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Completing the Square

The method of completing the square is sometimes used to convert a quadratic function in this form
f(x)=ax’+bx+c  into vertex form f(x)=a(x-h)f+k where the vertex is (h,k).

Start with a quadratic function in ax’+bx+c Flx) =ax? +bx+c
form.
Separate the first two terms with f(x) = (ax® 4 bx) + ¢
parentheses.
. b
Factor out the constant a from each term in f(x)=a (x2 + ~x ) +c
a
the parentheses. Leave room after the Zx
term.
A b b\’
Take the coefficient in front of the x term and f)=alx*+-x+ (2_) +c
2 a a
divide it by 2 then square it. Z > (%) . Add
that value inside the parentheses.
The value (3)2 was added inside the = 240 b)? b)?
a f(x)—a(x +;x+(z))+c—a(z)
parentheses and everything inside the
parentheses is being multiplied by a so you
2
have actually added a (i) to the entire
2a
function. For everything to remain equal we
2
must subtract a (%) from the entire
2
function. Subtract a (%) outside the
parentheses.
x2+2x 4 (1)2 is now a perfect square so it fx) = ( + i)2 + c— (3)2
a 2a P q X)=a\x 2a ¢ a 2a

2
can be condensed into (x + %) .

f(x) is now in vertex form with the vertex (h,k)

2
being (—i, c—a(i) ) You have now

2a 2a

completed the square.
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Examples

Start with f(x) = x? + 2x — 17.
Separate the first two terms with parentheses.

There is no need to factor out the coefficient in front
of the x? term because it is already 1. Divide the
coefficient in front of the x term by 2 then square it.

2
2> (g) = 1. Add 1 inside the parentheses.

Since you added 1 to the function, you must subtract
1 from the function to keep everything equal.
Subtract 1 outside the parentheses.

x2+2x+1 is a perfect square so it can be
condensed into (x + 1)2.

f(x)is now in vertex form. The vertex s (-1, -18).

fl) =x?+2x—17

f)=@2+2x  )—-17

fx)=(@*+2x+1)—17

fx)=@*+2x+1)—-17-1

f(x)=(x+1)*>-18

Start with f(x) = 5x% — 3x + 20.
Separate the first two terms with parentheses.
Factor 5 out of the parentheses.

. 3 w3 3)?
Divide -z by 2 then square it. 3 > (_ 1_0) ~ 100

Add 1% inside the parentheses.

The 1% is being multiplied by 5 so you must subtract
5 (1%) from the function to keep everything equal.

9 9 9 .
5 (—) = —. Subtract — outside the parentheses.
100 20 20

3 9 . .
x2—5x+ﬁ is a perfect square which can be
. 32
condensed into (x - E) .
391

. , . (3
f(x)is now in vertex form. The vertex is (E’Z)'

f(x) =5x2—3x+20
f(x) = (5x2 —3x )+ 20
f(x)=5(x2—§x )+20

3 9
_ 2_ 2,4 7
f(x)—S(x 5x+100>+20

f()—s(z—E +i)+20—i
=275 T 100 20
()_5( 3)2 391
fE=5\*x=3) 7o



