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Polynomial Division (Long Division)
Name: Date: Score: / 28

Quick Review

Polynomial long division mirrors the long-division algorithm you learned for numbers. The structure: divide, multiply, subtract, bring down,

repeat until the leftover has lower degree than the divisor.

Step-by-step for (x3 − 2x2 − 5x+ 6)÷ (x− 1):

1. Divide leading terms: x3 ÷ x = x2. Write x2 in the quotient.

2. Multiply x2(x− 1) = x3 − x2. Subtract from the dividend: (x3 − 2x2)− (x3 − x2) = −x2. Bring down −5x to get −x2 − 5x.

3. Divide: −x2 ÷ x = −x. Multiply: −x(x− 1) = −x2 + x. Subtract: (−x2 − 5x)− (−x2 + x) = −6x. Bring down +6 to get −6x+ 6.

4. Divide: −6x÷ x = −6. Multiply: −6(x− 1) = −6x+ 6. Subtract: 0.

Quotient: x2 − x− 6. Remainder: 0.

Division algorithm: dividend = (divisor)(quotient) + remainder, where the remainder is 0 or has degree strictly less than the divisor’s. For a

linear divisor, the remainder is a constant. For a quadratic divisor, the remainder has degree ≤ 1.

Use placeholder zeros for any missing degrees in the dividend, otherwise the columns slip out of alignment. Quick check: x3 − 8 should be

written x3 + 0x2 + 0x− 8 for the division.

Sanity check: multiply (divisor)(quotient) and add the remainder. If you get the original dividend back, the division is correct.

PRACTICE

Divide using polynomial long division. State the quotient and remainder.

1.
x2 + 5x+ 6

x+ 2

2. Divide
x2 + 4x+ 7

x+ 1
. The table of f(x) = x2 + 4x+ 7 lets you read off the remainder by the Remainder

Theorem; find the quotient by division.

x −3 −2 0 1
f(x) 4 3 7 12

3.
x3

− 2x2
− 5x+ 6

x− 1

4.
2x2 + 7x+ 5

2x+ 1

5.
x3

− 8

x− 2

6.
x4

− 3x2 + 2x+ 5

x2
− 1

7.
2x3 + 3x2

− 5x− 6

x+ 2

8. Divide
3x3

− 10x+ 8

x− 2
. Use the table of f(x) = 3x3

− 10x+ 8 to read the remainder; find the quotient by

division.

x −1 0 1 3
f(x) 15 8 1 59

9.
x2

− 9

x− 3
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10.
x3 + x2

− 4x− 4

x+ 1

11.
x3

− 1

x− 1

12. Divide
x2 + 5x+ 9

x+ 2
. Use the table of f(x) = x2 + 5x+ 9 to read the remainder; find the quotient by

division.

x −3 −1 0 1
f(x) 3 5 9 15

13.
4x2

− 8x+ 3

2x− 1

14. If x3 + 2x2
− 5x+ 1 = (x− 2)(x2 + 4x+ 3) + 7, what is the remainder?

15.
x4

− 1

x+ 1

16.
6x2 + 11x− 7

2x− 1

17.
x3 + 2x− 3

x− 1

18. Closure check: divide 2x2
− 3x+ 1 by x− 2. State quotient and remainder.

19.
x4 + x3

− 7x2
− x+ 6

x2
− 1

20. Multiply your way back: if quotient is x+ 5 and divisor is x− 3 with remainder 2, what was the dividend?

♦ Word Problems

21. A rectangular box has volume V (x) = x3 + 5x2 + 6x cubic inches and height (x+ 2) inches. Use

polynomial division to find a polynomial for the base area.

22. A polynomial D(x) = 2x3 + x2
− 13x+ 6 is divided by (x− 2). Find the quotient and remainder, and use

them to write D(x) in the form (divisor)(quotient) + remainder.

23. Use long division to find the quotient and remainder when f(x) = x4
− 2x3 + x2 + x− 1 is divided by

g(x) = x2
− 1.

24. A polynomial expression for a fuel-flow model is f(x) = 3x3
− 10x+ 8. Divide by (x− 2) and write the

result using the division algorithm form.

Additional Practice

25. Write 3x− 5 + x3 in standard form.

26. Find the degree of 7x4
− 2x2 + 9.

27. Add (2x2 + 3x− 1) + (x2
− 5x+ 4).

28. Subtract (5x2
− x+ 6)− (2x2 + 3x− 1).
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Answer Keys

1. quotient x+ 3, remainder 0

2. quotient x+ 3, remainder 4

3. quotient x2 − x− 6, remainder 0

4. quotient x+ 3, remainder 2

5. quotient x2 + 2x+ 4, remainder 0

6. quotient x2 − 2, remainder 2x+ 3

7. quotient 2x2 − x− 3, remainder 0

8. quotient 3x2 + 6x+ 2, remainder 12

9. quotient x+ 3, remainder 0

10. quotient x2 − 4, remainder 0

11. quotient x2 + x+ 1, remainder 0

12. quotient x+ 3, remainder 3

13. quotient 2x− 3, remainder 0

14. 7

15. quotient x3 − x2 + x− 1, remainder 0

16. quotient 3x+ 7, remainder 0

17. quotient x2 + x+ 3, remainder 0

18. quotient 2x+ 1, remainder 3

19. quotient x2 + x− 6, remainder 0

20. x2 + 2x− 13

21. x2 + 3x square inches

22. D(x) = (x− 2)(2x2 + 5x− 3) + 0

23. quotient x2 − 2x+ 2, remainder − x+ 1

24. f(x) = (x− 2)(3x2 + 6x+ 2) + 12

Additional Practice Answers

25. x3 + 3x− 5

26. 4

27. 3x2 − 2x+ 3

28. 3x2 − 4x+ 7

Additional Practice: Answers for all numbered items, including the added practice, are shown in the grid above.

Step-by-Step Explanations
1. Divide x2/x = x. Multiply x(x+2) = x2 +2x; subtract: 5x−2x = 3x, bring
down +6. Divide 3x/x = 3. Multiply 3(x + 2) = 3x + 6; subtract: 0. Quotient
x + 3, remainder 0.
2. Dividing by (x+1) means c = −1, so the remainder is f(−1). The table omits
it, so compute: f(−1) = 1 − 4 + 7 = 4. The long division gives quotient x + 3
(and indeed the remainder is 4).
3. One steady path is: See review for the worked-out steps. Final: x2

−x− 6 with
remainder 0. That gives a quick check on the answer.

4. Start with the key idea: 2x2/(2x) = x, x(2x+1) = 2x2+x, subtract: 6x+5.
Then 6x/(2x) = 3, 3(2x + 1) = 6x + 3, subtract: 2. That gives a quick check
on the answer.
5. Use placeholders: x3 + 0x2 + 0x − 8. x3/x = x2, x2(x − 2) = x3

− 2x2,

subtract: 2x2 + 0x. 2x2/x = 2x, 2x(x − 2) = 2x2
− 4x, subtract: 4x − 8.

4x/x = 4, 4(x − 2) = 4x − 8, subtract: 0. (This matches the sum-of-cubes

factorization x3
− 8 = (x − 2)(x2 + 2x + 4).)

6. Keep the rule visible: x4/x2 = x2, x2(x2
− 1) = x4

− x2, subtract:

−2x2 + 2x + 5. −2x2/x2 = −2, −2(x2
− 1) = −2x2 + 2, subtract: 2x + 3.

Remainder has degree 1 < divisor degree 2, so stop. That gives a quick check on
the answer.
7. One steady path is: 2x3/x = 2x2, 2x2(x + 2) = 2x3 + 4x2, subtract:

−x2
− 5x. −x2/x = −x, −x(x + 2) = −x2

− 2x, subtract: −3x − 6.
−3x/x = −3, −3(x + 2) = −3x − 6, subtract: 0. That gives a quick check on
the answer.
8. Here c = 2, so the remainder is f(2), omitted from the table: f(2) =

24−20+8 = 12. Long division (with placeholder 0x2) gives quotient 3x2+6x+2.
9. A careful way to see it: Difference of squares: (x − 3)(x + 3), so dividing by
(x − 3) leaves x + 3. That gives a quick check on the answer.

10. Notice the grouping: x3 + x2 = x2(x + 1) and −4x − 4 = −4(x + 1). So

the numerator factors as (x+ 1)(x2
− 4), and dividing by (x+ 1) leaves x2

− 4

with zero remainder. (Long division gets the same answer in three steps: x2, then
0 for the middle term, then −4.)
11. Difference of cubes pattern: x3

− 1 = (x − 1)(x2 + x + 1). So the quotient

is x2 + x + 1.
12. Here c = −2, so the remainder is f(−2), which the table leaves out:
f(−2) = 4 − 10 + 9 = 3. Long division gives quotient x + 3, remainder 3.

13. A careful way to see it: 4x2/(2x) = 2x, 2x(2x − 1) = 4x2
− 2x, subtract:

−6x + 3. −6x/(2x) = −3, −3(2x − 1) = −6x + 3, subtract: 0. That gives a
quick check on the answer.

14. The form is dividend = (divisor)(quotient) + remainder. The constant added at
the end is the remainder.
15. One steady path is: x4

− 1 = (x− 1)(x+1)(x2 +1), so dividing by (x+1)

gives (x − 1)(x2 + 1) = x3
− x2 + x − 1. That gives a quick check on the

answer.
16. Start with the key idea: 6x2/(2x) = 3x, 3x(2x − 1) = 6x2

− 3x, subtract:
14x − 7. 14x/(2x) = 7, 7(2x − 1) = 14x − 7, subtract: 0. That gives a quick
check on the answer.
17. Placeholder: x3 + 0x2 + 2x − 3. x3/x = x2, x2(x − 1) = x3

− x2,

subtract: x2 + 2x. x2/x = x, x(x− 1) = x2
− x, subtract: 3x− 3. 3x/x = 3,

3(x − 1) = 3x − 3, subtract: 0.

18. Keep the rule visible: 2x2/x = 2x, 2x(x − 2) = 2x2
− 4x, subtract: x + 1.

x/x = 1, 1(x− 2) = x− 2, subtract: 3. That gives a quick check on the answer.

19. One steady path is: x4/x2 = x2; multiply, subtract: x3
− 6x2

− x + 6.

x3/x2 = x; multiply, subtract: −6x2 + 6. −6x2/x2 = −6; multiply, subtract: 0.

Quotient x2 + x − 6. That gives a quick check on the answer.
20. Start with the key idea: (divisor)(quotient) + remainder = (x−3)(x+5)+2 =

x2 + 2x − 15 + 2 = x2 + 2x − 13. That gives a quick check on the answer.

21. Base area = V/h = (x3 + 5x2 + 6x)/(x + 2). Use long division.

x3/x = x2, x2(x + 2) = x3 + 2x2, subtract: 3x2 + 6x. 3x2/x = 3x,

3x(x + 2) = 3x2 + 6x, subtract: 0. Quotient: x2 + 3x. (Quick factor check:

x3+5x2+6x = x(x+2)(x+3), so dividing by (x+2) leaves x(x+3) = x2+3x
✓.)
22. Long division: 2x3/x = 2x2, 2x2(x−2) = 2x3

−4x2, subtract: 5x2
−13x.

5x2/x = 5x, 5x(x − 2) = 5x2
− 10x, subtract: −3x + 6. −3x/x = −3,

−3(x − 2) = −3x + 6, subtract: 0. Quotient 2x2 + 5x − 3, remainder 0. So

D(x) = (x − 2)(2x2 + 5x − 3).

23. One steady path is: x4/x2 = x2, subtract: −2x3 + 2x2 + x − 1.

−2x3/x2 = −2x, −2x(x2
− 1) = −2x3 + 2x, subtract: 2x2

− x − 1.

2x2/x2 = 2, 2(x2
− 1) = 2x2

− 2, subtract: −x + 1. The remainder has

degree 1, which is less than divisor degree 2, so stop. Quotient: x2
− 2x + 2;

remainder: −x + 1. That gives a quick check on the answer.

24. Use placeholders: 3x3 + 0x2
− 10x + 8. 3x3/x = 3x2, 3x2(x − 2) =

3x3
− 6x2, subtract: 6x2

− 10x. 6x2/x = 6x, 6x(x − 2) = 6x2
− 12x,

subtract: 2x + 8. 2x/x = 2, 2(x − 2) = 2x − 4, subtract: 12. Quotient

3x2 + 6x + 2, remainder 12. So f(x) = (x − 2)(3x2 + 6x + 2) + 12. (Verify:

(x−2)(3x2+6x+2)+12 = 3x3+6x2+2x−6x2
−12x−4+12 = 3x3

−10x+8
✓.)
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