Radicals

Brief notes, quiz (w/solutions), and comic

Topics include prime factorization, rationalizing the denominator, perfect

squares, word problems, conjugates, and more.
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Simplifving Radicals

Strategy 1: Prime Factorization

700

Factor (to primes)

Remove "pairs" 2.5 A 7

Simplify 107

Strategy 2: Using Perfect Squares

700

Factor AFT - 100

Remove Perfect Squares 10 /7

Rationalizing the Denominator

It's improper to have a radical in the denominator. So, to cotrect a
fraction, simply rationalize the denominator.

Single term denominator: 2 M5 245
NS afs 5
multiply by 1 radical moves to numerator

Double term denominator: use the conjugate

3 4- A6 L 2346
4+ A6 4-a6 10

12-34/6
16+ 446 —44/6 —6




Adding/Subtracting Roots ‘

In algebra, to add or subtract, you must have "like terms".

]

3x+2y+14—x+4y+20= 2x+6y+34

Collect the x's, the y's, and the numbers...

1

2X+5y+3xy+6+Tx—4y= 9X+y+3xy+6 Add/Subtract the x's, y's, xy's, and the numbers separately.
H |

Adding/Subtracting radicals must have same root and radicand

E le: 2= s Eachisa" t" . . . .
rample: 342 + 2N 2 = s/AV2 mj; 158 squate foo definititon: a radicand is the quantity under
3x + 2x = 5x each has a 2 under the radical the radical
Example: a7 — }\/? The roots are both square roots,

but the radicands are different..

/\/ 3.9 - /\/? However, if we simplify, we
see the terms are now the same!

3A3-A3  =2h3

Multiplving/Dividing Roots

When multiplying variables in algebra, we collect terms and multiply everything together...

(22 bY) csa3bie) = 10a5b7¢ We combined the mubers, a's, b's, and the ¢ terms...
And, all the terms are multiplied together...

Multiplying/Dividing Radicals: collect "like roots" and attach all the terms together

Example: numbers
_ —  _ Note: The radicands are different, but the
3 /\/? 206 - 3.2 A/S_ A6 6 }l‘/ﬁ roots are the same..
therefore, the terms can be combined!
square
roots

Example: 3 /\3/5_ .2A6 T 6-46 + ﬁ/?

/ | \ Since the roots are different,
number square  cube they cannot be combined...
root  root




Additonal Radical Topic: rationalizing roots greater than 2

Example: Simplify/Rationalize the denominator; ;

If you simply multiply by

(The denominator is irrational

You need to multiply TWICE to get a perfect cube in the denominator!

N 3 —

/\3/ 6x Y 3x /\:’/18}(‘ _ 3 ]8X2
2 " 5 = 3
3
ox NS 27x 3x
Example: Simplify the following: 5
- 14x

4X2y2

First, reduce the fraction...

25/ 3 4 5 ,
Then, rationalize the denominator... T (2xy?) AT (2xy2 )4
T ) 5 T =
Since the root is 5, multiply by /\/233’ / (2xy2 )4 3 (25372 )5

the 4th power...

"y
]
4

5
7 (165

2xy? 2xy?

4 8 5 . i

2xy




Example:  Simplify

5
S+ 10

Multiply by the "conjugate over the conjugate”

(Denominator is still irrational)
Try to rationalize denominator again...

5 /{/x- 50 s MYx— 50

dx — 10
~ 100

4 ~ . ; = s
x-10 S22+ 10 X—M—IOO N2

fk—s0 Y2 +100 5/ + 500A%x — 50 /{52 — 5000
Ak — 100 AY2 +100 _/W-I-IW—IW—IOOOO -
3 2

5/ + 500/ — 50 /2 — 5000

s
Mx+10

Lh

2 1
sx?—50x4 + 50054 — 5000

or

| X |~ 10000 | X |~ 10000

Additional Topic: Why do you need an absolute value?

Example: Does /\/)?2 =x7?

Ifx=3: 2
N2 =
N

3 =

Let's test points:

However, if we include an absolute value sign:

N =

General Rule:  If nis even, then n

<

Additional Topic: Simplifying radical fractions ‘

Example: approach 1:

54
24 reduce the fraction

approach 2:
reduce radicals first

Ifx=3: /\/372 =‘3‘

But, ifx=-3

v

R
op

But, ifx=-3

o
3 |3 /

= |n]

54 9 N _ 3
N2 = N = 7 72
Nss o We-de 3w g

24 41Ms 246 2



Square Root Exercises ‘

I. Simplifying
a) W

f) A1100

II. Addition/Subtraction

a) 3472 + a2

&) 348 + TAZ

II. Multiplication/Division

W Af6 A1z
e) 200
63

) A206 - M206

b) A50 o) N27 d) o8
g A52 h) p72 i sA's
b) TA3 — A3 o A20 + A45
0 4A5 + 3428 g) 11410 — 2,4/300

B2 A5 A 18
) 80
90

) —; (A5 + Ah2s)

9 aA6. TN 2

9 A5 (Af15+ Af60 )

» NG 2N 2

a2 TA

e Af63

D TA28

d A28+ Alsa

hy 24/75 + 3A/300

o A2

) 4A/3 (Af88 - A3 )



IV. Additional Questions
a) Find x

) xN3 +axpiz = sA48 2) xAf50 +anfz = 8A200

N N2 x+302) =18 4) 3-24T .x=-5

b) Find the midpoint of (2. 4Af3) and (8, 6A/12 )

¢) Find the perimeter and area of the triangle:

1503
3027
—
24108

d) Simplify the expressions

n Ae  34fs D 3 1
2t T e

8 Mo+ 248 5) 243+ apf5
sA2+ 3p10 6 Al7— 8Ao

3) A5 -1

2+ 3/\@



¥

/\/ Radicals Quiz . WX
J® et
| | + T TEe
I. Simplify

X

a) A 125 z | mathplane.com

2

D A 128003
®) 4 o0

II. True or False?
) tfatb = Aa + 4o
b) A/ ab = MW
Aa

C)/\/?ZW

ITII. Combine the terms

D s + 3425+ 54/125

Y T+ AT A5+ AT

) A8 — (464 +14)



IV. Miscellaneous

a) List all perfect squares < 150

b) 3AT + 2428 — Af162 — A2 =
¢) 343643 =

d) 3A/3 + 643 =

V. Simplify (and, if necessary, rationalize the denominator)

a) 44
144

b) (347 + 8A47)

22

¢ 3

A3

d) 16

Vi

e) 347 - 84T
A2 N

) A2 GAB + 2A/2)

Radicals Quiz (continued)




Simplify:

1) M52

1) 3A% + N2
Solve;

6) Afax—27 —1=14

Graph:

9) y=3}x+2

2) 80

90

5 4Af3 (AB-AS3)

7 Mx+2 =x

8)

X+7 +5=x

Radicals Quick Quiz




{ ~ Math ;

% dogt 7 "2b or not 2b?
19 January That is the question."
MDLXXXIV 5

"Romeo, pay attention!
stop staring at Juliet."

To earn a little extra coin, Bill Shakespeare
works as a substitute math teacher.

ANSWERS-->




‘ Square Root Exercises ‘

SOLUTIONS
I. Simplifying
a) V16 b) N'50 Q) W27 d) Aos &) Af63
M2.2s = Az .02 Mivco =AM M2ae = p2.pa0 Mo-7 =poA7
Note: 4x4=16 5/\/2_ N3 M2 3/\/7_
H Moo 2 452 b A72 ) 5hs D 7N28

~
o
>
L%
[ 3]
=
L)
[ 3]
[¥%]
[=29
|
z
L¥]
(=)
-
-l
I
(%)
Il
LM
(%)
=

2.2 . . sAf2.2. 5. TW
ot L

.2 7

7
10402 e
1I. Addition/Subtraction
a) 3A/2 + a/2 b) TA3 — A3 o A20 + A45 d) Af2a + Asa
Nen i simpiiy 2N& + 30/
2 A5+ 34/5 —
Noter Jx = Tx It's acceptable to add/subtract add like terms.. M6
"like radicals" 5 /\/5_
e) 3478 + T2 D 445 + 3//28 g 114/10 — 2//300 h) 24/75 + 347300
3202 A2 aA5 + 3207 HATO - 2-10A/3 2-5A/3 + 3.100/3
A2 ~7A/2 — — 3+ 3003
_ 4A/?+6/\/? 1TA10 — 204/3 10/\/_ A/
1342 107/3
cannot combine these terms
III. Multiplication/Division
a) A6 - A/ 12 b) 2 A3 A8 9 anG. TN 2 o A2
— — 3
N72 =/\J’.> 24/3 + 37/2 28 /12
- 62
or. multiply the numbers - 3
: and the radicals separatel 287
Ne - A6-2 = 62 — TP '/\f 2 )2
564/ 3
e)  [200 D /80 9 A5 (A/15+ Af60) ) 403 (A8 - A3 )
63 Q0
A - 3015 a3 (N3=N3)
A 200 10402 S S /\/7_ /\/_
= 202 / 3« 373
A 63 307 /\ o o 1543 +A3
12-3 =[36
) #7296 - 296 ) —;(/\/?Jr A125) k) ON6 - ZNi
4 A2 TA3
1 3B W AT N oNT_[3AF
if you multiply a square root 1 (W\Ej —| 2 /\/? 28 A 36 14 /3 42 14
by itself, you get the number! 3




IV. Additional Questions

a) Find x
) xN3 +axpiz = sA48 2) xA0 +anfz = 8A200
XAj?+8XAj3_ = 32/V3_ 5};/\/2_ +4/\/? = 80 2
ox A3 = 3243 5x+4 = 80
32 76
x =75

X = 9

D N2 x+302) =18 4) 3-247 -x=-5
-2/f7x = -8

AM2x + 6 = 18 -
Mix - 12 Arx =a
A7

x =62 47F

b) Find the midpoint of (2, 4Af3) and (8, 6A/12 )

¢) Find the petimeter and area of the triangle:

1543 _[ s6n7
Area: —1(base)(height)
u
24108 2 (12N3) 9NF )

d) Simplify the expressions

D A 346

3

2 3
1M 6 3Ne 3
8 + g /V6_+/V6_
N6 6
8 e = | Ve

D 2A3+ N5 spTem

Y Me+2M8 syT-ap0

(s.8A/3)

Perimeter: 94’3 + 15473 + 12473

(6A/?)(9A/3_):54-3:

NDAsS-1 | 2-3NDO
2+ 340 2 - 3010

2/\/5_v2—15/\£+3/\/ﬁ

- 90

—2pf5 +2 + 1572 - 3410

sA2+ 310 T sa7 - 3N10 6AT— spa 64T + 24
sH12~3Neo + 10416 ~ 6V so 12021 +4845 + 24i/35 + o6hs
30 = 90 252 - 576
103 —6/T5 + 40 — 245 12021 +4845 + 20/35 + 9645
-0
-324




/\/ Radicals Quiz SOLUTIONS

II.

) 4/ s6v? 42.7-b-b = 2pp|A/14
<) 4/ 68 2.2.17 = 2p]17
d) A ]283b3 /\/2 cfdea.be bz = &bA/ 2ab (note: b canlnotbe
factor remove perfect squares negative)

e) 4f

99 Ao.11 = 3/¥11
True or False?
) Aa+tb = Afa + A/D False.. EX: a=4 b=16 (an exception: a="b = 0)

N20 + N4 +N1e
D) Al ab = ﬂ/?/‘./tT True...

c) a = W True...
| b ey

III. Combine the terms

) A5 + 3425+ s54/125 As +305.5 + sAfs.25 =

D W2+ A4+ A8+ Ae N2 +2+ 202+ 4=|6+342

D 24 - (Mot +14) 2.7 (8+14)= 14— 22

= -3




IV. Miscellaneous

a) List all perfect squares < 150

b) 3AT + 2428 — Af162 —

) 3A/3 - 643 = 3-6-A73 <43

d) 343+ 643 =| o4/3

Solutions

Radicals Quiz (continued)

1,2, 4,9, 16, 25, 36, 49, 64, 81, 100, 121, 144

N2 = 3NT +aNT - N2 -2 TN - 1002

I
L

V. Simplify (and. if necessary, rationalize the denominator)

D) [44 WU _| /i
144 - 6
b) AT + 8AT) 147 _ (AT
22 22 2
c) 3 /5/3-_ 3AL3
#{)- 05
) 16 [/17\_ | 16/17
7\ 17
e) 347 - 8AT 24-7 [
A2 - NE i16

H A2 GAB + 2A/2)

distribute: 3 /\/5—4- )

4+ 3//6




Simplify:

N N52

R A

4 38 + TAV2
3202 +70/2
6M2 +7A/2
1B3A2
Solve:

6) 4x—-27-1=4

Max—27=5
(square both sides)
4x —27=125
4x=752
x=13

Graph:

9) y=34x+2

=
.J..u;..).—c:;_yﬂ

[=]

=D Oy

[35)

ANSWERS

2 80
90
8 202
g = 3

D a3 (ABB- A3

sN3 aN3—N3)
s A2 303

123 =|36

7 Ax+2 =x

2
X+2=x"

pl
XT—-x—-2=0

x-2)(x+1)=0

X= }/ 2 (check answers)

AED+2 =(-1) NO (extraneous)

AN(2)+2=(2) YES

('l: y
(-2 0)

Radicals Quick Quiz

X+7 +5=X

(isolate radical)
m =x—5
(square both sides)
x+7=x*—10x+25
x?- 11x+18 =0
x—-2)x—9)=0

<=0

(check answers)

/\/(2)77+5=(2»<&/

34542

MNO+T +5=(9)

4+5=9




Example: A circle is centered at the origin. Radicals: Word Problems and Applications

If point P (-4, 7) lies on the circle, what is the length of the radius?
To find the length of the radius, we use the distance formula:

('4: H)
d= /\/(Xl _X2)2+ (Y.~ ¥, )2
('T: 4)
radius (distance) = /1/(-4 — 0)2 +(7- 0)2 = /\m — Algs
approx. 8.06 ©.0)

If point Q (-7, 4) lies on the circle, what is the length of chord P_Q ?

chord (distance) = aﬁf(_4__—02+(7_ 4)2 = jo+o0 =A/18 = 3/\/2_
4.24

approx.

Example: A boy leaves home and rides his bike 3 miles due South. Then, he turns and rides 3 miles due East.
He stops, leaves his bike, and runs 2 miles due South. Then, he turns and runs 4 miles due East.
On the return home, he runs directly to his bike. Then, he rides directly home.
What is the total distance traveled?

Home
Since the boy's path creates 2 right triangles, we can use the
Pythagorean Theorem to get the unknown distances.
c
2.2 _ 2 3
Pythagorean Theorem: a~ +b” =c¢
Bike stop
37437 = 2 +4?=d? ’ d
) 5 2
18 = ¢~ 20 = 4~
L End

2 ,\/E d= 20 = 2A/5 4
c:/\\/?: BA/Z_ Totaldistancehaveled:3+3+2+4+2}\/5_+ 3/1/5

o
Il

these radicals cannot be
combined b/c not like terms 12 T 2’\/5_+ 3 A/E or approx. 20.71

Example: The path of a punted football has the following function:

h(d) ——05d” +2d + 1

dratic Formula:
where d is the horizontal distance traveled (in yards) Quadratic Fornula

and h(d) is the height. +
@ e x= _b_f'||'b2—4ac

How far does the football travel before it hits the ground? 2a

The graph of this function is an upside down parabola.
Since the x-axis (or d-axis) represents ground height of 0,

we need to find the d-intercepts... 30
2 a=-.05
0= -.05d" +2d+1 b=2
c=1 28
T2 + A/
= -2—=/V(2)" —4(-.05)(1 22—/ 4.2 .
d= @)~ — 405X _ multiply by 0
2(-.05) -1 10/-10
20+ 104422 d
1 ETi 10 20 30 4 50
(Since the football presumably went forward, we can
eliminate the negative answer)
-10

d=20+104/4.2 or approx. 40.49



Finding square roots of numbers that aren't perfect squares
(without a calculator)

1) Estimate - Get close by finding 2 perfect squares that your number is between.
2) Divide - Divide your number by one of those square roots.
3) Average - Take the average of the result and the root.

4) Repeat - Use the result of step 3 to repeat steps 2 and 3. until you
get a number accurate enough for you.

Example: Calculate the square root of 10 to two decimal places.

) 32=74 _
So., A#10 will be between 3 and 4

2) Since 10 is closer to 9, we'll use the square root of 9.
10 divided by 3 = 3.333
3) Find the average of 3.000 and 3.333
(3.333 + 3)/2=13.1667

4) (repeat step 2)
10 divided by 3.1667 = 3.1579

(repeat step 3)
(3.1579 + 3.1667)/2 = 3.1623

Check the answer: 3.1623 x 3.1623 = 10.0001

Example: Calculate e (without a calculator)

1) 64 and 81 are perfect squares near 71.

) Mot =8 Il _ggs

8
3) Average of 8 & 8.875 is (8 + 8.875) 8.4375x 8.4375="71.1914
3 =8.4375
4) (repeat) 71
34375 — 5-4148

. 8.4262 x 8.4262 = 71.0008
Average of 8.4148 & 8.4375 is 8.42615



Thanks for visiting. (Hope this quiz helped!)
If you have questions, suggestions, or requests, let us know.

Cheers,

mathplane.com

Also, at TeachersPayTeachers and mathplane.ORG



It's a rad, rad, rad, rad world.. LAF #99 8/16/13

mathplane.Com

Two more questions:

Simplify:

VA5 + 2420 + S A/500

Simplify
5A/6
203

Solution on next page...



Simplify:

N5 42454 + 5 As-100

Ns 9 + 2+ A5 N4 + 545 410

Hse 3 + 2:45- 2 + 24510
3As  + aps o+ s A

1245

Simplify
W
23 N3
sA 18
240

5/42-0

2.3




Hidden Answer

2)

3)

4)

6)

7)

8)

A7 — Ag =
A6+

A3 A

L e

35 =

A28 + AT =

Hint: "What is a square root?"

11) The number of perfect squares between 5 & 50

Letter Key:

g 1 2 3 4
D I € A 8

=
t o
|-
Z o
= o

!

!

SOLUTIONS-->




et z /H Letter Key:
t: "What 1s a square root?"

> i 93
Hidden Answer

2) a16 + A28 = 4+5=9

1)/\3/2—-43/8—= 3.2=1 |

0
DI CA

IT IS RADICAL

» A5 NI AN 3NE
A3 ANB T N 3AR

9 NE=4516 = 4n3
sy A28 +Af7 = H40T + N7 =347

6) A 225 15
= Z - 3
: 5

N A500 = AM1oo. 5 = 1045
V(W7 +AT) (N2 tAD)

7/\{7 7/\/2_
) (fm-25)  (a6-wWE) _
12 B 12 e

10 (16 ”\/4—} (4+2) _.
T R

11) The number of perfect squares between 5 & 50 ---> Five

Perfect squares: 1 4|9 16 25 36 49|64 81 ..

1 |___= > I
9 | ____ g T
i — 5 I

R >
A o BB
3| . A

5 | s T

Looking for more Puzzles? - 2



Find more free Hidden Message Puzzles throughout Mathplane.com.

Or, purchase in the Travel Log Collection. (Proceeds support site
maintenance and go toward treats for my dog!)

Also, find mathplane teaching resources at TES.com and
TeachersPayTeachers.com

z mathplane.com



