
 

 

Algebra2:- Completing the square and roots of quadratics 

Completing the square  

This is just another way of writing  the quadratic 

                                        𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 𝑎 (𝑥 +
𝑏

2𝑎
)

2

− (
𝑏2−4𝑎𝑐

4𝑎
)    for 𝑎 ≠ 0   

Multiply the brackets out and collect terms to check that it is correct. 

If 𝑎 > 0,     𝑎 (𝑥 +
𝑏

2𝑎
)

2

≥ 0     and so we can conclude the minimum value of the quadratic    

       is   − (
𝑏2−4𝑎𝑐

4𝑎
)     and it occurs when     𝑥 = −

𝑏

2𝑎
. 

If 𝑎 < 0,     𝑎 (𝑥 +
𝑏

2𝑎
)

2

≤ 0     and so we can conclude the maximum value is − (
𝑏2−4𝑎𝑐

4𝑎
)   

      and it occurs when 𝑥 = −
𝑏

2𝑎
. 

Example:      2𝑥2 − 8𝑥 + 9 = 2(𝑥2 − 4𝑥) + 9 

                                                 = 2[(𝑥 − 2)2 − 4] + 9 

                                                 = 2(𝑥 − 2)2 + 1 

This has a minimum value of 1 at 𝑥 = 2.    

 

Roots of a quadratic 

The roots of the equation 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0  are those of  𝑎 (𝑥 +
𝑏

2𝑎
)

2

− (
𝑏2−4𝑎𝑐

4𝑎
) = 0 

i.e.,                (𝑥 +
𝑏

2𝑎
)

2

= (
𝑏2−4𝑎𝑐

4𝑎2 )  which are   𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
. 

The discriminant is 𝑏2 − 4𝑎𝑐.  

                      If 𝑏2 − 4𝑎𝑐 > 0 there are two distinct real roots. 

                      If 𝑏2 − 4𝑎𝑐 = 0 there is one real root (some would say one repeated root) 

                      If 𝑏2 − 4𝑎𝑐 < 0 there are no real roots. 

If the quadratic factorises then you don’t need the above formula, although it will still work. 

The following are all quadratic forms. 

Quadratic in 𝒕𝒂𝒏𝒙    

           2𝑡𝑎𝑛2𝑥 + 3𝑡𝑎𝑛𝑥 + 1 = 0.       Factorising gives   (2𝑡𝑎𝑛𝑥 + 1)(𝑡𝑎𝑛𝑥 + 1) = 0 

Roots are           𝑡𝑎𝑛𝑥 = −
1

2
    and    𝑡𝑎𝑛𝑥 = −1 

𝐐𝐮𝐚𝐝𝐫𝐚𝐭𝐢𝐜 𝐢𝐧 𝒆𝒙     3𝑒2𝑥 − 7𝑒𝑥 + 2 = 0.  Factorising gives (3𝑒𝑥 − 1)(𝑒𝑥 − 2) = 0 

Roots are         𝑒𝑥 =
1

3
    𝑖. 𝑒., 𝑥 = −𝑙𝑛3        or     𝑒𝑥 = 2   𝑖. 𝑒. ,    𝑥 = 𝑙𝑛2 


