ODE’s — Modeling

1. A cup of chocolate is initially 170°F and is left in a room with an ambient temperature of 70°F.
Suppose that at time t=0 it is cooling at a rate of 20° per minute.

a. Assume that Newton’s law of cooling applies: The rate if cooling is proportional to the
difference between the current temperature and the ambient temperature. Write an
IVP that models the temperature of the hot chocolate.

b. How long does it take the hot chocolate to cool to a temperature of 110°F?
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A 1000 gallon holding tank that catches runoff from some chemical process initially has 800
gallons of water with 2 ounces of pollution dissolved in it. Polluted water flows into the tank at
a rate of 3 gal/hr and contains 5 ounces/gal of pollution in it. A well mixed solution leaves the
tank at 3 gal/hr as well.

a. Write an IVP that models the amount of pollution in the water at any time t.

b. How long will it take for pollution in the holding tank to reach 500 ounces?

c. Now suppose that when the amount of pollution in the holding tank reaches 500 ounces
the inflow of polluted water is cut off and fresh water will enter the tank at a decreased
rate of 2 gallons while the outflow is increased to 4 gal/hr. Determine the amount of
pollution in the tank at any time t in this case. How long will it take for the tank to
become empty?
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3. A population of insects in a region will grow at a rate that is proportional to their current
population. Inthe absence of any outside factors the population will triple in two weeks time.
On any given day there is a net migration into the area of 15 insects and 16 are eaten by the
local bird population and 7 die of natural causes. If there are initially 100 insects in the area will
the population survive? If not, when do they die out?
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