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11.1 Squares and Square Roots

SQUARES AND SQUARE ROOTS

Goals (Set)

e Use numbers and pictures to
understand the inverse relationship
between squaring a number and finding
the square root of a number.

e Approximate a square root by locating it
between two consecutive integers.

e Use fractions and decimals to
approximate square roots.

e Locate square roots on a number line.

p (Go)

e grid paper below. Record the side length (s,
or each square. One example is given.

S =5 units

N

A = 25 units

2. Why do you think we use the word “squared’
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11.1 Squares and Square Roots

SQUARES
47 = 5% =
9% = 10° =
14% = 15° =
19° = 20° =
247 = 25% =
page, we write: 52= ____ (read “5 to the
second poweris __ "or“Ssquaredis ____ ")and \/2_ = (read “the square root
of 25is ). This example illustrates the inverse relationship between squares and

square roots.

Use the table above as needed, and the inverse relationship between squares and square
roots, to simplify each expression.

3. 1= 4. 36 = 5. J81= 6. J121=

7. 225 = 8. 324 = 9. 1400 = 10. V625 =

11. Alice was working with her group and said to them, “There is no square root of 13.”
Explain what you think she meant by this.
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11.1 Squares and Square Roots

QUARE ROOTS

line below:

5 J36 49 64 81 100

v

estimate the location of /27 .

\/3_6 , SO /27 is closer to )

, SO /27 is closer to

27-25
Estimate the fractional part of /27 as a fraction. 3625 =
Therefore, /27 is about 5 . (Calculator check: )

A linear estimation of the fractional part of /27

2
—
< | | | | | | | | | | | [
= | | | | | | | | | | "
25 27 36
— i
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11.1 Squares and Square Roots

ROOTS (Continued)

te it on the number line below.

, S0 /40 is closer to
, SO /40 is closer to
. 40-36
tion. =
tor check: )
| | | | | | | | L o
I I I I I I I I >
5

4. Determine an estimate of /77 and then locate it on the number line below.

Square root form: < 77 <
Whole numbers: < 77 <

, SO

, SO

77 is closer to

77 is closer to

Estimate the fractional part of /77 as a fraction.

Therefore, /77 is about . (Calculator check:

A
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OOT ESTIMATES

ach square root.

lesson to help if needed.

11.1 Squares and Square Roots

D E F
About About Calculator
e (fraction): (decimal): check
(to nearest
tenth)

2g 2
[] P

3. V303

For their house, Greg and Lauren bought a square rug with an area of 20 square feet.

6. If the dimensions of their front entry are 5 feet by 5 feet, will the rug fit? Explain.

7. Greg decides he would rather put the rug in front of the kitchen sink, which is a space 4 feet
wide. Will the rug fit in that space? Explain.

8. Lauren thinks the rug will look great in the hallway, which is 4% feet wide. Will the rug fit?

Explain.

9. Greg measured the hallway again, and discovered it is actually 4 feet 4 inches wide. Will
the rug fit? Explain.
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11.2 Conjectures About Exponents

CONJECTURES ABOUT EXPONENTS

Goals (Set)

e Use patterns to make conjectures about
multiplication and division rules for
exponentials.

e Understand the meaning of zero and
negative exponents.

e Use exponent definitions and rules to
rewrite and simplify expressions.

p (Go)

al Notation

press the product of n factors of b. That is,
(b)....(b) .

actors

The number b is the base, and the number n is the exponent. We will refer to an
expression in the form b" as in “exponential form.”

1. The expression 3* is in exponential form. The baseis ____and the exponentis .
2. The expression x° is in exponential form. The baseis ___ and the exponentis .
3. Five to the second power is writtenas |, which is equal to . =
4. xto the third power is written as _____, which is equal to J J =

Write an expression in exponential form to represent each of the following.

5. The area of a square with 6. The volume of a cube with
side length equal to x. edge length equal to x.
X X
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11.2 Conjectures About Exponents

UCT PATTERNS

of factors. Then write it in exponential form (b").

the bases in the original expressions compared

the exponents in the original expressions

11.For problems 7-10, what do you notice about the exponents in the original expressions
compared the exponents in the result?
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11.2 Conjectures About Exponents

FOR EXPONENTIALS

in the space provided about exponent
ake a conjecture in words and symbols.

=3° Are the bases the same?

n relate to the exponent in the product? In

[

(Remember that: 4 = 4—)

5. Write a conjecture in words related to the multiplication in problems 1-4 above:

6. Write a conjecture in symbols: (x*)(x”) = x

We will call this conjecture the Product Rule for Exponentials.
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11.2 Conjectures About Exponents

OR EXPONENTIALS

in the space provided about exponent
ake a conjecture in words and symbols.

ssion in problem 1 on the previous page?

n relate to the exponent in the product? In

—~
x
N
~"
1
‘
~—
[ ]
—~
~—
[ )
—~~
~—
[ ]
—~
~—"
[ ]
‘
~—"

4. Write a conjecture in words related to the multiplication in problems 1-3 above:

5. Write a conjecture in symbols: (x*)° = x

We will call this conjecture the Power Rule for Exponentials.
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RACTICE 1

Circle the rule used (Product Rule or Power

11.2 Conjectures About Exponents

[]

2. (5°° =5 =5
Product Rule Power Rule
4. (7%)*
Product Rule Power Rule
6. (19%°
Product Rule Power Rule
8. (10"
Product Rule Power Rule Product Rule Power Rule
9. 10**10 10. (10%)’
Product Rule Power Rule Product Rule Power Rule
11 y10 ° y10 12 (y10)10
Product Rule Power Rule Product Rule Power Rule
13. () (x°) 14. (x°)°
Product Rule Power Rule Product Rule Power Rule
15. x* x® 16. (x")®
Product Rule Power Rule Product Rule Power Rule
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11.2 Conjectures About Exponents

ICE 1 (Continued)

ts.

2)3
18. | =

> (]

22. (392}

24, 289

problem 227

roblem 247

27.  Write three different expressions equivalent to 2° that include exponents.
(Computing 2° is not necessary.)

[%] , what is the value of n?

N
©
=

VR

ENIN

N——

w
1l

For each equation below, find all integer values for x that make the equation true.

29. x*=16 30. x*=144

3. x*=8 32. x*=1
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11.2 Conjectures About Exponents

EXPERIMENT

per.

Number of Sections as

ections 2 to a Power

2. The paper folding experiment suggests that 2° =

3. Rule: xX°=  x#0.
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11.2 Conjectures About Exponents

TIENT PATTERNS

wn each column may be helpful.

I11. IV. V.
er of 10 Power of 10 Value
ions okay) | (no fractions) | (fractions okay)
10° 1000
10° 10
1 1
5, L L _
10* 10’ 10
10°
6. - 2
10° 10

7. The expressions in column I are quotients with the same bases. The expressions in
column IV are in exponential form. What fact about the exponents in column I determine
when the exponents in column IV will be...

a. Positive?
b. Negative?

c. Zero?

8. How is 10 related to 10%?

9. Do any of the expressions above with negative exponents result in a negative value?
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11.2 Conjectures About Exponents

PATTERNS (Continued)

wn each column may be helpful.

I11. IV. V.
erof 10 Power of 10 Value
ions okay) | (no fractions) | (fractions okay)
3° 3°
1
3
1
32
3 A
3¢3+3¢3 27
]
15. ;’_5 3"

16. Patti thinks that a base number to a negative power must result in a negative value. Is
Patti correct? Explain.

17. How is 3™ related to 3'?

18. | Make conjectures: If x#0 and a > 0, then

XO = X_1 = X =

MathLinks: Grade 8 (Student Packet 11) 14



FOR EXPONENTIALS

in the space provided about exponent
ake a conjecture in words and symbols.

11.2 Conjectures About Exponents

Are the bases the same?

n relate to the exponent in the quotient? In

5. Write a conjecture in words related to the division in problems 1-4 above:

lfx#0, then > =x

a
Xb

We will call this conjecture the Quotient Rule for Exponentials.

MathLinks: Grade 8 (Student Packet 11)
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11.2 Conjectures About Exponents

RACTICE 2

as the of the number
opposite / reciprocal

ingle power.
ponent.
5. 3%.3*
Compute. Fractions are okay.
6. 7. 8. 9.
(52 )2 53 . 52 ﬁ (52 )3
5—3 (53 )2 54 o 52 5—6
10. 11. 12. 13.
2'3025 23025 22.23 23.23
23 2-2
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11.2 Conjectures About Exponents

ICE 2 (Continued)

gative power must be negative. Is she correct?

here b > 1. The exponent need not be

positive.

23. 24. 25. 26.

(hint: negative exponent
— reciprocal)

6 (52) 243" ( 1 ]'3

6 58 6e3" 2

Write each expression in exponential form. The base (b) is given.

27. o —QD 28. o —QD 29. > :3D 30 z =3D

9 9 9* B
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11.3 Large and Small Numbers

LARGE AND SMALL NUMBERS

Goals (Set)

e Read and write large and small
numbers.

e Use different notations, including
scientific notation, to write numbers and
solve problems.

p (Go)

the decimal point.

(]
» =
© ©
e = Q Q
o © © (] ©
= c c () c
= > > [ >
= c o (e} c
Write in words:
2. 1,020,300,004,500
3. 0.078
4. 0.0006
Round to two significant digits.
5. 9,564 6. 5.0309
Round to one significant digit.
7. 20,345,678 8. 0.000494

MathLinks: Grade 8 (Student Packet 11)
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11.3 Large and Small Numbers

UMBERS

writing large numbers. In scientific notation, a
an or equal to 1 and less than 10, multiplied

of a number
and 10, and a Scientific notation
iple of 10
x1,000 5.2%10°
00,000,000 4.79%10 D
2x10 D
[ Jx10l]
4. 4.58x10,000
5. 2.6x1,000,000
6. 5.1x10*
7. 3.07x10°

Explain why 41.2x10° is NOT in scientific notation. Then rewrite it in scientific notation.

®

MathLinks: Grade 8 (Student Packet 11) 19



11.3 Large and Small Numbers

UMBERS

small numbers. In scientific notation, a
qual to 1 and less than 10, multiplied by a

between 1 and 10,

ple of 10 Scientific notation

X 1 7%x1073
1000 x

2.3><|:| 2.3><10D

459x| | 4.59><1oD

|:|><10D

4. 7.58 x0.0001
1
5 6.2X ——
1000
6. 9.1x10*
7. 8.03x10°
8. Explain why 0.21x10° is NOT in scientific notation. Then rewrite it in scientific notation.

MathLinks: Grade 8 (Student Packet 11) 20



11.3 Large and Small Numbers

IENTIFIC NOTATION

notation. If NOT, write it in scientific notation.
2. 145 x 10°

4. 4.55x 10"

6. 2.4 x10°

u circled is how many times as large as the

05

numbers.
8.  165x10° [ | 4.51x10° 9. 32x10° [ ] 32x10°
10.  8x10° [ ] 8.1x10° 1. 52x107 || 4.23x10°
12, 641x10° || 573x10° 13, 1.1119x10* || 1.1x10°

14. Jorge multiplied 60 million by 4 billion on his calculator. The calculator display showed:

24 E17 Explain to him what you think this means.
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11.3 Large and Small Numbers

PULATION
ion US population
one written as a whole is how many
diait number times a times larger?
9 power of 10 (estimate)
00 3x10°

Paraguay 6,337,000
Ireland 4,588,000
Iceland 320,000

Source: Wikipedia, February, 2013. Figures are based on the most recent estimate or projections by the national

census authority where available and rounded off.

2. The world population is the total number of living humans on Earth. A 2013 estimate by the
United States Census Bureau (USCB) is 7.063 billion people. The two most populous
countries in the world are India and China. Round the population numbers appropriately to
help you estimate what fraction of the total world population lives in these countries.

India (1,210,193,000)

China (1,354,040,000).

MathLinks: Grade 8 (Student Packet 11)
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11.4 Skill Builders, Vocabulary, and Review

SKILL BUILDERS, VOCABULARY, AND REVIEW

ILDER 1
[72)
S
©
2 £ S
— ho] [7)]
o c -
® Q @ o
< ° a =
T 5 o c
D 2 < £ 2
@
?
decimal point
30.194
30.194
7. Round 79.302 to the nearest hundredth.
Solve mentally.
8. 24-b=8, b= 9. 3(p+7)=-36, p=
Solve.
10. 3(x+6)—12=3x-6 11. d=ox ]
6 5
Solve as indicated.
12.  Circumference of a circle: 13.  Volume of a rectangular prism;
C = nd, solve for d V = { wh, solve for h
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11.4 Skill Builders, Vocabulary, and Review

ILDER 2

(-7-2) 4. 5-(6+12)
-35 4 . -3-3
-14

-7+15 22 +(-14)

©

-%(x+10) = %(X-S)

Solve each system using the substitution method or the elimination method.
11. +3x= 1
Y 12. %x— oy = -3
2x—4 =y

y =3

MathLinks: Grade 8 (Student Packet 11)
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ILDER 3

rdered pairs (a-f) and also to one graph (U-Z).

he greatest slope.

11.4 Skill Builders, Vocabulary, and Review

/
/
/
/ v
X.
A 4
/
/
/
< / .
< / >
Y
/1
Vs

MathLinks: Grade 8 (Student Packet 11)

least slope.
d pairs Graph
b. 0,0) (1,2) (-1,-2)
d. 0,3) (1,2) (-1,4)
f. 0,-2) (1,1) (-1,-5)
V. ‘ /‘ W. X
/
Y N
1 N
< [ > < N>
N
N
v v
Y. \ Z. .
N /
/
/
< > < /l/ >
N 7
N »v
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ILDER 4

11.4 Skill Builders, Vocabulary, and Review

ing questions and frequency tables were

shoe size | shoe size
<10 > 10
shorter than o o
5 feet tall 81% 25%
taller than 5 19% 750,
feet tall
total 100% 100%

4. 7%

5. Describe the association between height and shoe size.

rcent with the correct statement.

e less than 10 are less than 5 feet tall.
feet tall wear a shoe size less than 10.

feet tall wear shoe size 10 or larger.
D. of students who have a shoe size 10 or larger are more than 5 feet tall.

6. If numerical data was collected about the height and shoe size of these same 8" graders
and graphed as a scatter plot, which scatter plot might best represent the data? Explain.

Height vs Shoe Size Height vs Shoe Size

Olo
O — o
) 0|© =]
jq:J [0] O OO (o)
— 000 -
lo
o o°° o
oo 9]
Shoe size Shoe size
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Height vs Shoe Size

Height

Shoe size
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11.4 Skill Builders, Vocabulary, and Review

ILDER 5

ach square root.
Ip if needed.

below and graph the approximate locations of
tance from one tick mark to the next need not

D E F
About About Calculator
(fraction): (decimal): check
(to nearest
tenth)

[ |

e —

3. You have a square plot of land of 800 sq. feet that you want to use as a vegetable garden.
Your neighbor offers you a tool shed that is 6 ft. x 30 ft.

a. What amount of land (area) would this shed need?
b.  Will this shed fit on your land? Explain.

c. How much land is left for the vegetable garden?

4. Find the volume of the right rectangular prism with the following dimensions. The length of
the prism is 20 cm. The width is half the length. The height is 5 less than the width.

€= w = h=

Volume of the prism =

MathLinks: Grade 8 (Student Packet 11) 27



11.4 Skill Builders, Vocabulary, and Review

UILDER 6
3 x> e x7
10 6. (X-3)5
(x#0) 0. ) .0
X

Can this value be written as 2 raised to a whole number power? Use some examples to
justify your answer.

Compute. Fractions are okay.

1. 42 12.  (-4) 13. 47 14. (-4)7

15. Write x* in three different but equivalent ways that include ,s.

16. Write two expressions equal to 32 that are in the form 2™ « 2", where m and n are
integers.
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11.4 Skill Builders, Vocabulary, and Review

ILDER 7

| expressions that include a minus sign.

The minus sign is not part of the base

-4% = -(4)(4) = -16.

nents:

Box

the expressions that are equal to -9.

Show work to justify:

4. 25 + 62

11.  Write numerical examples for the following statements. Show work to justify the answers.

a. A negative number to a negative power
that has a positive value.

b. A negative number to a negative power
that has a negative value.

MathLinks: Grade 8 (Student Packet 11)
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11.4 Skill Builders, Vocabulary, and Review

ILDER 8

notation. If NOT, write it in scientific notation.
2. 0.22x 108

numbers. Show work.

4. 0.123x10* || 3.2x10°

culator and got: | 8.71 E12

nd the number this represents.

6. Consider the numbers 50 x 10 and 0.5 x 107,

a. Write both numbers as a single digit times a power of 10, and circle the greater number.

b. How many times as large is the number you circled compared to the smaller one?

7. Dr. Jerry Buss purchased the Los Angeles Lakers basketball team in 1979 for
approximately $67.5 million. At his death in 2013, the team was reportedly worth about $1
billion.

a. Write each dollar amount as a number rounded to two significant digits.

b. Write each value using scientific notation.

c. The value of the Lakers at Dr. Buss’ death is about how many times as large as the
value when he purchased the team?
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11.4 Skill Builders, Vocabulary, and Review

CABULARY

t this packet to complete the crossword.

12

Across Down
5 4 .
rule for exponentials. —rule for exponentials.
4 5342 isin notation. 3 the name of this symbol: \/_
6 9 is the square of 81. 5 5*52 = 5*2 js an example of the
rule for exponentials.
7 5.2 x10? isin notation.
8 55isan for \/ﬁ
10 25 is the of (-5)
9 4is a of 40
12 6, 7, and 8 are numbers.
11 The name of 30 in 8 down is )

MathLinks: Grade 8 (Student Packet 11)
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11.4 Skill Builders, Vocabulary, and Review

RESPONSE

nd choose the best answer(s).

Cc. 2% 2™ D. 2%°2°
5 20
C. 2x D. X
X
0°.
C. (10%y D. 10°
9 -2
C. y D y__7
y
5. Ch I Is th ke 7V [ ]7
: oose all symbols that make % 7" a true statement.
A < B. > C. = D. >
6. Express 5.50x10* in standard notation.
A. 550,000 B. 5,500,000 C. 0.00000055 D. 0.0000055
7. Express 17,000,000 in scientific notation.
A 1.7 x 107 B. 1.7 x10° C. 1.7x10° D. 17 x 10°

8. Which of these numbers has a value between 11 and 12?

A. 107 B. 120 C. 136 D. 145

9. The square root of 91 is between

A. 8and9 B. 9and 10 C. 10and 11 D. 11and 12
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11.4 Skill Builders, Vocabulary, and Review

E CHECK

nd write your answers on this page.

square root lies between them.

V136
are root.

V105

tement.

(5°)

57 ' 53 ° 57

11.  Complete the equation é: 8|:| :

-2
12. Compute (%)

11.3 Large and Small Numbers

13. Write the number 0.000638 in scientific notation.

14. Write the number 5.79 x 10’ in standard notation.
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11.4 Skill Builders, Vocabulary, and Review

CONNECTION

ns to review with your young mathematician.

rs between which it lies.

tion).

cimal fraction).

b. As a power of 2 (in the form 2")

3. Give an example a numerical expression in exponential form, b”, where n is a negative
number but the value of the expression is positive.

4. Give an example of a negative number | exponential form b", where n > 0.

5. Explain why 0.2 x 10™ is not in scientific notation, and then write it in scientific notation.

Parent (or Guardian) Signature
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COMMON CORE STATE STANDARDS - MATHEMATICS

STANDARDS FOR MATHEMATICAL CONTENT

ers to compare the size of irrational numbers, locate

, and estimate the value of expressions (e.g., T 2). For
of V2, show that V2 is between 1 and 2, then between
get better approximations.

nents to generate equivalent numerical expressions.

esent solutions to equations of the form
number. Evaluate square roots of small perfect

e digit times an integer power of 10 to estimate very

ow many times as much one is than the other. For

I States as 3 x 10% and the population of the world as 7
is more than 20 times larger.

scientific notation, including problems where both
scientific notation and choose units of appropriate size
quantities (e.g., use millimeters per year for seafloor

s been generated by technology.

STANDARDS FOR MATHEMATICAL PRACTICE
MP1 Make sense of problems and persevere in solving them.
MP2 Reason abstractly and quantitatively.
MP3 Construct viable arguments and critique the reasoning of others.
MP5 Use appropriate tools strategically.
MP6 Attend to precision.
MP7 Look for and make use of structure.
MP8 Look for and express regularity in repeated reasoning.
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