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Modeling Exponential Growth and Decay Using Parameters
Below you will find a table relating the weight of a golden retriever puppy and its age in days.   (Source:  http://www19.homepage.villanova.edu/alice.deanin/courses/Mat7310/exponential.htm)
	Age (days)
	Weight (kg)

	0
	1.48

	10
	1.93

	20
	2.5

	30
	3.18

	40
	4.09

	50
	5.23

	60
	6.82

	70
	8.64


1. Enter the data into your calculator and choose an appropriate window to view the data.  The data should bend upward indicating that an exponential function may be the right choice for a model.

2. The table of values indicates the value of the y-intercept.  So, we can immediately define the parameter “a” to be 1.48.  Now, since the data is increasing, we want to choose a value for b greater than 1.  So, perhaps we select b = 2.  Now, with a = 1.48 and b = 2, our first guess for the model is [image: image2.emf].  The graph of the model and the data are shown below:

[image: image9.png]



Clearly, our model is way too steep and thus increasing way too fast.  We need to adjust our model.  We will not change “a” however, since the function appears to be crossing the y-axis at the correct location.

Recall, we need to keep b > 1 since the graph is increasing, but b = 2 is too large.  So, we might try b = 1.1.  The graph of [image: image4.emf] is shown with the data below:
[image: image10.png]



Our model is still too steep, but not as steep as before.  We are getting closer.  
3. Now, continue the trial-and-error process on your calculator, adjusting b until you find a model that accurately fits the data.  When you find a good value to use for b, the data and graph will look something like this:
[image: image11.png]



We now have a model that defines well the relationship between a golden retriever puppy’s weight and its age in days.
Record your value for b here:  b =  ______________
4. We can use our model to predict the weight of a golden retriever puppy after 80 days (which is not shown in the table).  Recall, the x in our equation is the age.  Substituting 80 for x in your equation, use your calculator to find y, the weight of the puppy. 
Predicted weight for puppy on day 80:

5. One kg is approximately 2.2 pounds.  What will the weight of the puppy be in pounds after 80 days?  Does this seem reasonable? Why or why not?  
6. Use your model to project ahead to find the weight of the puppy after 100 days.  Again, convert the answer to pounds.  Does this seem reasonable? Why or why not?  

7. Finally, what does your model suggest for the weight of a golden retriever puppy after 365 days (or one year)? Convert to pounds.  Does this seem reasonable? Why or why not?
Clearly, our model is not going to be valid for finding the weight of the puppy after 365 days.  We got a completely unreasonable answer.  Here is all the puppy weight data that was collected. 
	Age (days)
	Weight (kg)

	0
	1.48

	10
	1.93

	20
	2.5

	30
	3.18

	40
	4.09

	50
	5.23

	60
	6.82

	70
	8.64

	100
	13.64

	115
	16.82

	150
	24.55

	195
	29.55

	230
	31.82

	330
	34.09

	435
	35.00


8. How far out (in days) do you think that we can use this model to predict the golden retriever puppy’s weight? Explain how you arrived at your answer. 

In 1971 Starbucks opened in Seattle. In 1987 it began to expand its locations. (If you want more information you can visit www.starbucks.com/aboutus/timeline.asp) The table of data below provides the numbers of stores in business for the years 1987 – 2004. 

	Year
	Years since 1987
	Number of stores

	1987
	0
	17

	1988
	1
	33

	1989
	2
	55

	1990
	3
	84

	1991
	4
	116

	1992
	5
	165

	1993
	6
	272

	1994
	7
	425

	1995
	8
	676

	1996
	9
	1015

	1997
	10
	1412

	1998
	11
	1886

	1999
	12
	2135

	2000
	13
	3501

	2001
	14
	4709

	2002
	15
	5886

	2003
	16
	7225

	2004
	17
	8337


In this table the first column gives us the year and the second column tells us how many years have passed since 1987. 
9. Just by looking carefully at the table we can tell the data is not linear. Why? 
10. Create a scatter plot of this data using the middle column of numbers for the domain (x-values) and the last column for the range (y-values). Identify the window that you are using to view the scatter plot.  

Xmin = ______

Xmax = _______     

Xscl = _______


Ymin = ______

Ymax = _______     

Yscl = _______

11. Do the data appear exponential? Explain. 
12. Using the process that you used for the golden retriever puppy data, find a model of the form [image: image6.emf]to fit the data.  (Don’t expect to find a perfect fit – the data is not likely to be exactly exponential.)  Write your equation for the model below, again recognizing it is not a perfect fit.  Ultimately, you may end with a model that looks something like the one below:

[image: image12.png]



Equation:

13. Does your curve fit the data well up to a certain year?  If so, which year?  
14. As you look at the data from the last few years, do the data lie above or below your modeling curve? 
15. Does this suggest that the Starbucks chain is growing “faster than your exponential model” or “slower than your exponential model”?   Explain.
16. How do you feel that our model will do as a predictor for how many Starbucks stores will exist in the year 2020?  Explain.

17. Suggest a way to make a more reasonable projection for the number of stores in the year 2020, and if time allows, make a prediction and show how you obtained your solution. 
During the 20th century much progress was made toward detecting and treating various cancers.  The table below shows the rate of deaths from stomach cancers among women in the United States from 1930 through 1990. (Source:  http://www19.homepage.villanova.edu/alice.deanin/courses/Mat7310/exponential.htm)
	Year
	Years since 1930
	Number of deaths per 100,000 women

	1930
	0
	28

	1940
	10
	21

	1950
	20
	13

	1960
	30
	9

	1970
	40
	6

	1980
	50
	5

	1990
	60
	4


Enter the data into your calculator and choose an appropriate window to view the data.  The data should lie along a downward sloping curve indicating that an exponential function may be the right choice for a model.
The table of values indicates the value of the y-intercept.  So, we can immediately define “a” to be 28.  Now, since the data is decreasing, we want to choose a value for b that lies between 0 and 1. So, perhaps we select b = 0.9.  Now, with a = 28 and b = 0.9, our first guess for the model is   [image: image8.emf] 
18. Use a trial-and-error process on your calculator, adjusting b until you find a model that accurately fits the data.  When you find a good value for b, the data and graph of your model will look similar.

Record your value of b here.    b =____________
19. Use the model to predict the rate of deaths from stomach cancers among women for the years 2000, 2010, and 2020.  Recall that the x in our equation is the number of years since 1930.  Fill in the table below.
	Year
	Years since 1930
	Number of deaths per 100,000 women

	2000
	
	

	2010
	
	

	2020
	
	


20. According to the model will the number of deaths from stomach cancers ever reach zero?  Explain.

21. The first two examples in this activity (the weight of a puppy and the number of Starbucks stores) are both examples of exponential growth.  The last example (deaths from stomach cancer) is an example of exponential decay.   In your own words describe the difference between exponential growth and exponential decay.
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