Problem Set I
Applications of Calculus

1. Find the Celsius temperature corresponding to 140 degrees Fahrenheit. And find the Fahrenheit temperature corresponding to 30 degrees and -40 degrees Celsius.

2. The director of a consumer affairs bureau of Maxi's department store submitted the following report to management on the 100 consumer complaints about the store.
30 complaints were about the long lines at the checkout counter.

23 complaints were about insufficient sales help on the floor.

50 complaints were about merchandise not being arranged neatly.

20 complaints were about the long lines and insufficient sales help.

8 complaints were about the insufficient sales help and the merchandise not being arranged neatly.

3 complaints were about the long lines, the insufficient sales help, and the merchandise not being arranged neatly.

The director was fired. Why?

3. Draw a diagram for the circuit corresponding to each of the following formulas.
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4. There are three people who must decide whether or not Professor Morales should be fired. This will be decided by a secret vote. Design a switching circuit for determining a majority vote.

5. If the temperature is constant, then the atmospheric pressure P (in pounds per square inch) varies with the altitude above sea level h in accordance with the law
P = po e-kh

where po is the atmospheric pressure at sea level and k is a constant. If the atmospheric pressure is 15 pounds per square inch at sea level and 12.5 pounds per square inch at 4,000 feet, find the atmospheric pressure at an altitude of 12,000 feet. 

6. The radioactive element polonium decays according to the law

Q(t) = Qo 2-(t/140)
where Qo is the initial amount and the time t is measured in days. If the amount of polonium left after 280 days is 20 milligrams, what was the initial amount present?
7. Phosphorus 32 has a half-life of 14.2 days. If 100 grams of this substance are present initially, find the amount present after t days. Whay amount will be left after 7.1 days?

8. Wood deposits recovered from an archeological site contain 20 percent of the carbon 14 they originally contained. How long ago did the tree from which the wood was obtained die?

9. On the basis of data collected during an experiment, a biologist found that the growth of the fruit fly with a limited food supply could be approximated by the exponential model
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where t denotes the number of days since the beginning of the experiment.
(a) What was the initial fruit-fly population in the experiment?

(b) What was the maximum fruit-fly population that could be expected under this laboratory conditions?

(c) What was the population of the fruit-fly colony on the twentieth day?

10. The velocity (in centimeters per seconds) of blood that is r centimeters from the central axis of an artery is given by
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where k is a constant and R is the radius of the artery. Suppose that k = 1000 and R= 0.2 cm. Find v(0.1) and v'(0.1) and interpret your result.

11.  An efficiency study conducted for an electronics company showed that the number of walkie-talkies assembled by the average worker t hours after starting work at 8:00 a.m. is given by 
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(a) Find the rate at which the average worker will be assembling Walkie-talkies t hours after starting work.

(b) At ehat rate will the average worker be assembling walkie-talkies at 10 a.m.? At 11 a.m.?

(c) How many walkie-talkies will the average worker assemble between 10 a.m. and 11 a.m.?

12. The pulse rate of a long-distance runner t seconds after leaving the starting line is given by
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Compute p'(t). How fast is the athlete's pulse rate increasing 10 seconds into the run? 60 seconds into the run? 2 minutes into the run? What is the pulse rate 2 minutes into the run?

13. A car leaves an intersection, travelling east. Its position t seconds later is given by x=t2 + t feet. At the same time, another car leaves the same intersection, heading north, travelling y = t2 + 3t feet in t seconds. Find the rate at which the distance between the two cars will be changing 5 seconds later.

14. A 20-foot ladder is leaning against the wall. If the bottom of the ladder is pulled away from the wall at a rate of 2 feet per second, how fast is the top of the ladder sliding down the wall when the bottom of the ladder is 12 feet from the wall? 

                                                                                         20'

                                                                                                         y

                                                                                         x
15. As a result of increasing energy costs, the growth rate of the profit of a four-year company has begun to decline. The company's management decided to implement certain energy-conservation measures aimed at cutting energy bills. The general manager reports that the growth rate of the profit should once again be on the increase within four years. If the profit (in hundreds of reyals) x years from now is given by the function 
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  0 ≤ x ≤ 8
Determine whether the general manager's forecast will be accurate. (Hint: Find the inflection point of p and study the concavity of p.)

16. The owner of a land has 3000 meters of fencing material with which to enclose a rectangular piece of the land. If there is a river on one side of the land, and the fence is not required along the river, what are the dimensions of the largest area he can enclose? What is the area?
17. A rectangular cabinet has an internal volume of 2.4 cubic feet where the height of the cabinet is 1.5 times its width. If the top, bottom, and sides of the cabinet are constructed of veneer costing 40 cents per square foot, and the front and rear are constructed of board costing 20 cents per square foot, what are the dimensions of the cabinet that can be constructed at a minimum cost?

18. An editor at a publishing company decided that a page of a book should have one-inch margins at the top and bottom and half-inch margins on the sides. Each page of the book should have an area of 50 square inches. Determine the page dimensions that will result in the maximum printed area on the page.

                                                            1 inch
                                    0.5 inch

19.  If you jump out of an airplane and your parachute fails to open, your downward velocity (in meters per second) t seconds after the jump is approximated by
V(t) = 49(1-(0.8187)t )

(a) Write an expression for the distance you fall in T seconds.

(b) If you jump from 5000 meters above the ground, estimate, using trial and error, how many seconds you fall before hitting the ground.


20. A wine cask has a radius at the top of 30 cm and
     a radius at the middle of 40 cm. The height of the
     cask is 1 m. What is the volume of the cask (in L),
     assuming that the shape of the sides is parabolic?
21. The population of the world t years after 2000 is predicted to be P = 6.1 e0.0125t billion. 

(a) What population is predicted in 2015?

(b) What is the predicted average population between 2000 and 2015?
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