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x2 – 2ax + a2 = (x – a)2

Perfect squares

Some quadratic expressions can be written as perfect squares. 
For example:

x2 + 2x + 1
x2 + 4x + 4
x2 + 6x + 9

x2 – 2x + 1
x2 – 4x + 4
x2 – 6x + 9

We could add 9 to it.

In general,

x2 + 2ax + a2 = (x + a)2 and

How could the quadratic expression x2 + 6x be made 
into a perfect square?

= (x + 1)2

= (x + 2)2

= (x + 3)2

= (x – 1)2

= (x – 2)2

= (x – 3)2
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Can you find a general rule 
for completing the square?

Completing the square

Adding 9 to the expression x2 + 6x to make it into a perfect 
square is called completing the square. 

x2 + 6x  =  x2 + 6x + 9 – 9We can write:

We added 9 so we have to subtract 
it again to keep both sides equal.

Since x2 + 6x + 9 can be written as perfect square, we write:
x2 + 6x  = (x + 3)2 – 9

Completing 
the square:

b
2

b
2x2 + bx =   x +      2 – 2
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Investigate completing the square
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use the 
equation:

simplify:

use the equation:

simplify:

Completing the square

Compare this expression to 
(x + 5)2 = x2 + 10x + 25(x + 5)2 – 25

(x + 5)2 – 52

(x – )2 –

(x – )2 – (– 2)

In general,

Complete the square for x2 + 10x.

Complete the square for x2 – 3x.

Compare this expression to
(x – 1.5)2 = x2 – 3x + 2.25 

3
2

3
2

3
2

9
4

b
2

b
2x2 + bx =   x +      2 – 2
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Expressions in the form x2 + bx
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complete 
the square:

simplify:

Completing the square

(x + 4)2 – 7

(x2 + 4)2 – 42 + 9

Notice that this quadratic has a 
constant value added to it. Compare this to 

(x + 4)2 = x2 + 8x + 16

In general,

How can we complete the square for x2 + 8x + 9?

We can complete the square as 
normal, we just have to remember 
to add on the constant value.

(x2 + 4)2 – 16 + 9
simplify:

b
2

b
2x2 + bx + c =   x +       2 – 2 + c
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complete 
the square:

distributive property:

simplify:

complete the square:

simplify:

Completing the square

Complete the square for x2 + 12x – 5.

Compare this to
(x + 6)2

= x2 + 12x + 36
(x + 6)2 – 36 – 5
(x + 6)2 – 62 – 5

Complete the square for x2 – 5x + 16.

Compare this to
(x – 2.5)2

= x2 – 5x + 6.25
(x – )2 – + 16

(x – )2 – (– )2 + 16

(x + 6)2 – 41

(x2 – ) + 

simplify:

5
2

5
2

5
2

25
4

5
2

39
4
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Expressions in the form x2 + bx + c
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Practice questions
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Equations in the form ax2 + bx + c can be written in completed 
square form as a(x + p)2 + q by:

If the coefficient of x2 is not 1

= 2((x – 1)2 – 1) + 1
= 2(x – 1)2 – 2 + 1
= 2(x – 1)2 – 1

For example, complete the square for 2x2 – 4x + 1.

2x2 – 4x + 1 = 2(x2 – 2x) + 1
Now complete the square within the parentheses:

First take the factor 2 out of the terms containing x:

● first taking out the factor a from the terms containing x
● completing the square for the expression in parentheses.

complete the square:

distributive property:

simplify:
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Completing the square

Complete the square for 2x2 + 8x + 3.

2x2 + 8x + 3 = 2(x2 + 4x) + 3

= 2((x + 2)2 – 4) + 3

= 2(x + 2)2 – 8 + 3

= 2(x + 2)2 – 5

Start by factoring the first two terms by taking out 2, which is 
the coefficient of x2 in the expression:

complete the square:

distributive property:

simplify:

x2 + 4x = (x + 2)2 – 4
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complete the square:

distributive property:

simplify:

Completing the square

Complete the square for 5 + 6x – 3x2.

x2 – 2x = (x – 1)2 – 1

= 5 – 3((x – 1)2 – 1) 
= 5 – 3(x – 1)2 + 3
= 8 – 3(x – 1)2

Start by factoring the the terms containing x by –3.

5 + 6x – 3x2 = 5 – 3(–2x + x2)
= 5 – 3(x2 – 2x)
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Expressions in the form ax2 + bx + c
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Practice questions
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Tiled floor

The diagram below (not to scale) shows a square floor, 
(x + 4) m wide, tiled in colored sections. Can you use 
completing the square to find the un-tiled area?

Sum the tiled areas:
4x + 4 + 2x + x2 + 2 + 2x + 1
= x2 + 8x + 7

The tiled area is a perfect square, 
minus the un-tiled area.

x2 + 8x + 7 = (x + 4)2 – 16 + 7

Complete the square to find the 
subtracted (un-tiled) area:

= (x + 4)2 – 9
The un-tiled area measures 9 m2.
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Solving quadratic equations

Quadratic equations that cannot be solved by factoring can be 
solved by completing the square.

For example, the quadratic equation x2 – 4x – 3 = 0
can be solved by completing the square as follows:

(x – 2)2 – 4 – 3 = 0

x = 2 + √7 or x = 2 – √7

x – 2 = ±√7square root both sides:

(x – 2)2 – 7 = 0simplify:

(x – 2)2 = 7add 7 to both sides:

How would you complete the solution?
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Solving quadratic equations

Complete the square on the left-hand side:

(x + 4)2 – 16 + 5 = 0

square root both sides: x + 4 = ±√11

x = –4 + √11 or x = –4 – √11
x = –0.683 x = –7.317

(to nearest thousandth)

(x + 4)2 = 11add 11 to both sides:

(x + 4)2 – 11 = 0simplify:

Solve x2 + 8x + 5 = 0 by completing the square, writing 
the answer as a decimal to the nearest thousandth.
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Solving quadratic equations

3(x – 1)2 = 8add 8 to both sides:

3(x – 1)2 – 3 – 5 = 0

divide both sides by 3: (x – 1)2 =
square root both sides:

or

Solve 3x2 – 6x – 5 = 0 by completing the square.

complete the square: 3((x – 1)2 – 1) – 5 = 0

x – 1 = ±

x = 1 +  x = 1 –

take out the factor 3 from x terms: 3(x2 – 2x) – 5 = 0

3(x – 1)2 – 8 = 0

distributive property

8
3

8
3

8
3

8
3
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