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1 

 

1. Uses synthetic division to find the quotient and the 
remainder, when  

(i) (𝑥2 + 7𝑥 − 1) ÷ (𝑥 + 1) 
Solution: 
𝑃(𝑥) = 𝑥2 + 7𝑥 − 1  
𝑥 + 1 = 𝑥 − (−1)  
 𝑎 = −1 

 
−1 

1 7 -1 

↓ -1 -6 

 1 6 -7 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥 + 6  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = −7  
 
(ii) (4𝑥3) − 5𝑥 + 15) ÷ (𝑥 − 3) 
Solution:  
𝑃(𝑥) = 4𝑥3 − 5𝑥 + 15) ÷ (𝑥 + 3)  
(𝑥 + 3) = 𝑥 − (−3) ⇒ 𝑎 = −3  
 
 

−3 
4 0 -5 15 

↓ -12 36 -93 

 1 -12 31 -78 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 4𝑥2 − 12𝑥 + 31  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = −78   
 

(iii) (𝑥3 + 𝑥2 − 3𝑥 + 2) ÷ (𝑥 − 2)  
Solution:  
𝑃(𝑥) = (𝑥3 + 𝑥2 − 3𝑥 + 2)  
𝑥 − 2 = 𝑥 − (2) ⇒ 𝑎 = 2  
 

 
2 

1 1 -3 2 

↓ 2 6 6 

 1 3 3 8 
 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑥2 + 3𝑥 + 3  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 8   
 

2. Find the value of h using synthetic division, if  
(i)      3 𝑖𝑠 𝑡ℎ𝑒 𝑧𝑒𝑟𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 2𝑥3 − 3ℎ𝑥2 + 9  

Solution: 
𝑃(𝑥) = 2𝑥3 − 3ℎ𝑥2 + 9      𝑎𝑛𝑑 𝑖𝑡𝑠 𝑟𝑜𝑜𝑡 𝑖𝑠 3 
 

 
3 

2 −3ℎ 0 9 

↓ 6 3(6 − 3ℎ) 9(6 − 3ℎ) 

   1 (6 − 3ℎ) 3(6 − 3ℎ) 9 + 9(6 − 3ℎ) 
 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 2𝑥2 + (6 − 3ℎ)𝑥 + 3(6 − 3ℎ) 
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 9 + 9(6 − 3ℎ) 

 
9 + 9(6 − 3ℎ) = 0 
9 + 9(6 − 3ℎ) = 0 
9 + 54 − 27ℎ = 0 

63 − 27ℎ = 0 

63 − 27ℎ = 0 
−27ℎ = −63 

ℎ =
63

27
 

ℎ =
7

3
 

(iii) 1 𝑖𝑠 𝑡ℎ𝑒 𝑧𝑒𝑟𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 2𝑥3 − 2ℎ𝑥2 + 11 
Solution: 

𝑃(𝑥) = 2𝑥3 − 2ℎ𝑥2 + 11   𝑎𝑛𝑑 𝑖𝑡𝑠 𝑟𝑜𝑜𝑡 𝑖𝑠 1 
 

 
1 

1 −2ℎ 0 11 

↓ 1 (1 − 2ℎ) (1 − 2ℎ) 

   1 (1 − 2ℎ) (1 − 2ℎ) 11 + (1 − 2ℎ) 
 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + (1 − 2ℎ)𝑥 + (1 − 2ℎ) 
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 11 + (1 − 2ℎ) 

 
11 + (1 − 2ℎ) = 0 
11 + 1 − 2ℎ = 0 

12 − 2ℎ = 0 
−2ℎ = −12 

ℎ = 6 
(iv) −1 𝑖𝑠 𝑡ℎ𝑒 𝑧𝑒𝑟𝑜 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 2𝑥3 + 5ℎ𝑥 − 23 
Solution:  
𝑃(𝑥) = 2𝑥3 + 5ℎ𝑥 − 23 and 𝑖𝑡𝑠 𝑟𝑜𝑜𝑡 𝑖𝑠 − 1 
 
 

−1 
2 0 5ℎ -23 

↓ -2 2 −(5ℎ + 2)              

   2 −2 (5ℎ + 2) −23 − (5ℎ + 2) 

 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 2𝑥2 − 2𝑥 + (5ℎ + 2) 

𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = −23 − (5ℎ + 2) 
 

−23 − (5ℎ + 2) = 0 
−23 − 5ℎ − 2 = 0 
−23 − 2 − 5ℎ = 0 

−25 − 5ℎ = 0 
−5ℎ = 25 

ℎ = −5 

3. 𝑢𝑠𝑒𝑠 𝑠𝑦𝑛𝑡ℎ𝑒𝑡𝑖𝑐 𝑑𝑖𝑣𝑖𝑠𝑖𝑜𝑛 𝑡𝑜 𝑓𝑖𝑛𝑑 𝑡ℎ𝑒 𝑣𝑎𝑙𝑣𝑒𝑠 𝑜𝑓 
 𝑙 𝑎𝑛𝑑  𝑚   

(i) (𝑥 + 3)𝑎𝑛𝑑 (𝑥 − 2)𝑎𝑟𝑒 𝑡ℎ𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙 
𝑥3 − 4𝑥2 + 2𝑙𝑥 + 𝑚  
Solution: 

𝑥 = −3 𝑎𝑛𝑑 𝑥 = 2 𝑎𝑟𝑒 𝑡𝑤𝑜 𝑟𝑜𝑜𝑡𝑠 𝑓𝑜𝑟 𝑥 = −3 
𝑄(𝑥) = 𝑥3 − 4𝑥2 + 2𝑙𝑥 + 𝑚  
 
 

−3 
1 4 2𝑙 m 

↓ -3 −3 −3(2𝑙 − 3)              

   1 −2 (2𝑙 − 3) 𝑚 − 3(2𝑙 − 3) 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + 𝑥 + (2𝑙 − 3) 
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 𝑚 − 3(2𝑙 − 3) 
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𝑚 − 3(2𝑙 − 3) = 0  
𝑚 − 6𝑙 + 9 = 0 → (𝑖)  
For 𝑥 = 2 
 

 
2 

1 4 2𝑙 m 

↓ 2 12 2(2𝑙 + 12)              

   1 6 (2𝑙 − 3) 𝑚 + 2(2𝑙 + 12) 

 
 
 𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + 6𝑥 + (2𝑙 + 12) 
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 𝑚 + 2(2𝑙 + 12)  
 
 

𝑚 + 2(2𝑙 + 12) = 0 
𝑚 + 2𝑙 + 24 = 0 → (𝑖𝑖) 

𝑒𝑞(𝑖) − 𝑒𝑞(𝑖𝑖)  
 
 

𝑚 − 6𝑙 + 9 = 0 
−𝑚 ± 4𝑙 ± 24 = 0      

−10𝑙 − 15 = 0 
−10𝑙 = 15 

𝑙 =
15

−10
 

𝑙 = −
3

2
 

𝑝𝑢𝑡  𝑙 = −
3

2
 𝑝𝑢𝑡 𝑖𝑛 𝑒𝑞 (𝑖)  

𝑚 − 6𝑙 + 9 = 0 

𝑚 − 6 (−
3

2
) + 9 = 0 

𝑚 − 9 + 9 = 0 
𝑚 + 18 = 0 

𝑚 = −18 
 
 
 
 
 

(ii)  
(𝑥 − 1)𝑎𝑛𝑑 𝑥 + 1) 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑦𝑛𝑜𝑚𝑖𝑎𝑙  

𝑥3 − 3𝑙𝑥2 + 2𝑚𝑥 + 6  
Solution: 
𝑃(𝑥) = 𝑥3 − 3𝑙𝑥2 + 2𝑚𝑥 + 6  
𝑎𝑟𝑒 𝑡𝑤𝑜 𝑟𝑜𝑜𝑡𝑠 (𝑥 − 1) 𝑎𝑛𝑑 (𝑥 + 1) 
𝑓𝑜𝑟 𝑥 = 1  
 
 

1 
1 −3𝑙 2𝑚 6 

↓ 1 1 − 3𝑙 2𝑚 + (1 − 2𝑙)              

   1 (1 − 3𝑙) 2𝑚 + (𝑙 − 3𝑙) 6 + 2𝑚 + (1 − 3𝑙) 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + (1 − 3𝑙)𝑥 + 2𝑚 + (1 − 3𝑙)  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 6 + 2𝑚 + (1 − 3𝑙)  
 

 

𝑙 = −
3

2
, 𝑚 = −18 

 
 
6 + 2𝑚 + (1 − 3𝑙) = 0  
 6 + 2𝑚 + 1 − 3𝑙 = 0 
7 + 2𝑚 − 3𝑙 = 0 → (𝑖)  
𝑓𝑜𝑟 𝑥 = −1  
 

 
−1 

1 −3𝑙 2𝑚 6 
↓ -1 −(−3𝑙 − 1) −(2𝑚 − (3𝑙 − 1) 

   1 (−3𝑙 − 1) (1 − 2ℎ) 6 − (2𝑚 − (−3𝐿 − 1)) 

 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 − (3𝑙 + 1)𝑥 + 2𝑚 + (3𝑙 + 1)  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 6 − 2𝑚 − (−3𝑙 − 1)  
 

6 − (2𝑚 + 3𝑙 + 1) = 0 
6 − 2𝑚 − (3𝑙 + 1) = 0 
6 − 2𝑚 − 3𝑙 − 1 = 0 

5 − 2𝑚 − 3𝑙 = 0 → (𝑖𝑖) 
𝑒𝑞(𝑖) + 𝑒𝑞(𝑖𝑖)𝑤𝑒 𝑔𝑒𝑡  
 

7 + 2𝑚 − 3𝑙 = 0 
5 − 2𝑚 − 3𝑙 = 0      

12 − 6𝑙 = 0 
−6𝑙 = −12 

𝑙 = 2 
𝑙 = 2 𝑝𝑢𝑡 𝑖𝑛 𝑒𝑞(𝑖)  

7 + 2𝑚 − 3𝑙 = 0 
7 + 2𝑚 − 3(2) = 0 

7 + 2𝑚 − 6 = 0 
1 + 2𝑚 = 0 

2𝑚 = −1 

𝑚 =
−1

2
 

 
 
 
 
 

4. Solve by using synthetic division, if  
(i) 2 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑥3 − 28𝑥 + 48 = 0 

Solution: 
𝑃(𝑥) = 𝑥3 − 28𝑥 + 48 = 0 

 
 

2 
1 0 -28 48 

↓ 2 4 -48 

 1 6 -24 0 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + 2𝑥 − 24  
𝑡ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 𝑥2 + 2𝑥 − 24 = 0  
 𝑥2 + 2𝑥 − 24 = 0 
𝑥2 + 6𝑥 − 4𝑥 − 24 = 0  
𝑥(𝑥 + 6) − 4(𝑥 + 6) = 0  
(𝑥 − 4)(𝑥 + 6) = 0  

(𝑥 − 4) = 0          (𝑥 + 6) = 0 
 𝑥 = 4                 𝑥 = −6 

 

𝑙 = 2, 𝑚 =
−1

2
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1 

Hence2, 4, −6 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛. 
 
(𝑖𝑖)  
3 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2𝑥3 − 3𝑥2 − 11𝑥 + 6 = 0 

Solution: 
𝑃(𝑥) = 2𝑥3 − 3𝑥2 − 11𝑥 + 6 = 0  
 

 
3 

2 −3 −11 6 
↓ 6 9 −6 

 1 3 −2 0 
 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 2𝑥2 + 3𝑥 − 2 = 0  
𝑡ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 2𝑥2 + 3𝑥 − 2 = 0  

2𝑥2 + 3𝑥 − 2 = 0 
2𝑥2 + 4𝑥 − 𝑥 − 2 = 0 

2𝑥(𝑥 + 2) − 1(𝑥 + 2) = 0 
(2𝑥 − 1)(𝑥 + 2) = 0 

(2𝑥 − 1) = 0   (𝑥 + 2) = 0 
2𝑥 = 1              𝑥 = −2 

𝑥 =
1

2
       𝑥 = −2 

ℎ𝑒𝑛𝑐𝑒3,
1

2
, −2 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑡𝑖𝑜𝑛.  

 
(𝑖𝑖𝑖)  
−1 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 4𝑥3 − 𝑥2 − 11𝑥 − 6 = 0 

𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛:  
𝑃(𝑥) = 4𝑥3 − 𝑥2 − 11𝑥 − 6 = 0 

𝑡ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑠 4𝑥3 − 𝑥2 − 11𝑥 − 6 = 0 
 

 
−1 

4 −1 −11 −6 
↓ −4 5 6 

 4 −5 −6 0 
 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 4𝑥2 − 5𝑥 − 6  
𝑡ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑠4𝑥2 − 5𝑥 − 6 = 0   
4𝑥2 − 5𝑥 − 6 = 0   
4𝑥2 − 8𝑥 + 3𝑥 − 6 = 0  

4𝑥(𝑥 − 2) + 3(𝑥 − 2) = 0 
(4𝑥 + 3)(𝑥 − 2) = 0 

4𝑥 + 3 = 0       𝑥 − 2 = 0 
4𝑥 = −3        𝑥 = 2 

𝑥 =
−3

4
        ,      𝑥 = 2 

ℎ𝑒𝑛𝑐𝑒 − 1, −
3

4
, 2  𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛. 

 
5.  
(𝑖)    1 𝑛𝑎 3 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑞𝑢𝑡𝑖𝑜𝑛 𝑥4 − 10𝑥2 + 9 = 0 

Solution:  
𝑥4 − 10𝑥2 + 9 = 0  

𝑃(𝑥) = 𝑥4 − 10𝑥2 + 9 = 0  

 
 

1 
1 0 −10 0 9 

↓ 1 1 −9 −9 
 

3 
1 
↓ 

1 
3 

−9 
12 

−9 
9 

0 

 1 4 3 0  
 
𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + 4𝑥 + 3  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 0  
𝑡ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑠 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 𝑖𝑠𝑥2 + 4𝑥 + 3 = 0  

𝑥2 + 4𝑥 + 3 = 0 
𝑥2 + 3𝑥 + 𝑥 + 3 = 0 

𝑥(𝑥 + 3) + 1(𝑥 + 3) = 0 
(𝑥 + 1)(𝑥 + 3) = 0 

(𝑥 + 3) = 0         (𝑥 + 1) = 0 
𝑥 = −3            𝑥 = −1 

ℎ𝑒𝑛𝑐𝑒 1,3, −1, −3 𝑎𝑟 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛. 
ii)  
3 𝑎𝑛𝑑 − 4 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛  

 𝑥4 + 2𝑥3 − 13𝑥2 − 14𝑥 + 24 = 0 
Solution: 

𝑥4 + 2𝑥3 − 13𝑥2 − 14𝑥 + 24 = 0 
𝑃(𝑥) =  𝑥4 + 2𝑥3 − 13𝑥2 − 14𝑥 + 24 

 
 

3 
1 2 −13 -14 24 

↓ 3 15 6 −24 
 

−4 
1 
↓ 

5 
−4 

2 
−4 

−8 
8 

0 

 1 1 −2 0  
 

𝑄𝑢𝑜𝑡𝑖𝑒𝑛𝑡 = 𝑄(𝑥) = 𝑥2 + 𝑥 − 2  
𝑅𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 = 0  
 𝑇ℎ𝑒 𝑑𝑒𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑒𝑞𝑢𝑡𝑖𝑜𝑛 𝑖𝑠 𝑥2 + 𝑥 − 2 = 0  
𝑥2 + 𝑥 − 2 = 0  
𝑥2 + 2𝑥 − 𝑥 − 2 = 0  
𝑥(𝑥 + 2) − 1(𝑥 + 2) = 0  
(𝑥 − 1)(𝑥 + 2) = 0  

𝑥 − 1 = 0      𝑥 + 2 = 0 
𝑥 = 1      𝑥 = −2 

𝐻𝑒𝑛𝑐𝑒  3, −4, 1, −2 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑟𝑜𝑜𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑖𝑣𝑒𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛.   
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