The Quadratic Formula

What is a quadratic equation?

The quadratic formula is used to solve a very specific type of equation, called a quadratic
equation. These equations are usually written in the following form, where A, B, and C are

constants and x represents an unknown.

Az’ +Br+C =0

Quadratic equations are second-order polynomials (the highest exponent is two) with a single

3orz? terms, etc.

unknown (x). In simple terms, that means that there's an z? term, butnox
They may or may not have all three terms present (Bx or C may be absent). There are several
options to solve a quadratic equation for x, including factoring or completing the square. In this
lesson we will use the aptly-named quadratic formula, which takes the three coefficients (A, B,

and C) and provides up to two solutions, if they exist.

The first step to using the quadratic formula will be identifying the three coefficients, A, B, and C.
In the equation above they are conveniently all together on one side of a simplified equation.
This will be the easiest way of identifying their values. For example, this is a simple quadratic

equation:

222 — 8z +7=0

Notice that I've replaced A with 2, B with -8, and C with 7. Finding those three value gets us
halfway to the answer. Sometimes, however the three coefficients may not all be present, or
there may be some simplification required. For example, what if we were given the following

equation and asked to solve?

2332+:c—|—7:2a:—6
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We would first need to re-write that equation into a simplified form with a single coefficient in
front of each term. In this case, that means subtracting 2x from each side and adding 6 to each
side:

222 — 2+ 13 =0
Now we have the equation in a standard form where we can identify that A=2, B=-1, and C=13.
To practice identifying the coefficients, the following are examples of quadratic equations. Can
you identify the values of A, B, and C in each?

2¢° + 3z +5=0

22 +32x+4=0

2’ —4x+4=0

2¢° —10 =0

z® + 5r = —8

Solving the equation for x

How would you solve that equation for x? We have simplified it to a standard form, but there's no
obvious way to manipulate that equation into an x=form. This is where the quadratic formula

comes in handy!

The Quadratic Formula

The quadratic formula is a tool we can use to solve quadratic equations for any possible
solutions. We'll eventually discover that there may be more than one unique solution, in fact, or

none at all. Here it is:

B —b+ Vb2 —4ac
N 2a

x

It looks really complicated, | know. Once you use it a lot you'll learn the formula by heart, but
until then keep practicing. Actually usingitisn't that hard -- just plug in your numbers step-by-
step. We learned already to find the three coefficients A, B, and C, and | said we were halfway to a

solution. Now we just insert the values for A,B, and C and we'll be left with two possible solutions
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for x, if they exist. Why two? Notice that there is a plus/minus sign in the formula. That means we

need to account for both possibilities when solving.

Watch how | solve a quadratic equation below, and try to follow along.

Example:

Solve this equation for x: 2 — 4z +4 = 0

Solution:

In order to solve with our formula, we must identify the three coefficients (A,B,C) in order to
begin solving. Remember that A is the coefficient in front of the 2 term, B is the coefficient in

front of , and C is the constant at the end.

Therefore, for this equation, A = 1, B = —4, and C' = 4. See how we found those numbers?
We looked at the equation we were given, simplified it if necessary (in particular we have to make

sure it equals zero), and then took the coefficients from the various terms.

Plug those values into the quadratic formula and solve for x:

b+ Vb2 —4ac

v 2a

4j:\/(—4)2—4*1*4

Z

2x1

44+ +/16 — 16
Tr =

2

44+0
r= ——"

2
_4_2
r = 5 =

Wait, what happened to the +/- sign at the end? Because we were adding or subtracting 0, BOTH
answers are the same. There may be two solutions for any quadratic equation, but in this case
there is just the one solution because whether we do plus or minus, we get x = 2. Want to

double check the result? Plug it back in to the original equation:

2 —4dr+4=0
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0=0

Ok, so we've worked one example problem. Let's try another. Try working this one out on your
own, then check it against the solution provided. In this case there will be two different answers,

so make sure you get both of them.

Example:

Solve forx: 2 + 2x = 3

Solution:

This equation isn't in the proper form -- we first need to subtract 3 from each side so there'sa 0

on the right and the three terms are together on the left:

2> +22—-3=0

Now we can just use the quadratic formula to get our answers, given that a=1, b=2, ¢c=-3:

_ —bE Vb —dac

v 2a
24+ /22 +12
aj:
2
-2+ 416
r= ————
2
—2+4
€Tr =
2
—2+4
T = + =10R
2
—2—-4
x = =-3



