4.1 — Estimating Roots Name:

Date:
Goal: to explore decimal representations of different roots of numbers
Toolkit: Main Ideas:
¢ Finding a square root
o Finding a cube root
e Multiplication
e Estimating \\[\B\Uk

A
Definitions: ;
Radical: an expression consisting of a radical sign, a radicand, and an index. '\f X dut

T\.M o
Perfect squares and cubes to memorize: */— = 2, W/—9_ =3 s \/1_6=L‘ ,\/5— :S ) \[3_6=c’
Jio="],ei =g , BI=1,¥8=0,327=3, Vei -4 VB -5

\(__0— 10 Ex 1) Evaluate the following radicals, identify the radicand and index for each:
o0 =
2 V16 = N b) Vi = 4

I O L
\“\W - 'L .Radicand:_& Radicand: {oLf

Index: 2 Index: 3

Estimating square | Ex.2) Estimate the value of v20 to one decimal place.
roots ' : T -

Step 1: Find the two perfect squares that are closest to the radicand you are
| looking for (one that is lower and one that is higher).
FARWE LS -

i, - Jm It
{1 e 5
m M s LR

Step 2: Find which of the two perfect squares is closest to your radicand; this
will determine the decimal point of your root.

l ~
Evaluate \/%, how close was your estimate? 2{) p— Ltl"—_’




Estimaling cube
roots

?m

i1 =30

Why can you take
the cube root of a
negative number but
not the square root
of a negative
number?

,‘0,15

0.5

Ex 3) Estimate the value of 316

Step 1: Find the two perfect cubes that are closest to the radlcand you are

looking for. _‘.’:1_3— L

Step 2: Find which of the two perfc:,l cubes is closest to your radicand.

o
Evaluate 316 , how close was your estimate? 3‘ / b = 2 . g

Ex 4) Estimate the value of i/-32

\f g/ai ﬁj_ 3J’1‘7 e |£ index is odd, ad, ovedl

Can be ne ﬁ«ll‘”“c-

|
o |€ vadex is QV“‘: ”’“’bm“’(
canngl be Ve4ative -

N\
Ex 5) Evaluate /0.64 _°3r 7)
= O!% ~

- 0.83x0.8 = 0.6% © 0.09%x0.08 = . L0064
- ~ s :
Ex 6) Evaluate @ ‘ES ‘ﬁma}e m

A4 ot o

f
{
4
™ 3 © Li'
o
Ex 7) Write an equivalent form of 0.3 as a cube root.

o] =03 0303 *0-15“('0%

\!

Reflection: How would you write 5 as a square root? A cube root? A fourth root?



4.2 — Irrational Numbers Name:
Date:

Goal: to classify real numbers, and to identify & order irrational numbers

Toolkit: Looking back:

e Estimating roots

¢ Placing numbers on number lines

e Anything you remember about
classifying Real Numbers

N
o

Natural Numbers (N) R CON\-L; .\j NMLU'S /'Lj\ t_;’_g_:'__;? )

Whole Numb : ‘ &———+—+—
ole Numbers (W) * NU\‘MJ D 2210 < Eat 1 3 ‘-f S_"-
ntegers (Z) £ Nt Wl pos non- Aecivels, and 2200 ———————1— 5

-, ‘f.3v1-l O 1.3!} 5.
Rational Numbers (Q), ?umbﬁt«fﬁd %rw\dﬁ:@lc(w) or (e,()e@(' WJ(W.LS can
o wiilen as a frackion.

Irrational Numbers (-Q) . mu,\l,e“ %& necthar k(“;r-a“'l‘ nof fq)“‘f (&U\/\(f” ‘76
Wfi‘ACA 14 aﬁld‘von) ,

Classifying Ex1) Where do these numbers belong in the diagram of Real numbers?
Real Numbers . )
_ 4 —8 ' . . . e
20 06 42 e — 12 0 V16
YA
i , 4  S——
135 ¥-125 V3 Yis. 19 ‘l; :%~ 3
4
Real Numbers:
Rational Numbers Irrational Numbers
Integers | 35 L,Lﬁ
Whole Numbers ‘_‘_@ 3{ , S
Natural 2 Z _
Numbers O 0. 7.[:
lie RGN E
. 3 [u
4 1125 £
q




Ordering
numbers on a
number line

Connect:

Ex2) Use a number line to order these numbers from least to greatest.

A B C D 2
V6 V=2 Vi1 V30 V2
Z\22 =Z-\U 2332 =234 Y

ﬁ \% I
A R T Jn - 11’ | S
N I — l 1 ! ! /7

Ex3) Is the tangemf\‘rat@for 0 in each right triangle rational or irrational?

9 " b)
o3
WO TN

fun § = ﬁ% F

b= RaTovA]
w+3=5" i
K+9=125
K=
a={lb =Y

Reflection: How could you order a set of irrational numbers if you do not have a calculator?



4.3A — From Entire to Mixed Radicals Name:

Date:

Goal: to express an entire radical as a mixed radical

Toolkit:

e Understanding Radicals
e Identifying Factors of a Number

Main Ideas:

Perfect Squares - 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, ....

Perfect Cubes

-1, 8, 27, 64, 125, 216, ...

\

What is an
entire radical?

What is a
mixed radical?

What is the
Multiplication
Property of
Radicals?

Simplifying
Square Roots

Jio

Simplifying
Cube Roots

md;(J gn wfl o number wnder oF @ ﬁg.,? }Jf—(:

An etpresson Mot woludes radicad  wil & coemcmf
2=

Equivalent Forms:

Ex 1)

a) V16-9 is equivalent to V16 - VO because: b) V8- 27 is equivalent to V8 - V27 because:

Tvr 4.3 T2e 2¢ 3

Vab = %a: Vb, wheren is a natural number, and a and b are real numbers

*We can use this property to simplify square roots and cube roots that are not perfect
squares or perfect cubes, but have factors that are perfect squares or perfect cubes.

We can simplify V24 because 24 has a perfect square factor of Lf_

(hint:look at list of perlect squares!)
- Re-write V24 as a product of two factors, with the first one being the perfect square:

[H6 J45
J

J6 4.5
-r (4,2r W'rg

We can also simplify /24 because 24 has a perfect cube factor of 3 . 3 E

- Re-write Y24 asa product of two factors, with the first one bemg the perfect cube.
*[8-3
BB om
2+ Y3
N E)



Ex 2) Simplify each radical:

Tip: If there is
MORE than one
perfect square or
perfect cube
factor, choose
the LARGEST
one!

a) /80 b)

[l 5. | k2

fo-s| el
L

s

How do you
simplify
something with
an jindex of 4?7
(a fourth root?)

[50
\[E
Jit <2
2[20
2{n-s
2[5

Word Problem

H(s

225

\

(remember your list of perfect squares and perfect cubes!)

2 ¢) 98 Y162 )
Vs

s 130274
oo [0l |

7

7

d)

)
21‘ J2
N‘r‘ 2
2242 | 72

Ex 3) Simplify Y162
wPecJ( Fou

.-—_.._.--"

Ex 4) Simplify V48
‘53

%J"J"rg

rd

Ex 5) A cube has a volume of
in SJmplest radical form.

5 e

\/: llgcw\?
128 = &?

o ¢

B Tark)
[i53

“[ev-2

47

-Rewrite radical with the prime factorization of 162
-Since Y162 is a fourth root, look for a factor that appears 4 times!

5+ 43

128§m erte the edge length of the cube y

o= >[128

e = |6t
e=2for 32
€

Reflection:

How do you use the index of a radical when you simplify a radical? Use an example.



4.3B — From Mixed to Entire Radicals Name:

Date:

Goal: to express a mixed radical as an entire radical

Toolkit:

e List of Perfect Squares: 1, 4, 9, 16, 25, 36, 49, 64, 81, 100...
e List of Perfect Cubes: 1, 8,27, 64,125,216, ....

e Multiplication Property of Radicals (vab = a- Vb)

e Mixed Radical....ex

e  Entire Radical...... ex.

Main Ideas:

How do you
write a mixed
radical as an
entire radical?

What do you
do if the index
is4or5

(or higher?)

Write the mixed radical 4+/3 as an entire radical:

443
= 4-3 - Use the Multiplication Property of Radicals
=163 (re-write 4 as a radical.....think .....4 = V7...A16Y)
=163 - Combine these under the same radical sign and multiply
= \/— (***NOTICE. .. these are the opposite steps to writing an entire radical as a mixed radical)

Ex. 1) Write each as an entire radical:

a) 5v2. b) 3V3 ¢) 3V2 a 2V6

502 3-[2 3_12—

ﬁ?'ﬁ J—q‘.‘r‘; 3 2
-1 g e

25'2 0103

f- )T
Write 33/2 as an entire radical: \r_- | 3' L',g

First, re-write 3 as ¥/7 .... 3= V3-3-3-3-3=3243 — :
| pertect Fiflhs

So now 3V2 %
! 02
= 3 -2 LZ ¢tf , lf
=3/243- 2 now, using the Multiplication Property of Radicals..
perty of Rack

SN

27‘2 -38‘4

W

= 243-2
= W VUFPCL" Fovr«»'
,'6) gl ) Lgl
Ex.2) Write each as an entire radical: PRI =

a) 2¥5 b) 432

2- 4[5 - 22
HJTG— , HJ_E 's'm.t, ‘-TJ-?—,
i3 “[lont2

LTSB sjw%g



How can entire
radicals be used
to help you
order a set of
mixed radicals
with the same
index?

Ex. 3) Arrange the following in order from greatest to least:  3v/5, 213, 4v3 ,2, 9v2

Reflection: How do you use the index of a radical when you write a mixed radical as an entire radical? Use an
example to help your explanation




4.4 — Fractional Exponents and Radicals Name:
Date:

“Goal: to relate rational exponents and radicals

“Toolkit: Main Ideas:
e Exponent Laws
e Taking square and cube roots
e Converting decimals to fractions
e Order of operations

Evaluating powers
1

1 Powers with Rational Exponents with Numerator 1
of the form an

When 7 is as natural number and x is a rational number,

1 1
x@éﬂr{/} ... for example... 162 = ¥/16 = 4

Ex 1) Write each power as a radical then evaluate without using a calculator.
}_ o

. L
\ 1
1 1 S
a) 10005 b) 0.2505 ¢) (—8)3 d) (g)’“

e 7 3 32 1 2
fio 015 T - A
= [0 0.25 = A4 [e |

- 0.5

-

Rewriting powers in
radical and exponent Powers with Rational Exponents

form
‘When m and » are natural numbers, and x 1s a ratlonal number

3 (xz) = (V)" ex)252—(25) — (35)- (5)° = 125

or

m 1 3 1
xn = (x™)n = Y™ ... ex) 252 = (25%)2 = V253 = V15625 =125

Ex 2) Write 265 in radical form in two different ways.

¢ é;/'“‘]g' /és 24%

#2% (f'ﬁé—) (267

Ex 3) Write the following in exponent form.

G‘M—i [ a) Y65 b) (V19) 27%
OR | 65 )(,\;l_%‘z @57—;'

3 1 4
H2 \ S
2|




Evaluating powers
with rational
exponents and
rational bases

0.4
Kyt

-4
lo

\r

AN

Applying rational
exponents ) }}\L
e

_”————

q\ '“‘.j

-kl-.u& 0*3"

Ex 4) Evaluate the following:

3 4
a) 0.01: b) (—27)3 c) 3204 d) 16075

(Joo1 (17 32* &
0wy, 2 C‘ w)
Jxd O ( 32)

2 5) Blologlsts use the formuila 4 = 0. 01m3 to estimate the brain mass, b

kilograms, of a mammal with body mass, m kilograms. Use the formula to
estimate the brain mass of each animal.

< §lo

a) A moose with a body mass of 512kg

b= 0.0l ;3

L=o.0\@
b= 0.01 (F77)"

b= 0.01
= 0.01 (%) = (b kg

b) A cat with a body mass of 5kg

b= 0.0) m¥

b= 0.0 (5

b=001(V5)
LOol(m—fOol(lﬁl‘f\ 021___:'__7:__;

Reflection: In the power x n, m and n are natural numbers and x is a rational number. What does the
numerator m represent? What does the denominator # represent? Use an example to explain your

answer.



4.5 — Negative Exponents and Reciprocals

Name:

Date:

Goal: To relate negative exponents to reciprocals

Toolkit:

e Simplifying and evaluating with rational exponents
e  Multiplying fractions

Main Ideas:

What is a
reciprocal?

Powers with
Negative
Exponents

Evaluate a
power with a
negative
exponent

Evaluate a
power with a
negative
rational
exponent

Two numbers with a product of 1 are reciprocals.

s
1

Ex. 1) Since4 - %= 1, the numbers 4 and% are reciprocals
' l
Ex. 2) Since g %= 1, the numbers ; and % are reciprocals
When x is any non-zero number and n is a rational number, x ™ is the reciprocal of x™.
\ -Nn L n
Thatis, x™" == and %n=x" , x#0 (9- = (:‘""
x . x — b m
=3 3
= M
— ——
Evaluate each power: H -% (_3> 3
Ex.3) a) 372 b) (—5)7* ¢ (=3 d) (—)-

l (3.)3
"“"3 3
| (-5)
125
To evaluaie a power with a negative rational (fraction) exponent:

K %—“'3"“"“{’
875 inhek

,5'1 =
i}

Ex. 4) Evaluate

= write with a positive exponent

= 5= re-write into radical form, then work from inside out

evaluate (write answer with NO exponents)



i

-
—

s o
g Ex. 5) Evaluate: \9 v I\g g{"’\.
LH 2 8 (%)—2 by (%)-% ¢ 167 d) —25715 _
' }_ L , (hint: ghange 1.5 to a fraction
! l&)l (-é_é ra in lowest terms!) '5.% 5_’ 3
= T7E ¢ 25 ! _2% J0r5 7
Lf? = 2z A "'"_E 25
I6* 23 2 |
| 3 T =
— 2 i | - 3
Wy | 2 253
B e Cef \ o
- e 25 | —_— = - _
—_— = 3 3
75 1680/ Q’ﬁ' 7 b 1= <,J 26) =N
L e 2 |
37 37 _../ =
I‘:epgg:\rr]g Ex 6) Use the formula v = 0. 1555 f to estimate the speed of a dinosaur
Exponents whens=1.5and /=0.3 (answer is a speed in m/s)

(word problems)

Substitute values into the proper places in the ﬂimuia

v = 01550153 (0. 7)*

Evaluate, using your calculator

v=.0: 155 (15)3
| 05

V= 0.1SS(sY

7
'3

0.\

oS
63
_oass(E)/_

(o159 LSSE)

0 4SS

-l2%>\

V

€z)

Reflection:



4.6A — Simplifying with Exponent Laws Name:

Date:

Goal: to apply all of the exponent laws to simplify expressions

Toolkit: Main Ideas:
e Exponent Laws
e Fractional and negative exponents
e Operations with fractions, integers

Exponent Laws

Product of powers: 7(’“ . X" = Xi'ﬂ*n @

= 3
Quotient of powers: _?z:; = x“\"\ tf‘f - L,L

Power of a power: (Zp\)ﬁ _ 7(,M" @ (23)?-: Zé
Power of a product: <76ﬂ>m _ XMBM @ (21)3 =

Power of a quotient: ( )

Power of zero: ,

. ° -1 . m
Fractional exponents: n n
o= (7))

Negative expon

enls: 2
-0\ = ._L_ J\ A= ._L _?_\_)'Mt __12 % T - ._L =
i a0 ae | SIE:

l

Note: write all Ex 1) Simplify by writing as a single power.

powers with 3
POSITIVE a) 0.62:0.67¢ | by x™*:x7 | g m'=m™ | d) 2%
EXPONENTS. . c,’*“’ 3 m7—(—2) '

©
iy

— -4

= 0.6 , P ro(iu(/*L mq
Which law(s) did you l ! |'
use? 3 0 \

BIH Jc PowS' -@M;Jﬁ\rur
frodul* - ff“‘””g

Youl’Jg

<)

s(&l

|

W vy




o |97+

_-,_u-}

Note: write all Ex 3) Simplify. ‘,_v\s‘"t\O
powers with - e 4
POSITIVE H &y
EXPONENTS. x"\d"x'gs
(A
Y
"2 - —L = —}- < "\
T A pe

CIEIE )N
[Eyyen) 2

/

Ex 2) Simplify by writing as a single power.

, @5

2.35

_3__

%
3

51
7-'1

¢ L"S)”l
- 1o

ax 2
Reflection: How would you simplify the expression (x ) and how is it similar/different compared to

the other problems we’ve done?



4.6B — Evaluating with Exponent Laws Name:

Date:

Goal: to apply all of the exponent laws to evaluate expressions

Toolkit:

e Exponent Laws, incl. fractional /negative
e Operations with fractions, integers
e Substitution, BEDMAS

Main Ideas:

Weide MSW as 0 (lrﬁle.’ (a}e, arlwer 05 4 Swgh— M’“‘"»"’_
What is the Simplify: P o wer w: ’Jo;ciwf_, .Evaluate: _ no ey_po T or VAL
difference between 3

csimplifying” and Ex 1) Simplify xaaxw Ex 2) Evaluate 1.53 - 1.55 | \\/

“evaluating”? X:g LS% ~ W\W
5 I 57— -de mm—k/(

L = 295 - Mc in

Ex 3) Evaluate each expression for m = —1and n =2/ “*’ l 'DWCS{'
&u

Step 1: Simplify the expression ( Ww5e Q\f onp Yer o
Step 2: Substitute = replace letters with numerlc values
Step 3: Evaluate

—5X. 85\ —3 N2 n
8) (m?n®)(m*n?) b) @— 9 ) (m) (I‘,l

—

5y 5

=@ P ms_ (,.)
(-])(3 2} (- l)"l (L) n-3

3 ) (:D.: L ("D|
= 32 \_,Xg) : {ﬂ ) 2(d)-3 @—l) ‘ i@

1)

Solving Problems Ex 4) A sphere has volume 600m”>.
using the Exponent a) Write an expression for the radius in exponent form =
Laws b) What is the radius of the sphere to the nearest tenth of a metre”

Vi HLE | 150 | (%{9)%
(51600 = 4L’ & R
-

4So

\

Reflection: Why is it i_r_nportant to simplify BEFORE evaluating?

Tm
1
L
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