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CHAPTER THREE 

Binomials and factorization 

Multiplication of binomials: 

a) (𝑎 + 𝑏)(𝑐 + 𝑑) = 𝑎 × 𝑐 + 𝑎 × 𝑑 + 𝑏 × 𝑐 + 

𝑏 × 𝑑 = 𝑎𝑐 + 𝑎𝑑 + 𝑏𝑐 + 𝑏𝑑 

Example (1) 

(2 + 𝑥)(4 + 𝑏) = 2 × 4 + 2 × 𝑏 + 𝑥 × 4 + 𝑥 × 𝑏 = 8 + 2𝑏 + 4𝑥 + 𝑥𝑏. 

Example (2) 

(2𝑥 + 1)(𝑥 + 3) = 2𝑥 × 𝑥 + 2𝑥 × 3 + 1 × 𝑥 + 1 × 3 = 2𝑥2 + 6𝑥 + 𝑥 + 3

= 2𝑥2 + 7𝑥 + 3. 

Example (3) 

(𝑥2 + 5)(𝑥 + 2) = 𝑥2 × 𝑥 + 𝑥2 × 2 + 5 × 𝑥 + 5 × 2 = 𝑥3+2𝑥2 + 5𝑥 + 10. 

b) (𝑎 + 𝑏)(𝑐 − 𝑑) = 𝑎 × 𝑐 − 𝑎 × 𝑑 + 𝑏 × 𝑐 − 𝑏 × 𝑑 = 𝑎𝑐 − 𝑎𝑑 + 𝑏𝑐 − 𝑏𝑑 

Example (1) 

(2 + 𝑥)(4 − 𝑦) = 2 × 4 − 2 × 𝑦 + 𝑥 × 4 − 𝑥 × 𝑦 = 8 − 2𝑦 + 4𝑥 − 𝑥𝑦. 

Example (2) 

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

c) (𝑎 − 𝑏)(𝑐 + 𝑑) = 𝑎 × 𝑐 + 𝑎 × 𝑑 − 𝑏 × 𝑐 − 𝑏 × 𝑑 = 𝑎𝑐 + 𝑎𝑑 − 𝑏𝑐 − 𝑏𝑑 

Example (1)  

(2𝑥 − 1)(𝑎 + 3) = 2𝑥 × 𝑎 + 2𝑥 × 3 − 1 × 𝑎 − 1 × 3 = 2𝑎𝑥 + 6𝑥 − 𝑎 − 3. 

Example (2)   (𝑦 − 2)(2𝑦 + 3) = 𝑦 × 2𝑦 + 𝑦 × 3 − 2 × 2𝑦 − 2 × 3 = 2𝑦2 +

3𝑦 − 4𝑦 − 6. 
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Example (3)  (𝑥2 − 2)(𝑏 + 𝑦) = 𝑥2 × 𝑏 + 𝑥2 × 𝑦 − 2 × 𝑏 − 2 × 𝑦 = 𝑥2𝑏 +

𝑥2𝑦 − 2𝑏 − 2𝑦. 

d) (𝑎 − 𝑏)(𝑐 − 𝑑) = 𝑎 × 𝑐 − 𝑎 × 𝑑 − 𝑏 × 𝑐 + 𝑏 × 𝑑 = 𝑎𝑐 − 𝑎𝑑 − 𝑏𝑐 + 𝑏𝑑. 

Example (1)   (𝑥 − 2)(2𝑥 − 4) = 𝑥 × 2𝑥 − 𝑥 × 4 − 2 × 2𝑥 + 2 × 4 = 2𝑥2 −

4𝑥 − 4𝑥 + 8 = 2𝑥2 − 8𝑥 + 8. 

Example (2) (3𝑥 − 4)(𝑥 − 2) = 3𝑥 × 𝑥 − 3𝑥 × 2 − 4 × 𝑥 + 4 × 2 = 3𝑥2 −

6𝑥 − 4𝑥 + 8 = 3𝑥2 − 10𝑥 + 8. 

Q1. Multiply (3x+y) by (x+2y). 

                                            Soln 

(3𝑥 + 𝑦)(𝑥 + 2𝑦) = 3𝑥 × 𝑥 + 3𝑥 × 2𝑦 + 𝑦 × 𝑥 + 𝑦 × 2𝑦

= 3𝑥2 + 6𝑥𝑦 + 𝑦𝑥 + 2𝑦2 = 3𝑥2 + 7𝑥𝑦 + 2𝑦2 

𝑄2. Multiply (2𝑥 + 3)𝑏𝑦(4𝑥 − 5) 

                                                     Soln. 

(2𝑥 + 3)(4𝑥 − 5) = 2𝑥 × 4𝑥 − 2𝑥 × 5 + 3 × 4𝑥 − 3 × 5

= 8𝑥2 − 10𝑥 + 12𝑥 − 15 = 8𝑥2 + 2𝑥 − 15. 

Q3. Expand (4a – 3b) (c + 6d) 

                                            Soln. 

(4a – 3b) (c + 6d) = 4𝑎 × 𝑐 + 4𝑎 × 6𝑑 − 3𝑏 × 𝑐 − 3𝑏 × 6𝑑 = 4𝑎𝑐 + 24𝑎𝑑 −

3𝑏𝑐 − 18𝑏𝑑  

Q4. Expand (2𝑥 − 5)(3𝑥 − 2) 

 

 

         

. 

                                                     Soln 
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(2𝑥 − 5)(3𝑥 − 2) = 2𝑥 × 3𝑥 − 2𝑥 × 2 − 5 × 3𝑥 + 5 × 2

= 6𝑥2 − 4𝑥 − 15𝑥 + 10 = 6𝑥2 − 19𝑥 + 10. 

Q5. Expand (2𝑥 + 𝑦)2               

                                                     Soln. 

(2𝑥 + 𝑦) 2 = (2𝑥 + 𝑦)(2𝑥 + 𝑦) = 2𝑥 × 2𝑥 + 2𝑥 × 𝑦 + 𝑦 × 2𝑥 + 𝑦 × 𝑦 =

4𝑥2 + 2𝑥𝑦 + 2𝑥𝑦 + 𝑦2 = 4𝑥2 + 4𝑥𝑦 + 𝑦2 

Q6. Expand (3a – 2b) 2 

                                        Soln. 

(3a – 2b) 2 = (3𝑎 − 2𝑏)(3𝑎 − 2𝑏) = 3𝑎 × 3𝑎 − 3𝑎 × 2𝑏 − 2𝑏 × 3𝑎 + 2𝑏 ×

2𝑏 = 9𝑎2 − 6𝑎𝑏 − 6𝑏𝑎 + 4𝑏2 = 9𝑎2 − 12𝑎𝑏 + 4𝑏2 

Q7. Expand and simplify the following:  

a) (2𝑎 + 2𝑏)(𝑎 − 𝑏) + (2𝑎 − 𝑏)(𝑎 − 𝑏) 

                            Soln. 

Considering the first part,  (2𝑎 + 2𝑏)(𝑎 − 𝑏) = 2𝑎 × 𝑎 − 2𝑎 × 𝑏 + 2𝑏 × 𝑎 −

2𝑏 × 𝑏 = 2𝑎2 − 2𝑎𝑏 + 2𝑏𝑎 − 2𝑏2 = 2𝑎2 − 2𝑎𝑏 + 2𝑎𝑏 − 2𝑏2 = 2𝑎2 − 2𝑏2 

Considering the second part, (2𝑎 − 𝑏)(𝑎 − 𝑏) = 2𝑎 × 𝑎 − 2𝑎 × 𝑏 − 𝑏 × 𝑎 +

𝑏2 = 2𝑎2 − 2𝑎𝑏 − 𝑏𝑎 + 𝑏2 = 2𝑎2 − 3𝑎𝑏 + 𝑏2    𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒  (2𝑎 + 2𝑏)(𝑎 −

𝑏) + (2𝑎 − 𝑏)(𝑎 − 𝑏) = (2𝑎2 − 2𝑏2) + (2𝑎2 − 3𝑎𝑏 + 𝑏2) = 2𝑎2 + 2𝑎2 −

2𝑏2 + 𝑏2 − 3𝑎𝑏 = 4𝑎2 − 𝑏2 − 3𝑎𝑏. 

b. (4𝑥 + 2𝑦)(2𝑥 − 3𝑦) − (𝑥 − 𝑦)(3𝑥 + 2𝑦) 

                                       Soln. 

Considering the first part, (4𝑥 + 2𝑦)(2𝑥 − 3𝑦) = 4𝑥 × 2𝑥 − 4𝑥 × 3𝑦 + 2𝑦 ×

2𝑥 − 2𝑦 × 3𝑦 = 8𝑥2 − 12𝑥𝑦 + 4𝑦𝑥 − 6𝑦2 = 8𝑥2 − 12𝑥𝑦 + 4𝑥𝑦 − 6𝑦2 =

8𝑥2 − 8𝑥𝑦 − 6𝑦2 

Considering the second part, (𝑥 − 𝑦)(3𝑥 + 2𝑦) = 𝑥 × 3𝑥 + 𝑥 × 2𝑦 − 𝑦 × 3𝑥 −

𝑦 × 2𝑦 = 3𝑥2 + 2𝑥𝑦 − 3𝑥𝑦 − 2𝑦2 = 3𝑥2 − 𝑥𝑦 − 2𝑦2 𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 
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(4𝑥 + 2𝑦)(2𝑥 − 3𝑦) − (𝑥 − 𝑦)(3𝑥 + 2𝑦)

= (8𝑥2 − 8𝑥𝑦 − 6𝑦2) − (3𝑥2 − 𝑥𝑦 − 2𝑦2)

= 8𝑥2 − 8𝑥𝑦 − 6𝑦2 − 3𝑥2 + 𝑥𝑦 + 2𝑦2

= 8𝑥2 − 3𝑥2 − 8𝑥𝑦 + 𝑥𝑦 − 6𝑦2 + 2𝑦2 = 5𝑥2 − 7𝑥𝑦 − 4𝑦2 

b) (2𝑝 + 𝑞)(3𝑢 − 2𝑣) − (𝑝 − 2𝑞)(𝑢 − 𝑣) 

.                                                   Soln 

(2𝑝 + 𝑞)(3𝑢 − 2𝑣) = 2𝑝 × 3𝑢 − 2𝑝 × 2𝑣 + 2𝑞 × 3𝑢 

−𝑞 × 2𝑣 = 6𝑝𝑢 − 4𝑝𝑣 + 3𝑞𝑢 − 2𝑞𝑣. 

𝐴𝑙𝑠𝑜 (𝑝 − 2𝑞)(𝑢 − 𝑣) = 𝑝 × 𝑢 − 𝑝 × 𝑣 − 2𝑞 × 𝑢 + 𝑞 × 𝑣 

= 𝑝𝑢 − 𝑝𝑣 − 2𝑞𝑢 + 2𝑞𝑣 

Therefore (2𝑝 + 𝑞)(3𝑢 − 2𝑣) − (𝑝 − 2𝑞)(𝑢 − 𝑣) 

= (6𝑝𝑢 − 4𝑝𝑣 + 3𝑞𝑢 − 2𝑞𝑣) − (𝑝𝑢 − 𝑝𝑣 − 2𝑞𝑢 + 2𝑞𝑣)

= 6𝑝𝑢 − 4𝑝𝑣 + 3𝑞𝑢 − 2𝑞𝑣 − 𝑝𝑢 + 𝑝𝑣 + 2𝑞𝑢 − 2𝑞𝑣

= 6𝑝𝑢 − 𝑝𝑢 − 4𝑝𝑣 + 𝑝𝑣 + 3𝑞𝑢 + 2𝑞𝑢 − 2𝑞𝑣 − 2𝑞𝑣

= 5𝑝𝑢 − 3𝑝𝑣 + 5𝑞𝑢 − 4𝑞𝑣 

d) (2𝑥 − 𝑦)2 + (𝑥 − 𝑦)(3𝑥 − 2𝑦) 

                                          Soln. 

(2𝑥 − 𝑦)2 = (2𝑥 − 𝑦)(2𝑥 − 𝑦) = 2𝑥 × 2𝑥 − 2𝑥 × 𝑦 − 𝑦 × 2𝑥 + 𝑦 × 𝑦

= 4𝑥2 − 2𝑥𝑦 − 2𝑥𝑦 + 𝑦2 = 4𝑥2 − 4𝑥𝑦 + 𝑦2 

(𝑥 − 𝑦)(3𝑥 − 2𝑦) = 𝑥 × 3𝑥 − 𝑥 × 2𝑦 − 𝑦 × 3𝑥 + 𝑦 × 2𝑦

= 3𝑥2 − 2𝑥𝑦 − 3𝑥𝑦 + 2𝑦2 = 3𝑥2 − 5𝑥𝑦 + 2𝑦2

∴ (2𝑥 − 𝑦)2 + (𝑥 − 𝑦)(3𝑥 − 2𝑦)

= 4𝑥2 − 4𝑥𝑦 + 𝑦2 + 3𝑥2 − 5𝑥𝑦 + 2𝑦2 = 7𝑥2 − 9𝑥𝑦 + 3𝑦2 

e) (2𝑟 − 𝑡)2 − (3𝑟 + 𝑡)2 

                                                    𝑆𝑜𝑙𝑛. 

(2𝑟 − 𝑡)2 = (2𝑟 − 𝑡)(2𝑟 − 𝑡) 
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= 2𝑟 × 2𝑟 − 2𝑟 × 𝑡 − 𝑡 × 2𝑟 + 𝑡 × 𝑡 = 4𝑟2 − 2𝑟𝑡 − 2𝑟𝑡 + 𝑡2

= 4𝑟2 − 4𝑟𝑡 + 𝑡2 

(3𝑟 + 𝑡)2 = (3𝑟 + 𝑡)(3𝑟 + 𝑡) = 3𝑟 × 3𝑟 + 3𝑟 × 𝑡 + 𝑡 × 3𝑟 + 𝑡 × 𝑡

= 9𝑟2 + 3𝑟𝑡 + 3𝑡𝑟 + 𝑡2 = 9𝑟2 + 3𝑟𝑡 + 3𝑟𝑡 + 𝑡2

= 9𝑟2 + 6𝑟𝑡 + 𝑡2 

∴ (2𝑟 − 𝑡)2 − (3𝑟 + 𝑡)2 = (4𝑟2 − 4𝑟𝑡 + 𝑡2) − (9𝑟2 + 6𝑟𝑡 + 𝑡2)

= 4𝑟2 − 4𝑟𝑡 + 𝑡2 − 9𝑟2 − 6𝑟𝑡 − 𝑡2

= 4𝑟2 − 9𝑟2 − 4𝑟𝑡 − 6𝑟𝑡 + 𝑡2 − 𝑡2 = −5𝑟2 − 10𝑟𝑡 + 0

= −5𝑟2 − 10𝑟𝑡 

𝑄8. Simplify the following: 

a. (2𝑎 + 3𝑏)(3𝑎 + 5𝑏) 

                                              Soln. 

(2𝑎 + 3𝑏)(3𝑎 + 5𝑏) = 2𝑎 × 3𝑎 + 2𝑎 × 5𝑏 + 3𝑏 × 3𝑎 + 3𝑏 × 5𝑏

= 6𝑎2 + 10𝑎𝑏 + 9𝑏𝑎 + 15𝑏2 = 6𝑎2 + 10𝑎𝑏 + 9𝑎𝑏 + 15𝑏2

= 6𝑎2 + 19𝑎𝑏 + 15𝑏2 

b. 
5

𝑥+𝑦
+

2

2𝑦−1
 

                                                            Soln. 

5

𝑥 + 𝑦
+

2

2𝑦 − 1
=

5(2𝑦 − 1) + 2(𝑥 + 𝑦)

(𝑥 + 𝑦)(2𝑦 − 1)
=

10𝑦 − 5 + 2𝑥 + 2𝑦

(𝑥 + 𝑦)(2𝑦 − 1)

=
10𝑦 + 2𝑦 + 2𝑥 − 5

(𝑥 + 𝑦)(2𝑦 − 1)
=

12𝑦 + 2𝑥 − 5

(𝑥 + 𝑦)(2𝑦 − 1)
 

 


