Outcome: Demonstrate an understanding of perfect squares and square roofs, concretfely, pictorially
and symbolically

Math 8
Unit 1 - Squares and Square Roots
Square Numbers

Investigate:

Working with a partner, using grid paper and 20 square tiles provided, make as many different
rectangles as you canwith each area.

4 square units 12 square units
4 square units 16 square units
& square unifs 20 squdre units

2 square units

Draw the rectangles on grid paper.

» For how many aredswere you able to make a square?
» Whatis the side length of each square you made?

» Howis the side length of a square related to its area?
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Important Terms:

Perimeter: The distance around o shape. It is measured in units.

Ex.: A square with a side length of 7units has a perimeterof 28 units.

7 units

P=l+1+1+4+1 or4xl
7 units
P =7 units + 7 units + 7 units + 7 units = 28 unifs

Area: The amount of surface area covered by a shape. Itis measured in square units.
Ex.: A square with a side length of 7units has an area of 49 square units (units?).

7 units A=Ixw

7 units

A = 7unifs ® 7 unifs = 49 unifs®

Square Number: The product of a numbermulfipled by ifself. If it is a whole number multiplied by
ifself, it is called o Perfect Square (or a square number). L’

Ex.: 16 is a square number found by multiplying__ T 7y |

Square: The ferm square means fo multiply a number by ifself.

Ex.: the square of 5is Q S

Area Model: A model used fo defermine if a number issquare.

Ex.:

1éiza square number because allside lengths are the same.




EXAMPLES:

1. Useanarea model to determingif the following are square numiers:

I4)< 14
36\/ » p

.QD .0"9

S
~J

&b

2. Use a diagram, symbols and words to show that 400 is a square number.

20uts A0 YD =Y Duniks

Ovv\i*’: (x L‘n
of ¢S vf
|udchlc5 90 V\(\AV‘U\(C

3. Find the square of the following:
a. 2

Qx:l:“\
b. 5 95
c. 8 Gl_}

94



Your Assignment- Practice Problems:

1. Use a diagram fo show that each number below is a square number. I

!
a. 1 l '| c. 121 ! lll

1
b. 144 d. 900 20

1~

2. Show that 25 is a square number. Use a diagram, symbols, and words.

5x9=25

{:(ve 566uareo( 15
+wen\3 ive

5

3. Which of these numbers is a perfect square? How geryomrieaQuy?
a. 10 b. 50 0 d. 20
q X 6]

4. Use 1-cm grid paper. Draw as many different rectangles as yvou can with an area of 44 cm?.

Find the base and height of eachrectangle. Record the results in the following fable.

Base Height Perimeter
[em) (em) [cm) perimeter?

| L4 1130 Ix3

a. Which rectangle has the least
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b. What can you say about this
rectangle?

500\)0Lf€,



5.

I am a square number. The sum of my digitsis 2. What square number might | be?

3¢ (3+6:9)

%! 200

2026

AR
L\Ll\ ALO] 3(00000

2600

576

Square Numbers

Factoring numbers can be used fo determine aperfect square. A factoris anumber that divides
exactly into another number.

Ex. 1, 2, 3, and é are the factors of 6.

What are the factors of 162 ') 2_) LII ?' , L

Anodd number of factors indicates that the numberis a perfect square.

This is because Th( M-O\A z hUVv\be" \S MUL\'\"\()\((C\
\D‘j Wwoel§.

For example:

Since é has 4 factors (an even rrl.mbaslof factors)itis not a perfectsquars.
| 2 ‘
Since 16 has 5 factors (an odd nur?beu;&qzmm?is aperfectsquare.

)2, 7,10 )
m\)f»jﬁo ‘_‘)M‘A‘\(\;g \2



To square anumber means fo multiply the number by itself.
Example: To sguare 4 means LI ,( i

This can be expressedin exponential form:

\ This is the base. I s the qx q
42 means

number that is
repeatedly multiplied.

This is the exponent. It tells you how
many times you multiply the base.

? Yx4xYy

L\ me\ﬂs

? 5x5x515x5x5"5*5

5

What does 52 mean? 5'(5 - 26

Using your calculator, locate the exponent or square button. Different calculators will work in

different wanys.

Record the procedure foryour Try these using a calculator:
calculatorin this box: 2
o=

'f\\-\- 'Hﬂ humW
Wit X bton|=- 32

h-l'\' — 52:25




Youshould know the squares of 1 to 15, (This will be important when we start estimating.)
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T2 144
[ 169
T# |19
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Square Roots

A square root is the opposite of squaring. Itis the nuiggber value for the identical setf of factors that
are multiplied fogsther fo make the square product.®[he square root is the length of the side of a

Square. —
e G

Example: 16 is a perfectsquare. Itis aproduct of 4 = 4. The squareroctof14is 4. } L'

This symbol represents the square root operation; yii so v25=5
Try these:
V16 481 +225

v g S



Using your calculater, locate the square root button. Different calculators will work in different ways.

Record the procedurs foryour Try these using o calculator:
calculator in this box: /é

V256

V729 2-}

vese1 Y\

V1936 L‘ U[

= 23

Practice with Squares and Square Roots #1

1. Find the area of a square with each side length:

2
asuis Y sg yare un('{-s (M units
b. 10 units ’00 s%ua\rc vnits

2

c. 3unifs q v V\.l ‘\‘6

2. Usesquare files. Make as many different rechmgklzs s you canwith area 34 square u
Draw your rectangles on grid paper. s 35 a perfe ugrg? Justify your argpver.

2
' — | A qu_:)

3. Usesquare files. Make as many different rectangles as you can with area 28 square uni
Draw your rectangles on grid paper. Is 28 a perfecisquare? Justify your answer.

No

1L < j(l‘ - 1|

!

No (cg\'of\fx\{ Wls(‘v\ S?\;! \W\j\/‘\s
N s



4. Find the square of each number.

a4 b b6 R 2 Y a9 g
n e aw Y E= O’ ez ] d. 72 ‘H

6. Find asquare rootf of each number.
a. 25 b. 81 c. 64 d. 169

5 q q e

7. Complete the following questions using your calculator and patterning.
a. Find the square of each number
[
i 10 Joo
i. 100 10000
iv. 1000 |00OO 0DO

b. Determine the pattern for squaring the numibers in part a. (*Hint: look af the number

oizeros) Pavble tha Number of 2¢ecos
0y Yre originsh numlaer

c. Testyour pattern by predicting the square of without a calculator, then check with a
calculator. '3

. 10000 | 0Q00OC00O0D 12 !
ii.moooonloooooDoooooo ’xlo l E

d. Was your pattern correct?

Ves



8. List the factors of each numberin ascending order. Determineif eachis a square numiber.
If it is a squars number, determine thegg

@

mal

2. Find eachsquare root:

a. W1 )
c. V122 [2
e. V16 L(

g. V625 25

10. Findﬁ square rooj of each number:

an. K 3
cC. 102 ,D

gre root.

| 32 64,126 25¢C

| 125 625

TN, 9,6,9)12,\6, a4, %, 1%, 76

N3] w3, 147, 4l
R T e % F6,150 No

'|1«“‘|5.‘6\‘01W.20\H0|%D &0_

149

4/100
4225

1172

1D
19

17

No



11. Find the squars ofec:c; number:
- A 4 o v |2
< 295 s T Ghb

Practice with Squares and Square Roots #2

Section 1 - Complete each of the following questions without the use of a calculator. Show worl,
where applicable.

1. Complete the following table:

12= / Va ?~
2= Y V196 | L,’
3= 2 V16 4
#= 17 Vi | 1L
= 'Y viat (1
6= 3 V36 [
/2= Y q V25 5
Cal N 1 N 3
92= ‘4 V81

= g0 || |
112= 'L\ a9 3
122= L| \ V169 \-
ESIN Y I
T42= 40 NG] had
il I T N 0




2. Show that 3&is a squars n@‘nber. Use a diagram, symbols and words. . .
vared i% 'H\-ﬁ"j

GD bxLs36 Six 5‘55.&.

3. What is the side length of a square with an area of:
a. 100mz 10, 225ms ¢ 196m:

o w3 e B 4w

4. Which of the followpg numbers is a perfect squqr{a?/auppontyour answerwith Gnﬁxplqnqﬂon.
a. b. 121 C. 50

62;5 |/x (1 5idey ‘%x\ﬁ,}‘f
* §ic\e \ey\j\'\.\ OQ o scbua(c
equals  Hu Square root
Og e area.

. Find the sguare of each number.
a. ?q b. 12
. Determing the product.
a.

d. 9

225 3]

C.

C. 13 d. 10#

BT 19 " 100

. Asqguare number has 7 factors. Is it a square numberg Explain. JZ)
\res becavse it \\as Gn odd numbeer
Lo dors.

. Determing the square root of each number.

al ? b. 16 C. 14 d. 121
3 4 [ i i
. Solve.
a V225 b Vel c ﬁ d. V144
1S q I L
10. Sohvg
C. /2877

o

(I A<t



11. A square garden has an area of 196m=2. It is divided into four congruent square plots.
\L‘

a. What is the area of gach plote LR '-]- |1L
EASMUER
- -— M
b. What is the side length of each smaller square plotg

7

c. What is the side length of the whole square garden area?

14m G - !L{M

Section 2 - Complete the following with the use of a calculator. (If rounding is necessary, round to

the nearest thousandth) S 3 dec \ ol P (0\ us

12. Determine the square root of:

a. 3138 Sb b. 9404 q‘% c. 574 o‘?(_l
13. Solve.

a 7 9 o. 3 |
&R ;‘;\ R q<.€434
- v 1.4 Us v 4.5t

o]

14. Find the square of:
(g%,fz) 67‘ 2(‘, b.23 52c7 c. 109 ” qql
15. Solve.

0. ’Blz(’ b. 192 3(0{ c. 9022 %’3 (OO(_I
5172 217



Practice with Squares and Square Roots #3

1. Find the square root of each number.

a. 4

.16 Y
c.i0 10D

a9 3

2. List the factors of each number is gscending order, then find g square rooi for each number.

a. 225 / ’

b. 520 |

QD

!

5 @25, e 5eys

|
529 b

c. 144 q,
2 b, 1) 18,24, 3k 0 4

3. Bvaluate.

a. 4

b. Find the square of 4 / é

c. & 36

d. Findthe squarerootof 100 ’ 0

4. What is the square root of 322 Explain.

\XL:))T S%Uare car\ce)s squalc oot



5. What is the square of 4/16. Explc:m | (0

(N7e)

&. Use a diagram, symbols and wg;ds toillustrate the square root of 25,

s <25 =5

/‘/N scbué\r< f00'l-

fuenty- v

1T
—

12 2
7. The floor of alarge square room has an area of 144mz2, ,Ln,"\ 'zh
a. Find the length of a side of the room. v o
‘\I (e = | Zon Ln—.,\
b. How much baseboardis neededto go around the room? Wh%assumgions didyou

make? 12 N L‘ L{g ooOr
N\ mdm 44w, of Iz\as&‘ooard

c. Eachpiece of baseboardis 2.5m Iong How mon\,ﬁ Pzes of boseboo are nesded? 20

d
gm =250 piects ?:23’;1

8. A gardenhas an areaof 400m2. The gardenis dividedinto 16 congruen # plots. Skefch
a diagram of the garden. What is the side length of each plot?

Yopm' = b = L5n’
|

2% 2 Do

Th sido len
each plot ‘5

)




9. Leeis planning to fence asquare kennel for her dog. The area must be less than 40mz, and
fencing panels are soldin 1m sections.
a. What is the kennel's greatest possible Grecﬁ_'_Explc:in.
qm
b. Find the side length of the kennel.

c. How muchfencingis needed?

d. One meter of fencing costs $10.00.
i. Whatis the cost of the fencing?

ii. What assumption did you make?

Ovutcome: Defermine the approximate square root of numbers that are notf perfect squares.

Math 8
Unit 1 - Squares and Square Roots
Practice with Benchmarks

Benchmarks are familiar values that are used as points of reference. We will use perfect squares and
their square roots as benchmarks when we start estimating square roofs,

Your Assignment:

For each of the following values, identify the two perfect square values that it exists between, then
identify which one it is closer fo. Since thisis practice for estimating, no calculators are permitted.

Example: 12 -t sifs between the perfectsquares 2and 16. Itis closerfo 9.



Closer o 25

3S¢
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@ 90



Youwillneedto be able fo estimate the square root of numibers that are NOT perfect squars
numkbers.

To do this, you will need to use benchmarks and number lines.

* Remember... benchmarks are points of reference.
« For example:
o léis aperfectsquare. Itis represented by drawing a 4 x 4 square with an area of 14.
= /16 = 4 [side length of the square s 4)

o 2515 aperfectsquare. Itis represented by drawing a 5 x 5 square with an area of 25.
= /25 = 5 [side length of the square s 5)

o 20is anon-perfectsquare number. Because anarea of 20is betweenthe areas of 14
and 25, you would need o have aside length between 4 and 5 fo make an area of 20,
= 20 = between 4 and 5, but you need fo ESTIMATE.

25 square units
20 square unils

16 square units




Estimating Non-Perfect Square Roots Using a Number Line
Example: Estimate the valus of 420

1. Idenfify the two perfect squares that the value sits between.

(Emmms® — >16 20 25 <@

In this case, /20 is between 16 and 425

2. Create a numberline from the lower perfect square to the higher perfect square.

In this example, you would create a number line from 16 gnd+/25.

3. ldentify the value anthe number line.

In this case, 20

4. ldentify the square root of the two perfect squares that the value sits between. Make sure
to identify these with the perfect squares on the numberline. Your estimate will sit between
the square root values.

In this case, 4 would correspond with 416 and 5 would comespond with +25. This means
your value will sit between the square roofs of 16 and 25, which means that your estimate
for /20 will be between 4 and 5.

5. ldentify significant poinfs between the two perfect square values, like the halfway point
between them, the quarter and three quarter points between them, etc.

6. Use these points of reference fo determine the estimate fo one decimal place. Ifif seems
like it is betweesn two values, use two decimal places.

Your Number Line for+/20:

Means approximatshy

equal to

V20 2 4.45




Identify the benchmarks that each of the following values sits between:

I
xﬂ\(i? @\@ W,\YE_ "175\96—

Estimate 413

Worlk with a partner tfo estimate square roots of numbers that are not perfect. Use number lines (and
grid paperif it helps). Write each estimated square root as a decimal.

3.1

m =13 \Yﬁ - E ’
Place all yvour estimates o number line: ’r T

$\rfs\l—\l}f5




T 9 g N

Practice Estimating Square Roots #1

1. Between which two consecutive whole numbers is each square root?

e Q+3
JF o 34y
$om g
=@ g
- 13+ 14
e |0 « ||

2. Draw alarge sized number line from 3 to 8 [OR draw four separate number lines). Put a
“tick" to show every tenth (0.1) on the line. Place each square rock on the number line to
show its’ qpfroximgle value. You may need to complete this on a separate sheet of paper.

b.

¥y o3

g

d.

4

g4 A

33 \
kr‘ " T
3w s uﬁ\%%



3. In each pair, is the givenwhole number greater than, less than, or equal fo the square root?

_Iu;’lrif\;f;j%cmswegr.rea\(r -\-\.\an > \1"‘“ 1S bt\-uac-e\r\ 3 *‘H
b. 8460 greqkr Hrhan > @\ =%

c. 11,4121 e Ua\

d. 12,4150 1356 '\’\,\Gn ~> \]Hq - ',2-
4. 1w 'chwhf umberis each square root closest to? How did youknow? Explain.
ﬁfi‘_ “ F -lecavst GB is cloger Yo L4
Nan 49
_Jl/\%- V70 ﬁ 3
\rTC- 490 \(;;0 q

(W o7 1L

5. Find the approximate side length of the square with each area using a numberline. Give
each answer o one decimal place.

a. imate.
P 920m: ‘(00 o e )
anm = ‘qfs'%"‘\) Tée
A e%orqs 'O
\ﬁ;i. 29mez iBL
5 L H‘-}t\\'\‘\‘.\:( 5“/
5 ) .
Doy
1Y\ i 150cm2m
- D e 1 22
- nl’.\'). %

b. Calculate the side length with a calculator. Recordyour answer fo the nearsst tenth.



Practice Estimating Square Roots #2

Estimate the square root of each number. Make sure to use a number line and show all benchmarks.
When you are done, check your answer with a calculator.

CL' 72 ?’

Es’rimc:’re:q L1 Actual: <&-L{q
10Q 10z |2\

Estimate: ’D ‘ Actual: Io l

Y., ¢4

Estimate: ?—5 Actuol:ﬂ
‘14. m 16

Estimate: 3 ° % Actual: 3 'q



Estimate: qg Actual: Cr' '2

12\ v 144

Estimate: [l-q— Actual: l((ﬂ

Practice Estimating Square Roots #3

1. Estimate each of the following. Youneedto use a labeled number ling with all benchmarks.

a. Estimate #ee<quorerooloflld

e Y
o \th

b. Estimate 470 %||



2. Anunknown number has asguare root between 2 and 3. What is one possible value for the
unknown number? Explain how youknew. [/2)

@ a7 6,578
2 2 4.2

3. Determine the square root of the following using a calculator. (/4]

a Vez ’_]_q
b. V04 ,0 ,

Y

d. Explain why the answers in a - ¢ are actually approximations and not exact answers.

We founded Phe numbes.
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