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Division of Polynomials —

We divide polynomials using a method similar to long division, so let’s review that first.

@m In the long division process, you first find the largest multiple

35 ) . .
YW that you can for the first part of the dividend, subtract, bring

o1 down, and repeat this until you’re done. The solution to the
T 36 problem at the left might be written as 246 + 7 = 35% or as
-35 246 +7=35R 1.

1 Let’s look at how polynomials are divided in a similar way.
Example 1: Divide (X3 - 2x2+ 6x — 6) + (x — 3).

Solution: First, we set up the division problem. Both the dividend and divisor should
be written in decreasing powers of x (or whatever the variable for the question is). If
there are any powers skipped, as in “x®> = x + 4”, then you must insert a placeholder
term with a O coefficient where the gap is: “x® + 0x? — x + 4”. Our problem looks like this:

Just as in long division, we divide the first part of the
x-3)x®-2x2+6x -6 dividend by the divisor. Here, our strategy is to get rid of the
leading term (or first term) of the dividend on every step.
We divide the leading term of the dividend (here, x3) by the
leading term of the divisor (x). We write the result over the term of the dividend with the
same power. In our problem, we get x2, so our division looks like this:

We then multiply this new term by the entire divisor, and

2
X write the result under the first part of the dividend, just like in

x—3)x3—2x2+6x—6

long division:
X2 Then we subtract. The first term should always go away. If
Xx—-3)x3-2x2+6x -6 nhot, then something is wrong. Make sure to subtract the next
(-) X3 - 3x2 column correctly: =2x* — (-3x?) = x2, not —=5x2. This is a

common mistake! We start the next round of finding the
guotient by bringing down the next term from the dividend and doing it all over again. In
this example, the finished worked problem looks like this:
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X*+ X+9  Qurquotient is x2 + x + 9, and the remainder is 21. We can
X=3)x3-2x2+6x -6 write this answer as:

(-) x3 - 3x2
2 + 6x X2=2x+6x-6=(x—-3)(x*+x+9)+21, 0or
() X2 - 3x (x*-2x+6x-6)+(x—-3)=x>+x+9+ 2.
) gi ~ 2(73 We can check this by foiling out the quotient times the

51 divisor, plus the remainder, which should equal the dividend.

SYNTHETIC DIVISION

Mathematicians have created a faster system than long division for dividing a
polynomial by a binomial. This system is called synthetic division. We’ll do the same
problem again, but using synthetic division.

Example 2: Divide (x® — 2x% + 6x — 6) + (x — 3) using synthetic division.

Solution: We write a binomial divisor of (x — a) with “a” on the outside of an “L”
bracket and the coefficients of the dividend on the inside of the bracket, adding O for a
placeholder if needed, as with polynomial division. (If the divisor were (x + 3) instead,
we'd put -3 outside the L, since x + 3 = x — (- 3).) This problem would be set up like
this:

3112 6 -6 First, copy down the first coefficient below the line. Next multiply the
i ~~ number you just copied by the divisor on the left. Write it below the
second coefficient, like this:

We add the numbers in the second column and write the total below
the line. We repeat this process, multiplying each sum by the number from the
divisor and adding, until we run out of coefficients. When we are done, we have
this:

The numbers across the bottom are the coefficients of the quotient
3|1 -2 6 -6 (starting with a term one order below the highest order term of the
3 327 (dividend — in this case since the highest term is x3, the quotient starts
1 1 9121  with x?), plus the remainder. The coefficients for our question are “1 1

9” which means [1]x? + [1]x + 9, and the remainder is 21. This is the same answer we
got doing long polynomial division.

EXERCISES
A. Divide, using whichever method you like. Express your answers with a remainder
instead of a fraction:

1) (x2+7x+12) + (x + 3) 3) (2x* +5x3+5x2+ 10x+8) = (x+ 2)
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2) (x2-4x - 45)+ (x - 9) 4) (k2 + 4k +8) = (k + 3)

5) (2x5 + x4 = 15x3 = 2x2 + 10x — 24)  10) (x* + 4x2 — 45) + (x2 + 9)

+ (@ -x-4)
6) (m2-6m+ 1)+ (m - 4) 11) (2x2 = 5x + 3) + (2x = 1)
7) (@-9)+ (x+3) 12) (x2 + 2 = 5X) + (x - 3)
8) (x2-7+9x)+ (x—-3) 13) (5y? - By + 7) + (5y - 1)
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9) (@ +4)+(x+1) 14)(6n2+4n+3)+=(3n-1) 15  (3x*-

43 +1)+(Bx3-x2-x-1) 19) (x®* - 4x2+ X +6) + (X — 2)
16) (x® = 4x) + (x + 2) 20) (2% + X3 = 75) + (x = 5)
17) (@ + 1) = (t+ 1) 21) (3h® - 4h? + 2h + 4) = (h2 = 2h + 2)
18) (- 8) = (f - 2) 22) (3x6 - 7x5 — 53x3 - 26x2 - 43x — 34)
+(3x+2)
SOLUTIONS

A (D)x+4 2x+5 (3)23+x2+3x+4 (4 k+1,R5 (5)2x°+3x2—4x+6
6)m-2,R-7 (7I)x-3 (8)x+12,R29 (9 x-1,R5 (10)x*-5
(11)x-2,R1 (12)x-2,R-4 (13)y-1,R6 (14)2n+2,R5 (15)x -1
(16)x2-2x (17)t2-t+1 (18)f2+2f+4 (19)x2-2x-3 (20)x2+ 3x+ 15
(21)3h +2 (22) x> = 3x*+2x3 - 19x? + 4x - 17
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