
FIREWORKS Portfolio 
A Write-up of Unit One! 

 
 

I. The Parts of a Vertex Form Equation 
 
Vertex form:    y = a (x - h)^2 + k 
 
In this vertex form of a parabolic equation, the each variable has a different meaning which 
affects the size and position of the parabola when graphed. The a value, placed to the left of the 
parenthesis, determines the thickness of the parabola - and therefore the x-intercepts. An a 
value greater than one will cause the parabola to be thinner, with less distance between the x-
intercepts. An a value between 1 and 0 causes the parabola to be wider, with more distance 
between the x-intercepts.  The closer to zero the a value, the wider the parabola. If the a value 
is negative, the parabola appears upside-down.  
The h value, located within the parenthesis, indicates where the vertex of the parabola will be on 
a horizontal axis. A positive h value will yield a vertex in quadrants 3 and 4, and a negative h 
value will yield a vertex in quadrants 1 and 2. This counterintuitive negative = positive 
phenomena is created by the equation itself. There will always be a negative sign within the 
parenthesis, it is simply a part of the vertex form equation. However, if a negative value is 
placed within the parabola and it is subtracted from a negative, it becomes a positive value (a 
negative minus a negative is a positive). When using this equation, plug the x-coordinate of the 
vertex into the h value. 
The k value in a vertex form equation, located at the far right of the equation, determines the 
vertical location of the vertex of the parabola. If the k value is positive, the vertex can occupy 
quadrants 1 and 4. If k is negative, the vertex can occupy quadrants 2 and 3. When using this 
equation, substitute the y-coordinate of the vertex for the k value.  
 

II.  Explain how you can use area models to expand expressions like 
(x+a )(x+b) where a and b can be any number (positive and negative). 
Provide examples. 
 An area model is a great way to visually factor out expressions in parenthesis, and lay out 
exactly what you need to know in order to solve a problem or rearrange an equation without 
losing any terms. Here is an example of how factoring works for the above example of: 

(x+a) (x+b) 



 

This area model shows us how we can take two expressions in parenthesis, and place them 
outside of the parenthesis by factoring them out (one on the vertical length of the square and 
one on the horizontal) and deriving from them a four term addition expression, like so:  

 X2   +  ax  +  bx  +  ab 

This area model method can be effectively used to transfer from vertex form quadratic 
equations to standard form quadratic equations, in a much simpler manner.  

The area model above shows us the process of factoring out a positive parenthetical equation, 

in that it is written as (x + a) (x + b). It is possible, however, use an area model as a method 
of factoring out a negative parenthetical equation, such as this one: 

(x - a) (x - b)  

This is very similar to the first area model, but it is thought of as subtracting a representative 
area rather than adding a new piece of area space onto the model.  

 

                    X              +          a  
 
 
          X           x2               ax                   
 
           + 
 
          B          bx               ab 



 

In this negative model, we are thinking about the total horizontal and vertical lengths of the 
model as  X2 , instead only subtracting a and b from the lengths due to their negative nature. 
The fourth value, ab, remains positive as it is the result of the multiplication of two negative 
numbers. This newly factored equation can be written as: 

 X2  - ax - bx + ax.  

Whether the area model in use deals with the factoring out of positive or negative equations, it is 
an incredibly useful organizational tool for working with quadratic equations.  

 

III . Explain how you complete the square to help you 

a. change an equation from standard form to vertex form 

Area models similar to those explained above can also be used to rearrange from standard form to 
vertex form, not solely vertex form to standard form. A standard form equation, such as  

y = X2  + 4x + 2 

 

Area model for negative expression: (x - a) (x - b) 
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Can be factored backwards into an area model, creating the parenthetical nature of a vertex 
form equation.  

 

  The next step is slightly strange, and here is where the area model is really nice to have- as a 
visual guide. The point of the area model is to create a perfect square out of the standard form 
equation, so the vertex form adaptation can be written using a squared parenthetical 
expression. The goal of the fourth place in the area model, currently containing the number 4, is 
to match the third article of the original standard form equation, in this case 2. So, in order to 
match our standard form equation to the perfectly squared nature of the area model, we have to 
add another 2 onto the 2 of our standard form- to achieve the 4 that currently resides in the 
fourth place of the area model.   

 

Backwards factoring (standard to vertex) using an area model with the example 
equation of y = X2  + 4x + 2 
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An easy way to think about this is to work backwards, with the intent of recreating 
the values in the original standard form equation. Remember that this area model 
is used as a visual guide to help you see the values working behind the scenes of 
equation rearranging. The 2s in the horizontal and vertical positions along the 
lengths of the model are derived by dividing the original 4x in half, as the point of 
an area model is to deconstruct and reassemble equations. The 2 and 2 are 
reassembled to create the 4x.  



 

Now we turn back to our original standard form equation, and make the necessary changes we 
learned about in the area model, to create a vertex form equation.  

y = X2  + 4x + 2 

                                                              +2                    +2 

                                                              y +2 =  X2  + 4x + 4 

Now we can transform the right side of the equation into a squared parenthetical vertex-looking 
expression, found using the horizontal and vertical lengths of our area model. All three values 
will be replaced, as they have all been accounted for in our area model.  

 y +2 =  (x + 2)2 

However, we are still not finished here, as it is necessary to isolate the y on one side of the 
equation. We can do this by subtracting the 2 from both sides of the equation.  

 y +2 =  (x + 2)2 

                                                                     -2         -2  

 y  =  (x + 2)2   -2  

 

Backwards factoring (standard to vertex) using an area 
model with the example equation of y = X2  + 4x + 2 
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This value 
wants to 
be 
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in the 
standard 
form 
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g 2 of the 
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This final equation is out vertex form adaptation of the original standard form equation!  

                                                      

 

b.  solve a quadratic equation for x when it is in standard form (this is also finding x-
intercepts). 

When a quadratic equation is in standard form, it is possible to solve for x. For this example, I 
will use a new, simple standard form equation: x2 + 3x + 2. 

There are two ways to solve for x-intercepts when an equation is in standard form, both require 
similar amounts of involvement depending on the coefficient in place. The first option is to 
convert the equation into factored form, and solve for the x-intercepts using the zero product 
property. 

This is done by using an area model, like many other quadratic conversions.  

 

Once the equation is in factored form, the zero product property can be applied to quickly and 
easily find the x intercepts.  

 

Equation: x2 + 3x + 2 
 
The goal here is to get our standard form equation to fit nicely into this area model, with all  
parts of the equation accounted for. We place the x2 in the first box, and the 2 (single term) 
in the 4th box. Next, we need to find two numbers which when added equal three, and 
when multiplied equal 2.  
This can take some 
 trial and error,  
but is solvable!  
We have to search through  
The factor pairs of two 
Until we find a pair  
Which adds up to three. 
We do this because       
we need to have a  
multiplied term in the 
 final box, and the  
Other two terms  
must add to equal 
The second term,  
3x. This is the only 
Way we can  
Incorporate all parts 
Of the standard form Equation into our New factored form Equation.  
If we were to factor out this area model, it would appear exactly the same as our original 
standard form equation, which is our goal. But now, since we want the equation in factored 
form, we only care about the numbers on either sides of the area model: (x + 2) and (x + 1).  
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In order to find the value of x when y is equal to zero, (the x-intercepts) we set y equal to zero 
and solve. with our factored form equation, it looks like this: 

0 = (x + 1) (x + 2) 

Because there are two separate terms in this equation, we are able to rewrite the equation more 
simply like this: 

0 = (x + 1)      0 = (x + 2)  

If we solve these as separate equation, the x values come out as -1 and -2. These are our x-
intercepts derived from a factored form equation.  

However, x-intercepts can also be found from a standard form equation by first converting the 
equation into a vertex form. Again, an area model is necessary for this conversion! 

 

 

Equation: x2 + 3x + 2 
 
Putting an equation into vertex form has quite a few steps - but is, again, solvable. The goal here is to transform 
this standard form equation into a perfect square, so we turn again to an area model.  
- We place the x2 in its usual spot in the first box,  
- then divide the second term (containing x)  
  by 2 and place those numbers  
  along the two sides of the area model.   
- next, we multiply the two numbers on  
  together, in this case 1.5 and 1.5,  
  creating a perfect square. 
- we then turn back to our original 
  equation, adding or subtracting the  
  Difference between the third term in the  
  Standard form equation (2) and the new 
  Squared number in the area model (2.25) 
  to both sides of the original equation,  
  Transforming it into a perfect square. 
- we can replace the right side of the equation 
  Into the squared, factored term we created 
  using the area model, leaving the left side 
  alone.  
- now, we can remove the previously added term 
  from the left side of the equation, moving  
  It over to the right side...and the equation  
  is in vertex form!  
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Y = 3x + 2 
                          +.25             +.25         
                      Y + .25 = 3x + 2 +.25 (Just like area model!) 
 
                      Y + .25 = (x + 1.5)2 
                                 
                       Y = (x + 1.5)2 - .25  
 
 

 



Once the equation is in vertex form, all that needs to be done is solving for x. We plug in zero 
for y, so we can find the value of x when y is equal to zero, or the x-intercept (s). Here is the 
solving: 

Y = (x + 1.5)2 - .25  
 

0 = (x + 1.5)2 - .25 
                                                      + .25                  + .25 

.25 = (x + 1.5)2 
                                                           √             √ 

(+ or -)   √.25 = x + 1.5 
(+ or -)   √.25 - 1.5 = x    

 
This (+ or -) shown here because when taking the square root of a number, there is no way of 

knowing whether that square root will be negative or positive. (two negatives multiplied together 
create a positive, and two positives multiplied together create a positive, so the square root 

could be either negative or positive) 
Now we figure out exactly what the two x-intercepts are, by subtracting 1.5 from both positive 

and negative square root of .25, which is .5. These turn out to be -1 and -2.  
This answer is the same as the answer we figured out by solving with factored form as well, so 
we know it worked! You can also graph the standard form equation and check the x-intercepts 
digitally, to check your work if necessary.  
These ways are almost always available to use when trying to find x-intercepts from a standard 
form equation, unless factoring is impossible for numerical reasons or there is a number over 1 
as the coefficient of the equation, making one way or the other too muddled.  

 IV . Explain how you solve optimization problems. These are word 
problems in which you need to maximize something. Provide an 
example. 
In an optimization problem, you are asked to find an equation for a given scenario, and either 
use graphing or some other method to find the point at which your expression yields the highest 
possible value. Usually a real world example is provided, such as A Corral Variation in the IMP 
textbook. This problem asks us to look at a rectangular shape with a limited perimeter value, 
and create an equation to solve for the area, calling one side of the rectangle x. We are then 
asked to find the pair of numbers making up the length and width of the rectangle (x & y) which 
result in the largest area possible under given constraints.  
 



 
In the problem listed above, we are given 500 feet of fencing to work with in all. We are asked to 
create a general equation used to calculate the area of the rectangle. Since we know length 
multiplied by width yields the area, all we need to do is multiply x by the second side length, 500 
- 2x. (this second portion of the equation was derived by using our total fence length, 500, and 
subtracting the other two side lengths (2x) from it to isolate the length. We can then create our 
equation from this, which comes out to: y = x * 500 - 2x. This equation can be used to find the 
largest area, represented by the y value.  
 
Personally, I find it easiest to graph optimization problems, as guess and check can get rather 
messy. Once graphed, a graphing calculator can be used to find the highest point on the graph, 
by utilizing the calc maximum feature. The highest point on the graph, or the vertex, is the 
optimization point. The x coordinate represents the x value at which the largest area can be 
found, and the y coordinate represents the largest possible area. There is a way to do this 
optimization work out by hand, which can be used when there is no calculator readily available. 
Here are the steps to solving an optimization problem by hand: 

1. write an initial equation based on the given information 
2. rewrite the equation in factored form, using the box method to factor the equation 
3. use the zero product property to rapidly find the x-intercepts from a the factored form 

equation 
4. find the midpoint of the x-intercepts, this is the x-coordinate of the parabola’s vertex 
5. plug this x-coordinate into the original or factored form equation, and solve for y  

 
This is another way to obtain the vertex point of the parabolic equation - again the x-coordinate 
is the x value that will give you the largest possible area, and the y-coordinate is the largest 
possible area.  
 
V. Factoring 
 

 

                                Preexisting length  (not part of equation) 
 
 
                               X 
 
 
                                                         500 - 2x 
 
In this particular optimization problem, we are asked to tack onto a 
preexisting length a u-shaped length with 2 equal sides that in total is equal 
to 500. We create an equation from that given information, and are asked 
to use our equation (shown above on the horizontal length) to find the 
feasible length of x that will provide us with the largest possible area. This 
is where the optimization comes in, as we are optimizing the area!  



Factoring an equation is taking it out of the form it’s in, and placing it in a form that looks like 
this: 
Y = (x + a) (x + b) 
This can be done using an area model, from standard form in a very simple way. Here is a 
diagram which explains the process, previously used in an explanation process during this 
portfolio: 

 

This is factored form, y = (x + 2) (x + 1), translated from a standard form equation.  
It is also possible to transform a vertex form equation into factored form, but standard form must 
be used as a conversion factor, between vertex and standard form. Here is another diagram, 
explaining the transition from vertex form to standard form:  

 

Equation: x2 + 3x + 2 
 
The goal here is to get our standard form equation to fit nicely into this area model, with all  
parts of the equation accounted for. We place the x2 in the first box, and the 2 (single term) 
in the 4th box. Next, we need to find two numbers which when added equal three, and 
when multiplied equal 2.  
This can take some 
 trial and error,  
but is solvable!  
We have to search through  
The factor pairs of two 
Until we find a pair  
Which adds up to three. 
We do this because       
we need to have a  
multiplied term in the 
 final box, and the  
Other two terms  
must add to equal 
The second term,  
3x. This is the only 
Way we can  
Incorporate all parts 
Of the standard form Equation into our New factored form Equation.  
If we were to factor out this area model, it would appear exactly the same as our original 
standard form equation, which is our goal. But now, since we want the equation in factored 
form, we only care about the numbers on either sides of the area model: (x + 2) and (x + 1).  
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This standard form equation can now be factored out using the process described above 
regarding how to factor out a standard form equation, to get to factored form!  
 
VI. Solving the Unit Problem 
 
In A Victory Celebration, a soccer team wants to have a celebration for their victory in their 
tournament. Therefore, they want to set off a firework rocket to celebrate! They will set it off of a 
160 foot tower, then it will rise and fall again in a parabolic arc. To ensure no celebrators get hit 
by a flaming rocket, the team wants to know three vital pieces of information regarding the 
trajectory of the firework: 

1. How long the rocket will take to reach the top of its path 
2. Hot high the rocket will travel 
3. How long the rocket will be in the air 

Here is a visual of the parabolic path of the rocket: 

Here, we are using an area movel to translate from a vertex form equation  to a standard form 
equation.  
We will use the vertex form equation Y = (x + 1.5)2 - .25. 
This process requires mostly solving, however we use an area model to factor out the term (x + 
1.5)2. 
 
                                            X               +         1.5  
 
 
                               X           x2                        1.5x           
 
 
                              + 
 
 
                             1.5          1.5x                      2.25 
 
 
 
We can now rewrite the parenthetical portion of our original vertex form equation as the factored out, 
combined terms in the area model:  x2+ 3x + 2.25, turning the equation into y = x2+ 3x + 2.25 -
.25 
We can solve this equation, by subtracting .25 from 2.25, leaving us with 2 as out final term in the 
equation, and a perfect standard form equation: 
 

y = x2+ 3x + 2 

 

 



 
We know two things about the rocket’s path already:  

- The y-intercept (160) 
- And the standard form equation which defines the path of the rocket: 

h(t) = 160 + 92t - 16t2 
 
This standard form equation is only helpful to us if we can put it into vertex form, in which it will 
tell us the highest point of the rocket’s path, and the x-coordinate (time) it took to get there. The 
highest point of the rocket’s path and the time it took to get there are represented by the vertex, 
in a vertex form equation. After solving from standard to vertex form, the equation becomes: 
h(t)  = -16(t - 2.875)2 + 292.2496 
I solved this (conversion) using the completing the square method, pictured above in the 
portfolio. I realized this can show me two pieces of information, the tallest point of the rocket’s 
arc: 292.2496 ft, and the time it took to get there: 2.875 sec. These are the h(t) and t 
coordinated (y and x) of the parabola’s vertex, at a specific point in time. The last piece of 
information needed is the time it takes for the entire path of the rocket to play out. This is asking 
for the x-intercept, or the time when the height is 0 ft. To solve for this point, I used my newly 
acquired vertex form equation and plugged in 0 for h(t), to find my t variable. The answer 
contained a square root: (+ or -) √18.2675, but since I know the variable I am solving for is time 
and time cannot be a negative value, I solved the x-intercept to be 7.148 seconds.  
Here are my answers to the unit problem: 

4. How long the rocket will take to reach the top of its path - 2.875 sec 
5. Hot high the rocket will travel - 292.2496 ft 
6. How long the rocket will be in the air - 7.148 sec  

That’s the unit problem!  
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