Math 109   Class 19     11/15/07…     
Exponential Functions
We have studied functions with exponents that are not exponential functions.  For example, f(x) = x5 + x2 + 1.

An exponential function is different because it has the variable in the exponent.  Some examples are:

f(x) = 6x     or   g(x) = 
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In this section we will study a special group of exponential functions and their graphs.

If a is a positive real number other then 1 and k is any non-zero constant, then the function defined by 
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is called an exponential function with base a. Its domain is the set of all real numbers.

Experiment with the graphs of these function with different values of a and k.   [Do 2x by plotting points, but do others with our graphing package.]
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Make observations about these graphs.

[They all pass through what point.  For a>1 what do you notice?  For a<1 what do you notice?  Do you see any relationship between the red graphs and the green graphs.  Rewrite (1/2)x and and make more observations.]
The Number e

Perhaps the most important base for an exponential function is the number e.  The reason for this is studied in calculus, and involves how ex works well with another function called the natural logarithm function.  We cannot write down the exact value of e but we can get an approximation on a calculator.  [Do it in class. Some calculators have e on them.  The Windows one does not.

To get e hit 1, then check the “inv” box, then hit “ln”.]

The text tells us that, if current trends continue, the amount of atmospheric carbon dioxide in parts per million (ppm) is 
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where t=0 corresponds to the year 2000.

How many parts per million were there in 2000?

How many are predicted for 2020?

----------------------------------------------------------------

Application of Exponential Functions

Exponential Growth Models: [see the example above]
f(t) = y0ekt    or     f(t) = y0bt     (where k>0   and  b>1)
Exponential Decay Models:
f(t) = y0ekt    or     f(t) = y0bt     (where k<0   and  0<b<1)

Example of exponential growth:

A country with a population of 2 million in 1950 grows at a rate of 3% a year.  This leads to the following exponential growth model of the population.  P(t) = 2e.03(t-1950).  What is the estimate of the population in 2000.  

           P(2000)= 2e.03(2000-1950) = 2e1.5 = about 8.96 million.
Examples of Exponential Decay:

Many radioactive elements decompose or decay very slowly. For example,  Uranium-238 takes over 4 billion years for half of it to decay. [its half-life].  
Carbon Dating   [From Calculus and Analytic Geometry by Shenk]

“Carbon-14 (C14) is formed in the upper atmosphere from Nitrogen-14 (N14) by the bombardment of neutrons in cosmic rays.  The C14 then disintegrates back into N14 with the emission of beta particles and with a half-life of 5700 years. The result is an equilibrium of about one   C14 atom per 1012 atoms of carbon in the atmosphere and in living things.  When a plant or animal dies, it is no longer supplied with  C14 at the equilibrium ratio, so the ratio of  C14 in it diminishes with time. (A Geiger counter is used to determine the about of C14 in a sample.) 
Suppose f(t) represents the amount of C14 left at time t. Suppose you knew you started with 6 gram of C14.

   What is f(0)?           What is f(5700)?

If we discover that one half of the C14 in a sample of animal bone has decayed, about how many years ago did the animal live?

In calculus, one can derive the formula for f(t).  It is 

                 f(t) = 6(.5)t/5700 
How much of the C14 is left after 3000  years?
How old is an animal specimen if 2 grams are left?  We must solve for t when f(t) = 2.  
           2 = 6(.5)t/5700    What is t?  This requires logarithms. 
Graphing Calculator
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