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RATIONALIZING DENOMINATORS (OR NUMERATORS)
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When you are asked to “rationalize a denominator”, you are being asked to remove all radicals from the denominator.  Before looking at examples, it will be helpful to review some basics about squares and cubes.
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An integer is a perfect square if it can be written as a product of two identical integers.
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4 is a perfect square because it can be written as (2)(2) or 22.     
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81 is a perfect square because it can be written as (9)(9) or 92. 

An integer is a perfect cube if it can be written as a product of three identical integers.
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8 is a perfect cube because it can be written as (2)(2)(2) or 23.   
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125 is a perfect cube because it can be written as (5)(5)(5) or 53.

This concept can be carried beyond just perfect squares and cubes.  See the table below for some commonly used constants that can be written as smaller integers raised to a power.  
Handy Reference Table for Some Commonly Used Constants

	X
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	X2
	1
	4
	9
	16
	25
	36
	49
	64
	81
	100
	121
	144
	169

	X3
	1
	8
	27
	64
	125
	216
	343
	512
	729
	1000
	
	
	

	X4
	1
	16
	81
	256
	625
	
	
	
	
	
	
	
	

	X5
	1
	32
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When dealing with a variable, the variable’s exponent is the key to when the variable can be treated as a perfect square or a perfect cube.  

If the exponent is divisible by two, the expression is a perfect square. 
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x2 is a perfect square and may be written as (x)(x).    
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y6 is a perfect square and may be written as (y3)(y3).
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z26 is a perfect square and may be written as (z13)(z13).
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If the exponent is divisible by three, the expression is a perfect cube. 

x3 is a perfect cube and may be written as (x)(x)(x).   [image: image62.wmf]y
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y6 is a perfect cube and may be written as (y2)(y2)(y2).
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z21 is a perfect cube and may be written as (z7)(z7)(z7).

Notice that y6 can be treated as a perfect square and a perfect cube since the exponent is divisible by both two and three.
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If the exponent is divisible by four, the expression can be written as the product of four identical expressions, and the fourth root can easily be taken.  x24 can be written as (x6)(x6)(x6)(x6).     
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If the exponent is divisible by five, the expression can be written as the product of five identical expressions, and the fifth root can easily be taken.  x10 can be written as (x2)(x2)(x2)(x2)(x2).     
This idea can be extended to roots of any size. 
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Conjugates are two binomials that have exactly the same two terms in them except that the second term is positive in one binomial and negative in the other binomial.

Examples of conjugates:
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	2x + 5 and 2x – 5
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When you multiply two conjugates together, the end result is the difference of the squares of the two original terms.
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Examples:
[image: image79.wmf]x

x

2

=




[image: image80.wmf]x

x

3

3

=


[image: image81.wmf]5

125

3

=

[image: image82.wmf]3

6

y

y

=


[image: image83.wmf]13

26

z

z

=


Example 1:  Rationalize the denominator and simplify.

What strategy should be used?
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· Rewrite the expression so that the numerator and denominator are under 

separate square root symbols.

· The denominator contains a monomial expression that is the product of two factors—3 and y.  Consider each of these factors independently.  
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· In order to change 3 into a perfect square, what number must you multiply by?  You can multiply by another 3 since (3)(3) = 9, and 9 is a perfect square.

· In order to change y into a perfect square, what must you multiply by?  You can multiply by another y since (y)(y) = y2, and y2 is a perfect square.
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· Combine the needed 3 and y into one term under a square root symbol.
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Multiply both the numerator and the denominator by 
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in order to make the denominator a perfect square.

· Take the square root of the denominator.  If possible, take the square root of the numerator and simplify.
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Example 2:  Rationalize the denominator. Simplify if possible.   
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What strategy should be used?

· Rewrite the expression so that the numerator and denominator are under 


separate cube root symbols.

· In order to change 5 into a perfect cube, what number must you multiply by?  You can multiply by 25 since (5)(25) = 125, and 125 is a perfect cube.

· In order to change x2 into a perfect cube, what must you multiply by?  You can multiply by x since 
(x2)(x) = x3, and x3 is a perfect cube.

· In order to change y into a perfect cube, what must you multiply by?  You can multiply by y2 since
(y)(y2) = y3, and y3 is a perfect cube.
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You will need to multiply both the numerator and the denominator by in order to make the denominator a perfect cube.

· Take the cube root of the denominator.  If possible, take the cube root of the numerator and simplify. 
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Example 3:  Rationalize the denominator and simplify. 
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What strategy should be used?

· The way to remove the square root symbol from this denominator 

is to multiply both the numerator and the denominator by the conjugate 

of the denominator, 
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Example 4:  Rationalize the denominator and simplify 
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What strategy should be used?

· Just as in the previous example, the way to remove the square root

symbols from this denominator is to multiply both the numerator and the 

denominator by the conjugate of the denominator, 
[image: image9.wmf]5
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combine like terms and reduce if possible.



Rationalizing a numerator is basically the same as rationalizing a denominator except that you are trying to remove the radicals from the numerator instead of the denominator. 

Example 5:  Rationalize the numerator. Simplify if possible.   
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What strategy should be used?

· In order to change 2 into a perfect cube, what number must you multiply by?  You can multiply by 4 since (2)(4) = 8, and 8 is a perfect cube.

· In order to change a5  into a perfect cube, what must you multiply by?  You can multiply by a since 
(a5)(a) = a6, and a6 is a perfect cube.  Remember that a6 is a perfect cube because the exponent is divisible by 3.
· In order to change b into a perfect cube, what must you multiply by?  You can multiply by b2 since 
(b)(b2) = b3, and b3 is a perfect cube.
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· You will need to multiply both the numerator and the denominator by 
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 in order to make the numerator into a perfect cube.  Then take the cube root of the numerator .  If possible, take the cube root of the denominator and simplify.


Example 6:  Rationalize the numerator. Simplify if possible.  
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What strategy should be used?

· The way to remove the square root symbol from this numerator    

is to multiply both the numerator and the denominator by the conjugate 

of the numerator, 
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.  Then combine like terms and reduce if possible.



Practice problems:

Rationalize the denominators and simplify for problems 1-12.
	1. 
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Rationalize the numerators for problems 13-16.
	13. 
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Answers to practice problems:

	1. 
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       What makes a constant a perfect square or a perfect cube?


How does that affect square roots or cube roots?
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       What makes a variable a perfect square or a perfect cube?
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Rationalizing denominators when the denominators are monomial expressions under radical signs
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   	    Answer in simplified form
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       Answer in simplified form





Rationalizing denominators when the denominators are binomial expressions in which one term or both terms are under a square root symbol





	What is a conjugate?
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Notice that the two middle terms cancel out leaving you with only the difference of the squares of the original terms 





� EMBED Equation.3  ���





Answer





� EMBED Equation.3  ���





Rationalizing Numerators





Answer





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





		


Answer





� EMBED Equation.3  ���








Answer





Clues for 


MAT 102


Series

















_1142321484.unknown

_1142660279.unknown

_1142669904.unknown

_1142783323.unknown

_1142835423.unknown

_1142835515.unknown

_1142831852.unknown

_1142834160.unknown

_1142670543.unknown

_1142670623.unknown

_1142671344.unknown

_1142670118.unknown

_1142662177.unknown

_1142663471.unknown

_1142664181.unknown

_1142664397.unknown

_1142664641.unknown

_1142669830.unknown

_1142669859.unknown

_1142664925.unknown

_1142664521.unknown

_1142664287.unknown

_1142663785.unknown

_1142663893.unknown

_1142663566.unknown

_1142663342.unknown

_1142663399.unknown

_1142663273.unknown

_1142661334.unknown

_1142661578.unknown

_1142661594.unknown

_1142661537.unknown

_1142661364.unknown

_1142660682.unknown

_1142661135.unknown

_1142661184.unknown

_1142660437.unknown

_1142660598.unknown

_1142660370.unknown

_1142658283.unknown

_1142659856.unknown

_1142660134.unknown

_1142658880.unknown

_1142659459.unknown

_1142324810.unknown

_1142341648.unknown

_1142401133.unknown

_1142425918.unknown

_1142341565.unknown

_1142324266.unknown

_1142324641.unknown

_1142323239.unknown

_1142177848.unknown

_1142178974.unknown

_1142181094.unknown

_1142181954.unknown

_1142257992.unknown

_1142258007.unknown

_1142256636.unknown

_1142181250.unknown

_1142180073.unknown

_1142178251.unknown

_1142178408.unknown

_1142177876.unknown

_1142177634.unknown

_1142177714.unknown

_1142177825.unknown

_1142177688.unknown

_1142177529.unknown

_1142177560.unknown

_1142177349.unknown

