Lesson 1.1 — Multiplication of Numbers in Exponential Form

Recall that exponents group common bases that are connected by multiplication. Fill in the

missing exponents below,

7.7.7.7.7="7Y) 5.5.0-0-a-b=5%,0p0
llXXIlelléa (_3)XX(_3):(_3)(’_0

32 times 17 armes

Also, when an expression is in exponential notation, understanding how to use an exponent allows us to
expand the expression. The bases below have large exponents. For the expressions, state the amount
of times you would expect to see the base if we were to expand it.

19 48
47 =4x---x4 157 =15%---x15
"'_\f—"J \ ~ J
/9 times Y& times
23 01
572 =5.7x-+-x5.7 (y) :(7)><><(7)
. 4 4 4
&3 times - ~ ~
/fo/ times
In general, for any number y and any positive The number y" is called y raised to the n-th power,
integer n, n is the exponent of y in y"and y is the base of y".

yhi=yxooexy
k—v____J

n times

e . . 127 x12°
Multiplication of Numbers in Exponential Form An example of numbers in

exponential form being multiplied.

What happens when we multiply like powers connected by multiplication in an expression?

Having a deep understanding on how to expand or condense an expression using exponents is critical to
helping us answer that question. Complete the exercises on the next page.

Lesson 1.1

3




Class Notes — Expand the expression, then condense it.

[.P#1 8% 8*
43‘45

§? }°
LP#2 PPyt
x-x3 %

10 Y4

X ))’
LP#3 6%2-.9*.6°.92
3*.7.3*.77

3T 67

Use what you observe above to complete the following. Combine the like powers below into one power.

xa.xb — Xq-l-é

xa.yc.xb.ydzxméya‘

\

When we multiply like bases the exponent for the new expression is th@difference/product/quotient)

S of the original exponents.
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Class Notes — Simplify the following expressions. Show your work by using one of the two methods
below.

Examples of how to show your work.

Expanding and Condensing Using the algorithm
3*x3*=3.3-3-3x3-3 3% x 32 =342
o] 36 — 36
LP#4 38' 310 x4_ x7 m9' m3
76' 78
14 2

] 3’ X" m™
LP#5 6° y-y° 6° 11211 w2 11° 5.5 p°p
a’- b a'

bt | Ly | I |5
a- 'y W P

Review — Simplify the following expressions. Show work.

R#1 5%. 5° b'- b’ a-a*-a
98. 910
g
/o é 174
5 7
R#2 ps. pz kz. kz. k4 xs. y- y2. x4
7-7°

R#3 at bt & kK- m® m’ 3%y y*- 3¢

2. 12°

2% | g8 | km= | 3y°
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Lesson 1.2 — Division of Numbers in Exponential Form

Recall that when we combined bases that are being multiplied we @Ad the exponents.

Let’s take a closer look at this rule.

In general, if y is any number and m, n are positive integers, then

m n m+n
y -y =
because
m n _ _ L mtn
y xy :gyx...x@xgyx...xy)_gyx...xy)_y
m t;;nes n ti\rrnes m+nms
15
47 = 42 _9__
Division of Numbers in Exponential Form 911

Two examples of numbers in exponential form being
divided.

We determined what occurs when we multiply numbers in exponential form, what occurs when we

divide numbers in exponential form?

Let’s use some logic. When multiplying like bases we add the exponents. Division is the opposite
operation of multiplication, so what is the opposite operation of addition? SU btacton

We can hypothesize that we Sw b+('4c1' exponents when we divide numbers in exponential form.
We will put that hypothesis to a test. Complete the notes on the next page.
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Class Notes — Similar to the last lesson, we will expand the expression, then condense it.

LP#1 126
g7 12¢
[

Y 122

LP#2 y'o

5
x_s Yy
e

LP#3 7°. p4
43- m6 73 p
4- m

Y m" 71,/93

Use what you observe above to complete the following. Combine the like powers below into one power.

X a-b x“- y° _ by

—= X xb.yd X /

When we divide like bases the exponent for the new expression is the (suduct/quotient)

of the original exponents.
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Class Notes — Simplify the following expressions. Show your work by using one of the two methods

below.
Examples of how to show your work.

Expanding and Condensing

Using the algorithm

5 .12.1. 5
35+32:2_2:.3_3.3.3_’§3_3 35+32=g;
:35—2
~3.3.33-3 _ 3
33~
=3.3.3
=133
LP#4 20" 190 a2
1 20" 190" d®
137

20"

1%°

LP#S j4k55 67' le 1410'_))16
g3h24 j2k22 62' xll 144 y4
i
233 - ¢ 8
ﬂz K 3k b x 4"y
Lesson 1.2

8




Review — Simplify the following expressions. Show work.

l,)ﬂ

R#1 m® PAz a- b
10° ) JAC a2 b
10"
|0 s fE
" K’ a
R#2 g9 36, ! de"
512 g3 32. x7 dZe6
58
5° 4 Y
R#3 ¥ y16 m’. n'? pqus
h“ x4_ y13 n12 ,11 p2q13
hS
7
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Lesson 1.3 — Numbers in Exponential Form Raised to a Power

Recall that when we combine bases that are being multiplied we QA_G{ the exponents.

When we combine bases that are being divided we ,SQW!C" the exponents. At the beginning of
the last lesson we reviewed the rule for multiplying like bases in depth, let’s take a closer look at our
rule for dividing like bases.

In general, if y is nonzero and m, n are positive integers, then

m

=y if m>n

Questions for discussion

e Why did the rule mention that y is “nonzero”?

e Why did they state that m > n?

A number in exponential form
raised to a power.

Numbers in Exponential Form Raised to a Power

We will use the same strategy that we used in Lesson 1 and 2 to explore what occurs when a number in -
exponential form is raised to a power. We will expand our expression, condense it, then look for a
pattern. However, we will not expand it completely. We will use the rule we discovered in lesson 1 to
help save some time.

Complete the notes on the next page.
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Class Notes — Expand the expression, then-condense it.

LP#1

(4} o)

i q*°

LP#2

(a.3°f (1.7¢)

L/.glii' /.7

(-1)" (-2.3)"

If we were to express our exponential If we were to express our exponential

expression in standard form, would our answer | expression in standard form, would our answer
: o o . s \

be negative or positive? P s Hve be negative or positive? ’)ﬁ« +V’1/€

Use what you observe above to complete the following.

(xa)b — Xq.b

When we raise a power to a power the exponent for the new expression is the

(sum/differencefproduty/quotient) Mof the original exponents,

Lesson 1.3
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Class Notes — Simplify the following expressions. Show your work by using one of the two methods

below.

Examples of how to show your work.

Expanding and Condensing

Using the algorithm

(32) =3 3% 3% 3¢ (32) =3%
— 38+8+8+8 — 332
Lpid (15°)" (8.2°) (0.25")

o

77

|5

68

3.27 | p.2s

LP#5

((_ 7)9 )13

(~7>H7

If we were to express
our exponential
expression in standard
form, would our
answer be negative or
positive?

egative

(Cror)

(_H)loo

If we were to express
our exponential
expression in standard
form, would our
answer be negative or

positive? F 0si '/';‘VC

Kyle wrote (54 )6 =5 Is he correct? If not,

show work to correct his mistake.

ﬂo} he is r'r)corffc’f.?

(5" = 5"
- 5 24

J
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Review — Simplify the following expressions. Show work.

R#1

(a3)
43"

(4.872)°

32

4.87

Alicia is confused on whether to add or multiply
the exponents when simplifying the following
expression,

67 . 6]3

What does she need to do?

e Aecalsfadd +he Gqprents
What answer should she get?

620

(0.125)

O.lz5 “

Simplify the following expression. Express your
answer using a base of 9.

Br)

7"

(0.8°)"

g0
g

Simplify the following expression. Express your
answer using a base of 2.

(6)

yo

]
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Lesson 1.4 — Numbers Raised to the Zeroth Power

. ]
Recall that when we raised an exponential expression to a power we /”“#'é/’(/{he exponents.

At the beginning of the last lesson we reviewed the rule for dividing like bases in depth, let’s take a
closer look at our rule for raising a power to a power.

For any number y and any positive integers m and n,

b)) =y

by =(eyey)

m times

because

[l

mn

Numbers in Exponential Form Raised to a Power of 0 P —

raised to the zeroth power.

We will use two methods of simplifying exponential expression to help determine what occurs when we
raise a base to the zeroth power. In the first set of notes, we will expand our expression, condense it,
then simplify. In the second set of notes, we will use the algorithm from lesson 2 for dividing numbers
in exponential form.

Complete the notes on the next page.
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Class Notes — Expand the expression, then condense it.

LP#1 54
) Y o
3 3) or ] ’ 5 or ‘
35 g
LP#2 y°
7 0 yw 0

7 X or | >/ or |
LP#3 (_2)6

3 (-2)°
(-4) 2 2\ @
4y (-4 o ) (-2) or ‘

Class Notes — Use the division rule and express your answers using powers.

LP#4 54

A o
: ° 5 5
¥ 5
LP#5 pD

BT
X © ’ v
- X y
LP#6 -2)°

(-2)° o

Use the two sets of class notes above to state the value of the exponential expressions below.

= | s0= | X0 =

o= | |e=]

In general, what can we say that
“anything” raised to the zeroth power
is equivalent to?

(anything)’ = |

Lesson 1.4

15




Class Notes — Simplify the following expressions. When necessary, show your work.

LP#7 13° (-11)° (-13)°
50

| | | |
LP#S m’° (3b)° (-7g)°
S \ \ |
LP#9 xy° 3b° -7g°
(XY)O ‘ X 3 — 7

Class Notes — Write the expanded expression in standard form.

LP#10 ]
6x10)+@x10)+(Gx 10D+ (O x 10N +(5x 10% /" ¢
#

@x10)+(7x10)+2x10")+(9x10%

414

Class Notes — Write the following expression in expanded form using exponential notation.

LP#11 ,,

= CAVAN RS LI e (33 )+ (o< )

s

985,062

/\»/ X /( ”) b (\\"’\ A /C ‘/_;) ot ( ”’) )\/}( ' ) + (( N /{\’Ai) 4 (Z\ /(”/)

Review — Simplify the following expressions.

R#1 10° -3)° ~(7)°
o r | -]
R#2 W (—6)° 4x°

: | | | g
R#3 —13)° 8m° (-b)°
o | & |
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Lesson 1.5 — Numbers Raised to a Negative Exponent

Recall that when we raise “anything” to the zeroth power, the value of the exponential expression
is ! . Technically, that is not entirely true. There is one value that cannot be raised to the a power
of zero. Do you know what value it is?

For any number y, such that y # 0,

3 —4
Numbers Raised to a Negative Exponent A number in exponential form

raised to a negative exponent.

Similar to the last lesson, we will use two methods of simplifying exponential expression to help
determine what occurs when we raise a base to a negative power. In the first set of notes, we will

expand our expression, condense it, then simplify. In the second set of notes, we will use the algorithm
from lesson 2 for dividing numbers in exponential form.

Complete the notes on the next page.

Lesson 1.5
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Class Notes — Expand the expression, then condense it.

Express your answer using powers.

LP#1 P
{ 6° |
z — ~z
% 2‘{ C
LP#2 »*
o
x? | y |
x *""'{ y A
LP#3 W
[
14 L " ,
14° S

Class Notes — Use the division rule and express your answers as a power.

LP#4 &
23 Z"‘/ 6° é -2
7 "
LP#5 »
x? -5 y* \ 6
7 X 4
LP#6 W

3 s
14 -3 ¢ 5
" /4 W

Use the two sets of class notes above to simplify the exponential expressions below.

27 = l 67 = / x> = ’ y©° = ,_,_/-e.- 147 = J’ w” = ——L‘
- —t (—-‘
Lesson 1.5
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Complete the rule for negative exponents below by reflecting on what occurred with our notes.

Class Notes —Express the following expressions using positive exponents.

s /

am———

Xq

X

LP#7 1372 2 \ 373 |
/ ='B
- /j_; i Z*I —
5 I3 3
LP#8 m® 157 ( 77 |
y—s /’* ,/' / /’;
vy m® 15 7
LP#9 " m”™ , 9 / 47 I
£-10 '7 — /Z /é_
X m 9 4
LP#10 3m™ (4ab)*2 | dab>
3 -4 "’/- 4 ’3;‘ /; ﬁ—"
T (3m) m (ab) b*
Review — Express the following expressions using positive exponents.
R#1 5~ 2 =
- R T
-2 — ) ———
2 4 = S
3 5 X Y
R#2 67 ’ e ' d? '
10~ /L: 7] -3 To
Jo A p J
R#3 I 273 | ke l h7 I
9! — 3 -/I'o"—“ ("'7__'
4 A k h
lesson 1.5

19




Laws of Exponents ACtiVitV (Assigned after lesson 1.5)

Recall that when we raise a base to a negative exponent, we can convert it to an equivalent

expression that contains a positive exponent.

For any positive humber y,and for any positive
integer n, we define

Checking Other Students’ Work

For this activity, we will check other students’ work. Unfortunately, these students are struggling to keep
all of their rules for exponents straight. You are to...

e look over each students work

e find their mistake

e correct the step at which they made the mistake
« finish the problem showing all the correct work

Look at the examples below.

Problem #1 Correction #1 Problem #2 Correction #2
58.7% .54 2° .47 e
58 . 54 . 72 ’85&2 N s )() ' l\ Z ,‘;
_5_814 ‘72 » 58+4 -72 81, ) ,,»"' ‘{
32 2 512 . 72 . / /
7 9

Laws of Exponents Activity
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Problem #3

Correction #3 Problem #4 Correction #4
64'48‘43‘6]2 912_:_93
64 ‘612 '48 .43 912—:—3
364+12 . 168+3 94
36'.16" 9
Problem #5 Correction #5 Problem #6 Correction #6
(14®y (1.3°x1.32)
148+5 (1.35+2 )0
13
14 (1 '37)0
1.37X0
13°
14% °
Problem #7 Correction #7 Problem #8 Correction #8
2—3 3—4
1 (-3)’
3
’ €363 (3)¢3)
L 81
6
‘ l
3 ch
Problem #9 Correction #9 Problem #10 Correction #10
2'7 %27 38 x 43
26 45 x 35
217+(—5) 38 X 43
2° 3% x4°
gi 38—5 % 43—5
2° 3¥x47?
212+6 .
6 27%(~16) 2 7
2
2 02 —432 P2
4

L;/{L

Laws of Exponents Activity
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