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             Technology-Enhanced Lesson Plan
Lesson Title:  Exponential Growth and Decay
Created by: Susan Bennett, Dave Myton, Heather Salmi
Lesson Abstract: Exponential decay can be easily demonstrated through a variety of simple activities.  Folding a piece of paper in half is a way to show exponential growth, the number of layers increases exponentially with each fold.  Common examples of exponential growth and decay occur with radioactive decay and bacterial growth.  Students become familiar with half-life and doubling time through working with examples of each.
Subject Area:  Advanced Algebra
Grade Level:  10-12
Unit Title:  Exponential and Logarithmic Functions
Michigan Educational Technology Standards Connection: 
Technology Communications Tools

3. Use a variety of media and formats to design, develop, publish, and present products to communicate original ideas to multiple audiences.

Technology Problem-Solving and Decision-Making Tools
3. Formulate a research question or hypothesis, then use appropriate information and communication technology resources to collect relevant information, analyze the findings, and report the results to multiple audiences.

Michigan Grade Level Content Expectations Connection:

A2.5.3  Apply properties of exponential and logarithmic functions.
A2.5.4  Understand and use the fact that the base of an exponential function 

determines whether the function increases or decreases and how the base affects the rate of growth or decay.

A2.5.5  Relate exponential and logarithmic functions to real phenomena, including 


half-life and doubling time.
Michigan Curriculum Framework Connection:

High School Mathematics
I.1.2 
Develop a mathematical concept of function and recognize that functions display characteristic patterns of change (e.g., linear, quadratic, exponential).

III.1.2 Organize data using tables, charts, graphs, spreadsheets and data bases.

Estimated time required to complete lesson or unit: 

· 2 to 3 – 50 minute periods
Instructional resources:
· http://raju.varghese.org/articles/powers2.html
· http://educ.queensu.ca/~fmc/june2002/PaperFact.htm
· http://www.textbookofbacteriology.net/growth.html
· http://ie.lbl.gov/education/parent/I_iso.htm
Prior required technology skills:

· Experience with spreadsheet and/or TI83 graphing and line-fitting.
Sequence of Activities:
1. Lead a whole-class activity to review exponential growth and decay graphs.
a. Take out a piece of paper and fold once.
b. Count how many layers, and fold again.

c. Repeat.  Create a data table and construct a graph of the number of layers vs. the number of folds.

d. Go online and search paper folding. http://raju.varghese.org/articles/powers2.html
e. Explain why you cannot fold a piece of paper more than ten times.

2. Radioactive decay demonstrates exponential decay following the rules for first-order kinetics: rate=k[A]  where k is the rate constant, A the original amount of material and rate is the measured rate of change.  The integrated first order expression [A] = [Ao] e^(-kt) where t is the elapsed time whereby the amount of material has gone from[Ao] to [A].  Radioactive Isotopes, such as Iodine-130, can be released in nuclear accident.  Iodine poses a serious health hazard to people because it can accumulate in the thyroid.  Iodine tablets are often distributed to people in areas where there is a risk of radioisotope releases, such as near some power plants. 
a. Research Isotope 130mlI has a decay half-life of 9 minutes.  http://ie.lbl.gov/education/parent/I_iso.htm
b. Assume 1000 grams of I-130 are released in a nuclear accident.  Create a list in the TI83 or a data table on the spreadsheet to determine the amount of radioactive iodine remaining as a function of time (x-axis).  (Note, after 9 minutes - 500 gram remain, after another 9 minutes or 18 elapsed minutes  - 250 gram remain, etc)
c. Graph the data table and make predictions on the equation of the line that will fit the data.  Using the TI83 select STAT-CALC-and select various regression lines to fit the data.

d. Follow-up questions:

i. How much will remain after _________ minutes

ii. How long until the amount remaining is ________

iii. What is the equation that fits the line from this data

iv. What is the base of the equation that fits the line

v. How long until all the radioactive element is gone (never)

3. Biological growth follows exponential growth patterns given proper conditions and nutrients.  Under most conditions bacterial follow a growth curve which lag period, the period of growth, a stable period and then the death phase.  
Additional information: bacterial growth rates during the phase of exponential growth, under standard nutritional conditions (culture medium, temperature, pH, etc.), define the bacterium's generation time. Generation times for bacteria vary from about 12 minutes to 24 hours or more. The generation time for E. coli in the laboratory is 15-20 minutes, but in the intestinal tract, the coliform's generation time is estimated to be 12-24 hours. http://www.textbookofbacteriology.net/growth.html
a. Escherichia coli is a pathogenic bacteria which is of concern in drinking water and the waters of Michigan bathing beaches.  Beaches, even entire river systems, are closed due to E-coli contamination.  Recent pollution along the St. Mary’s river has found E-coli levels more than 8 times the legal limit (the maximum of the test procedure) triggering a major controversy between U.S. and Ontario officials.
b. Assuming a 100 mL sample of river water contained 20 bacteria, and that they grew according to their geometric growth pattern doubling every 15 minutes.  Create data lists using the TI83 (or spreadsheet) with the elapsed time and bacterial count for at least a 48 hour period.
c. Create a graph of this data and fit the line using linear, exponential or other functions.  Select the best fit and report the equation of the best fit line.
d. Sample questions:
i. How long will it take for the bacterial count to reach 100?
ii. How long until the bacterial count reaches the levels found in the St. Mary’s river (2400 units)?
iii. What is the maximum bacterial concentration for the sample? (eventually the nutrients will be exhausted and the bacteria will begin to die)
http://oaspub.epa.gov/tmdl/huc_rept.control?p_huc=04100004&p_huc_desc=ST.%20MARYS 
http://wfrv.com/mi/local_story_193222129.html 

http://www.sooeveningnews.com/articles/2006/07/12/news/news33.txt 

http://www.house.gov/list/press/mi01_stupak/SaultSewage062906.html 
Assessments:

· Pre-Assessment:
· What are the characteristics of exponential growth
· How were the formulas for exponential growth and decay similar/different?
· What is the difference between growth and decay?
· What is the difference between half-life and doubling time?  
· How do you recognize exponential growth?
· Scoring Criteria: Points awarded at the teacher’s discretion.
· Post-Assessment:
· Why did folding the paper only work up to ten times?
· Is it possible to fold the paper more? Why or why not?
· What is half-life?
· Where does the Iodine-130 go after it decays? (it is changed to a different isotope of iodine or some other element which may/may not be radioactive in its own right)
· Scoring Criteria: Points awarded at the teacher’s discretion.
Technology (hardware/software):
Key Vocabulary:  Exponential growth and decay
Application Beyond School:  
· Students could research different types of exponential growth and decay and do their own experiment.
Teacher Reflection and Notes:
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