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Punctured Tire Problem

You run over a nail.  As the air leaks out of your tire, the rate of change of air pressure inside the tire is directly proportional to that pressure.

a) Write a differential equation that models this situation.

b) Evaluate the proportionality constant if the pressure was 35 psi and decreasing at 0.28 psi/min at time zero.
c) Solve the differential equation subject to the initial condition implied in step b.

d) What will the pressure be at 10 min after the tire was punctured?

e) The car is safe to drive as long as the tire pressure is 12 psi or greater.  For how long after the puncture will the car be safe to drive?

Bacteria Problem

Bacteria in a lab culture grow in such a way that the instantaneous rate of change of bacteria is directly proportional to the number of bacteria present.

a) Write a differential equation that expresses the relationship.  Separate the variables and integrate the equation, solving the number of bacteria as a function of time.

b) Suppose that initially there are 5 million bacteria.  Three hours later, the number has grown to 7 million bacteria.  Write the particular equation that expresses the number of millions of bacteria as a function of the number of hours.

c) What will the bacteria population be one full day after the first measurement?

d) When will the population reach 1 billion ?

Practice Problems) 

2.  The rate of decay of a radioactive substance is proportional to the amount of substance present. Suppose 10 grams of the plutonium isotope 239Pu, which has a half-life of 24,100 years, was released in the Chernobyl nuclear accident.  How long will it take for the 10 grams to decay to 1 gram?

3. Suppose an experimental population of fruit flies increases according to the law of exponential growth.  There were 100 flies after the second day of the experiment and 300 flies after the fourth day.  Approximately how many flies were in the original population?

Newton's Law of Cooling states that the rate of cooling of a body is proportional to the difference in temperature between the body and its surroundings. If T is the temperature at time t minutes and Ts is the surrounding temperature, then 
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4. A body is placed in a medium that is kept at a constant temperature of 
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C.  The body cools from 
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C in 10 minutes.

a. Find the function T(t) which measures the temperature after t minutes.

b. Find the temperature of the body after 20 minutes.

c. How long will it take the body to cool to half its initial temperature?
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