Math 20-1 Chapter 5 Radicals Radical Expressions and Equations
Day 1&2: The Real Number System (5.1)

\/; means what number times itself is equal to x.
%/; means what number times itself three times is equal to x.
{'/; means what number times itself four times is equal to x.

Q/; means what number times itself n times is equal to x.

Radical — The root of a quantity

Where </ is the radical sign
N r is the coefficient
r X X is the radicand
n isthe index

Note —The index shows the type of root

ie- 4 is a fourth root
e If there is no number in the index, the root is a square root
e Ifn=2 we do not write a number for the index

ie-  is asquare root, n = 2

Notes:
« if there is no coefficient shown, it is equalto 1 i.e. \ﬁ:l\/g or 3/7 213/7
o if there is no index shown, it is equal to 2 i.e. \/gz %/g

Entire Radical (also known as a Pure Radical) - a radical with a coefficient of 1. J6

Mixed Radical - a radical with a coefficient other than 1. 2\/5

It is important to know your perfect squares and your perfect cubes:
Perfect Squares - 4, 9, 16, 25, 36, 49, 64, 91, 100, 121, 144, etc.
2°,3,4°,5%, 6%, 7%, 8, 9%, 10%, 117, 12° etc.
Perfect Cubes - 8, 27, 64, 125, 216 etc.
28,3, 4, 5°, 6° etc.

Properties of radicals:



Math 20-1 Radical Operations

Converting from Entire to Mixed Radicals:
Find a multiple of a perfect square within the radical and factor it out.
l.e. 4,9, 16, 25, 36, 49 etc.

a) V8  =+4x2=+42=22 b) V75 =+25x3=425\3=5\3
C) V80 =416x5=4165=45 d V20 =+4x5=45=2\5
e) 2v54 =2J9x6 =296 =2x36 =66

f) —=5vV45 =-59x5 =595 = 5x35 =155

9 72 7B 25,

Jao 7 X
h) \/E :ﬁ :ﬁ This is the best we can do. We have no issues with a
25 \/ﬁ 5

radical in the numerator.

i)§\/450 :§J225x2:§J225J_:§x15J§=6J§

) 3vBx  =3J4V2x =3x2V2x =6v2x

K) 5y«/7y2 =5y\/y_2\/7:5yy\/7=5y2\ﬁ Since the index is 2 (square root),
the square root of y square
cancels the square out, leaving
only ay.

) «j32x5y =4/16><2x2x2xy =«/1_6x/7\/7 2Xy = 4xX([2Xy = 4x2 2%y

Since the index is 2, break the x° into x*x?x.

m) 5316x°y°  =588x2y°y? =53BYE U YyP3fy? =5x2xxy3[2y? =10x2y32y?

n) 2x3/108x* = 2x3[27 x 4x%x = ZQ/EQ/XT% = 2x3x3[4x = 6x3/4x
0) XYy =Ty 3Kyl = 7xy333e %fy_3 I 3y =7 yxy3[3x%y = 7x*y*§[3x%y




Math 20-1 Radical Operations

Converting Mixed to Entire Radicals: put an equivalent form of the coefficient
inside the radical.

a) 2v6 —V22 6 =a6 =24

b) 9vI0 = /9" /10 = /8110 =810

c) —4/5 =165 =—/80 The negative stays OUT of the radical.
d) 534 = 35° /4 = 12534 = 3500

n 2ve =J@J§=\E«/§= Sx8=18

g) x3/80 — 3¢ 380 = Yfsox®

W oy =) Iy =y = axy”

) —3V3 = 43" 45 = 48145 = —4[a05

i) 3xy2 = 18X

k) 5y°\7y = 175y
l) 8x°y.[2xy = \/128x7 y?

m) 534 =3/500
n) 2x34x? =3/32x°

0) 7x°y3[3xy? = 5”/1029x1°y5

View a 5 minute video here
http://www.livescribe.com/cqi-
bin/WebObjects/LDApp.woa/wa/MLSOverviewPage?sid=6HQIgtCZsv0V



http://www.livescribe.com/cgi-bin/WebObjects/LDApp.woa/wa/MLSOverviewPage?sid=6HQlqtCZsv0V
http://www.livescribe.com/cgi-bin/WebObjects/LDApp.woa/wa/MLSOverviewPage?sid=6HQlqtCZsv0V

Math 20-1 Radical Operations

Adding and Subtracting Radicals:

In the same way that 2x and 3x are “like terms” and can be added to 5x, radicals such
as 2./3 and 443 are called “like terms” and can be added or subtracted.

Radicals such as 2\/5 and 3«/7 are not like and cannot be combined.

(Radicands must be the same to add or subtract).

Note: \/§+\/§¢\/§
J2+V2+42=3V2=3x2

Add and/or subtract. Express as exact values in simplest form.

1. 3J5-76 - 45

2. 67 =32 +57 +/2 =117 - 22

3. 6J11-25-35-8V11  -f1-55

4. /8 +4/18 = VA2 +0V2 = 242 +3J2 =52
_ VA5 -\~ 255

5. 20 —/45 —+/125 ~2J5-3/5-5\5
- 65

6. 2412 ++/50 — /75 —6+/32
NN I NN NN
=2x 23 +52 =53 -6x 42
=43 +5J2-53-242
= —3-19{2

7. J50 +3/250 =252 + 312532 =52 +532

You can go no further.
J and ¥ can not combine.

Video 12 minutes - be sure to maximize http://bit.ly/rCkyKS



http://bit.ly/rCkyKS

Math 20-1 Radical Operations

Day 1 Assignment Read Page 278
Page 278 #1 Mixed to Entire, Entire to Mixed
#2 Entire to Mixed
#4 Mixed to Entire, Entire to Mixed
#8-10 Adding and Subtracting
#19 Find mistake
#20 Equivalent radicals
Day 2 Assignment M20-1 Ch 5 Radicals WA.doc



Math 20-1 Radical Operations
Days 3
5.2 Multiplying and Dividing Radical Expressions

— @ s s T T
e iékM R LGB HkiiZ2iTH ltiiiiie itidki bbb A ——

Rules:
a) solve the sign first

b) do the operation on the number outside of the radical. If there is no number in
front of the radical sign put a coefficient of 1.

C) radicand
d) simplify

A. Simplify (Multiplication). Express as exact values in simplest form.

1. V3xB -5
2. 3x\8  =\2a-af6-26

3. 52x7J3  =3506
4. 46 x52  =20J12 = 20423 =20x 243
36 x23 —6418=6J942 =6x32 =182

ol

Video - 10 minutes http://www.youtube.com/watch?v=6e5jwhznUoU



http://www.youtube.com/watch?v=6e5jwhznUoU

Math 20-1 Radical Operations

B. Simplify (Division). Express as exact values in simplest form.
Division of radicals is the inverse of multiplication.

A property of radicals:

wl
E— B (aZO,b>O)

12\/6 6
1. m = 2\E= 2\3

2454 54

2. —— =4[ =49 =4x3=12
66 6

L 520 _iE 26 g
10 2 2

4. @ :3J§:3ﬁ:3x2:6
Js 8

9 minute video - http://www.youtube.com/watch?v=r4GvnsrkClk

Multiplying Binomial Radicals

« Distributive Property: a(b + C) —ab+ac
- multiply what is outside the bracket by each term in the bracket

.2(\/§+1) =2J2+2
«FOIL: (a+b)(c+d)=ac+ad +bc +bd

.(ﬁ+2)(ﬁ+1) =2+2+2J2+2=4+3{2

To expand an expression means to remove the brackets and simplify.


http://www.youtube.com/watch?v=r4GvnsrkClk

Math 20-1 Radical Operations

Examples. Simplify. Express as exact values in simplest form.

1. 2J§(5+4ﬁ) 1043 +8Y21
2. 5\/5(3\/5—\/5) —10vZ — 512 =10x2 543 = 20103
3. (V2-+6)(3v2 ++6) ~3JA+12-312 - /36
=6-212-6
=243
- 43
a. (3+J§)(2+4J§) —6+125+ 245 +4425
=6+12/5+20
=26+125
5. (ﬁ+2J§)(ﬁ—2J§)

This one is neat, watch what happens to the
outter and inner.

=49 -2\21+2\21-49
:7—M+M—4x3

=7-12
=5

(o2}

. (3+5\/§)2 = (3+5V2)(3+5v2)
=9+152 +1542 + 254

—9+30J2+25x2
—59+302



Math 20-1

Special Products.

1. \/§x\/§

2. 5\/€x2\/g

s (V6+\2)(fB—2) -

Radical Operations

-J9=3

Two square roots with same

radicand cancel out the square root.

Special Rules

©) JExJa—a
o (Ja+B)(Va -6 -

—104/36 =10x6 =60

a. (J1_3+2)(J1_3—2) = 169—‘;

Assignment

Page 289 #1 mono X mono
#2 mono X bi or tri
#3 expressions

#4 bi x bi
#5 bi x bi
#6 division

A4

Conjugates:
same but, but a different
sign in the middle



Math 20-1 Radical Operations

Day 4
Rationalizing the Denominator

3 3x-1 -3
-4 -A4x-1 4

e normally fractions do NOT have a negative sign in the denominator
e normally fractions do NOT have a radical sign in the denominator

Rationalize the denominator (Get rid of the radical in the bottom).

e To rationalize a single radical in the denominator, multiply numerator and denominator
by that radical.

1i _3X£3x/_ 3x/§

2 22 ' 2

B N N

6 NN

5 |2 _N2_2 3_6

~\3 "B BB 3

62 62 B _6V6

"B IR

c 1042 _102@ 1016 _10x4 e

8 B B s 8

6 27 _2J7 2 _2/14_2/14 14

32 T32 2 3x2 6 3

. 4B 4B w2/ B 2/@0_ 2/AViD_4VI0
NG 25 25 5 5 5 5 5

10
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85
2410

8.

9 2.5 +4

J10

Radical Operations

ot

(25+4) i 2JB0+4I0 _ 2JZNE+ 40 1042 +44T0

o Vo 10 10 10

i 2(5v2 +2+10) 5242410

10 26 —4V3

Ng

10 B 5

(2v6-443) 4\/_) V3 _2/1B-4\8 _ 2402 -4x3
B B3 3
:6\/53—12:2\5_4

8 minute video - http://www.youtube.com/watch?v=azaP5n6nmQY

11


http://www.youtube.com/watch?v=azaP5n6nmOY

Math 20-1 Radical Operations
Rationalizing Binomial Denominators

e Two terms in denominator
Multiply numerator and denominator by the conjugate of the denominator (change
middle sign of denominator)

If you have multiply top and bottom by J5+2. Note change in sign.

1
J5-2°
Remember: rationalize the denominator means get rid of the radical symbol from the

bottom

Examples. Rationalize the denominator.

. 2 2 3- J6  6-26 6—2J6:6—2J€
' 3++/6 3+J— 3-J6 9-36 9-6 3

Remember conjugates from, the previous lesson.

3 3 \/§+f 3\/§+3\/_ 35 +32
Y B BBz 52 5 P
2 \3 V3  B+4_\15+4J3 _15+4y3 _ 15+4Y3 _—15-43
N “5-4 J5+4 5-16 L VT
Note: the answer is NOT @

The negative is out front or in both parts of numerator.

. N3+45 V3+45  V6+10 _ V18++30 /30 +50

NI TN IR T RN IOV Tl 6-10
_VO2+V252 32452 82,
- —4 4 4

«/§+\/§ \/_+\/_ 3\/_-1-3\/_

3W2-33 EENZE 3\/’ 3W2+33

11 minute video - http://www.youtube.com/watch?v=ByNJ3T6Kb9l

12


http://www.youtube.com/watch?v=ByNJ3T6Kb9I

Math 20-1 Radical Operations

Days 5&6 (5.3) Solving Radical Equations

Goal: Be able to solve radical equations and inequalities.

Background Read p 294 - 300
e Solve the following: Do p 300- 303
o X =425 ° x*=25

¢ Why do you get different answers?

e Is it possible for Vx -2 +3 =0 to be true for any value of x?

e extraneous roots:

Examples.

¢ Solve and check (always check your answer(s) if you square both sides during the
solving process).

1. Vvx+2-5=0
Steps for solving radical equations.
©) Isolate the radical Jx+2=5
2
[ 2
@ Square both sides to remove radical ( X+2) =5
X+2=25
® Solve for variable. (Quadratic Formula if needed) X=23
©) Check to ensure your answer is correct. X+2-5=0
It is possible that by squaring the equation, you may \J234+42-5=0
have created an extraneous root. (An answer that does not work) \/ 25-5=0
See questions 2, 4 & 7 below. 5-5=0
0=0

13
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2. Jx+2+5=0
X+2=-5
2 2
Jx+2 = -5
X+2=25
X =23
But, does 23 work in the original equation?
JX4+2=-5
J23+2=-5
J25 =-5
5=-5
This equation has no solution.
As proof, graph ¥X+2+5 in ¥; on your calculator
m"—'—"\r
al Notice how the graph NEVER equals 0.
9./— No solution.
?..

—tmwhmx

b

i
-5-4-3-2-1_”__123455?8910

3. Find theroots. +3x+3 -x=1

J3Xx+3=x+1 Insert 2 or —1 into 4‘!‘Y
2 ) the original e
V3 +3 = x+1 equation and |
, graphalsoshows |~~~ | \ &
0=x"—x-2 both values of x 5 43 210 1 2 3 ™5
0= x—2 x+1 (2 & -1) work. '12:
x=2,—-1

14



Math 20-1 Radical Op~~*~~~

4. Solve for x. ¥2x—-1=x-2

MZ_ (_2? Put 1 back into the equation
V2x—1=x-2
2X—1= x> —4x+4 |
O:X2—6X+5 \l21_1:1_2 —t t f———————+ ::i
219 1.2 3 45 B 7 8
0= x—5 x—1 V2-1=-1 1/
X =51 1=-1 -2

1 does not work

5. Solve: Ix + X +16 =8

15
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More Questions

Radical Operations

When squaring to get rid of radical sign,
always check answer

N
6. ¥2x—-3=3 ANS:6 7. J2x-3+3=x ANS: 6 X
ﬁzB J2x-3+3=X
J2x-3=x-3
[«/2X—3T =3% square both sides , )
2x-3=9 [VZX—3] =[x-3]
2x =12 2x—-3=x"-6x+9
X=6 0=x*-8x+12
x:G,Z

8. V¥3x—-2=2Jx-3 ANS: 10
J3x—2 =2Jx-3
[z -[263]
3x—2=4(x-3)
3X—2=4x-12
x=10

10.

11, Bx+l=Jx -1
(\/3x+1)2: (ﬁ —1)2
3x+1=x—2\ﬁ +1
2x = —2/2x
(x)"= (&)

X2= X
X*—X =xX(x=1)=0

x=0orl
neither solution works

9. Yx+1=/2x-2 (IB) ANS: X,9

Ix+7-2x=x-1 (IB) ANS: >§,2

a1

V<

16
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Examples (Graphically):
Get everything to one side of equation and then type into y=.
Solve for x-intercepts (zeros)

12.x+5=+2x+7-1 ANS: 5.47

Solve algebraically.

a. ¥2x-3=3 ANS: 6 b. V2x-3+3=x
c. J3x—2=2Jx-3 ANS: 10  d. x+1=/2x-2 (IB)

e. Ix+7-V2x=x-1 (IB) ANS: >€ 2

f. Solve graphically: x+5=+2x+7-1 ANS: 5.47

17

ANS: 6, X

ANS: X,9



Math 20-1 Radical Operations
Word Problem: Baseballs and Tennis Balls

The radius, r, of a sphere is related to the surface area, A, by the equation

1 /A
r==.|—
2\«

A. The surface area of a baseball is about 172 cm?
Find the radius of a baseball, to the nearest tenth of a cm.

B. The radius of a tennis ball is about 3.3 cm. Find the surface area to the
nearest square cm.

Solution
A. r:1 A r=7?when A =172cm?
2\ 7
1 172
r — -
2\ «
r =3.69963...
B. r:E\/E A=7?whenr=3.3cm
2\ 7

A=136.84777...

18



Math 20-1

Assignment
pg. 300 #3-9  Solving equations
#12-18 Word problems

plus: (IB)

1. J2x+3=5x+9 ANS: 0, 8
3. P3x+2=3/x-v2  ANS: ¥,2

5. Ix*-12x-4=0 ANS: 16, -4

19

Radical Operations

2. Ix+2x=7 =x+5

0. rox =2

ANS: >4, 4

ANS: -8, 2



Math 20-1 Radical Operations
Day 7
Day 8

Day 9 Quiz

20



