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Abstract: This activity involves some of the prerequisites of calculus relating to
functions and equations. It also is an application of derivatives. It introduces students to
an interesting property of parabolas and a method of proving that property using the TI-
89 scripts. They then use the symbolic capacity of their calculator to generalize upon
specific results.

NCTM Principles and Standards:

Algebra standards

a) Understand patterns, relations, and functions

b) generalize patterns using explicitly defined and recursively defined functions;

c) analyze functions of one variable by investigating rates of change, intercepts, zeros,
asymptotes, and local and global behavior;

d) use symbolic algebra to represent and explain mathematical relationships;

e) judge the meaning, utility, and reasonableness of the results of symbol
manipulations, including those carried out by technology.

f) draw reasonable conclusions about a situation being modeled.

Problem Solving Standard build new mathematical knowledge through problem

solving; solve problems that arise in mathematics and in other contexts; apply and adapt a

variety of appropriate strategies to solve problems; monitor and reflect on the process of

mathematical problem solving.

Reasoning and Proof Standard

a) recognize reasoning and proof as fundamental aspects of mathematics;

b) make and investigate mathematical conjectures;

c) develop and evaluate mathematical arguments and proofs;

d) select and use various types of reasoning and methods of proof.

Key topic: Prerequisites of calculus relating to functions and equations. Application of
Derivatives - Mean Value Theorem. Scripts, formal proofs.

Degree of Difficulty: Elementary
Needed Materials: TI-89 calculator
Situation: Parabolas have many interesting properties. In this activity we’ll use calculus
to investigate one of them with the aid of the TI-89 calculator. Consider a line, called a
secant line, which crosses a parabola in two points. What is the relationship between the
slope of the secant line and the slope of the tangent line to the parabola at the point whose
x-coordinate is the average of the x-coordinates of the two points?

Choose arbitrary values for the coefficients of a parabola in the form of ax” + bx +
c and store this as f(x).

©2001 TEXAS INSTRUMENTS INCORPORATED 1



Fir] Fér |F3«| Fir [ FE Far
Tools|A13ebra|Calc|0ther[FEImI0|Clean Uk

= NewPrab Done
la-x2+b-x+c+f“(xj Done
"3+5:4%b: -53c 5
Sraidehi -5c . .
HAN miamn _rmc s Now choose two arbitrary values for the x-coordinates
of the two points on the parabola and store them as u and v: Find the slope of the secant
Tools|A13cbralCalc|Other |FramiDjClean U
la-><2+h-><+c+f‘(x) Done
B3+a i d4+b  -Sac =1
LI TR &
O E I 16
. . CE O —FEud b - e
line through these two points and store that result as e: [Fn RADRITD  FUNC  E/%0

Now find the derivative of f(x) at the point the point whose x-coordinate is the average of

. . u-+v .
the x-coordinates of the two points: x = and store this as d:

Fir Fer [FZ=] Fhr [ Fa+
Tools|A13ckra tu1c|l:|th-zr Fr 0| Clan e

Fis+a v 43b ¥ "0=*cC =]

LR N T =]
o = £

I 18|

I _utu
IHEF(xjﬂx— = +d 18

GCF D, 30 [ w=tutud 23] .
HAIN moamn__rine___&w]. Finally compare the values of d and e:

Fi-| Fer |Fa=| Fur | FE Fa~

Touls[1debralcatc|other|Framiofciean ue

=25 B ]
Frul = il

o FEM Lu) s e

YT 16
ird Ut
) k=T e d 16
Ed=g tLiue
d=of
Hald FAD RUTO FUHC B0

We have shown for this parabola that the slope of a secant line is the slope of the
tangent line at the average of the x-coordinates of the points where the secant line crosses
the parabola. Is this property always true? You could scroll back and change the
coefficients of the parabola and execute the steps again, but we’ll take a different tack.
We’ll turn what we’ve written into a script which can be followed for any parabola: Press

F1 and choose “Save Copy As” [w mean __rme s | | named this script “para2”

15885 ol Elotc e ]
SHYE COPY RS T

Twpe: Text
Foldir:  main3

variable:
Enter=CAVE ESC=CRMCEL

bim moam e & | From the application menu [APPS] choose 8:Text Editor:
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We can play this script for other choices of a, b, and c: First press [F3]to change the view
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property is true with these choices.
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erase the C: in the line “C: 2—a: 33—b: -58—¢”. Do the same for the line “C:-

2—u:6—>v” Now run the script again and observe that the calculator creates a proof of
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Scripts can be very useful in proving properties. Here we showed that for a parabola the
secant line is parallel to the tangent line at the average of the x-coordinates of the points
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where the secant line crosses the parabola. This is an example of the Mean Value

Theorem.
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