Section 7 - 3B:

Simplifying Radical Expressions

Simplifying Square Root Radicals with Variable Factors

The last section introduced the concept of reducing radials by taking out pairs of a common factor. A
pair of the same factor 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.

VF=EeT =2

NNITERE

Bl =+303030e3

a pair of 2's under a pair of 3's under —+3e3e43e3
a square root reduce to a square root reduce to —3e3=9

the whole number 2

the whole number 3

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

the whole number 9

This fact also allows us to reduce radical expressions with terms that contain variables as factors under
the square root symbol. Completely factor the expression under the square root into its many factors

and then take out the pairs of same factors.

Assume that all variables represent positive numbers.

\Ia_2 =4a®a=a

where a is a positive number

Example 1

A ’8.7
7

completly factor a

= -\/aoao aegegege g
put pairs of the same factor

under their own square root

= .\/a_oao \/aoao -\/aoa_o -\/5
each of the 3 pairs of a's

can be reduced to an a
=gaeqe ao-\E

3
=a’+a
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Example 2

g

completly factor a°

= fasaeaeaeaeaen
put pairs of the same factor

under their own square root

= \/aoao \/aoao -\/aoa
each of the 2 pairs of a's

can be reduced to an a

=303
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Save Time by Determining the Number Of Pairs

We can save some work by determining how many pairs of factors a variable under the
square root symbol has. Write each pair under its own square root. Reduce each of these
square roots. If the exponent of the variable under the square is odd then a single power of that
variable will remain under the square root. If the exponent of the variable is even then that variable will
not appear under the square root.

Example 1 Example 2 Example 3

Simplify: ~y® W I

y6 has 3 pairs of y>

i 7 has 3 pairs of x*
with none left over so X has 3 pairs of X

with 1 x left over so
6 _.[.2 2 2
ﬁ Wree S N e
y =yeyey

'\/x—7=x0x0x0\/;
Be=y

x® has 4 pairs of x?

with none left over so
-\Ix_gz xXe xe xeyx

’8 4
X =X

We can eliminate writing the separate pairs of square roots and simplify each variable in one step by
asking how many pairs does the variable have and is one left over or not.

Example 4 Example 5 Example 6
Simplify: 4fy’ Simplify: 4/x® Simplify: 4w!!

y7 has 3 pairs of y2 x® has 3 pairs of x2 w'! has 5 pairs of w?
with 1 y left over with no x left over with 1 w left over

\ly_7:y3\/; 1/95—6:363 Wil = wSafw
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Example 7
Simplify: 4/x°y

x® has 5 pairs of x2

with none left over

,8 4
X =X

y7 has 3 pairs of y2
with 1y left over

BT =0\F
,X8y7 =x4y3J)7

Example 10

X“y'w

Ax=x
B =2
A =waw

,X2y5w3 = xy2wfow

w =W
-\’x y wd = x? y w
Section 7 — 3B

Example 8

Simplify: 1/x1 1y0

Mhas 5 pairs of x2

with 1 x left over

,Xn =\

y6 has 3 pairs of y2

with none left over

,Xnye =5y x
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Example 9

Simplify: x2y Sy

1 pair of x, 1 left over

‘\'Xz =X

2 pair of y, 1 left over
P =

4 pair of w, 1 left over

A =l
-\’xzyswg = xy2w4 -\/W

Example 11

,1287

x2 =6
_\/_8_4
y
& =
T = xoy

Example 13

5.7 .3
X y'w

V=22 Jx
W =y’
¥ =

11x5y7w3 = x%y3w Jow
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t is common that the factors under the square root will contain the product of a number and one or
more variables. To reduce these radicals reduce the coefficient of the variables by looking for
perfect square factors or pairs of factors. Then reduce each variable by asking how many pairs of that

variable there are and is one left over that will remain under the square root.

Example 1

2x3y5

2 =AAe3=243

R

—\ﬁZXSyZ =2x2y3 3x
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Example 3

:

36x4y3

Il
(@)}

36X4y3 = 6x2y\/;

Example 6

63X3y11

BT =BT =347
T =y

63)(3’y11 = 3xy5.,,7xy
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Simplifying Cube Root Radicals with Variable Factors

The last section introduced the concept of reducing radials with variable factors by taking out pairs of a
common factor. Three of the same variable factors under a cube root form a perfect cube.

3,3
X" =x

This fact allows us to reduce radical expressions that have variables as factors under the cube root

symbol. Assume that all variables represent positive numbers.

Example 1
Simplify: ¥x°

x® has 2 groups of x>
with NO x left over

3’6 3,3 3’3
X =NX o4X

=XeoX

Il
>

Example 4

Simplify: 3‘\/X12

x'2 has 4 groups of x>

with no x's left over

3
x12 — x4

Section 7 — 3B

Example 2
Simplify: 3’

x’ has 2 groups of x>

with 1 x left over

:X.X.:V;
=X2.»3\I;

Example 5

Simplify: 3 y10

y10 has 3 groups of y3
with y left over
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Example 3
Simplify: 3‘\/)(11

x'' has 3 groups of x>

with x?2 left over

X =4YX oYX oYX e4X
3’2

= XoX®X®4[X

=X30%’X2

Example 6

Simplify: 3‘\/W 8

w® has 2 groups of w?

with w2 left over

38 = w2e 3,W2
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Example 7

Simplify: 3 nglo

x® has 2 groups of x>

with x? left over

3/.8 2 32
‘\Ix =x0\/x

y10 has 3 groups of x>
with 1y left over

Example 10

Simplify: 31/24)46 y?

T =3Be3=2033
K6 = 2
Bt =veily

%’54)(6)74 = 4x2y0 3{/)_)
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Example 8
Simplify: 31/x12y13

12 has 4 groups of x>

with no x left over

y13 has 4 groups of x>
with 1y left over

Putting it all together

Example 11

Simplify: 3—\’54)(8 12

4 =37e2=3e32
_3\/_8_ 2 _3[2

X =X ®4X
3,y12: 4

54x8y° =3x2y%e 13l2x2
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Example 9

Simplify: 3 xsy14

x> has 1 group of X

with x? left over

3’5 3/2
X =xeyXx

y14 has 4 groups of X'

with y2 left over

Example 12

Simplify: 1/ 128x1°y1°

128 =642 =—4de3f2
‘3\/_x
\/y_

3;[ 128xPy10 = —4xy? 0 3Py
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