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Information
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x is an nth root of b if xn = b.

● If n is odd, there is only one real root, and it is denoted b.

How many roots does xn = b have?
hint: recall the fundamental theorem of algebra.

● If n is even and x is positive, there are two real roots. 
One is positive and the other is negative: b and – b .

● If n is even and x is negative, there are no real roots.

nth root:

The fundamental theorem of algebra says that the equation has n real roots.

Not all of these roots are real:
n

n n

Roots and radicals
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Radical expression terminology
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Elements of radical expressions
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Finding real roots
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Products of expressions under 
radicals with the same index 
can be multiplied.

a
Similarly, quotients of 
expressions under radicals with 
the same index can be divided.

a ∙ b =   ab

b
= a/b ,  b ≠ 0 

Evaluate the expressions:
a) 5 ∙  5 b)   30 ÷ 5 

a)   5 ∙ 5 = 5 ∙ 5 =   25  = 5 b)   30 ÷ 5 = 30 ÷ 5 = 6

products of radicals:

quotients of radicals:

n n n

n
n

n

Combining radical expressions
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find the largest square number that divides into 50: 

rewrite the radicand:

A radical expression is in its simplest form when the quantity 
under the radical sign does not contain any integers or 
variables to the power n.

Simplify 50 by writing it in the form a b.

50  =    25 × 2

=    25 × 2

=  5   2

use the product rule:

take the square root of 25:

25  =  5

Simplifying radical expressions
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Simplifying radicals
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Radical expressions can only be added or subtracted if they 
have the same index and the same radicand.

a x + b x  =  (a + b) x

a x – b x  =  (a – b)   x

It helps to simplify radicals before adding or subtracting.
Put 45 + 80  into simplest form.
write each term in simplest form:

45 + 80  =  3 5 + 4 5

45  =  9 ∙ 5 =    9 ∙   5 =  3  5

80  = 16 ∙ 5 =   16 ∙   5 =  4  5

substitute simplified form:

addition property: =  7 5=  (3 + 4)   5

sums of radicals:

differences of radicals:

n n n

n n n

Adding and subtracting radicals
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Adding and subtracting radicals
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Typically, there should be no radical
in the denominator of a fraction.

Turning a radical in the denominator 
into a rational number is called 
rationalizing the denominator. 

5

multiply the numerator and denominator by   2 so 
that the value of the fraction remains the same:

How can you rewrite the fraction          so that there is no 
radical in the denominator? 2

a 2 = a:

5
2 2

5  2× 2 =
2 2

5  2
2

Rationalizing the denominator
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Rationalizing practice
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Conjugates are expressions that are the same except for the 
sign of the second term.

If a and b are rational numbers, show that the product of 
the conjugates (  a – b ) and (  a +   b ) is a rational number. 

For example, (  5 – 2) and (  5 + 2) are conjugates.

distribute:

=   a 2 – b 2

(  a – b)(  a +   b) =   a 2 +   ab – ab – b 2

simplify:

a2 = a: = a – b

radical conjugate property:
(  a – b )(  a +   b ) = a – b

Conjugates

This is the radical conjugate property and is the same as the 
difference of squares: (a + b)(a – b) = a2 – b2.
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Rationalizing using conjugates
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Simplify the fraction             by rationalizing 
the denominator. 

5 + 2

Conjugates can be used to rationalize the denominator using 
the difference of squares. 

5 – 2
1

× 5 + 2
(  5 )2 – 4=

=    5 + 2

Rationalizing the denominator

find the conjugate of the denominator:

multiply the numerator and 
denominator by the conjugate: 5 – 2

1 5 + 2
5 + 2

simplify:
5 + 2
5 – 4

5 + 2
(  5 )2 – 4

=
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Rationalizing the denominator
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