L.O.  Students will be able to create a table of values for an exponential function rule, plot points from a table of values, and graph an exponential function.

Unit: Functions

Common Core State Standards: 
HSF-IF.B.4 – For a function that models a relationship between two quantities, interpret key features of graphs and tables in terms of the quantities, and sketch graphs showing key features given a verbal description of the relationship.
HSF-BF.A.1 – Write a function that describes a relationship between two quantities.
HSF.LE.A.2 – Construct linear and exponential functions, including arithmetic and geometric sequences, given a graph, a description of a relationship, or two input-output pairs.



Warm Up:  

You work for a company that imports salt from India by boat and stores it at the port. The salt is spread by the Department of Sanitation during snowstorms to clear the roads. The winter is over and you have a large pile of salt left over.  While the salt sits breezes from the ocean consistently blow the salt away.  Your company loses an average of 50% of the salt each day that it is not covered. If you do not cover the salt what will eventually happen to all of the salt?

__________________________________________________________________________________________

__________________________________________________________________________________________

If you start with 100% of the pile of salt on the first day, what percent of the original amount will you have on the second day?

__________________________________________________________________________________________

__________________________________________________________________________________________


If the pile starts as 1,000 tons of salt how many tons do you have after one day? How many tons will you have after two days? Explain.

__________________________________________________________________________________________

__________________________________________________________________________________________
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Exponential Growth & Decay
Model with Mathematics

There are two kinds of exponential functions, exponential growth and exponential decay.  The graphs of typical exponential growth and exponential decay functions are shown below.  Notice that an exponential growth function infinitely approaches the x-axis to the left, while an exponential decay function infinitely approaches the x-axis to the right.  Neither function ever touches the x-axis. 

[image: ]
Exponential Growth

[image: ]
Exponential Decay

Many real world phenomena can be modeled by functions that describe how things grow or decay as time passes on. Examples of such phenomena include studies of populations, bacteria, the AIDS virus, radioactive substances, electricity, and credit card payments, just to mention a few.

There is an algebraic function that can be used to model growth and decay in applied situations.  

	
Exponential Function




       	
	a = initial amount before measuring growth or decay
                   b = base or growth factor
	        x = number of time intervals that have passed

When a quantity grows by a fixed percent, the pattern can be represented by the following functions:
Growth

y = a(1+r)x
Decay

y = a(1-r)x







	        a = initial amount before measuring growth or decay
	r = growth/decay rate most often a percent written in decimal form
	x = number of time intervals that have passed
Name: ________________	Exploring Exponential Functions

An exponential function has the form where a is the initial value and b is the base.  The base is also referred to as the growth factor.

To explore this concept, you are going to complete the activity below and answer the questions that follow.


	Step One: Fold a 16 inch strand of string in half, then cut at the fold.  Then fill in the chart.
	
	Number of Cuts
	Number of String Strands
	Length of String Strands

	
	
	0
	
	

	
	
	1
	
	

	Step Two: Fold all of the pieces of string that you have from the previous step in half and cut again.  Then fill out the chart.
	
	2
	
	

	
	
	3
	
	

	
	
	4
	
	

	Step Three: Repeat step two until the chart is complete!
	
	5
	
	

	
	
	6
	
	





	Graph the relationship between the number of string strands and the number of cuts made.
	
	Graph the relationship between the length of the string strands and the number of cuts made.




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	







Discussion:

Looking at the tables, what patterns do you see?


Exponential Decay Function

Which set of data is decaying? _______________________________________

What is the starting value (initial value)? _______________________________

What is the decay factor (base)? ______________________________________

Exponential decay function: ________________________________________


Exponential Growth Function

Which set of data is growing? _______________________________________

What is the starting value (initial value)? _______________________________

What is the growth factor (base)? ______________________________________

Exponential growth function: ________________________________________


By looking at the table, how can you tell that the relationship between the number of string strands and the number of cuts is exponential as opposed to linear?



By looking at the table, how can you tell that the relationship between the number of string strands and the length of the string strands is exponential as opposed to linear?



How many and what length would the string strands be after 10 cuts?  Is this number feasible?



Tito, a student that did this exercise before ended up with 8,192 pieces of string.  How could we use the pattern to figure out how many cuts Tito made to end up with that many pieces of string?



After how many cuts will you have no string left to cut?



Functions and Their Graphs

Each scenario below can be modeled by a table of values, a function rule (an equation), and a graph.
Read each scenario and complete the table below it.  



A job pays you a commission of $50 for every TV that you sell plus a once a week bonus of $20.00.  Create a table that could illustrate your salary potential for a week at this job. 

	TVs
	Salary

	
	

	
	

	
	

	
	

	
	

	
	

	
	




The price of a case of soda increases by 3% a year.  What will happen to the price of a case of soda between now and 2065 if that case of soda costs $10 today?

	Number of years from now
	Price of a case of soda

	
	

	
	

	
	

	
	

	
	

	
	

	
	


You go to a casino with $100 and play a game that costs $20 dollars each time you play. You play over and over but lose every time. What happens to your money?  

	Games played
	Money you have left

	
	

	
	

	
	

	
	

	
	

	
	

	
	




A large pile of road salt left by the Department of Sanitation slowly blows away every day that it is left uncovered.  What happens after two weeks if the salt pile starts out as 1000 tons of salt and 25% of the salt is lost every day? 

	Days
	Amount of Salt

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Exploring Exponential and Linear Functions

Answer the following questions using the tables that you completed.



This graph describes the relationship between: _______________________________________
_______________________________________
The function rule that describes this relationship is: 

_______________________________________




This graph describes the relationship between: _______________________________________
_______________________________________
The function rule that describes this relationship is: 

_______________________________________

This graph describes the relationship between: _______________________________________
_______________________________________
The function rule that describes this relationship is: 

_______________________________________



This graph describes the relationship between: _______________________________________
_______________________________________
The function rule that describes this relationship is: 

_______________________________________

Name ______________________

Exit Ticket: Exponential Functions

1. The population of a rare form of the E. coli bacterium doubles in number every day.  A scientist starts with 10 of these bacteria in a dish.  The table below shows the population growth of the bacteria after the first three days.  Explain how to use the table to predict how many of these bacteria there will be after 7 days.

	Day
	Number of Bacteria

	0
	10

	1
	20

	2
	40

	3
	80

	
	

	
	

	
	



2. The exponential function y = 10(2x) can be used to model the growth of the E. coli bacteria described in problem #1.  How would you change the function rule to model a falling population of dinosaurs that starts out with 10,000 dinosaurs and dies off at rate of 50% a day?







 
3. A group of rabbits on a distant island is multiplying at an incredible rate.  The function r(m) = 100(3m) is used to model the growth of the rabbit population where m = the number of months that have passed.  Construct a basic graph that will show the general growth of this group of rabbits.


 






Include Function Rules (Optional for differentiation)

y = 1000(0.75)x


y =20 + 50x


y = 100 - 20x


y = 10(1.03)x
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