the price per refrigerator must be  p = 280 – 0.4x .  It also determines that the total cost of producing x refrigerators is given by  C (x) = 5000 + 0.6x2 .  How many refrigerators must the company produce and sell in order to maximize profit?  What is the maximum profit?     ( 140 , $14600 ) 

11. The demand for composition books is given by   
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  where x is the number of composition books and p is price in dollars.  The cost of manufacturing the books is linear with a fixed cost of   $608 and a per unit cost of $0.53.  Find the number of composition books that should be manufactured to produce the largest profit if the company has a production capacity of 7530 books.     ( 2500 )

12. Two straight highways are perpendicular.  A motorist traveling south on one of them at 48 mph passes through the intersection.  At that same instant, a motorist traveling west on the other highway at 36 mph is 50 miles east of the intersection.  After how many hours will they be closest to each other?     (  1/2 hour )

13. [image: image9.jpg]


A pipeline is to be run to a resort community which is on an island 16 miles from the closest point on the shoreline.  The water source for the pipe is 30 miles down the shore.  If it costs $500/mile to lay pipe through water and $300/mile to lay pipe on land, at what point on the shoreline should the pipe turn into the water to minimize cost?  What is the total cost?  (see diagram)     (18miles,$15400)

14. A rectangular cardboard poster is to contain 216 square inches of printed matter with 2 inch margins at the sides and 3 inch margins at the top and bottom.  Find the dimensions of the poster using the least amount of cardboard.     ( 16 in by 24 in )

15. A poster is to have a total area of 125 square inches.  The printed material is to be surrounded by a margin of 3 inches on top and margins of 2 inches on the sides and the bottom.  Find the dimensions of the poster that will maximize the area of the printed material.  ( 10 in by 12.5 in )

16. A cylindrical can is to hold 
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 cubic inches of frozen orange juice.  The cost per square inch of constructing the metal top and bottom is twice the cost per square inch of constructing the cardboard side.  What are the dimensions of the least expensive can?  (hint:  let the cost of constructing the cardboard side be $1/sq.inch, then the cost of constructing the top and bottom is . . . )                        (r = 1 in, h = 4 in)

17. A 150 room hotel in Reno will rent all of its rooms if it charges $40 per room.  However, from experience, the manager knows that for each $2 increase per room, three fewer rooms will be rented per night.  What rent per room would maximize the revenue per night?     ( $70 )

18. A scout troop is collecting aluminum cans to raise money.  They have collected 150 lbs. of aluminum for which they can get 80 cents per pound.  If they continue to collect, they estimate they can get an additional 5 pounds of aluminum per day.  The price of aluminum is decreasing 2 cents per day.  If they can only make 1 trip to the recycling center, when should they make it?  How much can they expect to collect for their cans?     ( 5 days , $122.50 )

19. A chemical manufacturer sells sulfuric acid in bulk at a price of $100 per unit.  If the daily total production cost in dollars for x units is 
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 and the daily production capacity is at most 7000 units, how many units of sulfuric acid must be manufactured and sold daily to maximize the profit?  Would it benefit the manufacturer to expand the daily production capacity?
(7000 units, yes)

20. A firm determines that x units of its product can be sold daily at p dollars per unit, where 
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.  The cost of producing x units per day is 
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.  Find the revenue and profit functions.  Assuming that the production capacity is at most 500 units per day, determine how many units the company must produce and sell each day to maximize profit.  Find the maximum profit.  What price per unit should be charged to obtain maximum profit?
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Some of these problems are taken from Calculus, 4th ed by Stewart, Calculus,7th ed, by Anton, Bivens & Davis, Calculus,7th ed, by Larson, Hostetler & Edwards, and Calculus with Applications, 6th ed, by Miller, Lial & Greenwell.
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