Math 10C Name: l/\f' \\

Chapter 4: Exponents and Radicals
4.1 Square Roots and Cube Roots

Review
1. Evaluate the following.
a B =~ g2 = q A = Y b° =

Outcome: Demonstrate an understanding of factors of whole numbers by determining the:
e Prime factors

e Greatest common factor
o Least common multiple 3 \,D
e Square root LQ‘L QSQ ‘ﬁrcf
e Cube root \J\»(\V‘Sé\e_é ‘
ype O mo\’“
Definitions: 23 ng ‘€S
Perfect Square: A number that can be expressed as th¢ product.of two equal
Example: |
o 16 = (4)(4) or 4? Y,
e 25=(5)5)or5°
3 ‘1
e 36 =(6)(6)or 62
4 [ 1b
Sqguare Root: one of two equal factors of a number ) 5|25
Example: ¥ on 1 take the b | 36
Cube ceots o VA0 =DD=17 Square veot of o- ¥ 149
1 (1 | Peqative number. 3 | b4
Perfect Cube: A number that is the product of three equal factors C’} B\
’? 3 Example:
o B4=(4)d)4) =4
3 \27 . 27=(3)3)3)=
1 (b
Cube Root: one of three equal factors of a number "
S (125 Example: ¥ -
ol . 3
L o 512= YB)BXS) = 8 Hatw > Y- wﬁ‘- > Exnvex
2

o V5= = 5

Prime_Factorization: the process of writing @ number written as a product of its prime factors.

Example: The prime factorization of 24 is 2x 2 x 2 x 3. Tree Method: 07L-|
24+2 =12 +2 =6+2=3 /\
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Relationshi

between Square Roots and Perfect Squares {Cube roots and Perfect Cubes

The number “Q is a perfect square. It is formed by multiplying the same number,

, twice together.

(D)4 = y°

The square rootof |l is | .

e

= o

= e =147 = H

This is the same for perfect cubes and cube roots, however, the only difference is you
the perfect cube is formed by muitiplying the same number three times together.

Ex

ample 1: Identifying Perfect Squares and Perfect Cubes

State whether each of the following numbers is a perfect square or a perfect cube, both, or

neither.
a) 144
Method 1: Tree Method

\‘-\ \ \)e\'gfc*
SC[UOTE

Method 2: Factor out perfect

eolf\ % 13
'm qgﬁ@o
&@D \o?//
A AX S X 3
= |O’Z -
b) 512 @

3

Method 1: Tree Method

Method 3: Calculato

N356 = 1%- 879k.-.

335, = 7.0

NI Ty

——
—

squares/cubes

&m TR
=44 V36
=2 b
=12

Method 2: Factor out perfect
square/cubes

Blg-4d

qga
= - Ll’? 2 P
:-L‘ ‘Qﬁ :"1'9‘2 c



Example 2:
Evaluate the following.

3 s b) Viaad
e = a0\ Jame = 4ad N x®
o= =4 - X

) V125 a) e7a

Yas = 32703

= 3-0
= 3
Example 3: —
A floor mat for gymnastics is a square with an area of 196m® What s ifs side length? | = | | & 5
O Whot s 4he Sormas o Tind areal o o Szl_ome 7
- Q\ecﬁcmg\c;Awﬁw = Scluare A= S'Q

@ A-s? W;’(

,qug) ‘;EE ’/\C\% 2
- C )
19w S

o
\\T_,‘_qu-mﬂ =95 @

;
- An =S 7.7 e = 1AM =S
Q:7-m =5




Example 4:
The volume of a cubic box is 27 000 in®. Use two methods to determine it's dimensions.

O ot s e Sormulan Yor volume an a cobe”

N
@ 3‘\97000\}\3:{&5_3— = 3-3loos * In

z.3]g.1a5 ‘1A
) 3- Yg- s -in

AT 080w = S N\ L

Key ldeas

1N

ﬂ;\:pooo n: =5

e A perfect square is the product of two equal factors. One of these factors is called the
square root.

o 25is a perfect square: V25 = 5 because 52 = 25
e A perfect cube is the product of three equal factors.
One of these factors is called the cube root.

o -216is a perfect cube: ’V_216 =-6 because (-6)’=-125
e Some numbers will be BOTH a perfect square AND a perfect cube.
o 15625 is a perfect square : 125° = 15 625
o 15625 is a perfect cube: 25° = 15 625
e You can use diagrams or manipulatives, factor trees, or a calculator to solve problems
involving square roots and cube roots.

Textbook Questions: Pg.158-159 #1-4,6, 9, 10

Can  you evaluode  the Po\lOwth%?
o) J e W) 2 a1



4.2 Integral Exponents

Review:

) - =
1. ldentify the base and the exponent, then evaluate the power. ﬂ:’)“ = ( :)C%) = q

s€
2. Simplify and evaluate the following. (hint: you'll need to use exponent laws)

a. 4x45= T
L\a ' L‘S = L-‘a?*s'-'( '—‘7_

5

b ENN= (522 2| g

c. (3= 3‘?"7: 5'4

A

a
%%
I

Outcome: Demonstrate an understanding of powers with integral exponents.

What is an integral exponent?
Integer number: is a whole number that can be either positive, negative, or zero.

Example: (,,_'-3,"9, -V, O,
Exponent: determines how many times to multiply a number. Usually to the right and
above the base. & &

Example: \ d 3 Ll

?

Combine the two...
Integral Exponent: the exponent of a number is either a positive or negative whole
number.

Examples: (57), 273



*I*I*REMEMBER THE EXPONENT LAWS*!*1*|

Exponent Law

Example

Note that a and b are rational or variable bases

and m and n are the integral exponents.

Product of Powers 32} (34} = 372 = 32
(am)(au) — am+u ( )( )

Quotient of Powers "3—3 - (x3 —(—5)) =8
(él""_’:=am-n' a0 x

Power of a Power
( anl) - a™

-

(0.75%) " =075 =075 or 55

Power of a Product
(ab)" = (a")(5")

(42)" =

Power of a Quotient
%) =%, 5640

[t
b”

Zero Exponent

a®=1,a+0

Power of a Negative Exponent
a’ = ;!’,7, a#0

Quotient of Negative Power
L~ a0

a-lf

Example 1:
Write each product or quotient as a power with a
a) (77

single exponent.

Use the exponent laws for multiplying or dividing powers with the same base.

Method 1: Add the exponents

Lt (=D
y

Method 2: Use Positive Exponents

T N
7(—-:'5 -’9

__](o

-
—

o
£




b) ?
Method 1: Subtract the Exponents
7 -5- 3 _ -1 -8
(3v)’
3y

Method 1: Subtract the Exponents

(3\‘)3—(-9) ) (g\psra

(-3.5)° lﬂ

9 (3.5
Method 1: Subtract the Exponents
(-3.5)1C®
4+3
=(3.5)
Example 2:

Simplify and evaluate where possible,
a) [(0.6°)(0.6)°

Ordex cx operafiens
W ootte'.

f_ distribote  exponent wwo bracketrs

b (5
4
(O
G xS

- (- 1+
7T - x

Method 2: Use Positive Exponents

(7‘5 >( 13) (_,5)(1 )

__’5'!3 _,8

Method 2: Use Positive Exponents

( 3\’\3 = (3@3(3\;33 "(S\DM

(('5'\73") ) ’(3\055

Method 2: Use Positive Exponents

(-3.5)" _ (3. 5‘*‘(35)

(2‘—5)3) = (3.7

m -5 5
(LloeN06)T = [0y (08 )

(06706 L")

= (O_lo-'s’fl":)
- (0‘(00) =

7




Example 3:
Manitoba Agriculture, Food and Rural Initiatives staff conducted a grasshopper count. In one 25
rea, there were 401 000 000 grasshoppers. Use the following table to assess the degree of
asshopper infestation in this area.

Lkm = 1000 W} Grasshopper Density
Lk \? R <) 401000000
—_— 17 _2_‘.?._\‘:-“-1 O-——-——"‘"‘ 0 - 4 per square metre = very light
V600 M 7 ol S000aC =
¢ 5 i stma“ e .OL\ 5 - 8 per square metre = light
M—g T — 9 - 12 per square metre = moderate
(1000 re) ; :
5 9 13 - 24 per square metre = severe
5 km . i
_‘L\E.‘l‘-, é/ 2—————“ .. 56\16{3 25 per square metre = very severe
2 7 e ——
1600000 :
25000000 m>
Key ldeas
e A power with a negative exponent can be written as a power with a positive exponent.
o Example:
s 1 3v2 1 432
=5 () = (%)2—'(3)

e You can use the exponent laws to simplify.

Exponent Laws

Note that a and b are rational or variable bases and m and n are the integral

exponents.
Product of Powers Power of a Product
(@"Ya") = a""" (ab)" = (@")(b")
Quotient of Powers Power of a Quotient
=g ", a$0 ay' =& h+40

Power of a Power
( am) [ amn

Zero Exponent
=1 a0

Power of a Negative Exponent
a'=< a0

7

Quotient of Negative Power
L =g" a#0

(] =it

Textbook Questions: Pg.169-170 #1, 2, 3-6, 8, 10.




4.3 Rational Exponents
Review: Evaluate the following:
° i P

: b4

—

) 4 = ()DHIN= et s G
Outcome: Demonstrate an understanding of powers with rational exponents.

Definition
Rational Exponents: the power of a number is in the form of a fraction.

L 4
Example: 43 , x3

Example 1:
Write each expression as a power with a single exponent.

a) (xl.S) (x3.5)

XI.SfSS . @

Example 2: fa
Simplify and evaluate where possible.

o @) < 2747 1 27,'F H 9741

b A

B e

l 3



o (O] = HEH @D
(e (L)

12+ 3

L

Example 3:
Caylie invests $5000 in a fund that increases in value at a rate of 12.6% per year. The bank
provides a quarterly update on the value of the investment using the formula

1
= 5000(1.126)" , where q represents the number of quarterly periods and A represents the
final amount of the investment.
a) Whatis the relationship between the interest rate of 12.6% and the value 1.126 in the

formula? ' tevest voke . pupnount me-oj PLUS an extro cost
for bccrapw\% nuney

S6, 12.6% = extro cost amoynt owiney = \00% \CO% t1d.b %

= Ha.bL%
b} What is the value of the investment after the 3rd quarter? B

2 ﬂil,l‘%E
A= 50001198

A= 5000 (1.06934)
Aec\ s -

A= 35H6).7%
K_.?ouf\d A Hﬁ\ ‘\5 \)\&

c) Whatis the value of the investment after 3 years?

O Hoe ooy cluoflcecs ace W0 \\ecus.
- 4 cpar’cers n |\;ear
— 4 x3 =12 c,uarh:rs

ot

={a
OLyS 1Ly
A= 5600 (1126)
A= soco (40762 =138 4 |

10



Key ldeas

. (_ 9)—1.3 23 (_9#

You can write a power with a negative exponent as a power with a positive exponent.

e You can apply the above principle to the exponent laws for rational expressions

Exponent Laws

Note that a and b are rational or variable bases and m and n are the integral exponents.

Product of Powers
(am)(a,u) s Ig_,m+1':

Power of a Product
(ab)" = (d")b")

Quotient of Powers

m
(}i;. = g" " , a=r10

Power of a Quotient
2y = &
b ?)'-' . b # 0

Power of a Power
(ﬂm) n X anm

Zero Exponent
a®=1,a+0

Power of a Negative Exponent
a H = 0 a -_—)é 0

Quotient of Negative Power
L =g a0

("I!

fractional form.
a 1\.3.-'5 ' _\.(1.6

e A power with a rational exponent can be written with the exponent in decimal or

Textbook Questions: Pg. 180-182 #1, 3-6, 8, 10, 12,

1




Review: The Real Number System
Define each of the following terms below and fill in the graphic organizer to the right.

Natural Numbers: (

\
poSthve pehole nuMmbers % RE AL NUMBER&

. ) RAT\ONAY .
exdudm% zZexo. INTEGERS
IWHOLE
Whole Numbers: [NI\W\)R&L}
A posifive number with
o decimal o Sockiens N )
(O,I,Q,Bl,..) \ J
Integers: -~ -
A Lhole nurnoer Either |\ RRATIONAL
nccﬁuﬁﬂ'vﬁ Of oStV B NURBERS )
(i =3,-9,-V,0,1,3...) )

Rational Numbers:
any nomber thed can be expressed as o-

Frachen of guohent (), whee o and b are wnkeqers
ond o eguel Ao Q.

Irrational Numbers:

A nomber that CANNOGT be efoeSSec\ as oo
Fractin. The deamol oges on Forever, and

deesn + repeod (da , )

Real Numbers:

» Positwe of necscdc- ve \ox%e < sm\\ J ‘
nole o decimnal, are ol eol auwmioees

: F\n\) rofienal  O¢ wiokigngl  poM©Le

CCan T be “imaginacy e 0% &

12



Determine which sets each number belongs to. In the graphic organizer, shade in the sets.
a) -4 b1 0 c) 1.273954.., d)7

4.4 Irrational Numbers

Outcome: 1) Demonstrate an understanding of powers with rational and integral exponents.
2) Demonstrate an understanding of irrational numbers by:
- Representing, identifying, and simplifying irrational numbers
- Ordering irrational numbers

Example 1:
Identify the numbers as rational or irrational. You may use a calculator. Explain how you know.

% \,ﬁ '3\/5 ) \
Qaﬂiﬂa\ 1Irmhmal (otond N
| J—-

Example 2:
Classify the following numbers as rational, irrational, or neither. You may use a calculator.

7 0 NS B \
\\Ff atien OJ (OK\Q\"CL\ r(x\’[on (_1\ e Cl}ﬂ N
% 2 \E \213
cakenol nevther wrodtenal
% '\18_1 ) a8 (27)]3' aj
nevhey W\Jﬂono‘\ (O\‘hof\a\ coon



Example 3:
Use a number line to order these numbers from least to greatest.

L NBABADE A, BT — 3 11T
3.8 4 1 b
3 -0 .35
R

A4 B 4P
L l\}i!‘ll L1,

] 5 }u' T 1 | L L
-4 -3 -3 -l 0V 2 3 48 b
Example 4.

Assume the Seabee Mine doubles its daily gold production to 360cm?®. What is the length of a
cube of goid produced in a five-day period? (note the formula for volume, V, of a cube is V = s%).

O 5 d&ﬁ pe viodl

A XD 7 l?OﬂcmB
| ot - 5
@ V= s 12, WHA cm

21500 T

it

S

Key ldeas

e Rational Numbers and irrational numbers form the set of real numbers.

veol Numbers

@ P
/ Faliorol \ 1wpgtiorol
/ [rhegomm \

( Whole \

M

= L

e You can order radicals that are irrational numbers using a calculator to produce
approximate values.

14




4.5 Mixed and Entire Radicals

Outcome: 1) Demonstrate an understanding of powers with rational and integral exponents.
2) Demonstrate an understanding of irrational numbers by:
- Representing, identifying, and simplifying irrational numbers
- Ordering irrational numbers

Definitions: \DO
Radical: consists of a root symbol, an index, and a radicand 3
g root I

\i‘\é‘c}( - {/56/
R

Radicand: the quantity under the radical sign
Index: indicates what root to take

Fdd L-Ca'r‘\ ('3.

A power can be expressed as a radical in the form:

SR A B P
oR e, 3 °

= () = A

Example 1:
Express each power as an equivalent radical.

T

c) (x4)“1 = _gl(xq)B _ W - S’ xlaj
Example 2:

Express each radical as a power with a rational exponent.

a) 125 L
= 19257

15



o W = 377

Definitions:
Mixed radical: the product of a rational number and a radical.

Example: 2\/5 and j—\ﬁ

Entire radical: the product of 1 and a radical.
Example: \45 and {121

Example 3:
Identify whether the radical is a mixed radical or a entire radical.

a) V42 b) 445 c) 343
entire mixed mi \,(e_d

Example 4:
Express each mixed radical as an equivalent entire radical.

a) o\ =if(qquq§xf-| =§FI.5M-‘{

1

3 291b

b) 4B = ~ (4.2v4.2)x|¥ = ~N317.%2

JGme = J@)xi = Na>

&)
5
||

16



Example 5:

Express each entire radical as an equivalent mixed radical.

9%« a0 = ¥ 40 = 900

o N = NH.gT =437 = 9437 = 249-3
e ALRE]
=2-3-13

S [ 643 |

o= 33 - 3.9 = g Ia
= a4y

Key Ideas

e Radicals can be expressed as powers with fractional exponents,
Y = xr
The index of the radical has the same value as the denominator of the fractional
exponent.

10 = 10} F=17

e Radicals can be entire radicals such as \[7_2 and V!% . They can also be mixed radicals
such as 62 and 2{5. You can convert between entire radicals and mixed radicals.

Textbook Questions: Pg. 192 #1-10

1.







