Algebra I       Positive, Zero, and Negative Exponents        Pg4-1
Just as multiplication is a convenient way to write repeated addition, exponents are a convenient way to write repeated multiplication:



34 
[image: image74.emf]                     Exponential Model 

       

        An  equation of the form:  y = A



B

x

           A: y-intercept (starting amount)    

           B: Growth/Decay Factor (steepness)

    Growth (B > 1)                    Decay (B < 1)

   

      Does either graph have an x-intercept? 

         How do you know (you can't tell by

                    looking at the graph)?

3 ∙ 3 ∙ 3∙ 3 = 81
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3 ∙ 3∙ 3 = 27
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 3∙ 3 = 9
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3-1 
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 ____



3-2 
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 ____

If you continue the above pattern (dividing by 3 each time), you can make a case that a number with a zero exponent is 1 and a negative exponent can be used to represent repeated division:



30 = 1
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[image: image54.emf]Removing Negative Exponents

           

     The exponent applies to     

  everything, so move everything 

        

across the fraction bar.


Algebra I
 
    What is the Base?                          Pg 4-2
Ray Ray has another magic trick.  Show that this trick will work for any number by letting x represent the original number, writing an appropriate expression for each step, and “simplifying” the last expression.
· Choose a number

· Triple it

· Square the result

· Divide by 9

Sometimes it is confusing trying to identify what an exponent applies to (the base).  Use order of operations to determine the base:  the exponent applies to the first thing on the left that makes sense.  

Exponents:  The exponent applies to the first thing on the left that makes sense.  


  (3)(7)4 
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3∙7∙7∙7∙7

5(-2)4 
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 5∙(-2)∙(-2)∙(-2)∙(-2)


 -24 
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-1∙ 24 
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-1∙2∙2∙2∙2

3(5x)3 
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 3(5x)(5x)(5x) 




The bases (what is multiplied repeatedly) in the examples above were 7, -2, 2, & 5x.
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Algebra I     Simplifying Exponential Expressions       Pg 4-3
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Sometimes a complicated exponential expression can be written in a much simpler way.  One approach is to “expand” by rewriting an equivalent expression without exponents, then rewrite again with exponents.  
Simplify by rewrite each expression as repeated multiplication then rewriting again using exponents.
Ex1:

                                 Expanded                        Cleaned Up
              10(2w)4     
[image: image14.wmf]Þ

   10∙2w∙ 2w∙2w∙2w     
[image: image15.wmf]Þ

          160w4                         
                                (note:  2w really means 2∙w)
Ex2:

                   (4x2y)3∙x2    
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    (4x2y) ∙ (4x2y) ∙ (4x2y) ∙ x2        Expanded
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    4xxy4xxy4xxyxx                      Expanded Further
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    64x8y3                                      Clean Up

                      (note:  doesn’t matter which exponent you “expand” first)
  Ex3:     
[image: image57.emf]    Zero Exponent

Anything to the 0 is

1 (except 0):

    

      2

0

 = 1; 13

0

 = 1

                                                      Expand          Clean Up
                           (note: divide out factors of x & y)
Algebra I      Expressions with Negative Exponents      Pg 4-4
It can be helpful to think of a negative exponent as the opposite of a positive exponent in the sense that you divide when you would have multiplied and vice versa.  If an expression has negative exponents, it is usually a good idea to rewrite an equivalent expression with positive exponent first.
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Rewrite Without Negative Exponents (usually do this first):  Make the exponent positive & move the base across the fraction bar or replace the base with its reciprocal.  

   Ex4:  5-3 
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   Ex5:  
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        (why didn’t the 3 move across the fraction bar)?
  Ex6:
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      (exponent applies to everything)
Ex4 – 6 can be simplified further by expanding and cleaning up.

Algebra I    
           Exponent Rules                             Pg 4-5
Some teachers and students prefer to focus on using the following rules to simplify exponential expressions.  I think most students are better off expanding (writing without exponents) and then rewriting again with exponents.  With some practice you can do a lot of the expanding in your head, which is very helpful when dealing with large exponents.
Product of Power:  An∙Am = Am+n
Power of Product: (AB)n = AnBn
Quotient of Power:  Am/An = Am-n
Power of Quotient: (A/B)n = An/Bn
Power of a Power:  (Am)n = Amn
Negative Exponent: A-n = 1/An
Most of these rules are fairly obvious (when m & n are positive integers) if you think of expanding and then cleaning up.  Take the power of a power rule for example:

   (A3)7 
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 A3∙A3∙A3∙A3∙A3∙A3  
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 A21 

We could have expanded out each of the A3 to A∙A∙A to be extra clear.  Can you see why the other rules make sense?  

Algebra I           Exponential Growth & Decay          Pg 4-6
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Ray Ray’s has adopted a sasquatch.  He makes two major mistakes when reasoning that 10 years times 20% is 200%, so the weight will be 80 lbs in 10 years.  How much will the sasquatch really weigh in ten years?
           40 lbs





     10 years later  ?? lbs
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          The growth factor is 2.
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  note: divided out common factors


Exponential growth or decay is shown in the tables below.  You keep multiplying by the same number to get the next y-value (instead of adding the same amount for linear growth).  If the x values go up by 1, then the number you multiply by to get the next y-value is called the growth/decay factor.  
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Algebra I                     Exponential Model                      Pg 4-7
Ex1:  The table for the weight of the Sasquatch is shown below.  Use an exponential model to find the weight of the Sasquatch after 10 years.
	x
	0
	1
	2
	3
	4
	…

	y
	40
	48
	57.6
	69.1
	82.9
	…


[image: image66.emf]x ?

x ? x ?

                       Find the Growth/Decay Factor

                            

    Easy - divide neighbors:  5  ? = 4.55 

 4.55/5 = 0.91  

        

                              Find the Last Entry

 Yuck Method: 

5.91.91.91.91.91.91.91.91.91.91.91.91=1.77

                       Nice Method:  5  .91

12

 = 1.77

                 

                   

Use the ^ or y

x

 key on your calculator

                               to calculate exponents

                     

           


The starting amount is 40 and the growth factor is 1.2:

                           y = 40∙1.2x     (y = A∙Bx)                                                                    
                           x = 10 
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 40∙1.210 
[image: image32.wmf]Þ

 247.7 lbs
If the growth factor wasn’t provided we could have easily calculated it using the table.  The model should make sense to you:  Start at 40 lbs and multiply by 1.2 ten times (1.210) to get the weight after ten years.
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Algebra I


Exponent Practice



Name:

Evaluate each of the following (no decimals please):

1.  23∙52




2.   
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3.   5 + 5∙23
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5.  3-5





6. (-4 + 32)3
7. -34





8. (-3)4
9.   05∙(-3)2




10. 
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Algebra I

Expanding & Simplifying Exponents


Name:

1. Circle the base(s) in each of the following and rewrite without an exponent (note:  it is sometimes helpful to think of expressions like -35 as -1∙35).  

a)  -24




b)  3(-2)4


c)  
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 d) 5x2(-x)3



e) 3(5 -  x)2


2. Rewrite using exponents.

a.  501∙31∙501∙31∙501∙31∙31
      b.   
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      c.   3w∙3w∙3w∙2x∙2x





d. -3t∙t∙4t∙t∙(-t)


      e. 
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            f.   
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3. Find a value for each of the following:

a.  3∙23



    b. (3∙2)3

 
       c.  10(1/5)2
d. 2-3



e.  5∙3-4



       f.  (3/2)2(1/2)4
1.  a) -16       b)  48      c) 1      d) -5∙x∙x∙x∙x∙x      e) 3(5 – x)(5 – x)

2.  a)  5013314       b)  (1/2)3(.71)2    c) 108w3x2     d) 12t5     e) 44      f) 9 / 7012
3.  a) 24                  b) 216              c)  0.4                d)  1/8              e) 5/81       f)  9/64

Algebra I         Expanding & Simplifying Exponents
 (continued)

Name:

4. Write each of the following without exponents (expand) and then simplify.

a. (10w)4


    

b. (ab2)3                                   

c. (-2a)3∙(10a)2




d. (2t3) ∙(-t2)

e. 4 ∙ 103 ∙ 3 ∙ 102



f. m∙(2m2)3
g.  
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Algebra I



Exponent Mix



Name:

A. Rewrite using exponents.

1)   3∙w∙w∙3∙w∙w∙4



2)   -3t∙t∙4t∙t∙(-t)

3)   
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4)   
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B.  Identify the mistake at each step:

5)            (2xy2)3x2 


                6)         2(AB)2B3
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(2xy)(2xy)(2xy)x2
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  2AB∙2AB∙BBB
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 6x5y3



                      
[image: image49.wmf]Þ

  2A2∙B4
C. Expand & simplify each of the following (no parenthesis or negative exponents):

7)     (10w)4




8)     5-2     

9)     (-2a)3∙(10a)2



10)     
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11)   (5ab2)3




12)  
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A:    1) 36w4             2) 12t5          3) 14                 4) 44 

       7)  10,000w4      8) 1/25         9) -800a5         10) k    11) 125a3b6        12) 2x10 
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Algebra I

       Exponential Growth & Decay
   

   Name:
1. Complete the table for the exponential function below.  What is the growth factor?  Explain how you can get the last entry just using a calculator (no paper or pencil)?

	X
	0
	1
	2
	3
	4
	5
	10

	Y
	2
	6
	18
	
	
	
	


2. The cost of a box of donuts by year is shown below (x = 0 is the year 2000).  Complete the table.  What is the growth factor (show work)?  By what percentage does the cost increase each year?  

	X
	0
	1
	2
	3
	4
	this year

	Y
	8.00
	8.24
	8.49
	8.74
	
	


3. A town has 10,000 residents and is projected to grow 5% every 10 years.  Complete the table showing the expected population x years from now.

	x
	0
	20
	40
	60

	y
	10,000
	
	
	


a) You should have 12,155 for year 40.  Do you?  If not, fix your mistake.

b)  Describe what you would do to find the projected population 15 decades from now (don’t actually do it).

c) Many calculators have an exponent key (yx or ^).  Use this key to quickly and easily find a value for part b).

Algebra I                 Exponential Growth & Decay (continued)   

   Name:

4.  A car loses 20% of its value each year as shown in the table below.

	x (years)
	0
	1
	2
	3
	4
	5
	…
	9
	10

	y (value)
	$15,000
	$12,000
	$9,600
	
	
	
	…
	$2,013
	


a) What is the growth/decay factor?  Why isn’t it 20% or .20?  Complete the table.
b) About how long does it take the car to lose two thirds of its value?  Show work.

5. The exponential growth model below gives the number of bacteria (in millions) vs time (minutes) on Ray Ray’s kitchen counter (time 0 is noon). 




y = 8∙1.4x
a) How many bacteria are on the counter at 11:57 ?

b) Fill out the table showing the number of bacteria at different times & graph the curve.
	Time (x)
	Bacteria (y)

	-3
	

	-2
	

	-1
	

	0
	

	1
	

	2
	

	3
	

	4
	


[image: image68.jpg]


            

c) About when are there 9 million bacteria on the counter?  Graph y1 = 8*1.4^x & Y2 = 9 & find the intersection using the online graphing calculator to get a better estimate (see instructions on weekly handout).  
Algebra I                 Exponential Growth & Decay (continued)   

   Name:

6.  The graphs of an exponential equation will either get steeper & steeper (growth) or get less & less steep (decay) as you move to the right.

a) Which graph is the model y = 4(1.3)x, which is y = 4(.8)x, & which is y = 4*1.1x?  Explain or show work.  
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b)  How would the graph of y = 4(1.2)x differ from the graphs above?  How would it be the same?  Explain or show work.

c) Open the online graphing calculator.  Enter Y1 = 2 & Y2  = 8.  Enter Y3 = A*B^X with a number for A between 0 & 10 and a number for B between .5 & 2.5.   Click graph after each try.  Keep trying until you get an excellent match the graph below.  Print your result when you get a match (I will check your graph carefully – make sure it matches). 
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7. The temperature of glass of water placed outside on a cold winter day (0oC) is graphed below:  

a) What was the temperature at time 0?

b) What was the percentage change in temperature between time 0 & 0.5?  How about between time 1.5 & 2?  Show work.

c) Use parts a) & b) to write an equation for the temperature as a function of time.

d) Does the graph have an x-intercept?  Explain.

e) Why can’t you answer this question:  The glass has been outside awhile.  How many more minutes will it take for the temperature to fall 2 more degrees?

[image: image73.jpg]



8. Your salary as a function of years worked is shown below:








	Years Worked
	0
	1
	2
	3

	Salary (thousands)
	$31.8
	$33.7
	$35.7
	$37.8


a) Does you salary increase by more & more or increase by less & less?  Explain.

b) Find an exponential model (y = A∙Bx) for salary (y) as a function of years (x).  Show or explain how you found values for A & B (the starting amount & growth/decay factor).

c) Use your model to find your projected salary after 12 years.

d) Graph your equation from b) on the online graphing calculator (don’t forget to click graph).  Fix your equation if the online calculator table values don’t match the values provided on this handout.

9a) An $18,000 car loses 12% of its value each year.  What percent of its value does it keep?  Make a table showing the value over the next five years.  

b) Write an equation for the value of the car (y) as a function of age (x).

c) A common mistake is to use the model:  y = 18,000(.12)x.  Why is this incorrect?
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