
𝑥 + 5𝑥 + 6
𝑥 + 3𝑥
          2𝑥 + 6
          2𝑥 + 6
                     0

𝑥 + 3

𝑥 + 2

remainder

𝑥 + 5𝑥 + 6

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑥 + 2 𝑥 + 5𝑥 + 6 = (𝑥 + 2)(𝑥 + 3)

𝑃(𝑥)

𝑥 − 𝑎
⎯⎯⎯⎯⎯= 𝑄(𝑥)

𝑃(𝑥) = 𝑄(𝑥)(𝑥 − 𝑎)

64 = 4 × 16
64

4
⎯⎯⎯= 16

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡 𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑 = (𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡)(𝑑𝑖𝑣𝑖𝑠𝑜𝑟)

remainder

64
4
24
24
   0

−

−

4

16

𝑑𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡

𝐵𝑟𝑖𝑛𝑔 𝑑𝑜𝑤𝑛

𝐺𝑜𝑒𝑠 𝐼𝑛𝑡𝑜
𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑦
𝑆𝑢𝑏𝑡𝑟𝑎𝑐𝑡
𝐵𝑟𝑖𝑛𝑔 𝐷𝑜𝑤𝑛
𝑅𝑒𝑝𝑒𝑎𝑡

−3     1       5        6 

  −3    − 6

1       2        0 

1𝑥 + 2

𝑥 + 3 = 0
        𝑥 = −3

64

4
⎯⎯⎯= ?

𝑥 + 5𝑥 + 6

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = ?

1𝑥 + 5𝑥 + 6
𝑥 + 5𝑥 + 6

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = ?

Synthetic Division

remainder

   𝑓(𝑥) = 𝑥 + 5𝑥 + 6
𝑓(−3) = (−3) + 5(−3) + 6
𝑓(−3) = 0

(−3,0)

Factor Theorem

The exponents of x go down by one.
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𝑥 + 5𝑥 + 9
𝑥 + 3𝑥
          2𝑥 + 9
          2𝑥 + 6
                     3

𝑥 + 3

𝑥 + 2

𝑥 + 5𝑥 + 9

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑥 + 2 +

3

𝑥 + 3
⎯⎯⎯⎯⎯ 𝑥 + 5𝑥 + 9 = (𝑥 + 2)(𝑥 + 3) + 3

𝑃(𝑥)

𝑥 − 𝑎
⎯⎯⎯⎯⎯= 𝑄(𝑥) +

𝑅

𝑥 − 𝑎
⎯⎯⎯⎯⎯

𝑃(𝑥) = 𝑄(𝑥)(𝑥 − 𝑎) + 𝑅

65 = 4 × 16 + 1
65

4
⎯⎯⎯= 16 +

1

4
⎯⎯

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡 +

𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑 = (𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡)(𝑑𝑖𝑣𝑖𝑠𝑜𝑟) + 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟

remainder

65
4
25
24
   1

−

−

4

16

𝑑𝑖𝑣𝑖𝑠𝑜𝑟 𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡

𝐵𝑟𝑖𝑛𝑔 𝑑𝑜𝑤𝑛

−3     1       5        9 

  −3    − 6

1       2        3 

1𝑥 + 2      𝑅: 3

𝑥 + 3 = 0
        𝑥 = −3

1𝑥 + 5𝑥 + 9
𝑥 + 5𝑥 + 9

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = ?

Synthetic Division

remainder

   𝑓(𝑥) = 𝑥 + 5𝑥 + 6
𝑓(−3) = (−3) + 5(−3) + 9
𝑓(−3) = 3

(−3,3)

Remainder Theorem

remainder

𝑥 + 5𝑥 + 9

𝑥 + 3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ = ?

65

4
⎯⎯⎯= ?
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𝑥 + 𝑥 − 8𝑥 + 4

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 𝑥 − 2 = 0

        𝑥 = 2

Place that number to the left. 
Write the coefficients.

Bring down the first coefficient1)
(2) × 1 = 22)
1 + 2 = 33)
Repeat last two steps.4)

1𝑥 + 3𝑥 − 2 𝑅 = 0

1        1       − 8       4

1         3      − 2          0

   2

Set denominator equal to zero and solve.
                     𝐷𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟 = 0

   2

  2            6          − 4

1𝑥 + 1𝑥 − 8𝑥 + 4

1        1       − 8            4

𝑥 + 𝑥 − 8𝑥 + 4

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 𝑥 + 3𝑥 − 2 𝑥 + 𝑥 − 8𝑥 + 4 = (𝑥 +3𝑥 − 2)(𝑥 − 2)

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑 = (𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡)(𝑑𝑖𝑣𝑖𝑠𝑜𝑟)

𝑥 + 2𝑥 − 5𝑥 − 6

𝑥 + 1
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 𝑥 + 1 = 0

        𝑥 = −1

Place that number to the left. 
Write the coefficients.

1𝑥 + 1𝑥 − 6 𝑅 = 0

−1          1        2       − 5    − 6

1         1        − 6        0

Set denominator equal to zero and solve.
                     𝐷𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟 = 0

  −1    − 1         6

−1       1        2       − 5    − 6

1𝑥 + 2𝑥 − 5𝑥 − 6

  𝑥 +𝑥 − 6
(𝑥 + 3)(𝑥 − 2)

𝑥 + 2𝑥 − 5𝑥 − 6

𝑥 + 1
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= (𝑥 + 3)(𝑥 − 2)

Factor

𝑥 + 2𝑥 − 5𝑥 − 6 = (𝑥 + 3)(𝑥 − 2)(𝑥 + 1)

𝑃(𝑥)

𝑥 − 𝑎
⎯⎯⎯⎯⎯= 𝑄(𝑥)

𝑃(𝑥) = 𝑄(𝑥)(𝑥 − 𝑎)

𝑥 + 2𝑥 − 5𝑥 − 6
𝑥 + 𝑥
          𝑥    − 5𝑥
         𝑥   +   𝑥

                  −6𝑥 − 6
                  −6𝑥 − 6
                                0

𝑥 + 1

𝑥  + 𝑥  − 6

𝑅 = 0
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𝑥 + 𝑥 − 8𝑥 + 7

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

1𝑥 + 3𝑥 − 2 𝑅 = 3

1        1       − 8       7

1         3      − 2            3

   2

   2

  2            6          − 4

1        1       − 8            7

𝑥 + 𝑥 − 8𝑥 + 6

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 𝑥 + 3𝑥 − 2 +

3

𝑥 − 2
⎯⎯⎯⎯⎯ 𝑥 + 𝑥 − 8𝑥 + 6 = (𝑥 +3𝑥 − 2)(𝑥 − 2) + 3

𝑇ℎ𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟
 𝑖𝑠 𝑡ℎ𝑒 𝑦 𝑣𝑎𝑙𝑢𝑒 
𝑤ℎ𝑒𝑛 𝑥 = 2
(2,3)

𝑓(2) = (2) + (2) − 8(2) + 7
𝑓(2) = 8 + 4 − 16 + 7
𝑓(2) = 3

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯ = 𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡 +

𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟

𝑑𝑖𝑣𝑖𝑠𝑜𝑟
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑑𝑖𝑣𝑖𝑑𝑒𝑛𝑑 = (𝑞𝑢𝑜𝑡𝑖𝑒𝑛𝑡) × (𝑑𝑖𝑣𝑖𝑠𝑜𝑟) + 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟

remainder

𝑥 + 2𝑥 − 12

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

1𝑥 + 2𝑥 + 6 𝑅 = 0

1        0         2     − 12

1         2        6          0

   2

   2

  2         4        12

1        0         2     − 12

𝑥 + 2𝑥 − 12

𝑥 − 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 𝑥 + 2𝑥 + 6

𝑥 + 2𝑥 − 12 = (𝑥 +2𝑥 + 6)(𝑥 − 2)

𝑥 + 2𝑥 − 6𝑥 − 12

𝑥 + 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑥 + 2𝑥 − 4𝑥 + 8

𝑥 + 2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯= 𝑥 − 6

1𝑥 + 0𝑥 − 6 𝑅: 0

        𝑥 − 6 𝑅: 0

1        2       − 6   − 12

1         0       − 6       0

−2

1        2       − 6   − 12−2

−2           0       12

𝑥 + 2𝑥 − 4𝑥 + 8 = (𝑥 − 6)(𝑥 + 2)

1𝑥 + 0𝑥 + 2𝑥 − 12

𝑥 +   𝑥 − 8𝑥 + 7
𝑥 − 2𝑥
      + 3𝑥 − 8𝑥
         3𝑥 − 6𝑥

                  −2𝑥 + 7
                  −2𝑥 + 4
                                3

𝑥 − 2

𝑥 + 3𝑥 − 2

𝑅 = 3

C12 - 3.1 - Synthetic Division Remainder/Gap Notes

   Pol Page 4    


