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 Objectives

BB Solve quadratic equations by completing the
square

EJ Solve quadratic equations by using the quadratic
formula



Solve quadratic equations by
completing the square



TS olve quadratic equations by completing the square

A perfect-square trinomial is the square of a binomial.
Some examples of perfect-square trinomials follow.

Perfect-square trinomial ~ Square of a binomial

X+ 8x+ 16 = (x + 4)?
x> — 10x + 25 - (x — 5)°
, 25 ( 5)2
E — JF A4 — - X — =
4 2



~ Solve quadratic equations by completing the square

For each perfect-square trinomial, the square of % the
coefficient of x equals the constant term.

1 2
(5 coefficient of x) = Constant term

1 2
x> + 8x + 16, (58) =16

1 2
¥ — 10x + 25, {5(—10)} = 75
95 1 2 D5

2

— 5x + — —(=5) ) = —
TR (2( )) 4

To complete the square on x> + bx, add (3b) to x> + bx.



[ 1 P
- Solve quadratic equations by completing the square

Not all quadratic equations can be solved by factoring, but
any quadratic equation can be solved by completing the
square. Add to each side of the equation the term that
completes the square.

Rewrite the equation in the form (x + a)? = b.
Then take the square root of each side of the equation.

When a, the coefficient of the x? term, is not 1, divide each
side of the equation by a before completing the square.



. Example 1

Solve by completing the square.

A. 42 —8x+1=0 B. > +4x+5=0

Solution:
A, 4 -8 +1=0

4x2 — 8 = —1 Subtract 1 from each side of the
equation.
4)(?2 — 8x . = || The coefficient of the x? term must
- be 1. Divid h side of th ti
4 4 b:4. ivide each side of the equation
XX —2x = ——



 Example 1 — Solution

Complete the square. E(—Z)}2 =1

Factor the perfect-square trinomial.

Take the square root of each side of
the equation.

Simplify.



- 'Example 1 — Solution

x — 1 :ﬁ x— 1= _ﬁ Solve for x.
2 2
V3 V3
x=1+— x=1— —
2 2
2+ V3 2 — V3
X = 5 X = 5

2+ V3 2 — V3
and 5 .

The solutions are
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 Example 1 — Solution

B. x> +4x+5=0
X+ 4x = —5

X +4x+4=-5+4
x +2)*= -1

Vi +2)? = V-1

|x-|—2|

-~

x+2 ==

Subtract 5 from each side of the
equation.

Complete the square.

Factor the perfect-square trinomial.

Take the square root of each side of
the equation.

Simplify.
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..Example 1 — Solution

x+2 =1 % T 2= —f Solve for x.

X% = =~ I § X = vl =g

The solutions are —2 + iand —2 — i.
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Solve quadratic equations by
using the quadratic formula
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"’."‘"édlve quadratic equations by using the quadratic formula

A general formula known as the quadratic formula can be
derived by applying the method of completing the square to
the standard form of a quadratic equation.

This formula can be used to solve any quadratic equation.

QUADRATIC FORMULA

The solutions of ax> + bx + ¢ = 0, a # 0, are

—b + Vb* — dac —b — Vb — dac

d
2a o 2a
The quadratic formula 1s frequently written in the form
—b * Vb — dac
x —
2a

14



. Example 2

Solve by using the quadratic formula.
A4 +12x+9=0 B.2X* —x+5=0

Solution:
A. 472+ 12x +9=0 a=4b=12,c=9

—b + VB — 4dac

x —
2a
—12+V122-4-4-9 Replace a, b, and c in the
= — quadratic formula by their
2-4 values. Then simplify.
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- Example 2 — Solution

_ —12 V144 — 144

8
1210
8
-2
8
i
2

The solution is —5.

The equation has a double
root.
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~ Example 2 — Solution

B.2x> —x+5=0

_—=b i\/b2 — 4qc

a=2b=-1,c=5

Replace a, b, and c in the
quadratic formula by their
values. Then simplify.
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- Example 2 — Solution

: 1
The solutions are L

V39
4

. 1
zand4

V39

L.

4

18



P
‘ '-'*Sqlve quadratic equations by using the quadratic formula

In the quadratic formula, the quantity b? — 4ac is called the
discriminant.

When a, b, and ¢ are real numbers, the discriminant
determines whether a quadratic equation will have a double
root, two real number solutions that are not equal, or two
complex number solutions.

EFFECT OF THE DISCRIMINANT ON THE SOLUTIONS
OF A QUADRATIC EQUATION

1. Ifb* — 4ac = 0, the equation has one real number solution, a double root.

2. Ifb* — 4ac > 0, the equation has two real number solutions that are not
equal.
3. Ifb* — 4ac < 0, the equation has two complex number solutions.
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. Example 3

Use the discriminant to determine whether 4x2 —2x+5=0
has one real number solution, two real number solutions, or
two complex number solutions.

Solution:
b> — 4ac = (—2)* — 4(4)(5) a=4b=-2c=5
=4 — &0
= —76
—76 <0 The discriminant is less than 0.

The equation has two complex number solutions.
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