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Sect 11.3 - Simplifying Radical Expressions

Concept #1 Multiplication and Division Properties of Radicals

We can use our properties of exponents to establish two properties of
radicals:

n _ 1n _ Anptn _ N n nla _[a _a'n _ Wa
\[ab—(ab) =a’b —\/;-\/F & F_(F) _b””_QE
Multiplication and Division Properties of Radicals

Let a and b be real numbers such that § a and %are real numbers and
b #0. Then

1) Multiplication Property of Radicals: Mab = Yaeib
2)  Division Property of Radicals: nfa - e
T

We can use these properties forwards and backwards to simplify radicals.

Simplify the following:

3| 27
Ex. 1a 4/ 900 Ex. 1b 195

5
Ex.1c  4/1254/5 Ex.1d V2000
o
Solution:.

a) /900 =+/9¢100 =+/9 /100 =3¢10 = 30
b) 3| 27 = 3\/? :3

\ 125 5125 5
c) 412545 = 4[125¢5 = 4/625 =5

%/900000 _ 5[ 900000 _ 5 _
d) T = \/T = 3/100000 =10

In working with radical expressions where the radicand is not a perfect
power of the index, it is important to simplify the radical as much as
possible. With fractions, it is fairly simple to tell when a fraction is
completely simplified. Let’s think about the criteria for a radical to be
completely simplified.
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First, all factors of the radicand have powers that are less than the index.
For example, \/E is simplified since \/E = 4/ 23 and the power of 2 and
the power of 3 are 1 which is less than the index. But, 4/ 20 is not

simplified since \/20 = \/405 =4 22 5 and the power of 2 is equal to the

index. In fact, \/E =445 = ﬁ-( = 2\/3. Second, the radicand

3
has no fractions. For, instance, % is simplified since the radicand

?{/Ehas no fractions, whereas 3| % is not simplified since the radicand

9

3
/ _ / 5 3 / 15 \/
5 5° ? 7 . Third, there can be no

radicals in the denominator. An expression like g is simplified, but % is

has a fraction. But, as we will see in a later section, we can rewrite 31/ S as

not since there is a radical in the denominator. To fix this problem, as we
. : 2 2
Il I Itipl A2 == 1=

will see later, we can mu t|p y top and bottom by 7z \/E.

SN2 22 _ : :
= 4/ 2. Lastly, the exponents in the radicand and
/ * Ja 2

the index have 1 as the only common factor. A problem like 9\/ x? is

simplified since the only common factor of 2 and 9 is 1. But, 9\/ x> is not

simplified since 3 and 9 have a common factor of 3. In fact, 3 x3 = x¥° =

x'® = 3[x . Let's summarize these conditions.

Simplified Form of a Radical

A radical is simplified if all of the following conditions are met:

1)  All factors of the radicand have powers that are less than the index.

2)  The radicand has no fractions.

3)  There can be no radicals in the denominator.

4)  The exponents in the radicand and the index have 1 as the only
common factor.

Concept #2 Simplifying Radicals Using the Multiplication Property of
Radicals.
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The key to simplify radicals is the separate out the factors that are perfect
powers from the factors that are not perfect powers. We can use the
multiplication property to do this and then simplify the perfect powers. For

instance, in the 31/ 40 , 40 has factors of 8 and 5. The factor of 8 is a

perfect cube, so ?{/40 = ?{/805 = 3\/30 35 = %/270 /5 =235 . Also,
if the index is less than the power of a factor of the radicand, we can divide
that power by the index to figure out how to split the factors. The quotient
raised to the power of the index will be the perfect power. The remainder
will be the power of the factor that is not a perfect power. For instance, in

\ x? , to figure out how to split up x°, divide 9 by 2:
4
2l 9
-8
1

The perfect power will be (x*)* and the factor that is not a perfect power is
1
x'. Thus,

\/xg =\/()(4)2.)( =\/()(4)2 efx =x4x.

Let’s try some additional examples:

Simplify the following:

Ex.2a 4 25x7y3 Ex.2b 3/ 54a%®
Ex.2c 3% 32x%y9212 Ex.2d 3/ 48x%°

Solution:
a) Since7+2=3R1and3+2=1R1,then

\/25x7y3 = \/52(x3)2(y)2 xy (apply the multiplication property)
= (S22 exy  (simplify)
= 5x%y/ xy

b) Since4+3=1R1and8+3=2R2and54=27e2=3%2,
then ?{/54a4b8 = ?{/33a3(b2)3 o 2ab? (apply the mult. property)
= 3332323 e/ 2ab2  (simplify)

= 3ab? 3/ 2ab?

i
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c) Since4+4=1,9+4=2R1,12+4=3,and 32 = 162 =
202, then

34/32x4y9212 = 34/ 24 x4 (y2)4(z%)* « 2y (apply the mult. prop.)
4 .

= 34244 (y2 )23yt o 42y (simplify)

= 3| 2xy?2® | ¢ 4/ 2y

But, since 2 and y2 > 0, then they can come out of the
absolute value:

3| 2xy?z® | e 4/2y =3e2y?| x2® |42y =6y?| xz* |4/ 2y .

d) Since9+3=3,6+3=2 and 48 = 163 = 2%e3 = 2%2e3,

then
3 48x%8 = 3/ 23(x3)3(b2)% 0203 (apply the mult. prop.)
= 3/23(x3)%(b2)° ¢ 3/203 (simplify)

= 2x°p? %

Concept #3 Simplifying Radicals Using the Division Property of
Radicals.

We will proceed in the same manner in simplifying radicals using the
division property.

Simplify the following; Assume the variables represent positive real
numbers:

3/ 1 s 74 72¢*d?
Ex. 3a z Ex. 3b Ex. 3c
r 4/3125 12c
3 14.7_6 3 4
Ex. 3d \37ox Y 2 Ex. 3¢ 1xex
3»\/3X2y3426 3/
Solution:
11
e (simplify)
;
= " (but 6 + 3 = 2)
= 3/ (r simplify
3/,.2.\3 . lif

-



b)

d)

4
Vs (use the division property)

4/3125

b 3195 (reduce)

1

2

1
54

7\ 72c*d® _ 7y36(c%)*d%e2

12¢ 12¢c

_ 7y36(c?Yd? ey 2

20 (simplify)
o2

N
w
()]

N

[©))
(&)

5

1
5

(use the multiplication property)

7¢6|c%d
12c

42¢%dy 2

(But c and d are > 0 from the directions)

(reduce)

3 14,.7_6
W (use the quotient rule)

14,.,7_6
= 31/3;?2’;—33’25 (reduce)

ay (simplify)

The indices are not the same so we cannot use our
properties. But,

3 4
Uxeqx _ x'3e!4 13+ 14— 105
57 /5

- 60
= 20/60 + 15/60 — 12/60 _ , 23/60 _ / x23

74



