Kevin Cleland

Grade: 9

Subject: Math

No. Students: 6

Ability: Heterogeneous

Title & relevant information: Exponential functions for Math A Exam review. Materials: Packet titled “Exponential Functions” (provided), calculators.

Lesson Overview: Students will discover the concept of exponential functions and learn to graph them. They will then analyze a real-life situation and apply what they’ve learned to solve problems involving said situation.

Lesson Objectives: 

1. Analysis – Students will break down data (tables and graphs) and explain how this data supports generalizations (the definition and general form of exponential functions).

2. Synthesis – Students will adapt the concept of exponential functions to a real life situation. They will also compare the new concept (exponential functions) to prior knowledge (linear and quadratic functions).

NYS Standard 3 Key Ideas:


2A. Number and Numeration: Students will understand and use rational and irrational numbers.


3A. Students will use addition, subtraction, multiplication, division, and exponentiation with real numbers and algebraic expressions.


3C. Students will explore the use of negative exponents on integers and algebraic expressions.


4A. Students will represent problem situations symbolically by using algebraic expressions, and graphs.

Anticipatory Set: (5 min.) This anticipatory set is design to help the students recall prior knowledge they’ll see in this lesson. Have them attempt the sheet titled “Function Review” alone or with a partner, before going over it as a class. It may be beneficial for them to refer to it later in the lesson.

Developmental Activity: (25 min.) 


a) Instructional strategies: This lesson is designed to be taught via direct instruction. It can and should be manipulated to allow for as much student input as possible. 

b) Developmental activity:


1. Begin with the introductory section of the worksheet titled “Exponential Functions.” 

2. Work through Example 1 as a class. The students should be familiar with the process, so simply try to emphasize the parts that are different. The emphasis should be on the “What do you notice?” question (7 min.). 

3. If the students seem to have grasped the concept, allow them to work alone or in pairs (their choice) to complete Example 2. If they struggled to follow the first example, work through Example 2 as a class. Either way, again your emphasis should be on the “What do you notice?” question (8 min.).

4. Have the students work alone or in pairs (their choice) to complete Example 3. This is an extension of the concept to a real-life situation (10 mins.). (Dr. Cushman: Let me know if this question is not challenging enough. I realize that it is a new concept and that it shouldn’t be the most difficult problem to grasp, however, it still feels a bit like a plug and chug word problem.) 


- Questions to ask: What do you notice about the y-intercept in each example? It is 1. Will this always be the case for exponential functions? Yes, for any function of the form y = ax. Why? Every function is of the form y = ax, and x is always zero at the y-intercept. Anything to the zero power is 1. 


- Important vocabulary:



Exponential function: any function that can be described by an equation of the form y = ax, where a > 0 and a 
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 1.


- Points to emphasize: During the “What do you notice?” for example 2, be sure to clarify that the two graphs thus far are not exactly opposites or mirror images, but that in general, these are the shapes of the two different types of exponential functions. 

- Modeling problems: Any information the students do not have is underlined and bold. While modeling, allow the students to provide as much instruction as they can.

c) Learning modalities: This lesson reaches auditory learners through spoken instruction and discussion. It reaches visual learners by creating a visual representation of the functions in a table and a graph. It reaches kinesthetic learners by working through the table, then plotting the points and checking to see if the function holds for any value of x (such as 1.8).

Closure (2 min.): Closure takes place throughout the lesson, during the “What do you notice?” questions. Once the packet is complete, facilitate a discussion on any other situations the students can think of that can be modeled by an exponential function.

Assessment (8 min.): Pass out the Exit Ticket. Collect it at the end of class and grade it for completion and comprehension.

Name: ANSWER KEY



Date: ________________

Function Review

Thus far, we’ve studied two types of functions, linear functions and quadratic functions.

Linear         functions are functions that have a constant slope. Remember that these can be written in the form y = mx + b      , called slope-intercept form   
.
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Quadratic       functions are functions that graph as parabolas. Remember that these take the form y = ax2 + bx + c         . 
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Name: ANSWER KEY




Date: 




Exponential Functions

Another type of function is the exponential function. 

Key concept: An exponential function is a function that can be described by an equation of the form y = ax     .


Key Characteristics: It is only an exponential function if a > 0 and a 
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 1.

Now that we know how they’re written, let’s see what their graphs look like.

Example 1:  Graph the exponential function y = 4x.

Step 1: Find the y-intercept.


Since the y-intercept is the value of y when the function crosses the y-axis, the value of x at this point is 0.


So, to find the value of the y-intercept, simply plug 0 in for x. Use your calculator to check.


y = 4 0 = 1  
Therefore, our y-intercept is at (0, ​​ 1 )
Step 2: Record this ordered pair in the table below. Then, repeat the process for the given values.

	x
	4x
	y

	-2
	4__  
	

	-1
	4__
	

	0
	4__
	

	1
	4__
	

	2
	4__
	

	3
	4__
	


Step 3: Graph the ordered pairs and connect the points with a smooth curve.
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What do you notice?

The y values change slowly, very little, etc. for values of x less than 0.

The y values change quickly, much more, etc. for values of x greater than 0.

Use your graph to estimate the value of 41.8. 

41.8 
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Use your calculator to confirm this value.

41.8 = 12.12573
All the graphs of the form y = ax  with a > 1 have a similar shape to the line we drew in example 1. They do not increase at a constant rate. Instead, they continue to rise faster and faster as you move from left to right. 

In this way,  exponential functions are similar quadratic functions and different from linear  functions.

Example 2:  Graph the exponential function y = 
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x.

Step 1: Find the y-intercept.


To find the value of the y-intercept, simply plug 0 in for x. Use your calculator to check.


y = 
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 0 = 1  
Therefore, our y-intercept is at (0, ​​ 1 )

Step 2: Record this ordered pair in the table below. Then, repeat the process for the given values.

	x
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x
	y

	-3
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	-2
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	-1
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	2
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Step 3: Graph the ordered pairs and connect the points with a smooth curve.
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What do you notice?

This function looks like the opposite, mirror image, etc. of the previous function. This is because the a value is 
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, which is between 0 and  1.

Example 3: Exponential functions in the real world.

MOTION PICTURES   Movies tend to have their best ticket sales the first weekend after they premiere. The sales then follow a decreasing exponential function each weekend thereafter. The new movie I Am Legend starring Will Smith is expected to do very well. If it does, it could be modeled by the function E = 50. 0.7w. In this equation, E represents the earnings in millions of dollars and w represents the weekend number.

a) Graph the function using your graphing calculator and sketch it below. To do so, you’ll have to change the variables of this equation slightly. E to y and w to x. 

b) If does follow this model, how much money might the movie make on its opening weekend?

Since opening weekend is the first weekend, w = 1.


E = 50 . 0.7w 


E = 50 . 0.71

E = 35

Therefore, on opening weekend, the movie I Am Legend may gross $35 million.

c) How much will the movie make on its fifth weekend?

w = 5.


E = 50 . 0.7w 


E = 50 . 0.75

E 
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 8.4

Therefore, on its weekend, the movie I Am Legend should gross about $8.4 million.

Exit Ticket

This ticket, upon completion, grants ___________________________ free passage to his/her next class.

1. If y = 2x , find y when x equals 4.

y = 16

2. If y = 5x , find y when x equals 3.

y = 125

3. The value of a in the exponential functions shown below is 


(a) between 0 and 1


(b) greater than 1
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