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In the previous chapters, you encountered quantities with exponents that are integers (i.e., 0,
positive whole numbers, and negative whole numbers). This time, we are going to explore the
realm of quantities with exponents that are rational numbers. In particular, we'll study quantities
raised to the power of a fraction, also known as radical expressions.

What Is a Radical?

A radical is an expression or quantity that has the radical symbol or uses a root (V).

The first time you probably encountered radicals is when you first learned about the square root
of numbers. You know that the square root of a number is the number that when multiplied to
itself will produce the original number. For instance, V25 = 5 since 5 x 5 = 25.

However, radicals are not just square roots. We also have cube roots. The cube root of the
number is the number that when you multiplied to itself thrice (or three times) will produce the
original number. For instance, 27 = 3 since 3 x 3 x 3 = 27.

We can extend the concept of square roots and cube roots to the fourth root (¥), fifth root, sixth
root, and so on.

In general, the nth root of a number -/ is the number that when you multiplied to itself
n times will produce the original number.

Example: Evaluate the following roots:

1. 49

2. ¥125

3. V121
Solution:

e 49 is equal to 7 since 7 x 7 = 49;
e Y125is equal to 5 since 5 x 5 x 5 = 125; and
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e 121 is equal to 11 since 11 x 11 = 121.

What Is a Radical Expression?

If we are talking about the root of a quantity that involves variables, we are now dealing with
radical expressions. For example, Vx is a radical expression since we have a variable under a
radical sign.

Here are some examples of a radical expression:

Can you provide your own examples?

Parts of a Radical Expression.

A radical expression has three parts or components: the radical symbol, the radicand, and the
index or degree of the radical.

Let us take a look at ¥x
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The radical symbol or radical sign is the symbol that indicates we are taking the root of a
number. In this case, we are seeing the radical symbol with a 3 written on the left side. This
means that we are taking the cube root of the number inside the radical sign.

Radicand

On the other hand, the radicand is the quantity inside the radical sign. It is the one that you are
taking the root of. In ¥x, the radicand is x since it is the quantity inside the radical sign.

Lastly, we have the index or degree of the radical. This is the tiny number that you can see on
the upper left side of the radical sign. This number tells us how many times we should multiply
the resulting number to obtain the radicand. For instance, in ¥x, the index or degree is 3.

The index also tells us what root we are taking. In the case of ¥x, we are taking the cube root
since the index is 3. If the index is 4, it means we are taking the 4th root; if the index is 5, it
means we are taking the 5th root, and so on.

But what if the index is missing like in the case of \16?

If the index is missing, it means that the index is equal to 2. A missing index in the radical
implies the square root of a number. Thus, the index or degree of the radical of V16 is 2.

Example: Determine the radicand and index of the following radical expressions:

1) x + 8

2) VJa' - 2
3) +/ 10

a) Jy*
5) 243
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Solution:

1. The radicand is x + 8 while the index is 2 since the index is missing in the radical
symbol.

The radicand is a° - 2 while the index is 2.

The radicand is 10 while the index is 4.

The radicand is y while the index is 3.

The radicand is 3 while the index is 2. Take note that the 2 outside the radical sign is not
part of the radicand.

akrowbn

Radicals As Quantities With Fractional Exponents.
We can express radicals as quantities raised to fractional exponents.

Formally,

The equation above tells us that the index of the radical is actually the denominator of the
fractional exponent of the radicand. Meanwhile, the power of the radicand is the
numerator of the fractional exponent of the radicand.

Ix™ - xF

=
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For example, ¥y? means that 3 is the denominator of the fractional exponent of y while 2 is the
numerator of the fractional exponent of y. Thus, Jy? = y?3.

We can also state that if a number is raised to a fractional exponent, we can write it as a radical,
with the denominator as the index of the radical and the numerator as the exponent of the
radical.

For instance, j'2 means that 2 will be the index of the radical and 1 will be the exponent of the
radicand (the quantity inside the radical sign).

=
Flipiss

Since we don’t have to write 2 as an index, the answer is .
Example 1: Write \15 as an expression with fractional exponents.
Solution: The index of V15 is 2 and we have 1 as the power of the radicand. Therefore, our
fractional exponent is 2. Thus, V15 = 152,
Example 2: Write \7? as an expression with fractional exponents.
Solution: The index of \i/; is 5 and we have 3 as the power of the radicand. Therefore, our

fractional exponent is 3. Thus, {/3? =y

Example 3: Express /x + y as an expression with fractional exponents.
Solution: The index of xfx + y is 2 while the power of the radicand (which is x +y ) is 1.

Thus, our fractional exponent is %2. Hence, \/x + y = (x +y)*

Example 4: Write a®* as a radical expression.
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Solution: The denominator of the fractional exponent of a**is 4. This means that the index of
our radical is 4. Meanwhile, the numerator of the fractional exponent is 3. Hence, it will be the
power of our radicand. Therefore, a®*is equal to ¥a.

Example 5: Write (y - 1) as a radical expression.

Solution: The denominator of the fractional exponent is 3. This means that the index of our
radical is 3. Meanwhile, the numerator of the fractional exponent is 1. Hence 1 will be the power
of our radicand. Therefore, (y - 1)”*= Y(y - 1).

When writing a radical expression into an expression with a fractional exponent, take note that
we can simplify the fractional exponent into its lowest terms.

Suppose we want to write ¥b? as an expression with a fractional exponent. Using the technique
we have used above, {b%*= b?*

However, take note that we can reduce 24 into its lowest terms which is 2. Thus, b%* is also
equivalent to b"?*

Therefore, 4b? = b?* =p'?

Example 6: Express \q{ (a + b)e'as an expression with a fractional exponent.

Solution: Using the technique we have used previously, v (a + b)6 = (a + b)®°. Note that we
can simplify 6/9 as % . Therefore (a + b)®*®is equal to (a + b)*.

Therefore, \/(a + b)° = (a + b)*® = (a + b)*

Properties of Radicals.

In this section, we'll discuss the mathematical properties of radicals. These properties are
crucial in simplifying rational expressions and when performing fundamental operations with
them.

Property #1.
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If the index of the radical and the power of the radicand are equal, then the radical sign
will cancel out, leaving us with only the radicand.

For instance, ¥a®= a since the index of the radical and the power of the radicand are the same.

Example: What is the value of \Rf(g - x)s?

Solution: Since the index of the radical and the power of the radicand are both 8, then
we can cancel out the radical sign, leaving the 9 - x behind.

Therefore, \3/ 9 - x)8 =9-x

Property # 2.

The second property of radicals tells us that the root of the product of given numbers is
equal to the product of the roots of the given numbers.
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Consider V50. Notice that the numbers 10 and 5 will give a product of 50 when multiplied
together. Since the root of the product of two numbers is equal to the product of the roots of
these numbers, then we can express V50 as a product of V10 and V5.

Hence,

V50 = V10 X V5

The inverse of the second property is also true: the product of the roots of given numbers is
equal to the root of the product of the given numbers.

For instance, if you try to multiply ¥8 and V11, you will obtain \88.
V8 X V11 = V88

Property # 3.

=
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a _ Ja
b /b

Where {p =0

The third property tells us that the root of the ratio of two numbers is equal to the ratio of
the roots of two numbers.

For example, —\/g can be expressed as the ratio of the square roots of 8 and 9 or —2

Therefore, \/% = —g
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Simplifying Radical Expressions.

Just like any expression in mathematics, a given radical expression can also be written in its
simplified form. Let us discuss how to simplify radical expressions in this section.

Radical Expressions in Simplified Form.
How do we know if a given radical expression is in its simplest form?
A radical expression is in its simplified/simplest form if all of the following conditions are met:

all exponents of its radicand has no common factor with the index of the radical

all exponents of its radicand are less than the index of the radical

the radicand has no fractions involved

there is no radical in the denominator

In the case of square root or cube root of a number: the radicand has no factor that is a
perfect square number or a perfect cube number (we will discuss this later).

For example, Vx is a radical expression in simplified form because:

e The exponent of its radicand (which is 1) has no common factor with the index (which is
2).

The exponent of its radicand (which is 1) is less than the index (which is 2).

The radicand of \x has no fractions involved since the radicand is just x.

There is no radical in the denominator of Vx since the denominator of Vx is simply 1.
We are dealing with square root and x is not a perfect square quantity.

Here's another example:

x
It is already in simplified form because:
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e The exponent of its radicand (which is 3) has no common factor with the index (which is
5).

e The exponent of its radicand (which is 3) is less than the index (which is 5).

The radicand has no fractions involved.

e No radical in the denominator.

Example: Determine which of the following radical expressions is/are in simplified form:

1)
2 g’
3)%,;

4) “Jja— b

Solution:

1. The radical expression in item 1 is not in simplified form since the power of the radicand
(which is 5) is greater than the index of the radical (which is 2).

2. The radical expression in item 2 is not in simplified form since the radicand and the index
have a common factor. The common factor of 5 (exponent of the radicand) and 15
(index) is 5.

3. The radical expression in item 3 is also not in simplified form since there’s a radical in
the denominator.

4. The radical expression in item 4 is the only radical in simplified form. It satisfies the four
conditions of the simplified form of a radical expression.

How to Simplify Radical Expressions.

In this section, you are going to learn various techniques for simplifying radical expressions. We
will be applying the properties of radicals so make sure that you already have a good grasp of
them before proceeding.

Since most of the radicals that we will be simplifying involve square roots and cube roots, it is
important that you have an idea about perfect square numbers and perfect cube numbers.
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Perfect Square Numbers.

Perfect square numbers are numbers whose square root is a whole number. For instance, 36 is
a perfect square since V36 = 6. On the contrary, 21 is not a perfect square number since its
square root is not a whole number (you can try inputting ¥21 in the calculator to verify).

Here’s a list of perfect square numbers from 1 - 100 which we advise you to remember:

g
Filipiss

List of perfect square numbers from 1 - 100:

1,4,9, 16, 25

36, 49, 64, 81, 100

Perfect Cube Numbers.

Perfect cube numbers are numbers with a whole number cube root. For example, 8 is a perfect
cube since ¥8 = 2. On the other hand, 9 is not a perfect cube number since its cube root is not a
whole number (there's no whole number that when multiplied to itself thrice will give 9).

For your convenience, we have compiled the following list of perfect cube numbers from 1 - 100:

Filipi

List of perfect cube numbers from 1 - 100:

1, 8, 27, 64
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Using the concepts of perfect square and cube numbers and the properties of radicals, we can
now simplify some radical expressions.

Example 1: Simplify V50

Solution: V50 is not yet in its simplified form since 50 has a factor that is a perfect square
number.

Since we are dealing with square roots, we can think of a factor of 50 that is a perfect square
and express 50 as a product of that number and another number.

Take note that 25 is a perfect square number and 25 x 2 = 50. Therefore, we can express V50
as

\25 X 2

As per the second property of radicals (i.e., “the root of the product of given numbers is equal to
the product of the roots of the given numbers”), we can express the answer above as V25 x 2.

We know that V25 = 5. Therefore, V25 x V2 = 5 x V2 or 5V2.

That's it! We have simplified V50 into 5v2. Note that 5V2 has no perfect square factors
anymore.

Example 2: Simplify the following:
27 x3

Solution: The given radical is not in its simplest form since 27 still has a factor that is a perfect
square (which is 9) and the exponent of its radicand (which is 3 in x*) is greater than the index
(which is 2).

We know that 9 is a perfect square number and a factor of 27. Thus, we can express 27 as 9 -
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Meanwhile, we look for a factor of x° that has the same power as the index. Our index is 2 so we
look for a factor of x’that has 2 as an exponent. In other words, we must factor x* in a manner
that it has a factor with an exponent similar to the index (which is 2). x? is a factor of x° since x? -

x = x3.

This means that we can factor the given radicand as follows:

P
Filipiss

27x°
V9.3.x-X

Applying the second property of radicals, we can express the root of a product as a product of
the roots.

-
Filipiss

V93 x> X
v 43 X VX

Finally, we can apply property #1 which states that if the index and the exponent of the radical
have the same value, then we can eliminate the radical sign and leave the radicand alone.
Meanwhile, those radicals with radical signs that aren’t removed will be combined.

@ To get more Mathematics review
ey materials, visit To God be the glory!

, Llipii https://filipiknow.net/basic-math/



https://filipiknow.net/basic-math/

-~y Mathematics Radical Expressions

(Flllpli Reviewer

Tilipise

J9 43 - 4x* - 4X
3-J3 - x . Ix
3x«/5(

Therefore, the answer to our problem is 3xV3x.

Example 3: Simplify the radical expression below

3 5

16y

Solution: The given radical expression is not in simplified form since the number under the

cube root sign has a factor that is a perfect cube and the exponent of y° is greater than the
index.

To simplify this expression, we think of a factor of 16 that is a perfect cube and express 16 as a
product of that factor and another number. Note that 8 is a perfect cube number and 8 - 2 = 16.

Meanwhile, we can factor y° with a factor that has an exponent equal to the index (which is 3).
In particular, y° = y® - y?

Thus, we can express the given radical expression as follows:
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3/16y5

¥8-2.y*y?

Using property #2 of radicals, we can express the root of a product as the product of the roots:

P
Filipise

Y8-2-y*y?

V8 2 +3y* - iy’

Lastly, using property # 1, we can cancel the radical sign of those expressions with the same
index and power of the radicand to come up with the final answer.

&
Filipisse

2 -¥2 .y .3y
=2yy2y

Example 4: Simplify the radical expression below
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V1284’ b°

Solution: The given radical expression is not in simplified form since 128 has a factor that is a
perfect square (which is 64) and the exponents of the radicand are greater than the index of the
radical (which is 2).

Note that we can express 128 as 64 - 2.

On the other hand, we can express a’® as a product of two factors, one of which has an
exponent equal to the index (which is 2). In particular, a*- a.

Meanwhile, b°> can also be expressed as a product of three factors, two of which have an
exponent of 2. In particular, b® =b? - b? - b

Therefore, we can express the given radical expression as:

v128a® b

V64.2.aa-b-b'b

Flipise

Following the second property of radicals:

-
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J64-2-a*-a-b*-b*b

N RN SN < S I
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Lastly, as per the first property of radicals, we can remove the radical sign of those expressions
with exponents equal to the index of the radical.

-
Filipiss

8 +\fa-a-qfa: bbb
8ab’/2ab

Rationalizing the Denominator of a Radical Expression.
In the previous section, we discussed some techniques to simplify radical expressions.

However, we haven't explored those expressions that have a radical sign in the denominator
yet. In this section, we will discuss the process of rationalizing the denominator or removing the
radical from the denominator of an expression.

What Does “Rationalize the Denominator” Mean?

In simple words, rationalizing the denominator of a radical expression means removing the
radical from the denominator of an expression.

For instance, 1Ax can be simplified by rationalizing its denominator. This means we can write it
using its equivalent expression without a radical in the denominator. After performing this
process, the expression 1Ax will be Vx4(we will learn the steps later). Note that the resulting
expression has no radical in the denominator.

How To Simplify Radical Expressions by Rationalizing the Denominator.
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To simplify radical expressions by rationalizing the denominator, follow these steps:

1. Multiply the numerator and the denominator by a certain radical that will remove the radical in
the denominator.

Tip: If the radical in the denominator is a square roof, then you can multiply the numerator and
the denominator by a radical that will make the radicand a perfect square number. If the radical
in the denominator is a cube roof, then you can multiply the numerator and the denominator by
a radical that will make the radicand a perfect cube number.

2. Simplify the result, if possible.

Example 1: Simplify the following radical expression:

=

N~

Solution: The given expression has a radical in the denominator so we need to rationalize it.

1. Multiply the numerator and the denominator by a certain radical that will remove the
radical in the denominator.

Our goal is to remove the radical in the denominator of the given expression (which is V2). If we
multiply it by V2, we will obtain V4 (a perfect square number) resulting in the removal of the
radical sign.

Thus, we can multiply both the numerator and the denominator by v2:

Filipiss
Multiply both the numerator and the
denominator by .2
1-V2 2 2
V2 -2 a 2
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2. Simplify the result, if possible.

The result we have obtained which is V222 is already in simplified form. Therefore, the answer to
our problem is V222.

Example 2: Simplify the radical expression below by rationalizing its denominator.

3

|'_
A dx

Solution:

1. Multiply the numerator and the denominator by a certain radical that will remove the
radical in the denominator.

Our goal is to remove the radical in the denominator (which is V4x).
Note that we can simplify the denominator V4x into 2vVx. So, our focus now is to remove the
radical sign of Vx in 2Vx. If we multiply it by \x, we will obtain 2x? = 2x which enables us to

remove the radical sign.

Hence, we can multiply both the numerator and the denominator by x:

-
Filipise

3 .« Jx _ 3/x
Ax - x  jax

2. Simplify the result, if possible.

The resulting expression we have obtained is 3Vx2x. This expression is already in simplified
form so we can skip this step. Hence, the answer to the given problem is 3Vx2x.
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Example 3: Simplify the following radical expression:

5

\Jab

Solution: The denominator is Vab. Notice that we can remove the radical sign of Yab if we
make it Va?b? (having the same index and power of radicands removes the radical sign). Thus,
we can multiply Vab by Vab so the result will be Ya?b? or simply ab.

Hence, we should multiply both the numerator and the denominator of the given radical
expression by Vab:

-
Filipise

Jab

Example 4: Simplify the following radical expression:

2xy

x|y

Solution: The denominator of the given radical expression is x\y. We can remove the radical
sign of Wy by making the radicand y a perfect square quantity. This means that we need to
transform y into y?2.

This is possible by multiplying \y by \y. Since \Vy - Jy =\y?=y .

So, we multiply both the numerator and the denominator by “y:
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2xy «/}

<y 1y
2xy-y
xVY
2xy\/;r
Xy
= L’/} Cancel out

common factors
Xy

= 2y

Hence, the answer is 2.

How To Rationalize the Denominator Using the Conjugate.
Let's say the denominator of a given expression consists of two terms such as in

1
'\vI'E + \,n'"g

How do we rationalize this expression?

We simplify this kind of radical expression by multiplying both the numerator and the
denominator by the conjugate of the denominator.

What is a conjugate?

A conjugate is an expression with the same terms as a given expression but with the opposite
sign in the middle.

For instance, the conjugate of V2 + V5 is V2 - V5.
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Example: Determine the conjugate of the following:
a)1-+3

b) V7 + V3

Solution:

a)1++3

b) N7 -3

Multiplying Conjugates.

Before we proceed with the actual process of rationalizing the denominator using the conjugate,
let us review first how to multiply conjugates.

Do you still remember the difference of two squares? It states that if we multiply expressions
with two terms that are similar but have opposite signs (or the conjugates), we just square the
first term minus the square of the second term.

In other words,
(a+b)(a-b)=a?-b?
Thus, to multiply V2 + <5 by its conjugate, simply apply the difference of two squares:

-
Filipise

(V2 +8) (V2 - &)
(v2) - (v8)

2-5
=-3

Thus, the product of V2 + V5 and its conjugate, V2 - V5 is -3.
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How To Rationalize the Denominator Using the Conjugate: 2 Steps.

To rationalize the denominator using the conjugate, follow these steps:

1. Multiply the numerator and the denominator by the conjugate of the denominator.
2. Simplify the result, if possible.

Example 1: Simplify the following radical expression which we used as an example above:

1
'VE + \j"g

Solution:
1. Multiply the numerator and the denominator by the conjugate of the denominator.

The conjugate of V2 + V5 is V2 - V5.
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1 V2 -5

25 243
_ 2

(v2) - (v8)’
25

v2)" - (V8]
-

2-5

V7 -\

-3

The answer we have obtained is already in the simplest form so it is our final answer.

Example 2: Simplify the radical expression below by rationalizing the denominator using the
conjugate.

Solution:

Ja ++/b
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1. ) Multiply the numerator and the denominator by the
conjugate of the denominator.

The conjugate of Ja+.,/b is /a -./b :

X . Jva-./b _ x(va -vb)
Ja+./b Ja -./b (Va)'- (vb)*
_ X a - xvb

a-b

2. ) Simplify the result, if possible.

xJa - x/b
—  is already in simplified form
a-b
xJ/a - x+b
The answer IS ——————
a-b

Operations on Radicals.
In this section, we will study how to add, subtract, multiply, and divide radical expressions.

1. Addition and Subtraction of Radicals.

Like and Unlike Radicals.
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Before we review how to add and subtract radicals, you must first familiarize yourself with the
concept of like radicals and unlike radicals.

Two radicals are like radicals if they have the same index and radicand.

For example, \x and 5Vx are like radicals because they have the same index (which is 2) and
radicand (which is x).

Another example: 9\b and -3+b are also like radicals since they have the same index (which is
2) and radicand (which is b).

On the other hand, unlike radicals have different indices or radicands. For example, 2v5 and
5\y are unlike radicals because even though they have the same index (which is 2), their
radicands are different.

a and ¥a are also unlike radicals because even though they have the same radicand (which is
a), they have different indices.

How To Add and Subtract Radical Expressions.
Here are the steps to add and subtract radical expressions:

1. Simplify the given radical expressions. If the given radical expressions are already in
simplified form, skip this step.

2. Add or subtract the coefficients of the like radicals in the resulting expressions from step 1.
You cannot add or subtract unlike radicals.

Let us have some examples:
Example 1: Compute 3Va + 2\a - 4\a
Solution:

1. Simplify the given radical expressions. If the given radical expressions are already in
simplified form, skip this step.

All radical expressions in the given problem are in their simplest form, so we can skip this step.
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2. Add or subtract like radicals in the resulting expressions from step 1. You cannot add
or subtract unlike radicals.

Since all the radicals are like radicals, we can just add/subtract their coefficients and copy the
common radical:

3vVa + 2Va - 4\a

5va - 4Va

Va

Hence, the answer is Va
Example 2: Add V20 and \5
Solution:

1. Simplify the given radical expressions. If the given radical expressions are already in
simplified form, skip this step.

We can simplify ¥20 as 2v5. Thus, we have:
20 and \5
25 + 5

2. Add or subtract like radicals in the resulting expressions from step 1. You cannot add
or subtract unlike radicals.

Since 25 and V5 are like radicals, we can combine them:
2V5 + 5 =35
Therefore, the answer is 35

Example 3:
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3
6ab\2b +\/8a’b +-fa

Solution:

1. Simplify the given radical expressions. If the given radical expressions are already in
simplified form, skip this step.

If we simplify each expression in the given, we have the following result (kindly review how to
simplify radical expressions in the previous section):

=
Filipiss

6aby2b + J/8a’b’ + .Ja

Simplify | Simplify | Slmpllfyl

6abv2b + 2abv2b +

2. Add or subtract like radicals in the resulting expressions from step 1. You cannot add
or subtract unlike radicals.

Based on what we have derived, we can only add like radicals 6abv\2b and 2aby2b; we cannot
combine Va to them.

Thus,
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-
Filipise

we can combine this I

1 1
6abv2b + 2abV2b + a

(6ab + 2ab)./2p +./a
8ab~/_2-b+ «/5

The answer is 8abV2b + Va.

2. Multiplication of Radicals.
There are two sets of guidelines to follow when multiplying radicals.

The first one applies if the radicals have the same indices while the second one should be
followed when the given radicals have different indices.

a. Multiplying Radicals With the Same Indices.

If the given radicals have the same index, just multiply the coefficients and the radicands of the
radicals. Then, simplify the results, if possible.

Example 1: Multiply N2 by N4

Solution: Since both 2 and 4 have the same index (which is 2), then we can just multiply the
radicands (2 and 4) and the coefficients (both are 1).

V2 - N4 =8

V8 is the product we have obtained. However, it is not yet in its simplified form since it has a
factor that is a perfect square (which is 4). So we need to simplify it:

V8 = V4 - 2 =242
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Hence, the final answer is 212
Example 2: Determine the product of 3\x and -2\xy

Solution: Since the given radicals have the same index (which is 2), we can just multiply the
radicands and the coefficients.

’Filipig
3/ .« 2Vxy
(3+-2)yx * xy
-6V X’y
We can simplify the product further:
Tllpie

6Vx’y

lsimpl ify

-6x«/;

Thus, the final answer should be -6x\y

Example 3: Determine the product of the following:
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\3xy and 2%’z

Solution: Since the given radicals have the same indices, then we can just multiply the
radicands.

Filipine
V3xy - Vv2x’z
=+ (3xy)2x*z)

=+ 6x3y z
‘ Simplify

= x+6xyz

b. Multiplying Radicals With Different Indices.

In this case, the process of multiplying radicals is not that straightforward since you have to first
make the index of the radicals similar before multiplying them.

How To Make the Index of Two Radicals Similar.

1. Write the given radicals as expressions with fractional exponents. You will notice that the
fractional exponents are dissimilar fractions.

2. Make the fractional exponents similar using their LCD. Write the expressions using the
similar fractional exponents.

3. Rewrite the expressions with similar fractional exponents in radical form.

Example 1: Make the indices of \3 and 92 similar.
Solution:

1. Write the given radicals as expressions with fractional exponents. You will notice that
the fractional exponents are dissimilar fractions.
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Recall that to transform a radical to an expression with a fractional exponent, we write the index
as the denominator of the fractional exponent and the power of the radicand as the numerator
(kindly review this concept in our previous section above).

This means that V3 =3"2and ¥2 = 2'®

Notice that the fractional exponents (which are 2z and %5 ) are dissimilar.

2. Make the fractional exponents similar using their LCD. Write the expressions using
similar fractional exponents.

If we make %2 and Vs similar, we will obtain 3/6 and 2/6.
Hence, we have 3% and 2%¢

3. Rewrite the expressions with similar fractional exponents in radical form.
Filipine
3 3
3° = JB)

o = Y2

That's it! We've been able to convert the given radicals with different indices into equivalent
radicals with similar indices.

How To Multiply Radicals With Different Indices.

To multiply radicals with different indices, you have to first make the indices similar. Once you've
converted them into radicals with the same index, follow the steps on multiplying radicals with
similar indices.

Example 1: Multiply \x by Ix
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Solution:

The given radicals have different indices so we have to make them similar first. Let us start by
writing the given radicals into an expression with fractional exponents, then make the fractional
exponents similar.

Filipise

Write fractional exponents
as similar fractions

«/;-»x*»xi

¥x =» x' = x*

Converting the expressions with fractional exponents into radical form, we'll obtain:

x* = f(x)
x® = i (x)

Since the radicals now have the same index, we can just multiply the radicands:
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Filipink

=§/X3 - X

The answer can't be simplified further so it should be the final answer.

3. Division of Radicals.
Do you still remember the third property of radicals that we discussed above?

The property states that the root of the quotient of two quantities is equal to the quotient of the
roots of these quantities. In symbols:

Filipise

Where JI_) = 0

The reverse of this statement is also true. That is, the quotient of the roots of two quantities is
equal to the root of the quotient of these quantities.

This property will guide us in dividing radicals.
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Example 1: Divide \10 by <2

Solution: We can write the given problem as:

-
Filipiss

10

2

Invoking the third property of radicals allows us to write the problem as:

'ﬁf:',ui:;
We can now divide the radicands:
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m-p;‘,'.?;
Hence, the answer is V5
Example 2: Divide 18 by V5
Solution:
We can write the given problem as:
Fiipis

18

5

Note that it is not advisable to use the third property this time since 18 is not divisible by 5.
Instead, we can just simplify the expression by rationalizing the denominator.

To rationalize the denominator, we can multiply both the numerator and the denominator by V5
so that the denominator will be V25 which is a perfect square number.
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Rationalizing the denominator iyt
s s _ o
B
_ye0
" 5
Simplifying the result:
Filips

3410

Simplifya
5

o[2)

Radical Equations.

From the term itself, a radical equation refers to an equation that involves a radical sign. In this
section, we are going to solve for the value of an unknown variable in a radical equation.

To solve a radical equation, follow these steps:

1. Isolate the terms that are under the radical sign from the terms that are not under the
radical sign. This means that only one side of the equality must contain the terms under

the radical sign.
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2. Raise both sides of the equation by the power equivalent to the index of the radical to
remove the radical sign.
3. Solve the resulting linear/quadratic equation.

Example 1: Solve for the value of x in the equation \x + 3 =12

Solution:

1. Isolate the terms that are under the radical sign from the terms that are not under the
radical sign. This means that only one side of the equation must contain the terms under

the radical sign.

Looking at Vx + 3 = 12, we must isolate x from the other quantity on the left-hand side. This can
be achieved if we transpose 3 to the right-hand side of the equation.

x+3=12
Vx =-3+12
Vx =9

2. Raise both sides of the equation by the power equivalent to the index of the radical to
remove the radical sign.

The index of the radical in the equation is 2. Thus, we need to raise both sides of the equation
by 2 to remove the radical sign.

Vx =9

(Vx)? = (9)?

x =81

3. Solve the resulting linear/quadratic equation.

The resulting equation is just x = 87 which tells us that the solution of the equation is 81.

Thus, the answer to the radical equation is x = 81.
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Example 2: Solve for x in

\E + 19 = 10

Solution:

1. Isolate the terms that are under the radical sign from the terms that are not under the
radical sign. This means that only one side of the equation must contain the terms under
the radical sign.

The terms under the radical sign in the given problem is already isolated. So, we can skip this
step.

2. Raise both sides of the equation by the power equivalent to the index of the radical to
remove the radical sign.

The index of the radical is 2 so we need to raise both sides of the equation by 2 to remove the
radical sign.

(x' + 19)° = 10)°

x?+ 19 =100

3. Solve the resulting linear/quadratic equation.

The resulting equation is x* + 19 = 100. This equation is a quadratic equation.
Let us solve the equation:

x?+19 =100

x? =-19 + 100 transposition method

x? =81
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\x? = 81 extracting the square root of both sides

x=%9

This means that the solutions of the radical equations are 9 and -9.

Radicals are one of the most interesting quantities in mathematics but they are also quite hard

to calculate algebraically because of their peculiar properties. It is advised that you read this
reviewer over and over so you can grasp further the mathematical properties of radicals.
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