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Exponential Growth and Decay: Understanding Doubling Time and Half - Life
______________________________________________________________________________

Recall
· The equation 
[image: image4.emf]can be used to model any exponential function.

· Variations of this formula are used to specifically model doubling time (exponential growth) and half-life (exponential decay)
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Need to Know

· For situations that can be modeled by an exponential function:

• If the growth rate (as a percent) is given, then the base of the power in the equation can be obtained by adding the rate, as a decimal, to 1. For example, a growth rate of 8% involves multiplying repeatedly by 1.08.

• If the decay rate (as a percent) is given, then the base of the power in the equation is obtained by subtracting the rate, as a decimal, from 1. For example, a decay rate of 8% involves multiplying repeatedly by 0.92.

• One way to tell the difference between growth and decay is to consider whether the quantity in question (e.g., light intensity, population, dollar value) has increased or decreased.

• The units for the growth/decay rate and for the number of growth/decay periods must be the same. For example, if light intensity decreases “per metre,” then the number of decay periods in the equation is measured in metres, too.

Example 1)
A 200 g sample of radioactive polonium-210 has a half-life of 138 days. This means that every 138 days, the amount of polonium left in a sample is half of the original amount.

(a)  Determine an equation that models the mass of polonium that remains after t  days.

(b)  Determine the mass that remains after 5 years

(c)  How long does it take for this 200 g sample to decay to 110 g?

Example 2)
A biologist tracks the population of a new species of frog over several years.  From the table of values, determine an equation that models the frog’s population growth, and determine the number of years before the population triples.
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Example 3)
A new car costs $24 000.  It loses 18% of its value each year after it is purchased.  This is called depreciation.  Determine the value of the car after 30 months.

Example 4)
A collector’s hockey card is purchased in 1990 for $5.  The value increases by 6% every year.

(a)  Write an equation that models the value of the card, given the number of years since 1990.
(b)  Determine the increase in value of the card in the 4th year after it was purchased (from year 3 to year 4).
(c)  Determine the increase in value of the card in the 20th year after it was purchased.
Example 5)
Light intensity in a lake falls by 9% per metre of depth relative to the surface.


(a)  Write an equation that models the intensity of light per metre of depth.  Assume that the intensity is 100% at the surface.


(b)  Determine the intensity of light at a depth of 7.5 m.

Example 6)
A town has a population of 8400 in 1990.  Fifteen years later, its population grew to 12500.  Determine the average annual growth rate of this town’s population.

For Doubling Time:
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Where:





n(t) : the final amount





a: the initial amount





t: time 





d: doubling period








For Half Life:
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Where:





M(t) : the amount remaining





a: the initial amount





t: time 





h: half-life
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