Math 1300 Section 4.2 Notes
Special Polynomials

Patterns

Certain polynomials can be factored by finding tigga. This section deals with four special
patterns for factoring polynomials: differencesqglares, difference of cubes, sum of cubes, and
perfect squares

Difference of Squares

The difference of squargmttern can be identified by looking at the polymal. It must be a
binomial, the first term must be a variable to $keond power (a.k.a. squared) and a constant
term must be subtracted from it. There is no-firster variable term in a difference-of-squares
polynomial.

Theformulais. a®> —b® =(a-b)(a+b)

Example: Factox’ — 25.

This binomial has its first term i§, a second-order monomial. The only other ter@bis
just a constant. This meaxfs— 25 can be factored using the difference of spipattern, so
X — 25 = §)° - (5f = (x—5)x + 5).

To check, we can multiply the factored form bamyether using the FOIL method:

(X—5) + 5) =X + Bx— 5 — 25 =x* — 25.

Example: Factor§ — 25.

This binomial’s highest order monomialds’; the other monomial is the constant 25, so we
can factor % — 25 using the difference of squares method:
9%° — 25 = (X)% - (5F = (3x— 5)(3 + 5).

Note: There isno sum of squares factorization; that is, we carttdea® + b’.

Example 1: Factor x2 -100.

Example 2: Factor y2 -81

Example 3: Factor 16y2 -9
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Difference of Cubes

To find the pattern for the difference of cubtee polynomial to factor must be a binomial, the
first term must be a variable to the third powek.@ cubed) and a constant term must be
subtracted from it. There cannot be any firstsezond-order variable terms in a difference-of-
cubes polynomial.

Theformulais  a’—b®=(a—-b)(a®+ab+b?)

Example: Factor the binomiak® — 1.
This binomial has®, a third-degree term, as its highest-powered maslcand only a
constant, 1, is subtracted from it. We can fabtousing the difference of cubes formula:

X =1= 67~ (1 = (x= 1) + ((1) + (1F) = k= 1) +x + 1)
Check: k= 1)6¢ +x+1)=x X +xx+x1-1x¥-Ix-11=x-1

Example: Factor the polynomiai — 64.

The highest degree in this binomial is 3, on tBeédsm. The only other monomial in the
binomial is 64, so the difference of cubes formssful for factoring:

b®— 64 =0)°— (47 = (b—4)0" + 4b + 16)

Check: b—4)©° + 4b + 16) =b® + 40° + 160 — 16 — 64 =b° — 64.

Example 4: Factor a®-8.

Example5: Factor 27x3 -1.

Sum of Cubes
A sum of cubepolynomial is similar to the difference of cubegymomial, except that the
constant term is added to the third-order monomgtkad of subtracted.

Theformulais a°®+b®=(a+b)(a®-ab+b?).

Example: Factor the binomiaf + 125.
This binomial is a cubic monomiat¥ plus a constant (125) so we can use the formula:
a*+125=@0)°%+ (5F = (a+ 5)@ - 5 + 25).
Check: &+ 5)@°—5a+25)=a’—5°+ 25 + 5a° — 2%’ + 125 =a° + 125.

Example: Factox® + 274",
This binomial is a cubic monomial plus anothericubonomial, so we can use the formula:
X+ 28 = (0% + (3)° = (x+ )¢ — Xy + ).
Check: K+ 3y)(x° — 3y + 9y) =X° — Ky + Ky + Ay — Ky + 287 =x" + 27",
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Example 6: Factor x>+ 8

Example 7: Factor 8x° +1.

Perfect Square Trinomials
There are two patterns for the perfect squarentiab

X2 +2xy +y? = (x+y)? and X° = 2xy + y* = (X - y)*.

This trinomial has three terms: two of the teromsu@lly the first and last) are monomials that
we can easily take the square root of, and a third is twice the roots of the other two terms
multiplied together. Note that only the sign o thiddle term can be positive or negative, and it
matches the sign in the middle of the factored fo/t of the other coefficients must be

positive.

Example: Factox’ — 4x + 4

This is an example of a perfect square trinomia easy to take the square root of the first and
last terms ¥ and 4), and the middle term is twice the rootthefend terms. We can use the
formula. Since the middle term is negative, wd subtract the two terms in the formula:

X2 = ax+4= (X —4)? = (x-2)2.
Check: k—2F = (x— 2) — 2) =x* — 4x — 4 + 4.

Example: Factor the trinomial £5+ 80 + 64

25x% +80X + 64 = (v 25x ++/64)% = (5x +8)>.

Check: (% + 8)(5¢ + 8) = 25¢ + 40« + 40X + 64 = 25° + 80« + 64.
Example 8: Factor x?+6x+9.
Example9: Factor x? —10x+ 25.

Example 10: Factor x2 —18x+91.
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Examples:

1. Factor

2. Factor

3. Factor

4. Factor

5. Factor

6. Factor

7. Factor

8. Factor

9. Factor

4 — 25,

84° — 160°%

b® — &°.

64° + 27.

a-2me.

125y° - 64x°

128 + 1

5p3 _5q3

10. Factor x>+ X+ 1

11. Factor

# + 36+ 81

12. Factor x? +64.

13. Factor x* - y4.
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