Math 1320: Long and Synthetic Division of Polynomials

Why is polynomial division important? In this course, we will find zeros of polynomial
functions. We have already learned how to find zeros for polynomials of degree 2 by factoring, but
how can we find the factors of a larger degree polynomial? We will need to be able to perform
polynomial division. We will look at two different types of polynomial division, synthetic and long
division. Both processes will achieve the same result, so you may choose which type of polynomial
division you like best.

Long Division of Polynomials
Consider the long division of whole numbers:
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Polynomial long division has a similar process, but we have variables, too.

Process of Long Division of Polynomials Example

Step 1 | Arrange the terms of both the dividend | pivide x° — 33° = 13x + 15 by x + 3
and the divisor in descending powers ol ’
any variable.

Divide the first term in the dividend by
Step 2 | the first term in the divisor. The result
is the first term of the quotient.

Multiply every term in the divisor by
Step 3 | the first term in the quotient. Write the
resulting product beneath the dividend
with like terms lined up.

Step 4 | Subtract the produet from the dividend.

Bring down the next term in the
Step 5 | original dividend and write it next to
the remainder to form a new dividend.

Use this new expression as the
dividend and repeal the process until
Step 6 | the remainder can no longer be divided.
This will occur when the degree of the
remainder (the highest exponent on a
variable in the remainder) is less than
the degree of the divisor.




* Note: Be sure to fill in any missing terms with zeros before performing long division
(e.g. v* — 1322 +36 — 2% 4 02® — 1322 4 0z + 36)

Synthetic Division of Polynomials
Before using synthetic division, we must first be sure that the divisor is of the form z — c.

Process of Synthetic Division of Polynomials Example:

Divide x° — 3x" — 13x + 15byx + 3.

Step 1 | Rewrite the divisor in the formx — ¢

Step 2 | Arrange the polynomial in descending powers, with
a () coefficient for any missing term,

Step 3 | Write ¢ for the divisor, x — c¢. To the right, write
the coefticients of the dividend.

Step 4 | Wrile the leading coefTicient of the dividend on the
bottom row.

Step 5 | Multiply ¢ times the value just written on the
bottom row, Write the product in the next column in
the second row.

Step 6 | Add the values in this new column, writing the sum
in the bottom row.

Step 7 | Repeat this series of multiplications and additions
until all columns are tilled in.

Step 8 | Use the numbers in the last row to write the
quotient, plus the remainder above the divisor. The
degree of the first term of the quotient is one less
than the degree of the first term of the dividend.
The final value in this row is the remainder.

Practice Problems
Divide using synthetic or long division. Try both methods at least once. State the quotient and
remainder.

1. (23— 222 — 52 4+ 6) + (v — 3) (22 4z — 2]
2. 74”373;:*3‘”71 [42? + x + 4+ 2]

3. (625 — 223 + 422 =3z +1) =+ (v — 2) [62? + 1223 + 2222 + 48z + 93 4 18T]



