Section 1.3: Solving Quadratics

Obijectives:

- Solve quadratic equations by:
1. Factoring
2. Square root property
3. Completing the square
4. Quadratic formula

- Solve equations that are quadratic in form.

What is a quadratic equation?

A quadratic equation is a second degree polynomial equation that can be written in the form
ax’+bx+c=0

Where a, b and c are real numbers and a # 0.

There are many techniques for solving quadratic equations. There are techniques that work
for specific equations like:

- Factoring

-« Square root property

Techniques that can be used to solve all quadratic equations are:
« Completing the square

e Quadratic formula

Solving quadratic equations by factoring

If two unknown numbers multiply to zero, then either one of the numbers is zero or both of
the numbers are zero. This is know as the Zero Product Property.

Mathematically: ifa-b = 0thena = 0orb = 0 or both.

We use this property along with factoring to solve quadratic equations.



Example 1

Solve the quadratic by factoring: 3x>—x—10=0

https://youtu.be/xzRx5CkjLho

Example 2

Solve the quadratic by factoring: 2x> —6 = — 11x

https://youtu.be/kgXjw0QsB10o

Solving quadratics using the Square Root Property of Equality
The Square Root Property of Equality states:

If x> = k (k is a real number), then x = — \/% orx = \/%

Since k is a real number, we have three possible cases for solutions to an equation of the
form x2 = k.

« If k < 0, then no real solutions exist.
 If k = 0, then there is one(1) real solution.

« If k > 0, then two(2) real solutions exist.

Example 3

Solve the quadratic equation: 3x> =9

https://youtu.be/c0Qdu2kXgXc

Example 4

Solve the quadratic equation: —4x” = 8

https://youtu.be/65Lwz6PD8Xw



Example 5

Solve the quadratic equation: 2(x +4)> = 6

https://youtu.be/r2mA700aRxQ

Example 6

Solve the quadratic equation: 5(x — 3)*> = 15

https://youtu.be/j3lg3sZHYFg

Completing the Square

Completing the square means completing the perfect square trinomial. In section 1.2, we
learned that perfect square trinomials are of the following forms:

a’+ 2ab + b*> = (a + b)?
Or
a’ —2ab + b* = (a — b)?

We are completing the left hand side (LHS) of the equation so that we can factor it to the
right hand side (RHS).

Example 7

Complete the square on the following expression and show that it factors according to the
perfect square trinomial formula: x% + 6x

https://youtu.be/3Nz6QtfFkgk

Example 8

Complete the square on the following expression and show that it factors according to the
perfect square trinomial formula: y2 — Sy

https://youtu.be/BFVYBTUVTIE



Completing the Square

2
To complete the square of an expression ax® + bx, add <2—> . This produces a perfect
a

square trinomial which can be factored in the following way,
, b\’ b\’
ax“+bx+|— ) =alx+—
2a 2a

Extension 1

A specific case of this formula is when a=7. Simplify the Completing the Square formula for
this specific case.

Steps for Solving a Quadratic by using Completing the Square

Here are some basic steps for solving via Completing the Square

|. Rewrite the equation into the form x% + bx = c. Where b, c are real numbers.

2
II. Add (5> to both sides of the equation. This process creates a perfect square

trinomial on one side of the equals sign and a constant on the other.
lll. Use the Square Root Property of Equality
IV. Simplify the result (simplify radicals/rationalize)

Example 9

Solve the quadratic equation using completing the square: 2x> — 6x +5 =0

https://youtu.be/Hug2-YwHUSsC

Example 10

Solve the quadratic equation using completing the square: 4y2 —12y=-3

https://youtu.be/NPIjXFn28-U



Deriving the Quadratic Formula by Completing the Square on the General
From Equation of a Quadratic.

Complete the Square on the following: ax”+ bx+c¢ =0

https://youtu.be/fzild9PURmMs

The Quadratic Formula

The solutions of any quadratic equation in the form ax?+bx+c=0are given by:

—b i\/b2 —4ac

2a

X =

Example 11

Solve following quadratic equation using the quadratic formula.
x*+8x =—3

https://youtu.be/G5WHEvSGrrU

Example 12

Solve following quadratic equation using the quadratic formula.
4x*+2=—x
https://youtu.be/fvis2ZRrkog

The Discriminant

The expression underneath the square root symbol in the quadratic formula is know as the
discriminant. That is:

Discriminant = b% — 4ac

It is important to know that > — 4ac is a value. This value is used to determine the
number of real solutions of a quadratic equation.

Discriminant Number of Solutions
b2 = 4ac > 0 2 real solutions
b2 —4ac =0 1 real solution

b2 —4ac <0 No (zero) real solutions


https://youtu.be/fziId9PURms

Example 13

Use the discriminant to determine the number of real solutions for the given quadratic
equation. Then find the solutions of the quadratic, if possible.

x> =2x—-5
https://youtu.be/BJ7bwcmDZt8
Example 14

Use the discriminant to determine the number of real solutions for the given quadratic
equation. Then find the solutions of the quadratic, if possible.

X2 +3=—8x

https://youtu.be/CYyuA5uxzko

Polynomial Equations that are Quadratic in Form.

Examine the general form for a quadratic, ax® + bx + ¢ = 0. What is the exponent on the

x in the middle term, bx? Remember, if we do not see an exponent it is understood to be

equal to 1. The first term, axz, is called the leading term and the exponent on the x located

here is equal to 2. Notice the ratio of 2:1? This 2:1 ratio of the exponent of the leading
term to the exponent of the middle term identifies a quadratic form. We can use this
knowledge to solve higher degree polynomials that have a quadratic form using quadratic
methods. This methods are:

* Factoring
e Square Root Property
« Completing the Square

e Quadratic Formula

Example 15

Solve the following polynomial. 4x* + 3 = 13x?

https://youtu.be/fxnRKEAY QKA



Example 16

Find the solutions of the polynomial. —5x? = — 3x* — 2

https://youtu.be/uhPPDmMHGv2k
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