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Sect 11.5 - Multiplication of Radicals

Concept #1 Multiplication Property of Radicals.
Recall the Multiplication Property of Radicals introduced in Sect 11.3:

Multiplication Property of Radicals

Let a and b be real numbers such that § a and Q/Fare real numbers.
Then

1) Multiplication Property of Radicals: Y ab = Ya b

We will be making extensive use of this property along with the
commutative and associative properties of multiplication to multiply radical
expressions.

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

Ex.1a  (64/15 )(3+/10) Ex. 1b (= =xyy )= 3/xy)
Ex.1c  (-113/9g%h)53/6gh)  Ex.1c  +/6e/21 —44/56

Solution:
a) (64/15)(-3410) (use the commutative & associative prop.)

= (60(— 3) (\/E \/7 (simplify, mult. prop.)

=-18
=—18+/2506 =—181/5% 6
=— 18546
=—-90+/6
b) (- %x\/?)(— 34/ Xy ) (use the comm. & assoc. prop.)
= (— %x)o(— 3)(\/701/ Xy ) (simplify, mult. prop.)
7. |
= 3X xy2
= %x| y |\/x Buty > 0 by the directions, so |y | = y:



c) (11 3 992h )(5 3 6gh ) (use the comm. & assoc. prop.)
= (= 11e5)( F 3/6gh ) (simplify, mult. prop.)
= _ 553 54g3h?
= _553/27g% e2h? = _ 553/ 33g3 e 2h?
= _ 5503g 3 2h?
= _165g 3/ 2h? .

d) The order of operations says to multiply before adding:

\/EO@ — 4@ (mult. prop.)

= /126 —4./56
= /914 —4+/4e14 =1/3%e14 —4+/2%e14
=3./14 —42.[14

=3414 - 8414 =-54/14
Keep in mind multiplying radicals is very different from adding and

subtracting radicals like we did in the last section. Consider the following:

Simplify the following:

Ex.2a  +/5¢45 Ex.2b /5 +4/5
Ex.2c /6 +4/10 Ex.2d /6410
Solution:
a) Using the multiplication property, we get:
\/go\/‘ = 52 =

b)  We are adding two terms that are like radicals, so
5 +4/56 =145 +1./5 =2,/5
c) These two terms are not like radicals, so we cannot simplify:

|6 + 410 =6 + 410

d) Using the multiplication property, we get:
/69410 =+/60 = /4015 = /22015 =2,[15

If we are multiplying radical expressions with more than one term, we will
need to use the distributive property in additional to the other properties.
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Simplify the following:

Ex.3a  64/2(3-+/2) Ex.3b ({7 +4+/3)247 - 4/3)
Ex. 3c (4+4/5 —3+/15 )6 —-7+/5 +24/15)

Ex. 3d (X\F — y\/V)(y X + x\/V) Assume x and y are positive.

ex3e (31 + Ys) 32 - 3rs + Ys?)

Solution:

a) 642 (3-+2) (distribute the 6+/2)
=62 (3)-64/2 (/2)  (simplify)
=18,/2 — 622
=184/2 — 692
=18+/2 — 12

b) (47 +44/3)247 -[3) (FOIL)
= 7927 = [T [3 +4:/32\[7 —4:[3¢,/3 (simplify)
= 24/72 = [21 + 8,21 — 4432
=207 — 121 +84/21 — 403
= 14— \[21 +84/21 — 12
=2+74/21
C) (44/5 —=3+/15)6-7+/5 +2+/15)  (distribute)
=4+/5(6-7+/5 +2+/15)=3+/15 (6-7+/56 +24/15)
=445 (6)— 4[5 7[5 +4,/52,/15
— 34/15 (6) + 3+/15 ¢7/5 — 3415 ¢ 2,/15

= 24,[5 — 2852 +84[75 — 1815 +21+/75 —6+/152

But, 4/75 = 4/25e3 =+/5%e3 =54/3,s0

=24\F—28\/57+8-§_3—18 15 +21e5+/3 — 6415

=24.[5 — 2865 + 8¢5,/3 —18,/15 +21¢5./3 —6e15
=24+/5 — 140 + 40,/3 —184/15 +105+/3 —90
=—230 + 145,/3 +24,/5 —18,/15 .
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d)  (xy/x —y/y)y\/x +xyy)(FOIL & simplify)
=xﬁ-y\/?+ x\/;ox y —yWoy X —y\/?-x\/?
= xy X° + x4 xy — ¥’/ xy —xyy?
Since x and y are positive, then x% = x and y2 =y:
= xyex + X%/ xy — y*4/ xy —xyey
= X%y — xy? + X%+ xy — y*4/ xy
We cannot simplify since there are no terms that are both like
terms and like radicals. Thus, our answer is

X2y —xy? + 32 xy - y?4/xy .

e) 3 r+ ?{/‘) 3\/‘ 3rs + 3&/‘) (distribute)
< xR K + U+ (fen et + o)
Ay - Ay + Arids?)
+<%><W)—(%)(%)+(%)(W)
313~ 3i%s + 3frs? + 3r2s — Yrs2 + 3%
=r- 3% + 3rs? + Y2 - Yrs? +s

=r+s
Notice #3e look like the sum of cubes: F° + L® = (F + L)(F* — FL + L?).

Concept #2 Expressions of the Form (%)”.

In section 11.1, we saw that 4/ a" was equal aif n was odd and | a | if n

was even. Similarly, if }/a is a real number, then

(q/g)n — (a1/n)n — an/n — a'] =3

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

Ex.4a (/11 Ex.4b  (4rz)
Ex. 4c (3 x+y )

Solution:

a) (|11 =11
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b) (Yrz) =1z
o) (Yx+y)’=
Concept #3 Special Case Products

Recall the special products:
1) (F+L) = F? + 2FL + L?

2) (F-L)y —F2—2FL+L2

3) (F-L)XF+L)= —L? {(F+L)and (F —L) are called conjugates}
4) (F+L)F°-FL+ |_2) Fo+ L

5) (F-L)F*+FL+L%)=F-L?

We can use these special products to simplify expressions involving
radicals if the expression fits one of these patterns:

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

Ex. 5a (x—?{/is&/‘32xy+w/y)
Ex.5b  (34/3x —24/5)

Ex.5¢ (54/x = ga/5W)(GAx + gy/5w)
Ex. 5d (x\/x +y4/y )

Solution:

a) (?{/‘ — ?{/E)( ?{/x7+ % + W) is a difference of
cubes (#5), where F = 3/x andL= 3 2y . Using our pattern,
weget: F-L%=(3/x)-(¥2y)

=X —2y.
b) (343x - 2\/€)2 is a perfect square trinomial (#2), where
F=343xand L =24/5. Using our pattern, we get:
=F?— 2FL + L% = (3/3x )2 = 2(3+/3x )(2+/5 ) + (2/5 )’
=9(+/3x = 2(34/3x )(24/5 ) + 4(+/5 )
= 9(3x) — 2(3+/3x )(2+/5 ) + 4(5)
= 27x — 124/156x + 20
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C) (%f— 4 5w )(3\/? + % 5w ) is a difference of squares
(#3) with F = %\/; and L = —w/ 5w ). Using our pattern, we

get: FP—L7=(24/x) —(4y/5w)

=%f>——?(¢57>2
_4

= 9X~ (5W)
=%x—%w

d) (x4x + y\/?) is a perfect square trinomial (#1), where
F=x4/x and L = y\/? Using our pattern, we get:

=F2+ 2FL + L2 = (x4/x ) + 201/ x )(yA[y ) + (y4]y )?
= XX )7 + 20x/ x ) yf)w((
= () + 20y X )(yAy ) + ()
= x>+ 2xy+/ xy +Y°
Note that we could have worked example #5 without using the special
products. We would proceed just like our calculations in example #3. For

instance, (x4/x +y~/y )2 = (x4/x +y/y )xy/x +y4y) (FOIL)
=X\R'X X +X Xey y+y\N'X X+y\/V'y\/V
=3 +xyalxy +xyaxy + vy
= X3(x) + xyy/xy +xya/xy +yA(y)
=X3+xy\/xiy+xy\/x7y+y3
=X+ 2xy/xy +V°

Concept #4 Multiply Radicals with Different Indices.

The multiplication and division property of radicals only works if the indices
are the same. If the indices are different, we will need to convert the
radicals into expressions with rational exponents and then use our
properties of exponents to simplify.
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Simplify the following:
Ex.6a  3/7e%/7 Ex.6b  3/4e3/9

Ex. 6¢ :—stzﬂ
A/ 3x%+2

Solution:

a) ?{/7. ék/‘ = 713g714 = 713+ 14 _ 27112 _ 12/77 _ 12 823543 .
b) 3[4 ¢3/9 =4"9" Neither bases nor the indices are the

same, so we will make the indices the same by getting a common
denominator:

413eQ1/5 = 451549315 = 451115993115 = (45993)1/15 = 15/45 093

6
V3x%+2 _ (3x%+2)V6 _ (332 + 2) 1618 = (32 4 Q)24 - 324
Y2 (3x%+2)"8

= (3x2+2)" = *43x242 .

c)



