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Teacher Notes
Student Performance Objectives - TEKS Correlation
(A.10) Quadratic and other nonlinear functions. The student understands there is more than one way to solve a quadratic equation and solves them using appropriate methods. 

(A) The student solves quadratic equations using concrete models, tables, graphs, and algebraic methods.

(B) The student makes connections among the solutions (roots) of quadratic equations, the zeros of their related functions, and the horizontal intercepts 
(x-intercepts) of the graph of the function.
B. Critical Mathematics Explored

This lesson is designed to present the Quadratic formula to the students.

C. How Students Encounter Concepts

[image: image19.wmf] 

The students will begin by writing quadratic equations which model the height of a ball as it is thrown on various planets.  Each equation will be written in standard form.  Students will then analyze these models by applying the Quadratic Formula. 

D.

Setting Up – Preparation

List of Materials:
Student Activity sheet: Interplanetary Basketball
Graphing Calculators
E.
What the Teacher Should do to Prepare:

The students will be writing equations in standard form: y = ax2 + bx +c.  It is important that the are taught a method for solving equations in this form.  The teacher may want to generate how the quadratic function is derived by using the method of completing the square. (See right)  The teacher may want to re-emphasize the meaning of the roots of an equation and how this is expressed algebraically using equations. This is also a good time for a discussion about the vertex (when the discriminate is equal to zero).

F.
Connections

This lesson provides the opportunity for students to use another method for solving quadratic equations when they are not in a factorable form. 
G.
Answers to the Student Activity
	Planet
	Gravity at surface
	Quadratic Model

	Mercury
	11.84 ft/sec
	h(t)=-5.92t2+24t+3

	Venus
	28.16 ft/sec
	h(t)=-14.08t2+24t+3

	Earth
	32 ft/sec
	h(t)=-16t2+24t+3

	Mars
	12.16 ft/sec
	h(t)=-6.08t2+24t+3

	Jupiter
	84.48 ft/sec
	h(t)=-42.24t2+24t+3

	Saturn

Uranus
	36.80 ft/sec
	h(t)=-18.4t2+24t+3

	Neptune
	35.84 ft/sec
	h(t)=-17.92t2+24t+3

	Pluto
	1.28 ft/sec
	h(t)=-0.64t2+24t+3


	Planet
	Time required to reach max height
	Max height of basketball
	Time required to return to planets surface
	Time required for the ball to return to a height of 10 ft.

	Mercury
	2.03 sec
	27.324 ft
	4.18 sec
	3.7377 sec

	Venus
	0.85 sec
	13.227 ft
	1.822 sec
	1.331 sec

	Earth
	.75 sec
	12.75 feet
	1.616 sec
	1.104 sec

	Mars
	1.973 sec
	26.384 ft
	4.069 sec
	3.6302 sec

	Jupiter
	0.284 sec
	6.409 ft
	0.674 sec
	Never reaches 10 ft.

	Saturn/ Uranus
	0.652 sec
	10.826 ft
	1.419 sec
	0.864 sec

	Neptune
	0.670 sec
	11.036 ft
	1.454 sec
	0.910 sec

	Pluto
	18.750 sec
	228 ft
	37.624 sec
	37.206 sec


1.
Pluto

2.
Jupiter

3.
Jupiter

4.
Saturn (Uranus) and Neptune--Both planets have similar gravity at the surface.

5.
If the lead coefficient is greater than zero (positive), then the graph opens up.  If the lead coefficient is less than zero (negative), then the graph opens down.

6.
Quadratic functions have a squared term and the degree of the equation is two.

I.
Homework

 
Reflect and Apply:  5.1 The Diver

Interplanetary Basketball

(The Quadratic Formula)
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In physics, an object thrown upwards follows a path described by the mathematical formula shown below.

H(t) = -
[image: image1.wmf]  

1

2

 gt2 + v0t + h0 

H(t)   is the height of the object off the ground at whatever time t is.

g       is the number for gravity ( On earth, it is 32)

t       is the time that the object has been moving

v0       is the initial velocity (speed) at which the object was thrown

h0          is the object’s height off the ground when it was thrown.

The referee is holding the ball at a height of 3 feet above the floor.  He tosses the ball upward at a velocity of 24 feet per second.  The ball is affected by the acceleration due to gravity at the Earth’s surface, which is approximately 32 feet per second squared.  

The quadratic model that describes the motion of this basketball is:

Height(t)= -16t2  + 24t  + 3

In this project, you will compare the motion of the basketball on Earth with its motion on each of the other eight planets.  On each planet, assume that the initial height of the ball is 3 feet, and the initial velocity of the ball is 24 feet per second.  However, the acceleration due to gravity near the surface of each planet is different from that on Earth.

The following table contains the acceleration due to gravity near the surface of each planet in terms of that on Earth.

I. Complete the table by writing the Quadratic equation that will model the height of the ball after t seconds.

	Planet
	Gravity at surface
	Quadratic Model

	Mercury
	11.84 ft/sec
	

	Venus
	28.16 ft/sec
	

	Earth
	32 ft/sec
	h(t)=-16t2+24t+3

	Mars
	12.16 ft/sec
	

	Jupiter
	84.48 ft/sec
	

	Saturn

Uranus
	36.80 ft/sec
	

	Neptune
	35.84 ft/sec
	

	Pluto
	1.28 ft/sec
	


Quadratic equations in the form of ax2 + bx + c = 0 can be solved by using the Quadratic Formula.  The formula is derived from completing the square of a quadratic equation.  The solutions to a quadratic equation are:
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Note: This equation will always give you two possible answers if 
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 is not equal to zero.  

The vertex of a quadratic function (either the maximum or the minimum) occurs when 
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 does equal zero.  Therefore, the quadratic equation would look like: 
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.  This means that the x-value of the vertex can be found using this formula.  By substituting the value calculated into the quadratic equation, we can find the corresponding y value.

Let us see how this can help us with analyzing our Basketball situation in the Solar system.

We know that the quadratic equation for the ball being thrown on earth is: h(t)=-16t2+24t+3.  From this equation, we can identify the following:




a = -16

b = 24

c = 3

The time for the ball to reach its maximum height (the vertex) can be found using 
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   or t = .75 seconds

To find the height we substitute .75 for t in the equation h(t)=-16t2+24t+3: 
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To find when the ball returns to the planet's surface (when the height is zero) we set our equation equal to zero,  -16t2+24t+3=0 and use the quadratic formula to calculate t.
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so either   
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from these calculations, we can conclude that the ball returns to the surface after 1.616 seconds.

To find when the ball returns to 10 feet above the planet's surface (when the height is 10) we set our equation equal to ten,  -16t2+24t+3=10 .  However, before we can use the quadratic formula, we have to set our equation equal to zero.  We can do this by subtracting 10 from both sides of the equal sign.  Therefore our equation is: -16t2+24t-7=0  and now we can use the quadratic formula to solve for t.
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from these calculations, we can conclude that the ball returns to 10 feet above the surface when the time is 1.104 seconds.

II. Complete the table below using the quadratic functions obtained in Part 1.  Show your work on a separate piece of paper.

	Planet
	Time required to reach max height
	Max height of basketball
	Time required to return to planets surface
	Time required for the ball to return to a height of 10 ft.

	Mercury
	
	
	
	

	Venus
	
	
	
	

	Earth
	.75 sec
	12.75 feet
	1.616 sec
	1.104 sec

	Mars
	
	
	
	

	Jupiter
	
	
	
	

	Saturn
	
	
	
	

	Uranus
	
	
	
	

	Neptune
	
	
	
	

	Pluto
	
	
	
	


III. Questions:  Answer in complete sentences.

1. On which planet does the basketball achieve the highest maximum height?




















































2. On which planet does the basketball achieve the lowest maximum height?





















































3. Are there any planets on which the ball never reaches a height of 10 feet?  If so, name them.














































4.
Which two planets have the closest maximum heights?___________________


How might you explain this? 



































































5.
Without graphing a quadratic function, how can you tell if it opens upward or downward?









































































6.
How can you determine whether a function is quadratic without graphing it?
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