Warning: Always remember that, in cases like 2x2 + 162, all you can do is factor out the 2; the sum of squares doesn't factor! 2x2 + 162 = 2(x2 + 81). (Your book may call x2 + 81 "prime", "unfactorable", or "irreducible". These terms all mean the same thing.)

There is one special case. Take a look at x2 – 64. Is this expression a difference of squares, being ( (x1)2 – 82 ).
x2 – 64       
You are taking the square root of X2  and the square root of 64.  These roots are x and 8 respectively.  Since the last term is the result of multiplying two terms and is negative it must be a positive and a negative number that were multiplied together resulting in the negative answer for the last term.

(x – 8)(x + 8)

Since the hardest part of factoring usually comes in figuring out how to proceed with a given problem, below are some factoring examples, with an explanation of which way you need to go with it to arrive at the answer.
· Factor x2 + 11x + 18
This polynomial has three terms, and the third term, 18, isn't a square of anything, so this isn't going to be a perfect-square trinomial. So I'll first try to factor the "usual" way.
For this quadratic, I'll need to find factors of 18 that add up to 11, and then fill in the parentheses. The factors will be 9 and 2 so, filling in my parentheses, I get:
x2 + 11x + 18
= (x + 2)(x + 9)

· Factor 16x2 – 49
This quadratic has two terms, and nothing factors out of both terms, so I need to be thinking "difference of squares, or sum or difference of cubes", because these are the only patterns I have for two-term quadratics.
Since there are no cubes (and especially since the variable xis squared), I should look for a difference of squares. Sixteen is a square, and so is 49, so I'll apply the difference of squares formula to (4x)2 – 72:
16x2 – 49
= (4x)2 – 72
= (4x – 7)(4x + 7)

· Factor 3x3 – 12x
First, I'll see if anything factors out of both of these two terms. It turns out that I can factor out a 3x, giving me:
3x3 – 12x = 3x(x2 – 4)
This leaves me with two terms inside the parentheses, where the two terms have a subtraction in the middle, and the x is squared and the second term, the "4", can be expressed as a square; namely, 22:
x2 – 4 = x2 – 22
I can then apply the difference-of-squares formula to x2 – 22, to get:
x2 – 22 = (x – 2)(x + 2)
I need to be careful, after factoring the difference of sqaures, that I don't forget the factor of "3x" that I took out first, when I write my final answer.
3x(x – 2)(x + 2)

· Factor x2 + 6x + 9
This is a quadratic with three terms. I'll factor it in the "usual" way: 
x2 + 6x + 9
= (x + 3)(x + 3)
= (x + 3)2
You might also have noticed that this is a perfect square trinomial, from the fact that x2 is the square of x, 9 is the square of 3, and 2(x)(3) = 6x, which matches the middle term of the original quadratic. Notice that, had you noticed this right away, you might have shaved a few seconds off your time. Occasionally, this can prove helpful.

· Factor 27x3 – 8
This has two terms, and there's nothing common to both terms, so I can't factor anything out.
However, this binomial is a difference. It's not a difference of squares, though; it's a difference of cubes. Twenty-seven is the cube of 3, and so is 8 is the cube of 2. Therefor, I can apply the difference-of-cubes formula to (3x)3 – 23.
27x3 – 8 = (3x)3 – 23
= (3x – 2) ((3x)2 + (3x)(2) + (2)2)
= (3x – 2)(9x2 + 6x + 4)

· Factor x4 + 8x2 + 16 – y2.
Um... what?
This fits absolutely no patterns I've seen. What on earth am I supposed to do with this?
Well, for a start, I can notice that the first three terms are a quadratic in just one variable; namely, x. Also, I can notice that this quadratic is a perfect-square trinomial:
x4 + 8x2 + 16
= (x2)2 + 2(x2)(4) + (4)2
= (x2 + 4)2
In other words, they've given me a disguised difference of squares:
x4 + 8x2 + 16 – y2
= (x2 + 4)2 – y2
So I can apply the difference-of-squares formula to get:
(x2 + 4)2 – y2
[(x2 + 4) – y] [(x2 + 4) + y]
To successfully complete these problems, just take your time, and don't be afraid to try stuff, and to rely on your own instincts and common sense.
The other two special factoring formulas you'll need to memorize are very similar to one another; they're the formulas for factoring the sums and the differences of cubes. Here are the two formulas:
Factoring a Sum of Cubes:
a3 + b3 = (a + b)(a2 – ab + b2)
Factoring a Difference of Cubes:
a3 – b3 = (a – b)(a2 + ab + b2)
You'll learn in more advanced classes how they came up with these formulas. For now, just memorize them.
To help with the memorization, first notice that the terms in each of the two factorization formulas are exactly the same. Then notice that each formula has only one "minus" sign. The distinction between the two formulas is in the location of that one "minus" sign:
For the difference of cubes, the "minus" sign goes in the linear factor, a – b; for the sum of cubes, the "minus" sign goes in the quadratic factor, a2 – ab + b2.
Some people use the mnemonic "SOAP" to help keep track of the signs; the letters stand for the linear factor having the "same" sign as the sign in the middle of the original expression, then the quadratic factor starting with the "opposite" sign from what was in the original expression, and finally the second sign inside the quadratic factor is "always positive".
a3 ± b3 = (a [Same sign] b)(a2 [Opposite sign] ab [AlwaysPositive] b2)
Whatever method best helps you keep these formulas straight, use it, because you should not assume that you'll be given these formulas on the test. You should expect to need to know them.
Note: The quadratic portion of each cube formula does not factor, so don't waste time attempting to factor it. Yes, a2 – 2ab + b2 and a2+ 2ab + b2 factor, but that's because of the 2's on their middle terms. These sum- and difference-of-cubes formulas' quadratic terms do not have that "2", and thus cannot factor.
There is one "special" factoring type that can actually be done using the usual methods for factoring, but, for whatever reason, many texts and instructors make a big deal of treating this case separately. "Perfect square trinomials" are quadratics which are the results of squaring binomials. (Remember that "trinomial" means "three-term polynomial".) For instance:
(x + 3)2
= (x + 3)(x + 3)
= x2 + 6x + 9
...so x2 + 6x + 9 is a perfect square trinomial.
 
Recognizing the pattern to perfect squares isn't a make-or-break issue — these are quadratics that you can factor in the usual way — but noticing the pattern can be a time-saver occasionally, which can be helpful on timed tests.
[bookmark: _GoBack]The trick to seeing this pattern is really quite simple: If the first and third terms are squares, figure out what they're squares of. Multiply those things, multiply that product by 2, and then compare your result with the original quadratic's middle term. If you've got a match (ignoring the sign), then you've got a perfect-square trinomial. And the original binomial that they'd squared was the sum (or difference) of the square roots of the first and third terms, together with the sign that was on the middle term of the trinomial.

Perfect-square trinomials are of the form:
a2x2 ± 2axb + b2
...and are expressed in squared-binomial form as:
(ax ± b)2
How does this look, in practice?
· Is x2 + 10x + 25 a perfect square trinomial? If so, write the trinomial as the square of a binomial.
Well, the first term, x2, is the square of x. The third term, 25, is the square of 5. Multiplying these two, I get 5x.
Multiplying this expression by 2, I get 10x. This is what I'm needing to match, in order for the quadratic to fit the pattern of a perfect-square trinomial. Looking at the original quadratic they gave me, I see that the middle term is 10x, which is what I needed. So this is indeed a perfect-square trinomial:
(x)2 + 2(x)(5) + (5)2
But what was the original binomial that they'd squared?
I know that the first term in the original binomial will be the first square root I found, which was x. The second term will be the second square root I found, which was 5. Looking back at the original quadratic, I see that the sign on the middle term was a "plus". This means that I'll have a "plus" sign between the x and the 5. Then this quadratic is:
a perfect square, with
x2 + 10x + 25 = (x + 5)2

· Write 16x2 – 48x + 36 as a squared binomial.
The first term, 16x2, is the square of 4x, and the last term, 36, is the square of 6.
(4x)2 – 48x + 62
Actually, since the middle term has a "minus" sign, the 36 will need to be the square of –6 if the pattern is going to work. Just to be sure, I'll make sure that the middle term matches the pattern:
(4x)(–6)(2) = –48x
It's a match to the original quadratic they gave me, so that quadratic fits the pattern of being a perfect square:
(4x)2 + (2)(4x)(–6) + (–6)2
I'll plug the 4x and the –6 into the pattern to get the original squared-binomial form:
16x2 – 48x + 36 = (4x – 6)2

· Is 4x2 – 25x + 36 a perfect square trinomial?
The first term, 4x2, is the square of 2x, and the last term, 36, is the square of 6 (or, in this case, –6, if this is a perfect square).
According to the pattern for perfect-square trinomials, the middle term must be:
(2x)(–6)(2) = –24x
However, looking back at the original quadratic, it had a middle term of –25x, and this does not match what the pattern requires. So:
this is not a perfect square trinomial.

· Factor x4 – 2x2 + 1 fully.
If I use the regular methods for factoring quadratic-type polynomials, I can factor this just fine. But what if this is in the homework for the section in my textbook on perfect-square binomials? Naturally, I'm going to be thinking that the author is expecting me to notice a perfect square. So:
The first term is x4, whose square root is x2. The third term is 1, whose square root is just 1. Does the middle term, 2x2, fit the pattern for perfect-square binomials? I'll check:
2(x2)(1) = 2x2
It's a match to the original polynomial, so this is a perfect-square trinomial. With the "minus" on the middle term of what they gave me, the original squared-binomial form looks like:
(x2 – 1)2
Hmm... The instructions say to "factor fully". That's often a clue that there may be some more factoring that I could, after the usual bit is completed. Can I factor any more here?
Yes, I can. Looking inside the parentheses, I notice that I have a difference of squares, which I can factor:
x2 – 1 = (x – 1)(x + 1)
Putting the square on everything, I end up with a fully-factoring answer of:
x4 – 2x2 + 1 = (x2 – 1)2
= ((x – 1)(x + 1))2
= (x – 1)2(x + 1)2
That's really all there is to perfect squares.

You can use the Mathway widget below to practice checking if a trinomial is a perfect square. Try the entered exercise, or type in your own exercise. Then click the button to compare your answer to Mathway's. (Or skip the widget and continue with the lesson.)


