Warm Up
(Transparency)

Introductory Problem: Given 5 and 4, use one mathematical operation to get the highest
number.

Discussion Questions.

1. What is the meaning of an exponent?

1~

Does 5' = 4°? If they are not, which is greater?

3. Would 3° be greater than, less than, or equal to 6°?

4. Given two different whole numbers would you get a greater answer, if you use the smaller

number or the larger number in the base? Are there any exceptions? (Hint: Use questions 2
and 3.)
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Exponents

Write using exponents.
1.3 X3 X3 X3 2. 364 X 364
3o 2 502N 2 DI D D 4, 13 X 13 X 13

5B B BT T 6. 49

Write in expanded form.

7. 104 8. 6°

9. 32 10. 7°

{0 12. 5 cubed

Write in standard form.

13. 5% 14. 28 15. 11 squared

16. 107 17. 122 18. 6 cubed

Compare using <, >, or =.
19. 42024 20. 43034 o1 58059
2. 3803><8 23, 25052 24. 103010+10+10

25, 5305 X5 X5 26. 7303? 27. 10404 X 10

For each number in exponential notation, identify the base, exponent,
and power. Use a calculator to write each number in standard form.

28. A typical American kid watches about 18 television
advertisements between birth and high school graduation.

base exponent

power standard form
29. The highest point in Kentucky is Black Mountain. Its height is about 2iEfeat.

base exponent

power standard form

Use with pages 78-82. 17
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Introduction:
(For use on overhead)

Given a sheet of paper, how many times can I fold it? Would you say 6 or 7 times! Notice the
initial rectangular shape decreases as the number of folds increases. Therefore, the number of
rectangles increases as the number of folds increases.

How many rectangles are created?

The first fold of the paper creates two rectangles. The second fold creates four. If the paper is
folded a third time, eight rectangles are formed.

Question: How many rectangles are formed on the fourth fold?

Answer: Sixteen. Notice that for each fold the number of rectangles double from the previous
number.

If a table is created, the following pattern develops.

Folds 0 1 2
Rectangles 1 2 4 8 16

6 7 8 9 10
2 64 128 256 512 1024

(W)
LY Lh

Could the data be written in a different form? What about exponents?

[f the form a" is used, a represents the base and x the exponent. Then, in this situation, two
would be our base and the number of folds represented by x. The new table of values would be

Folds 0 1 2 3 4 5 6 7 8 9 10
Rectangles 2 2 2 2° 2 2° 2° 2 2° 2’ 2"

Question: How many rectangles are created after 30 folds?
Answer: 2°° or 1,073,741,824 rectangles.
This could be written as a function: Y =2°

Using a calculator, it is easy to calculate the number of rectangles as a number is substituted for
X.

A TI-83 (Plus ) can be used to show how this function 1s represented graphically.



Date:

Names:

Group Activity Sheet

You are at an interview for a job. While there, you are asked which salary you would prefer.
Salary A would pay $500 the first day and give you a $100 daily increase. Salary B would pay 1
cent for the first day and every successive day you will be paid double the amount.

Questions:

1. Create a table of values that would show patterns for salary A and salary B.

# of Days 1 2 3 4 5 103 15 19

Pay A

Pay B

2. Determine the function for each salary.
Payment A:

Payment B:

3. By using the equations, sketch the graphs of the two functions. Tell where the lines
intersect and explain what it means.

4  Would you rather be given salary A or salary B? Explain.
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Polynomials - Exponent Properties

Objective: Simplify expressions using the properties of exponents.

Problems with expoenents can often be shnplified using a few basic exponent
properties. Exponents represent repeated multiplication. We will use this fact to
discover the important properties.

World View Note: The word exponent comes from the Latin “expo’ meaning
out of and “ponere” meaning place. While there is some debate. it seems that the
Babylonians living in Iraq were the first to do work with exponents {dating back
to the 23rd century BC or earlier!)

Example 196.

a*a®  Expand exponents to multiplication problem
) Now wehave 5a's being multiplied together
> Qur Solution

A quicker method to arrive at our answer would have been to just add the expo-
nents: a*a* = a’*t? = q® This is known as the product rule of exponents

Product Rule of Exponents: a™a™ = @™

The product rule of exponents can be used to simplify many problems. We will
add the exponent on like variables. This is shown in the following examples

Example 197.

3°.3%.3  Samebase. add theexponents 2 4+ 6+ 1
3¥  OurSolution
Example 198.
203z - 5ay?z® Multiply 2- 5, add exponentson ., y and =

10z*y7z?  Our Solution

Rather than multiplying, we will now try to divide with exponents

Example 199.

ot

% Expand exponents
a aaaaa 2 Divide out twoofthe a’s
aaa  Convert to exponenis
a®  OurSolution




A quicker method te arrive at the solution would have been to just subtract the

o = 2 .. .
exponents, Z—2=a"“2 =a”. This is known as the quotient rule of exponents.

e
Quotient Rule of Exponents: %71- g

The ¢uotient rule of exponents can similarly be used to simplify exponent prob-
lems by subtracting exponents on like variables. This is shown in the following
examples.

Example 200.

-13
Same base, subtract the exponents

78 QurSolution

w

Example 201.

= 8152
Sa*b’e
Sabic Subtract exponentsona, band ¢
5 :
3-a2bgc Our Solution

A third property we will look at will have an exponent problem raised to a second
exponent. This is investigated in the following example.

Example 202.

3 . )
(¢*)"  This means we have a? three times
. a2

2 2

a Add exponents

-
CLG

Our solution
A quicker method to arrive at the solution would have been to just multiply the

exponents, (a%)® = ¢®? = 4% This is known as the power of a power rule of expo-
nents.

Power of a Power Rule of Exponents: (¢™)" = a™"

This property is often combined with two other properties which we will investi-
gate now.

Example 203.

(ab)®  Thismeans we have (ab) three times
(ab)(ab)(ab) Threea’s and three b's can be written with exponents
a®®  OurSolution
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A quicker method to arrive at the solution would have been to take the exponent
of three and put it on each factor in parenthesis, («b)® = «®b®. This is known as
the power of a product rule or exponents.

Power of a Product Rule of Exponents: (ab)™ = a™b™

It is important to be careful to only use the power of a product rule with multipli-
cation inside parenthesis. This property does NOT work if there is addition or
subtraction.

Warning 204.

(a+0)y"=£a™+ 8"  Theseare NOT equal, beware of this error!

Another property that is very similar to the power of a product rule is considered
next.

Example 205.
a3 ) . .
( - ) This means we have the fraction three timse

(%) (%) (%) Multiply fractions across the top and bottom, using exponents
Our Solution

A quicker method to arrive at the solution would have been to put the exponent

. . 3 o o

on every factor in both the numerator and denominator, (%) = Z— This is known
as the power of a quotient rule of exponents.

am

Power of a Quotient Rule of Exponents: (E)m =m

b

The power of a power, product and quotient rules are often used together to sim-
plify expressions. This is shown in the following examples.

Example 206.

(z?y2%)?  Put the exponent of 4 on each factor, multiplying powers

21248 Qursolution




Example 207.

3 2
a’h .
(S—JE) Put the exponent of 2 on each factor, multiplying powers
a7 A

a%h?

10 Our Solution

As we multiply exponents its important to remember these properties apply to
exponents, not bases. An expressions such as 3% does not mean we multipy 3 by 3,
rather we multiply 5 three times, 5 x 5 x 5 = 125. This is shown in the next
example.

Example 208.

(4x*y®)®  Putthe exponent of 3 on each factor, multiplying powers
4525y Evaluate 4*
6425y Our Solution

In the previous example we did not put the 3 on the 4 and multipy to get 12, this
would have been incorrect. Never multipy a base by the exponent. These proper-
ties pertain to exponents oniy, not bases.

In this lesson we have discussed 5 different exponent properties. These rules are
summarized in the following table.

Rules of Exponents

Product Rule of Exponents a™ag" =™t
Quotient Rule of Exponents %ﬂ— =a™m "

Power of a Power Rule of Exponents | (a™)"=a™"
Power of a Product Rule of Exponents | (ab)™=a™b™

Power of a Quotient Rule of Exponents (E)m =2

These five properties are often mixed up in the same problem. Often there is a bit
of Hexibility as to which property is used first. However, order of operations still
applies to a problem. For this reason it is the suggestion of the auther to simplify
inside any parenthesis first, then simplify any exponents (using power rules), and
finally simplify any multiplication or division (using product and quotient rules).
This is illustrated in the next few examples.

Example 209.

dz%y-52%y%)®  Inparenthesis simplify using product rule, adding exponents
g
(2027y*?  With power rules. put three on each factor, multiplying exponents
20%2%'®  Evaluate 20°
80002**y®  OQurSolution

PR




Example 210.

7a*(2a%)®  Parenthesis are already simplified. next use power rules
7a®(8a!?)  Using product rule, add exponents and multiply nunbers
56a*S  Our Solution

Example 211.

3a% 100" L. : .
GT;SSE) Simplify numerator with product rule, adding exponents

30a’p* _ . )
Gy Now use the quotient rule to subtract exponents

153> Qur Solution
Example 212.

3Iminl2
——= Usepower rule in denominator
(m2n3)3

3my 12 .
Use quotient rule
mbn® 4
3mn®  Oursolution

Example 213.

( 3ab?(2a'p?)? )2

Ep Simplify inside parenthesis first, using power rule in numerator
a i

Simplify numerator using product rule

3ab2(8a2°) \*
Ba’b7

24a38\? .
( # Simplify using the quotient rule

(4@%)2 Now that the parenthesis are simplified, use the power rules
16a1%%  Our Solution

Clearly these problems can quickly become quite involved. Remember to follow

order of operations as a guide, simplify inside parenthesis first, then power rules,
then product and quotient rules.




5.1 Practice - Exponent Properties

Simplify.
1) 4. 44 44
3)4-2°

5) 3m - 4mn

7) 2min? - 4nm?
9) (3%)*

11) (442

13) (2udv?)?

13) (2a%)?

45
e

17)

19) £

3um?
21) 3n

3,4

23) 4y

3 y3

25) (Pyt 20%y®)2

27) 2x(xty?)?

99) =¥’

31) ((?-r) )
w7 3
59) (i)

35) (M)3

mnd

oy 2zy0 - 2270

3g) L2 2etehhey?

2ps
( 'r3y3_. )
2p2yts8 . 9spy?
43) -1' 1(12 3)2

2) 4-4*.42
4) 3-3%.3?
6)

8)

3z 4

1‘2 y‘l - :ryz

94) £¥°

azy
26) (w0 2ut)®

) Juu’ - 2u®
T

30) 2bal 2"

ba? - 3adp!

2a202a7
‘)
3‘-‘) (bat}?

gt (g)?
34) %

36) rd(nd)?

mn

3, '_1)_

3g) 2y’

Dyt - 2

23; 5 2 10 17
40) ) <2y

(.Ly- -:-)-1

2% B . op3 14
42) (w)






