The Language Needed to Explain Quadratic Equations
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Step 1:  Analyzing explanations

	Vocabulary and Expressions
	Grammatical Features or Structures 
	Discourse Features

	
	
	


Step 2: Prioritizing—Narrowing the list of language features to a manageable number that should be modeled and taught.

Some Guiding Questions
•  Is the language feature unknown?
•  Will it help students explain patterns to classmates or a teacher?

•  Will it improve students’ understanding of math?

•  Will students use the feature in other math assignments?
•  Will knowledge of the feature improve students’ knowledge of English (in general) and/or the Language of Math?

QUADRATIC EQUATION EXPLANATIONS

1.  A quadratic equation is an equation that looks like this:


ax2+bx+c = 0, 
     where a, b, and c are numbers, called coefficients.

2.  A quadratic equation is an equation that can be written in this form. 

ax2+bx+c=0 

The a,b, and c here represent real number coefficients. So this means we are talking about an equation that is a constant times the variable squared plus a constant times the variable plus a constant equals zero, where the coefficient a on the variable squared can't be zero, because if it were then it would be a linear equation. 

Examples


2x2+3x+1=0, x2+x=2x+3, (x+2)(x+3)=5 

All these equations are equivalent to equations of the above form. The first one is already in that form. The second one can be put into it by subtracting 2x+3 from both sides. The third one can be put into it by multiplying out and then subtracting 5 from both sides. 

Standard Form

The form 

ax2+bx+c=0 

is the standard form for a quadratic equation, and for future reference, here the letter a will always mean the coefficient on the square of the variable, and b will be the coefficient on the variable, and c will be the constant term. To get a quadratic into standard form you must remove all parentheses and combine all like terms and add or subtract something from both sides so that the right side will be zero. Once you have your equation in standard form you can identify a,b, and c.

3.  An equation in which one or more of the terms is squared but raised to no higher power, having the general form ax2 + bx + c = 0, where a, b, and c are constants.

4.  Quadratic equation, in mathematics, an algebraic equation of the second degree (having one or more variables raised to the second power). The general quadratic equation in one variable is ax2 + bx + c = 0, in which a, b, and c are arbitrary constants (or parameters) and a is not equal to 0. Such an equation has two roots (not necessarily distinct), as given by the quadratic formula
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The discriminant b2 − 4ac gives information concerning the nature of the roots (see discriminant). If, instead of equating the above to zero, the curve ax2 + bx + c = y is plotted, it is seen that the real roots are the x coordinates of the points at which the curve crosses the x-axis. The shape of this curve in Euclidean two-dimensional space is a parabola; in Euclidean three-dimensional space it is a parabolic cylindrical surface, or paraboloid.

In two variables, the general quadratic equation is ax2 + bxy + cy2 + dx + ey + f = 0, in which a, b, c, d, e, and f are arbitrary constants and a, c ≠ 0. The discriminant (symbolized by the Greek letter delta, Δ) and the invariant (b2 − 4ac) together provide information as to the shape of the curve. The locus in Euclidean two-dimensional space of every general quadratic in two variables is a conic section or its degenerate.

More general quadratic equations, in the variables x, y, and z, lead to generation (in Euclidean three-dimensional space) of surfaces known as the quadrics, or quadric surfaces.
5.  Quadratic Equations

This is what a "Standard" Quadratic Equation looks like:
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	· The letters a, b and c are coefficients (you know those values). They can have any value, except that a can't be 0.

· The letter "x" is the variable or unknown (you don't know it yet)


Here is an example of one:
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5x2-3x+3:=0




The name Quadratic comes from "quad" meaning square, because the variable gets squared (like x2). 

It is also called an "Equation of Degree 2" (because of the "2" on the x)

More Examples of Quadratic Equations:
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	In this one a=2, b=5 and c=3
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	This one is a little more tricky: 

· Where is a? In fact a=1, as we don't usually write "1x2"

· b = -3
· And where is c? Well, c=0, so is not shown.
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	Oops! This one is not a quadratic equation, because it is missing x2 (in other words a=0, and that means it can't be quadratic)


6.  Any equation of type ax2 + bx + c = 0 where a, b, and c are constants and a <> 0, is in standard form for a quadratic equation. 

Quadratic equations of type ax2 + bx + c = 0 and ax2 + bx = 0 (c is 0) can be factored to solve for x.  Examples: 

1. Problem: Solve 3x2 + x - 2 = 0 for x.

  Solution: Factor.

            (3x - 2)(x + 1) = 0
            Use the principle of zero products,

            which says, if ab = 0, either

            a, b, or both must be

            equal to zero.

            3x - 2 = 0,   x + 1 = 0
            3x = 2    ,   x = -1
            x = (2/3)
            x = -1, (2/3)
2. Problem: Solve 3x2 + 5x = 0 for x.

  Solution: Factor.

            x(3x + 5) = 0
            Use the principle of zero products.

            x = 0,   3x + 5 = 0
            3x = -5
            x = -(5/3)
            x = 0, -(5/3)
Quadratic equations of type ax2 + c = 0 can be solved by solving for x.  Example: 
3. Problem: Solve 3x2 = 6 for x.

Solution: Recognize that the equation is

          quadratic because it is the 

          same as 3x2 - 6 = 0.

          Divide each side by 3.

          x2 = 2
          Take the square root of each side.

          x = SQRT(2), -(SQRT(2))
7.  An equation in which one or more of the terms is squared but raised to no higher power, having the general form ax2 + bx + c = 0, where a, b, and c are constants.
8.  In mathematics, a quadratic equation is a polynomial equation of the second degree. The general form is
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where x represents a variable, and a, b, and c, constants, with a ≠ 0. (If a = 0, the equation becomes a linear equation.)

The constants a, b, and c, are called respectively, the quadratic coefficient, the linear coefficient and the constant term or free term. The term "quadratic" comes from quadratus, which is the Latin word for "square". Quadratic equations can be solved by factoring, completing the square, graphing, Newton's method, and using the quadratic formula
9.  Introduction for quadratic equation:
              Quadratic equation is one of the important equations in the algebra chapter in mathematics subject. It is the algebraic equation, which can be a more expressive name is second-degree polynomial equation. Standard form or general form of quadratic is [image: image9.png]


. 

              Where x – denotes a variable, and a, b, c are constants. Here in this article we are going to brief discussion and explain about quadratic equation and some example problems.

Definition of Quadratic Equation & General Explanations:

            We know that, in mathematics subject, a quadratic equation is a polynomial equation of the second order or degree of equations.

            The general form of the quadratic equation is [image: image10.png]arit+br4c




Where, x – denotes the variable, a, b, c are the constants. Those, a, b, and c are generally called as, “quadratic coefficients”. 
Types of quadratic equations solving:
     There are four types of solving methods are given below:

· Factoring method 

· Square root method

· Completing the square

· Using the quadratic formula method

Those above four methods are important methods for solving the quadratic equations.

Quadratic formula:
            A quadratic equation has two types of solutions; there are real and complex coefficients. These two solutions are called as roots.

The two solutions of real and complex are may or may not be different, and also they may or may not be true (real).

The roots are given by the “quadratic formula” of below:
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            Here, the symbol of [image: image12.png]


denotes the both form of real(+) and complex(-).

10.  A quadratic equation is an equation where the highest power of x is x2., so it is an equation of the form ax2 + bx + c = 0. There are various methods of solving quadratic equations, as shown below.

NOTE: If x2 = 36, then x = +6 or -6 (since squaring either of these numbers will give 36). However, if we write √36, we usually mean +6 .

Completing the Square

9 and 25 can be written as 32 and 52 whereas 7 and 11 cannot be written as the square of another exact number. 9 and 25 are called perfect squares. Another example is (9/4) = (3/2)2. In a similar way, x2 + 2x + 1 = (x + 1)2. 

To make x2 + 6x into a perfect square, we add (62/4) = 9. The resulting expression, x2 + 6x + 9 = (x + 3)2 and so is a perfect square. The process of making something into a perfect square is known as completing the square. To complete the square in this way, we take the number before the x, square it, and divide it by 4. This technique can be used to solve quadratic equations, as demonstrated in the following example.

Example

Solve x2 - 6x + 2 = 0 by completing the square
x2 - 6x = -2
[To complete the square on the LHS (left hand side), we must add 62/4 = 9. We must, of course, do this to the RHS also].
x2 - 6x + 9 = 7
(x - 3)2 = 7
[Now take the square root of each side]
x - 3 = ±2.646     (the square root of 7 is +2.646 or -2.646)
x = 5.646 or 0.354

Completing the square can also be used to find the maximum or minimum point on a graph.

Example

Find the minimum of the graph y = 3x2 - 6x - 3 .

In this case, the x2 has a "3" in front of it, so we start by taking the three out: y = 3(x2 - 2x -1) .  [This is the same, since multiplying it out gives 3x2 - 6x - 3]
Now complete the square for the bit in the bracket:
y = 3[(x - 1)2 - 2]
Multiply out the big bracket:
y = 3(x - 1)2 - 6

We are trying to find the minimum value that this graph can be. (x - 1)2 must be zero or positive, since squaring a number always gives a positive answer. So the minimum value will occur when (x - 1)2 = 0, which is when x = 1. When x = 1, y = -6 . So the minimum point is at (1, -6).

The minimum could also have been found by differentiation.

Some people don't like the method of completing the square to solve equations and an alternative is to use the quadratic formula. This is actually derived by completing the square.
The Quadratic Formula

Let's complete the square in the general case: ax2 + bx + c

Take out a factor of a:
a [ x2 + (b/a)x + (c/a) ]
a [ [x + (b/2a)]2 + (c/a) - (b2/4a2) ]

Hence if ax2 + bx + c = 0,
[x + (b/2a) ]2 = (b2/4a2) - (c/a)
       =b2 - 4ac
        4a2
Now if we take the square root of both sides and simplify, we get the quadratic formula:

[image: image13.png]+./b*- dac

2a




Example

Solve 3x2 + 5x - 8 = 0

x = -5 ± √( 52 - 4×3×(-8))
                   6
  = -5 ± √(25 + 96)
               6
  = -5 ± √ (121)
             6
  = -5 + 11       or        -5 - 11
          6                         6

x = 1 or -2.67

11.  Definitions

A quadratic equation takes the form ax2 + bx + c = 0

· Quadratic Equation - An equation that can be written in the form ax2 + bx + c = 0. 
For example, 2x2 + 3x + 2 = 0 is a quadratic equation while 3x + 2 is not a quadratic equation.

· Factoring - The process of breaking apart of an equation into factors (or separate terms) such that when the separate terms are multiplied together, they produce the original equation.
For example, x2 - x - 2 = (x+1)(x-2). In this case, the equation x2 - x - 2 = 0 can be broken apart into two factors [i.e., (x+1)(x-2) = 0] such that when these two separate terms (i.e., factors) are multiplied together, the result is the original equation.

· Root - A solution to an equation such as a quadratic equation such that f(x) = 0.
For example, for the quadratic equation x2 + x - 12 = 0, x = 3 and x = -4 are both roots since f(3) = 32 + 3 - 12 = 0 and f(-4) = (-4)2 - 4 - 12 = 0

Examples of Simple Quadratic Equations

Although all quadratic equations by definition fit the form ax2 + bx + c = 0, the most common simple format for a quadratic equation is as follows:

x2 + 6x + 9 = 0
(a = 1, b = 6, c = 9) 

x2 - 4x + 4 = 0
(a = 1, b = -4, c = 4) 

x2 + 2x - 35 = 0
(a = 1, b = 2, c = -35) 

Examples of Complex or Untraditional Quadratic Equations

While most quadratic equations do appear in the format that the above examples appeared in, this is by no means the only format for a quadratic equation. The following are also quadratic equations:

2x2 - 6x + 10 = 0
(a = 2, b = -6, c = 10) 

5x2 - 20 = 0
(a = 5, b = 0, c = -20) 

9x2 = 81
(a = 9, b = 0, c = -81 since we could subtract 81 from both sides) 

Solving Quadratic Equations

There are two main ways of solving a quadratic formula. The first method, the quadratic formula, works regardless of what format the quadratic equation comes in. The second method, factoring, becomes much more difficult as the quadratic equation becomes more complex. For example, it is much easier to factor a quadratic equation in the form ax2 + bx + c where a = 1 than it is to factor a quadratic equation in the form ax2 + bx + c where a ≠ 1.

Solving Quadratic Equations: The Quadratic Formula

While the quickest means to solve a quadratic equation is often through factoring (discussed next), a quadratic equation can be too complex to easily factor or it simply does not factor. In these instances, the quadratic formula can be used as it will always find the correct answer--regardless of the properties of the equation.

For a quadratic equation, which has the form ax2 + bx + c = 0, the roots are given by the formula.:
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The ± within the quadratic formula indicates that x takes two values. A quadratic equation will have two solutions, known as roots, although these solutions are not necessarily unique. Consider the following examples:
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Factoring

Another means of solving a quadratic equation is through factoring. The essence of factoring, as defined above, is the process of breaking apart of an equation into factors (or separate terms) such that when the separate terms are multiplied together, they produce the original equation. Factoring works on the following fundamental relationship:

(x - r1)(x - r2) = 0 = x2 + bx + c
where r1 and r2 are the roots, or solutions, of the quadratic equation 

For example:

Roots: -5, +2
(x+5)(x - 2) = ?
(x+5)(x - 2) = x2 -2x + 5x - 10
x2 -2x + 5x - 10 = x2 + 3x - 10 

The Steps of Factoring

In order to learn the steps of factoring, we will use the example from above that we solved using the quadratic equation.

x2 + 2x - 8 = 0

1.) Find two numbers whose sum is b (or 2 in this example) and whose product is c (or -8 in this example).
Two such numbers are -2 and + 4, which add to +2 and multiply to -8.

x2 + 2x - 8 = 0
(x - 2)(x + 4) = 0
x = +2, -4 since these two numbers make each factor (i.e., [x - 2] or [x + 4]) equal zero. 

