Section 7 — 3A: Simplifying Radical Expressions

When you find the square root of a perfect square there will not be a square root in the answer.

AP =3 A5 =5 ﬁzg

49

Most of the time the number under the square root is not a perfect square. The square root of any
number that is not a perfect square CANNOT be replaced by any fraction, decimal or whole number.
This type of number is an irrational number. It represents a decimal that never ends or
repeats. Since you cannot write such a decimal that never ends or repeats you cannot state such a
square root as a number without a radical sign.

N7 \R21 Vit
cannot be replaced cannot be replaced cannot be replaced
with a decimal or fraction, with a decimal or fraction, with a decimal or fraction,

it stays —\/7_ it stays \/2_1 it stays —\fl_l

Some square roots can be reduced
to the product of a rational number
times the square root of a smaller number

If the number under the square root is not a perfect square then it cannot replaced with a number
without a radical sign. It may be replaced with an expression that has a smaller number under the
radical sign.

B Vi2 Vs
can be replaced by can be replaced by can be replaced by
242 243 543

We call the process of replacing one square root expression with another square root expression that
has a smaller number under the radical sign reducing or simplifying the square root.

Math 120 Section 7 —3A Page 1 ©2012 Eitel



Multiplication Rule for Square Roots
Assume all variables are positive numbers

If the number C has factors A and B then

C=+vAeB=1/AeB
This rule allows you to factor a number under the square root into two (or more) factors and write the
factors as a product under two separate square roots. If one of the factors is a perfect square then that
square root can be reduced leaving you with a number outside the radical times a smaller square root
then the original square root you started with.

Simplifying Square Root Radicals using PERFECT SQUARE FACTORS

This reducing technique requires that you find the largest perfect square that is a factor of the original
radicand. State the number under the square root as the product the largest perfect square factor
and a second factor. Break the square root expression into the product of the two factors and then
reduce the perfect square term.

Example 1 Example 2 Example 3
Simplify: 418 Simplify: 412 Simplify: 424
SN = \Fe\E NN 3
=340 =243 =246

Example 1 Note: To use this technique you must factor fi8 as 402 andnotas 4[3¢6
The factor must be the largest perfect square root factor

Example 4 Example 5 Example 6
simplify: /40 Simplify: 48 72
—A[1e10 =+fl6e3 =+[3602

= —\IZ. m = -\IE. ‘\lg = —\I%. -\E
=240 =443 =642

Example 6 Note: To use this technique you must factor 4[72 as 4362 and notas 10«8
The factor must be the largest perfect square root factor
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Simplifying Square Root Radicals using PAIRS OF FACTORS

If you can find the largest perfect square factor of the radicand then reducing the radical expression is a
short process. Many students cannot find the largest perfect square factor or they do not want to take
the extended time this may take. There is a alternate approach that is favored by many students.

Two of the same factors under a square root form a perfect square. This means that if you have a pair
of the same factors under a square root they can be reduced to a rational number.

NT=\7eT=2

a pair of 2's under
a square root reduce to

the whole number 2

F=\Be3=3

a pair of 3's under
a square root reduce to

the whole number 3

AR5 =4e5=5
a pair of 5's under
a square root reduce to

the whole number 5

This fact allows us to use the Multiplication Rule for Square Roots to completely factor a radicand into

its many factors and then take out the pairs of same factors.

Example 1

i

completly factor 24

:1ﬁ0202o3
put pairs of the same factor

under thier own square root

T

the pair of 2's can reduced

:ZQVE

Example 4
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Example 2

57

completly factor 54

:1B030302
put pairs of the same factor

under thier own square root

—Fe3e 52

the pair of 2's can reduced

= 3. ‘Jg
Example 5

B0

=R e10
0020205

=20 22045

=2e24f5

=445
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Example 3

Ji8

completly factor 48

:1ﬁ02020203
put pairs of the same factor

under thier own square root

_fe2e\TeTeq3

each pair of 2's can reduced

:2020“5:44?

Example 6

20

=4/12010

_ feie3enes
=202 430265
=2430
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Finding the Cube Root of a Perfect Cube

The radical sign %/_ is called a cube root sign.

fa is read as "the cube root of a"

fa asks you "What number used as a factor 3 times is equal to a?

Example 1 Example 2 Example 3

AR asks "What number P7 asks "What number 64 asks "What number
used as a factor 3 times used as a factor 3 times used as a factor 3 times

is equal to 8? is equal to 277 is equal to 647
:(/g = %/20202 =2 3(/57 = 3\/30303 =3 %/64 = %/40404 =4
a group of three 2's under a group of three 3's under a group of three 4's under
a cube root reduce to a cube root reduce to a cube root reduce to
the whole number 2 the whole number 3 the whole number 4

The Cube Roots of Negative Numbers Exist

Example 4 Example 5 Example 6
A1 asks "What number 8 asks "What number 327 asks "What number
used as a factor 3 times used as a factor 3 times used as a factor 3 times
is equal to —17? is equal to —87? is equal to —277?
AF1= Ale—Tle—1=-1 8= A20e2e-2=-2 27 = 3e-3e-3=-3
a group of three —1's a group of three —2's a group of three —3's
under a cube root reduce under a cube root reduce under a cube root reduce
to the integer —1 to the integer —2 to the integer —3
%/—64 asks "What number %/—125 asks "What number
used as a factor 3 times used as a factor 3 times
is equal to 647? is equal to —125?
64 = de—de-4=-4 125 = AF50-5¢-5=-5
a group of three —4's a group of three —5's
under a cube root reduce under a cube root reduce
to the integer —4 to the integer —5
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The most common perfect cubes used it this class are shown below.

=1 R =2 AR7 =3 64 = 4 25 =5
F1=-1 == 27 =-3 64 =—4 F125 =5

Simplifying Cube Root Radicals using PERFECT CUBE FACTORS

If you can find the largest perfect cube factor of the radicand then reducing the radical expression is a
short process. It requires that you find the largest perfect cube that is a factor of the original radicand.

Look for the largest perfect cube that is a factor of the radicand. Factor than reduce.

Example 7 Example 8 Example 9
Simplify: 324 Simplify: 381 Simplify: 3128
— iRe3 — P73 = ode2
:-3\/8_.?V3— :%,27.% :364.%l2_
=23 = 333 = 43P
Example 10 Example 11 Example 12
Simplify: 354 Simplify: 316 Simplify: 340
= %/—2702 = %/—802 = %/—8 o5

- 3 27._3\5 :,3\5.%,2_ :ﬁ.%ls_
= -332 =23k = 235

The cube root of a negative number can always be reduced by using using {1 = -1
Example 13 Example 14

Simplify: 37 Simplify: 39

= 1. 7 = %'—l. 9

= 137 = F1e30

= -3 = -3
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Simplifying Cube Root Radicals using GROUPS OF 3 FACTORS

If you have a group of three factors under a cube root they can be reduced to a rational number.

Example 1

/48
completly factor 48

= %,20202 ee3
put each group of 3 factors

under thier own cube root

= .3\/2 'YXV 3\/2 o3
the group of 3 factors

can be reduced

Example 2

04
completly factor 104

=3[3e3030202
put each group of 3 factors

under thier own cube root

= ,3\/2 0202 @ -3\/2 °?
the group of 3 factors

can be reduced

Example 3

RO
completly factor 80

= %,202020205
put each group of 3 factors

under thier own cube root

= .3\/2 eDed e ‘3\/2 5
the group of 3 factors

can be reduced

= 2 [ % = 2 [ ] ‘3J4_ = 2 [ ] ‘3@
The cube root of a negative number can always be reduced by using using 31 = —1
Example 4 Example 5 Example 6
80 354 32
completly factor 104 completly factor 104 completly factor — 32
=3[ 1e2e2020205 =3[ le3e3e3e2 =3[ 1e2e2020202

put each group of 3 factors

under thier own cube root

= .3\/—_10-3“20202 05\/205
the group of 3 factors

can be reduced

:—2.%
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put each group of 3 factors

under thier own cube root

=.3\ﬁo13’3030 303\/5
the group of 3 factors

can be reduced

:—3.;5\/5
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put each group of 3 factors

under thier own cube root

= %0%0202 .:}\/2.2
the group of 3 factors

can be reduced

:—2.—3\IZ
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