3.5 Exponential and Logarithmic Models

The five most common types of mathematical models involving exponential functions and logarithmic
functions are as follows:

1. Exponential growth model y=ae™, b>0
2. Exponential decay model y=ae™, b>0
2
3. Gaussian model y=ae "
a

4. Logistic growth model y=—

1+be™
5. Logarithmic models y=a+blnx, y=a+blogx

Examples:

1. Determine the principal P that must be invested at 5%, compounded monthly, so that
$500,000 will be available for retirement in 10 years. - r 4
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2. Determine the time necessary for $1000 to double if it is invested at 6.5% if it is compounded
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3. Carbon 14 decays with a half-life of 5715 years. Find how much remains from a 6.5 g sample

—— e

after 1000 years.
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4. The populations P (in thousands) of Horry County, South Carolina from 1970 through 2007

can be modeled by P =—18.5+92.2¢"%***, where t represents the year, with t =0
corresponding to 1970.

a) Find the populations for years 1970, 1980, 1990, 2000, and 2007.
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b) According to the model, when will the population of Horry County reach 300,0007?
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c) Do you think the model is valid for long-term predictions of the population?
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5. The number of bacteria in a culture is increasing according to the law of exponential growth.
After 3 hours, there are 100 bacteria, and after 5 hours, there are 400 bacteria. How many '\ erx
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bacteria will there be after 6 hours?
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6. At 8:30 A.M., a coroner was called to the home of a person who had died during the night. In

order to estimate the time of death, the coroner took the person’s temperature twice. At 9:00

AM. the temperature was 85.7 degrees, and at 11:00 A.M. the temperature was 82.8 degrees.

From these two temperatures, the coroner was able to determine that the time elapsed since
T—

70
death and the body temperature were related by the formula 7 = —101nmwhere tis

the time in hours elapsed since the person died and T is the temperature (in degrees F) of the
person’s body. (This formula is derived from Newton’s Law of Cooling.) Use the formula to
estimate the time of death of the person.
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