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WHAT'S COVERED

In this lesson, you will learn how to simplify a square root or a cube root to determine if the result is an
integer. Specifically, this lesson will cover:

1. Radicals and Exponents

To review, an exponent is repeated multiplication. For example, 43 means that we take the base number, 4,
and use it in a chain of multiplication 3 times, or 4-4-4 Notice that the exponent, 3, tells us how many times to
use the base as a factor in repeated multiplication. Radicals can be used to undo this exponent operation.

Let's look at square roots, since square roots are very common. A square root "unsquares" a number. For

2_ T 2_
example, because 9°=25 we say the square root of 25 is 5. The square root of 25 is written as 25 f5° =125,

then v 25 =5,

2. The Language of Radicals

How do we read expressions with radicals, and what do we call the different components in a radical
expression?

4
~ EXAMPLE v x+2

This is read as "the 4th root of (x + 2)".
There are a couple of things to call out in the expression above:

1. The radical sign, ﬂ/_, indicates that the expression is a radical expression involving a type of root.

2. The small number outside of the radical and to the left is called the index of the radical. Since the index is
4, this indicates a 4th root. If the index were 7, this would indicate a 7th root, and so on.

3. Lastly, the entire expression underneath the radical is referred to as theradicand. In the example above,
(x+2) is the radicand of the radical expression.

(® DID YOU KNOW

The radical sign, when first used, was an R with a line through the tail, similar to our prescription symbol
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today. The R came from the Latin "Radix" which can be translated as "source" or "foundation." It wasn't
until the 1500's that our current symbol was first used in Germany (but even then it was just a check mark
with no bar over the numbers).

@ TERM TO KNOW

Radicand

The expression underneath a radical sign.

3. Common Squares and Cubes

Recognizing perfect squares and perfect cubes will be extremely useful in evaluating and simplifying radical
expressions, particularly square roots and cube roots. Perfect squares are integers squared, or raised to the
power of 2. Here are some examples of perfect squares:

Perfect Squares

12=1 82 =64
27 =4 9% =81
3?=9 102 =100
42=16 112 =121
52=25 122 =144
62 =136 137 =169
72 =49 14% =196

Taking the square root of a perfect square results in an integer. Let's take the square root of some of the
perfect squares listed above:

= 2
64 = B pecause 64 is a perfect square (8 ).
' 2
81 = 9 pecause 81is a perfect square (9 ).

- 2
V4 =2 because 4 is a perfect square (2 ).

Not all square roots result in an integer. In fact, only the perfect squares do. For example, V5 is not an
integer, it is an irrational number with a never-ending decimal pattern. We can approximate V5 as 2.236.
This means that 2-2362.236 is about 5. If we wish to express the square root of 5 as an exact value,
rather than an approximation, we leave the radical as ,_/’5

Perfect cubes operate in a similar way, just with cube roots instead of square roots. Perfect cubes are integers
cubed, or raised to the power of 3. Here are some perfect cubes:

© 2023 SOPHIA Learning, LLC. SOPHIA is a registered trademark of SOPHIA Learning, LLC. Page 2



Perfect Cubes

13 =1 67 =216
2%=5 7¥=343
32 =27 g3=512
4°=p4 9%=729
53 =125 10% = 1000

Taking the cube root of a perfect cube results in an integer. Here are some examples:

I 3
64 = 4 pecause 64 is a perfect cube (4 )
KNy 3

343 = T pecause 343 is a perfect cube (7 )

= 3
V8 =2 because 8 is a perfect cube (32 )

BIG IDEA

Taking the square root of a number means that we are looking for a number that, when used as a factor

twice in a chain of multiplication, will give us the number underneath the radical.

With the cube root of a quantity, that is a number that is used as a factor three times in a chain of

3_ -
multiplication to arrive at the value underneath the radical. For example, 2"=8 pecause 2'2'2=8.50 we

e =
can say that VB = 2, because 2 is used three times in a chain of multiplication to get 8.

This general idea applies to other types of radicals as well. We can have 4th-roots, 5th-roots, 6th-roots,

and so on. Generally, we say the n-th root of a number is used in a chain of multiplication n times to arrive

at the value underneath the radical symbol.

SUMMARY

Radicals and exponents are inverse operations of each other. We can use thelanguage of radicals to
state the index of a radical is the number in superscript above the radical sign and the radicand is the
number underneath the radical sign. Radicals can be used for any n-th root and the n-th root of a
quantity is a number that is used as a factor "n" times in a chain of multiplication to arrive at the value
underneath the radical. A radical expression is just an algebraic expression with the radical sign. It
also helps to identify some common squares or cubes. Common squares include 4, 9, or 16, and
common cubes include 8, 27, or 64.

Source: ADAPTED FROM "BEGINNING AND INTERMEDIATE ALGEBRA" BY TYLER WALLACE, AN OPEN
SOURCE TEXTBOOK AVAILABLE AT www.wallace.ccfaculty.org/book/book.html. License: Creative
Commons Attribution 3.0 Unported License
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a TERMS TO KNOW

Radicand
The expression underneath a radical sign.
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