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GET TO KNOW...

YOUR

™

Select the desi icon by highlighting it and The status bar will display messages and current status
pressi : mber or letter like battery level, angle mode, fraction results, complex
i " mode, or input/output settings.

The function keys allow you to access the tab (soft key)

menus that will come up at the bottom of the screen.

~ / When an (>) appears above the (Fé)key, selecting (F6) will
~ offer more on-screen choices.

M| key displays every mode the calculator has. To
node, you may ® (@ to the desired icon and
or press the number or letter in the lower right
2r of the icon.

A z
Conic Graphs Equation  Program Fikncial

Zoom V-Window Sketch

Trace G-Solv (cLd )

operates like the back arrow on a web
vill take you back one screen each time you
e (EXIT) key will not take you to the icon menu.

PRGM SET UP

The [sHFT) key activates any function displayed on or
above the calculator buttons tht is yellow. For example,
to find the square root of number, you would need to

press [§HFT), then (3. (siFT) (5] gives you access to
on-screen color formatting.

MCAPh)}z’i M e Mo ——
8 9 DEL
[ key will power the unit on. To turn the unit
. press the yellow key, then key.

_ The [EX] key executes operations. When data is entered,
the (EXE button must be pressed to store the data.

The key activates any function displayed on
or above the calculator buttons that is in red. For
example, to type the letter A, press [P, then [X67).
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TEACHER'S NOTES Area Under A Bridge £ »

TopiCc AREA: Curve fitting to image

NCTM STANDARDS:

Create and use representations to organize, record, and communicate
mathematical ideas.

Use Mathematical models to represent and understand quantitative
relationships.

OBJECTIVE

Given a photo file, students will be able to fit an equation on to it. Using their
knowledge of polynomial functions and integral calculus, students will find the
area under the curve using different methods, including Riemann sums,
trapezoidal and midpoint rule.

GETTING STARTED
Have students work in pairs to help determine what points should be plotted
and to facilitate discussion of the questions.

PRIOR TO USING THIS ACTIVITY:

Students should have a basic understanding of what regression is and
what it does.

Students should understand the meaning of the Riemann sums and the
trapezoidal rule.

Students should be able to find the area of a rectangle and trapezoid.

Students should be able calculate an output value given an input value
and calculate the input value given an output value.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:
Students will be able to use their knowledge of geometry to find areas.
Fill in the table to find areas.

Find y values for midpoint values of x.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
Students may be careless in the placement of points.
Students often have difficulty with the midpoint method.

Students have difficulty with finding and using the correct y value or
use the wrong value.

DEFINITIONS
Trapezoidal rule

Riemann sum
Integral
Regression



HOW TO Area Under A Bridge

The following will walk you through the keystrokes and
menus required to successfully complete the Area Under A
Bridge activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture
Plot icon and press or press 4.

2. Press [F1](OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images.
Press (%) [F1](OPEN) to open the folder.
Scroll down the list of images and highlight the desired image.
You will be using the “Sunset~1” image in this activity. Press

(F1] (OPEN).

TO PLOT POINTS ON THE IMAGE AND
CREATE A LIST OF POINTS:

1. The status bar at the top of the screen prompts
what buttons you have to choose from. For this
picture, you will need to press .

2. To plot points on the picture, press (Plot). A pink arrow will
appear; use @ » (&) (@) to move the arrow to where you
would like for it to plot a point. (Any of the number keys can also
be used to jump to different areas on the screen).Press to plot
the point on the picture.

3. Continue moving the arrow and pressing until you have all
the points you want (one on the end of each suspension cable). To

stop plotting, press :

MAIN MENU
.‘1—1 B

9 axubxA
aXpbX
Conic Graphs Equation  Program

”,::‘70 E/7E I?’IF ,/ G

E-Con?2 Link Memory  System

i B

Geometry [MOTI0Y Conversion

[EEB8060928 Bytes Free
Pict \casiog3sp
NSteel_~1.g8p:
MStones.g3p
BSunset~1.g3p:
HMSwimmi~1.g3p:
MTiles.g3p :
HTwo_lo~1.g3p:

| OPEN ] [SEARCHIDETAILJ

FILE MODIFYL &
[Plot]

[B [EXE]:Plot [EXIT]:End
g v 7




HOW TO Area Under A Bridge \‘\j

TO VIEW THE LIST OF DATA POINTS: E RadMornl]  [Real L ]
. . . X v T
1. Press [0PTN to view the list of points plotted. . S o 5
2 -1.816 2.2286 b |
Press |EXIT| to go back to the picture and points. 3{ -0.923 1.885 2}
4 0.039 1.6101 3

-2.709902021
(EDIT JDELBTMIETDEE R > |

TO CREATE A BEST FIT LINE OR CURVE OF BEST FIT:

1. Press [F6) (I>) and [F2) (REG).

2. Choose the appropriate regression model. In this case,
it will be X* so press .

EEWP( Med | X2 [ X3 [ X* [ D

]
Quar tReg
a =-2.263e-04
b =-1.057e-03
c =0.03832877
d =-0.2763214
e =1.60026567
r2=0.99935233 J

COPY](DRAW

[E]
Graph Func :Y=

3. Press (Copy) and to copy the equation to the Y2: [—1
Graph menu. %2 E — %
Y5: [—1]

Y6: [=—1

4. Press (DRAW) to see the regression curve and the points.




HOW TO Area Under A Bridge

TO FIND THE INTERSECTION WITH THE TOP OF THE TRUCK:

1. To enter another equation, press (DefG).

2. Press (@) and enter (1] (<] (0] (5] [ex) [F6) (DRAW).

3. To find the intersection, press
(INTSECT). Select curve and line, pressing after each.

FILE MODIFY|[ D> ]

E
Graph Funec :Y=

YIE-2.2634610660L—1
Y2: [—1]
: [—]
Y4: [—1
Y5: [—]1

Y6 . r—1
N8l DELETE STYLE

[E]

Graph Func :Y=
Y1E-2.2634610660[—1
Y281.05 [—]1

V4 : [—1
Y5: [—1

Y6 : r—1
SELECT |{NaNa)3 STYLE

ROOT [CMIN [¥=ICEPTIINTSECTI[ >
E
Y1=

[EXE]:Show coordinate




HOW TO Area Under A Bridge

TO FIND THE INTEGRAL:

1. Press (G-Solv)(F6) () [F3] (Jdx)[F1].

2. If there is more than one equation graphed, the calculator
will ask you to specify which graph to find the integral
of. Use the (&) () keys and press to choose
the desired graph.

3. The calculator will prompt you to select the lower limit value
and the upper limit value. Use the IC) keys or input a
value and press .

[_EI Select lower limit value
Y 1=>Pp253 610680‘@1E- 4




ACTIVITIES Area Under A Bridge \@

Communities are trying to improve noise pollution on highways by installing noise
reducing barriers. These barriers block sounds form traffic, but the barriers are
expensive and must be custom made. In the picture below, you will need to find the
area under the bridge cables to estimate cost and reduce waste.

Questions

1. List the coordinates of the support cables

X COORDINATE Y COORDINATE

1 1 I@ Press [OPTN]

2 2

3 3

4 4

5 5

6 6

7 7 ©GILLES LOUGASSI—FOTOLIA.COM

2. What is the equation of the best fit line to the curved bridge cable?

3. Using the coordinates find the right sided, left sided, midpoint and trapezoidal estimate of
the area under the curve. (Remember—the width is the difference in x coordinates and the
length is the height or the y coordinates.)

RIGHT SIDED LEFT SIDED MIDPOINT TRAPEZOIDAL
AREA AREA AREA AREA

WIDTH LENGTH

SUM: SUM: SUM: SUM:




ACTIVITIES Area Under A Bridge

[B  Press [OPTN] Press [OPTN]

=

Right sided Left sided

Press [OPTN]

s

E Press [OPTN)

Midpoint Trapezoidal

4. Using the integral feature, find the area under the curve

5. Which estimate is the best? Explain.

Extension

1. What is the maximum height a truck can be to make it under the cable?

2. Will the truck make it under the cable? If not at what point will it make contact
with the cable?

3. Find an equation that connects all four of the birds in the picture.




SOLUTIONS AREA UNDER A BRIDGE

1. Answers may vary, depending on the plotted points.

-2.709902021
(EDITIDELEMFEIMEEED > ]

=D =
X ¥ T X ¥ T

1 PR 2.641 0 5 1.0012 1.3352 4

2 -1.816 2.22886 1 6 2,032 1.1978 5

3 -0.923 1.885 2 7| 3.0629 1.,0603 6

4 0.039 1.6101 3 s. I

SN [EEATDEL-ALL] SET JENSNE|

2. Answers may vary, depending on the plotted points.

E
QuartReg
a =1.8489e-03

19 N
[COPY][DRAW]

[El Press [OPTN]

3. Width = x-values
Length = y-values

Right Sided Area = (X, = X))*V,

Left Sided Area = (X, = X)*V,
Midpoint Area =(x, = X)*Y1(

Trapezoidal Area =

X1+X2)

2

+Vy, _
S (X, = X)W

&

WIDTH LENGTH RIG:;:IADED LEI:I'RSEIADED MI:::IANT TRAI;ERZE(ZIDAL
-2.71 2.64 2.35 1.98 216 217

-1.82 2.23 2.01 1.70 1.85 1.85
-0.92 1.89 1.66 1.42 1.53 1.54
-0.04 1.61 1.67 1.39 1.54 1.53

1.00 1.34 1.38 1.24 1.30 1.31

2.03 1.20 1.24 1.09 115 116

3.06 1.06 SUM: 10.31 SUM: 8.82 SUM: 9.53 SUM: 9.56

Right Sided Area = (-1.82 = -2.71)+2.64 = 2.3496

Left Sided Area=(-1.82 — -2.71)2.23 = 1.9847

Midpoint Area = (-1.8 = -2.67)*Y1(

Y1(-2.265) = 2.4291

Trapezoidal Area =

2.64 +2.23

*(-1.82 -

-2.67 + -1.80
2

-2.71) = 21672

) =(0.89)¢2.4291 = 2.1619
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SOLUTIONS AREA UNDER A BRIDGE v

4. Area under the curve is 9.55.

5. The Trapezoidal rule is the best estimator for area under the curve.
It was off by 0.01 units®. The Midpoint rule was a close second, off by 0.02 units?.

Extension Solutions

1. The maximum height for a truck is the minimum value of the function at y = 1.08.

2. Answers will vary, as long as the truck’s estimated height is below
the minimum of 1.08 it will. A good estimate is 1.10 for the height. In that case,
the truck will hit the wire at x =2.51.

3. One possible solution:

[E] [EXE]:Plot [EXIT]:End
CubicReg
a =-0.6024
b =3.03910
=-4.4371
d =3.43392
rz=1
MSe=
[Plot ][ Tist |IDEPMODIFYI[ D> ]
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TEACHER'S NOTES
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TOPIC AREA: Quadratic Regression

NCTM STANDARDS:
m Students will be able to select and use appropriate statistical methods
to analyze data.

OBJECTIVE

Given a photo file, students will be able to analyze data to determine the
guadratic regression equation for saving gold coins for retirement income.

GETTING STARTED
Have students work in pairs or small groups to use statistical and algebraic
representations to examine the results of savings.

PRIOR TO USING THIS ACTIVITY:

m Students should be able to produce and manipulate graphs and
tables of values manually and with the graphing calculator.

m Students should have a basic understanding of the regression
equations.

m Students should be able to use regression equations to predict
future outcomes.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:
m Given a picture, students can plot points to be used to analyze data to
find a graphical representation of a regression equation.

m Given an algebraic representation of a regression equation, the student
can produce a table of values and determine the cumulative sum of a
column of values.

m The student can state and explain how the results are interpreted to
answer questions.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:

m Students may not follow the correct procedures to plot the
points, determine the regression, constructing a table or finding
a cumulative sum.

m Students may try to use a linear regression for the data instead
of a quadratic regression.

DEFINITIONS

m Algebraic representation ® Quadratic regression

m Cumulative sum m Ratios

m Graphical representation m Regression

m Numerical representation m Statistical representation



HOW TO

The following procedures will demonstrate how to

retrieve an image, plot points on the picture, determine
the regression equation, enter results into a table, move
the table data to a list, alter data and determine the cumu-
lative sum to answer the desired questions.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1.

From the Main Menu, highlight the Picture
Plot icon and press or press [((J.

Press (OPEN) to open the CASIO folder.

The g3p folder contains 47 background images.

Press (%) (F1] (OPEN) to open folder. Scroll down the list of
pictures and highlight the desired picture. You will be using
“Rising~1" picture in this activity. Press (F1] (OPEN).

TO PLOT AND MOVE POINTS ON THE IMAGE
TO DESIRED X-VALUES:

1.

Press and choose [F2] (PLOT).

2. Move the Arrow to the desired position using ICIOIO)

and press . In this activity, move the arrow to the top center
of the first column of coins (to get the y-value) and then move the
arrow directly to the right until it is above x = 1 and press [EXE].

Continue to move the arrow and press until you have
all the points you want (one point for each column of coins).

To stopplotting, press .

MAIN MENU
9 axpbx—A '17‘4 B

=)
Program

ConicGraphs Equation Financial

ﬂf,,o (75 ig-rs; ,jG

E-Con2 Link Hemory System

" %' . $
Geometry [4UTECIYl14 Conversion

ER8060928 Bytes Free

Pict \casioesp
[fPancakes.g3p:

HPower_~1. :

.
.

©JAKUB KRECHOWICZ—FOTOLIA.COM

B

—

= = = =
I3 Piot | MODIFYI[ B> ]

[E [EXE]:Plot [EXIT]:End

B

13



HOW TO

TO PLOT THE QUADRATIC REGRESSION:

1.

Press >).

Press [F2) (REG).

Press (x?) for a quadratic regression

Press (COPY). This will copy the equation to other menu
options such as Graph and Table, for future purposes. Press
to enter the equation for the Y1: equation. Keep in mind
that the position of the arrow was estimated. Therefore, your
equation will not be exactly the same as this equation or that
of your partner.

Press (DRAW). Notice that the quadratic regression
comes very close to passing through all five plotted points.

TO MOVE THE COORDINATES OF THE REGRESSION
TO A TABLE:

1.

From the Main Menu, highlight the Table icon
and press [EXE] or press .

Press [F1)(SELECT) to select the quadratic regression
equation that was stored in the last section.

Press [F5] (SET). Choose the start point, end point and step
units. This activity will need to know the savings for at least
30 years of working, Enter (1] for the start value and press

B

O
W Med I X2z (X5 X4 1B ]

[E]
QuadReg

a =0.43268731

b =0.90416855

c =1.20669743

r2=0.99819297

MSe=0.10942635
v=ax2 +bx+c
[COPY][DRAW]

[E_Press [OPTN]

& N

ol
Run-Matrix StatiStic

eActivity

E [d7c]Real
Table Func
YI1E0.432667319101—1

¥3:
V4 :
Y5:

Rl
=1
[—1

Y6 @ [—1]
08| DELETE] TYPE JSTYLE] SET JuEi:IN3



HOW TO

. Enter 30 for the end value and press .Enter (1] for the
step value to get data for each year of working and press . The
SET screen should look like the screen on the right.

Press to return to the previous choices. Press (TABLE)
to display the table that represents the amount of coins purchased
each year of working. You can scroll down to see the other values.

TO CONVERT Y-VALUES USING RATIOS:

1.

To convert your y-values to the actual coin quantities, you will need
to use the following ratio:

3 coins
y, value

3 coins
corresponding y - value

The value of the 3 coins from the table in this activity is 2.5435.
Your value will probably differ.

Press |EXIT] to return to the equation screen.

Enter the ratio into the Y2: by pressing (vARg), (GRAPH),

(E1)(Y). Then, press (1] (X] (3] (=) (2] (] (8] (4] (3] (8] ).

Notice that the fraction was entered in natural display when you
press [EXE[.

B
Table Setting

X

Start:1
End :30
Step :1

B
Table Func :Y=

lEO 432667319100 —1

L]

Y31 Li=—t]
Y4 : =1
Y5: [—1

V6 : [ —1
Il DELETE] TYPE JSTYLE] SET JiFAsINd

E
Table Func :Y=

Y180.432667319100—1
: [=—:
: Lol
Y4 : L=—]
Y5: [—]

Y6 : [—1
SELECT TABLE

E E
Table Func :Y=

YlEO 43266731910L—1

Y3 [—]1
Y4: [—]1
Y5: [—1

VA : [—1
SaE8H|DELETE] TYPE JSTYLE] SET JiFAJNS
E  HatRadfornl

Table Func :Y=

Y180.43266731910C—1
Y2 =1

Y31 L]
Y4 : L=
Y5: [—1]

V8 : ey
V-WIN]FACTOR] STAT JGRAPH] DYNA JIIN)

Table Func :Y=

Y180.43266731910L—1

15
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4. Press (TABLE) to display the table of approximate
number of coins saved each year of working. Again, you can
scroll down to see how many coins were collected for each
of the 30 years of working.

TO COPY THIS TABLE TO A LIST:

1. Since you will need to copy the Y2: column of the table, make
sure that the calculator cursor is positioned anywhere in that
column.

2. Press [0P1)]. Press (F1] (LISTMEM).

3. Input the number of the list you want to copy and press [EXE].
In this activity, use List 1.

TO CREATE A CUMULATIVE LIST:

1. From the Main Menu, highlight the Run-Mat icon
and press or press (1].

2. Press and (F1J(LIST).

Table Func :Y=

Y180.43266731910[—1

Y1x3

Y2835 5435 [—1
VERE [—]
Y4 : [—1]

W - r___1
00| DELETE] TYPE JSTYLE] SET JiFY:INad
E @ﬁ@@@ﬂﬂﬂﬂ E@Eﬁgﬂ

X Y1 Y2

{ 2.5435 T

2 4.7457 5.5974
3 7.8132 9.2155
4 11.746 13.854

1
(DN DELETE EDIT GPH-PLT]

]
Y2= (¥1X3)Yf2 ; 5%;35

{ 1 2.5435 ‘w

2 4.7457 5.5974
3 7.8132 9.21565
4 11.746 13.854 3

(SEE)( 5 J(ENG J(ERG ]
Y A

Store In
List Memory

List[1~26]: 1

IS == ][ ENG J( &G ]

LIST ] MAT JCOHPLEX] CALC ] STAT JIIENN]



HOW TO

3. Press twice.

4. Press (Cumul)(F6) ([>) (LIST) and then press the number
of list that you want to create the cumulative sum. Our data was

stored in List 1, therefore press (1]. Press (Store), (LIST),

(2]. This is because you need to store the values in List 2.

Press .

5. From the Main Menu, highlight the Statistics icon. Press or
press (2] to display the list of cumulative sums of the coins for
each year of working.

TO CREATE A LIST OF THE VALUE OF THE COINS:

1. From the Main Menu, highlight the Run-Mat icon and

press or press (1].

[Hath]Rad]Norm1]

| Sum [Prod|Cumul| % | 4 [E=N]

El
Cuml List 1-List 2

'List llst>¥a] Dim | Fill(] Seq M|

Ans
1
2| 8.5974
3/17.812
4| 31.667
5| 51.18

3.000039294

MAIN MENU

sone } v} 3 4
Run-Natrix Stiéﬂstll eActivity Spreﬁéi(eet
&g o g &
Graph DynaGraph Table Recursion
9 aXEbX A _!‘" B F Q
Conic6raphs Equation  Program F|nan<:|a1 \d

List 1 | List 2 | List 3 | List 4

2[5.5974| 8.6974
3 0.2165| 17.812
4| 13.85431.667

3.000039294
(GRAPH] CALC ] TESTJ INTR ] DIST JEENN

MAIN MENU
‘ 3 ﬁ_ 4

Lin.A1iae StatiStics  eActivity Spreﬁéi(eet

g b &
Graph Table Recursion

lew*

ConicGraphs Equation  Program F|nan<:|al \d

17
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2. Press (0PN, (F1](LIST), [F1](LIST) again, (2] (X]
(1] (3] (0] (8] (=) (Store)[F1) (LIST)(3] [EXE). This is

because the value of the coin at the time this activity
was written was $1,308, and you are storing these values
into List 3.

3. From the Main Menu, choose the Statistics icon. Press
to display the amount that was cumulatively saved each year

of working,.

Q=

[HathRadNorn1] [dic]Real

LIST | MAT JCOMPLEX] CALC ] STAT I

[HathlRadNorm1] [d7c]Real

List [Lst>Hat] Dim | Fill(| Seq [HD]

List 2x1308-»List 3

List [Lst->Hat] Dim | Fill(| Seq [HI=N]
(Hath|RadNorn1] [dic]Real

Ans

1

2| 112456
3| 23299
4

5

41420
66944
3924.051397

MAIN MENU

A B — 2 ’ 3 , 4
e ﬁ & %
Run-Matrix BRCHS{SE eActivity
6

& & &y
Graph DynaGraph Tabl Re
;‘x',;]l.." A

ConicGraphs Equation P

RadNorm1] [d7c]Real
List 1 | List 2 | List 3 | List 4

3 so24
5.5974| 8.5974| 11245
9.2166|17.812| 23200
13.854|31.667| 41420
3.000039294
GRAPHI CALC ] TESTJ INTR ] DIST JHENN




ACTIVITIES

the years of hard work will sustain their life style as they enter their golden

years of retirement. When Brian and Amy first entered the workforce, they
decided to save 1 0z. gold coins to reach this goal. They also decided that they would
continue working until either their savings reached $4,000,000 or they worked 30
years. Finally, they have reached their goal. The price of gold is now $1,308 an ounce.

M r. and Mrs. Brinkley are hoping their nest egg that they have saved over

In this activity, you will be given a picture of five stacks of gold coins, shown below.
The first stack represents the gold coins that were saved by the Brinkley’s their first
year of work. The second column represents the coins saved their second year, the
third represents their third year, and so on. Brian and Amy continued to save at

the same rate until they retired. You will need to find the regression to determine
their future yearly and total savings. Did the Brinkley’s reach their goal of saving
four million dollars and retire early or did they retire after working 30 years? You will
need to determine how many years they worked and how much they saved toward

their goal.

El Press [OPTN]
—

/4

Questions

1. Using the calculator, copy image “Rising~1" to the calculator screen. Plot a point at x =1 to
represent the number of coins saved the first year. Plot the second point at x =2 to represent
the number of coins saved the second year. Continue this pattern for all five stacks of coins.

2. Determine and draw the quadratic regression equation on the calculator.
What was the quadratic regression equation?

19



ACTIVITIES

3. Use a table to list the y-value of coins saved each year for 30 years.
Enter the values in the table, below:

YEAR Y-VALUE YEAR Y-VALUE YEAR Y-VALUE

1 n 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 26
7 17 27
8 18 28
9 19 29
10 20 30

4. Convert the y-values to the number of coins saved each year by using ratios.
What is the Y2 equation used to represent this ratio conversion?




ACTIVITIES

-

5. Enter the number of coins saved each year in the table below:

YEAR COINS SAVED YEAR COINS SAVED YEAR COINS SAVED
1 n 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 26
7 17 27
8 18 28
9 19 29

10 20 30

6. Copy the Y, column of the table to a list. Use list 1.
Create a cumulative list of the number of coins saved in list 2. Write your answers for list 2.

TOTAL COINS TOTAL COINS TOTAL COINS
SAVED SAVED SAVED
1 n 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 26
7 17 27
8 18 28
9 19 29
10 20 30

21



ACTIVITIES

7. Create a list of the cumulative value of the coins to list 3.
What equation did you use to determine the value of the coins for list 3?

8. Enter the values for list 3 into the following table.

YEAR COINS SAVED YEAR COINS SAVED YEAR COINS SAVED
1 n 21
2 12 22
3 13 23
4 14 24
5 15 25
6 16 26
7 17 27
8 18 28
9 19 29

10 20 30

9. Did the Brinkley’s earn 4 million dollars? If so, what year did they reach that goal?

10. How much do the Brinkley’s earn in 30 years?

11. How many years do the Brinkley’s work before retiring? Did they get to retire early?

22



ACTIVITIES

o)

Extensions

1. Explain why your answers do not exactly match the answers on this activity
or the answers of other students in your class.

2. What is the regression equation if the Brinkley’s would have saved 3 coins the first year,
5 coins the second, 7 coins the third, 10 coins the fourth and 16 coins the fifth year?
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SOLUTIONS
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2.

FILE JM=GY DefG X0l
[E Press [OPTH] [E]
' < QuadReg
\ 4 a =0.43266731
b =0.90416855
c =1.20669743
r2=0.99819297
- MSe=0.10942635
) yv=ax2 +bx+c
COPY][DRAW

Answers may vary,
y =.43266731x? + 0.90416855x + 1.20669743

3.

Answers may vary.
E s @k ]

X v1
{ 2.5437

2 4.7457
3 7.8132
4 11.7486

1
(FORHULA (3 WO EDIT J(EPH-CON GPF-PLT)

El (7] Real
X Y1

18 157.66
19 174.57

‘ 17 141.61
192.35

20
((FORMULA) RXNET3 WX [ EDIT )(GPH-CON)(GPH-PLT)

4. Answers may vary.

E
Table Func :Y=

Y180.43266731910L—1

2 5.5974
3 9.2155
4 13.854

i

1
((FORMULA) RXNET3 WEITTB [ EDIT )(GPH-CON)(GPH-PLT)

18 185.96
19 205.91

226.88 20
((FORMULA) DIWAT3 IR [ EDIT ) (GPH-CON)[GPH-PLT)

‘ 17 167.03

E| MathRad Norn])
X v1
‘ 5 16.544’

6 22.207
7 28.736
. cc.13

8
{FORULA (W3 WO EDIT J(GPH-CON GPH-PLT)

X Y1
‘ 21 211

22 230.5
23 250.88

272.12

24
(FORMULA) PIANAT3 IERIT [ EDIT |(GPH-CON)[GPH-PLT)

26.193
33.894

N 22.615 s
(FORMULA) PIWAT3 IR [ EDIT | (6PH-CON)[GPH-PLT)

‘ 5 19.513‘

22 271.88
23 295.91

320.96
24
(FORMULA) PIWAT3 IR [ EDIT  (6PH-CON)[GPH-PLT)

‘ 21 248.87‘

X ¥

10 53.515
11 63.505

12
(FoRAULA) DRENET IO (01T ) GPA-COR) GPHEPLT)

‘ 9 44.39

74.36

X Y1
‘ 26 294.22

26 317.19
27 341.03

Y 365.73
28

[(FORMULA) pXNAT3 IR [ EDIT J(GPH-CON)([GPH-PLT)

10 63.119
11 74.903

87.706 12
(FORMULA) PIWAT3 WP [ EDIT | (6PH-CON)[GPH-PLT]

‘ 9 52.357‘

26 374.12
27 402.24

431.37 28
(FORMULA) PXWAT3 W [ EDIT ) (6PH-CON)[GPH-PLT]

‘ 26 347.03‘

[HatRadfornD) (d7c)Real

X Y1
‘ 13 86.081

14 98.667
16 112.11

I 126.43

16
[(FORKULA) DIENAT3 MR EDIT J(GPH-CON)(GPH-PLT)

(d7c)Real

27 341.03
28 365.73

29 391.3

417.73 30
(FORMULA) (AT I [ EDIT | (6PH-CON)[GPH-PLT]

14 116.37
16 132.24

149.12 18
(FORMULA) (AT WP [ EDIT | (6PH-CON)[GPH-PLT]

‘ 13 101.53‘

X Y2

29 461.53

30
(FORAULA) DIENET IO (DT ) GP-COR GPFEPLT)

27 402.24
28 431.37

492.7




SOLUTIONS

6.

Answers may vary.

RadlfiornD) (dc)Real
List 1 | List 2 | List 3

List 4

RadlornD) [(d7c]Real
List 2 | List 3

List 4

RadliornD) (d7c)Rea)
List 3

List 4

RadlfiornD) (d7c)Real

3
8.5974
17.812
31.667

3.000039294
[ TOOL DEL-ALL, (> ]

List 2

51.18
77.374)
111.26
153.88

42.61539729
RSN ( EDIT | (DELETE)REEIB(NSERTI >

List 2

87.70687725
[ TOOL DEL-ALL, D>

List 3

13[101.53[ 533.5
14| 116.37| 649.87
15 132.24 782,12
931.24)
49.1286354
(RS[/W ( EDIT J(DELETE]RIEEB(NSERTI D>

List 2

1098.2
1284.2
1490.1
1717
226.8806718

Y EDIT PEEXNSERT > ]

1965.9
2237.7,
2633.7,
2854.6

320.9629864
[ TOOL DEL-ALL,

3201.7
3575.8
3978
4409.4
431.3755792

| ToOL DEL-ALL

7. Answers may vary. List 2 x 1308 is stored to List 3.

8.

9.

4408.4
4870.9
5363.6

(ISTSTW [ EDIT ) [DELETE) PR INSERT]

RadliornD) (d7c)Real RadlornD) [d7cRea [ rediom] Rl RadlNornl) _[d/c]Real
List 1 | List 2 | List 3 | List 4 List 2 | List 3 | List 4 | List1 | List 2 | List 3 | List 4 List 1 | List 2 | List 3 | List 4
SUB SUB SUB
3| 3924 51.18) 66944 9(52.357( 206.24| 269763 533.5| 697820
8.5974| 11245 77.374| 101206 10| 63.119| 269.36| 3562324 649.87| 850041
17.812| 23299 111.26| 145539 11| 74.903| 344.26| 450297 782.12| 1.02e6
31.667| 41420 163.88| 201279 12[:yAve) 431.97| 565017 931.24|1.21e6
3.000039294 42.61539729 87.70887725 149.1286354
T
List 2 | List 3 | List 4 List 2 | List 3 | List 4 List 2 | List 3 | List 4 List1 | List 2 | List 3 | List 4
ISUB
1098.2|1.43e6 1965.9| 2.567e6 3201.7|4.18e6 28| 431.37( 4409.4|5.76E6
1284.2|1.67e6 2237.7| 2.926 3575.8| 4.67e6 29| 461.53( 4870.9| 6.37e6
1490.1|1.94e6 2633.7| 3.31e6 3978| 5.2e6 30| 492.7|5363.6|7.01e6
171'7 2 246 2854. 6 3 736 4409. 4 5 766
.8806718 . 9629864 3755792
Eﬁﬂﬂﬂﬂu’ﬂﬁsrlﬂﬂblmsr[]i] EEEE&HUDEEH'IMHDIMSPE]E] EEEEIHUDIESDINﬂ!IMSDE]E] |(GRAPH] CALC ] TEST ] INTR ] DIST JIIEIN
Yes. In the 24th year.

10. Answers may vary. $7,015,696.70

1.

RadfNornl] [d7c]Real

List1l | List 2 | List 3

List 4

431.37|4409.4|5.76e6
461.653(4870.9| 6.37e6
492.7(5363.6

7015696.
INTR ] DIST

24 years. Yes.

698

Extension Solutions

1. Because when plotting the points at the beginning of the activity, the points were

2.

approximated visually.

y = 0.64285714x? -

RadNorni] [dic]Real

MSe 0.4571
yv=ax2 +bx+c

0.7571428x + 3.4

COPY
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TEACHER'S NOTES
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TOPIC AREA:
Curve fitting quadratics to a.gb3 file

NCTM STANDARDS:

m Create and use representations to organize, record, and communicate
mathematical ideas.

m Use Mathematical models to represent and understand quantitative
relationships.

OBJECTIVE

Given a video file, students will be able to fit a quadratic to a goldfish jumping
between bowls. Using their knowledge of quadratics, students will find and interrupt
the meaning of the roots, maximum, and points that make up the curve.

GETTING STARTED

Have students work in pairs to help determine what points should be plotted and to
facilitate discussion of the questions.

PRIOR TO USING THIS ACTIVITY:

m Students should have a basic understanding of regression and
what it does.

m Students should understand the meaning of the roots of a
parabola as they apply to real life situations.

m Students should be able to understand the meaning of the
maximum of a parabola as it applies to a real life situation.

m Students should be able calculate an output value given an input
value and calculate the x values given a y value, using quadratic
formula.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:

m Given a table of data, the student will be able to create an
appropriate matrix to represent the data.

m Given two matrices, the student will be able to multiply the
matrices and analyze the results.
COMMON MISTAKES TO BE ON THE LOOKOUT FOR:

m Students may be careless in the placement of points. Students
should look for the center of the fish in every screen.

m Students may get confused when using X-cal and Y-cal; these are
often interchanged by students.

DEFINITIONS
m Quadratic m Maximum
m Roots m Regression



Flying Fish

The following will walk you through the keystrokes and menus
required to successfully complete the flying fish activity.

TO OPEN AN IMAGE SERIES FILE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon
and press or press .

2. Press (OPEN) to open the CASIO folder.

3. The g3b folder contains 8 image series files. Press (F1] (OPEN) to
open the folder. Scroll down the list of image series and highlight
the desired image series. You will be using the “Jumpin~1” image
series in this activity. Press (OPEN).

4. To preview the image series, press ™> >
(PLAY).
The calculator gives you two options: (Auto) or (Manual).
Auto plays through the entire sequence of images; Manual re-
quires you to press (@) or (») to move through each image.

5. Press to stop the image series.

TO PLOT POINTS ON THE IMAGE SERIES AND
CREATE A LIST OF POINTS:

1. To plot points, press iw(PLOT). A pink arrow will appear; use
@ ) (&) (@) to move the arrow to where you would like for
it to plot a point. (Any of the number keys can also be used to
jump to different areas on the screen). Press to plot the point
and advance the image series one frame.

MAIN MENU

9 $A ﬁs !Q

ComcGraphs Equatlon Program Fmanmal

e
E- Con2 Llnk M System
1

Geometry PlctureP{ot Convers;on

[EE£9129984 Bytes Free
Pict \casiogsb

Clock_~1.g3b:
BCoaste~lé§3b:

ﬁJump1n~1 g3o:
Pendulu b :
HWind_ t 1 g3b:

DETAIL

‘ W
i’o - po.. |

©VIZUEL—FOTOLIA.COM

v
e
B |l 4

[Auto |[Manual

v
I
. |/ .

Plot [ List | INS{cPMODIFY]

[5]
[EXE]:Plot [EXIT]:End [Plot]
y

p:4

A
j AN

29
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HOW TO

30

2. Continue moving the arrow and pressing until the
image series ends. To stop plotting before the end of the

image series, press (EXIT|.

TO VIEW THE LIST OF DATA POINTS:

1. Press (List) to view the list of points plotted.
Press to go back to the picture and points

TO CREATE A BEST FIT LINE OR CURVE OF BEST FIT:
1. Press > [F2](REG).

2. Choose the appropriate regression model. In this case, it
will be X?, since it is a parabolic Motion, so press @] .

A

[E__[EXE]:Plot [EXIT]:End Plot

[EXE]:Plot [EXIT]:End
11

Finish plotting
Press: [EXIT]

g [EXE]:Plot [EXIT]:End i;El
y
5o 38 Bz
® x
& s

2.7e-3 0.0186  0.04
0.0481 0.0744 0.08
0.0895 0.1178 _ 0.12
-0.06547366865
AXTRNSJNDTIM[ARAMDEL-ALL] SET JINES

%{m -0.062 0
4

2 \P




HOW TO @.
[EXE]:Plot [EXITI:End
y
a =-0.0534259
b =1.44947788
¢ =-0.0318102
r2=0.98621699
MSe=0.37388936
y=ax2 +bx+c
3. Press [F5) (Copy) and to copy the equation to the Graph menu. (COPY)(DRAW
raph Func :Y=
23 [—1
Y3: =
Y4: [—1]
Y5: [—1
Y6 : [—1

4. Press (DRAW) to see the regression curve and the points.

TO FIND ROOTS, MAX, AND X AND Y VALUES:

1. Press (F5) (G-Solv) to analyze features of the regression.
(F1] (ROOT)- finds the root(s). The left-most root will always display
first. Press () to see the next root to the right.
(F2] (MAX)- determines the maximum.
(> [F1](Y-CAL)- finds a y-value given x.
(F2) (X-CAL)- finds an x-value giveny.

[TRACE) Y SKETC G-SOLVE]

Press [OPTN]
y

o
: \ /u

Press [OPTN]
y
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Questions

1. Play the image series and write down one question you
would like to answer in this activity.

2. Plot points on the image series and write down the list of values below. Your picture should
look similar to the one below.

HORIZONTAL ‘ VERTICAL I@ [EXE]:Plot [EXIT]:End i;Eﬂ

3. Which data points represent the roots of the parabola created by the plot?

4. According to the data, what is the maximum height achieved by the fish?




ACTIVITIES

(B

10.

1.

12.

13.

What does the first data point represent?

Use the data set to find a best fit quadratic equation. What is the equation (round to the
nearest hundredth)?

What are the roots of the quadratic equation? Think about the situation. Do the x-coordi-
nates make sense? Explain.

What should they be? Why?

If the second bowl was placed on the floor 20 units down, how far from the x- axis should it
be placed?

If you would like to train the fish to jump through hoops and you place the hoops at a
height of 9 units up, how far along the x axis should they be placed?

Would the fish be able to jump over a bar placed at a height of 15 units? What is the highest
the fish should be able to jump?

I want to place the second bowl at x = 100 how far down must it be placed?

The fish appears to be 6 units long. The world record high jump is 8 feet, by Javier
Sotomayor Sanabria of Cuba; he is 6 foot 5 inches tall. Relative to height, who is jumping
higher? Explain you answer.

33
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14. By how much?

15. Who is a better long-jumper, the fish or Mike Powell, who is 6 foot 1 inch and jumped 29 feet
4.5 inches?

Extensions

1. Write the equation in vertex form and find the coordinates of the focus and axis of
symmetry. What do these values represent in terms of the fish?

2. Show that the distance from any point to the focus is equal to the distance from that point
to the directrix.

3. Find the equation of a line for a cat that snatches the fish out of midair at the maximum
point, if the cat starts at the point (-12, -14).

4. Find the equation of the hyperbola created by the inner curves of the bowl.

Press [OPTN]
y




SOLUTIONS

Answers will vary.
Will the fish make it?

How high does it go?
How far does it jump?

Answers will vary, depending on points plotted. Hint: students should try to plot points
through the thickest part of the fish in every frame (center of gravity).

=3 Press [OPTN]

0.1949 0.1612 0.2
0.2383 0.1488 0.24
0.1302 0.28

0.2817472202
IDEL-ALL] SET )

0.3685 0.0372 0.36

CNPIE -0.012 0.4
0.4243557996

FAIY[DEL-ALL

1 -0.062 0
2.7e-3 0.0186 0.04
0.0461 0.0744 0.08 1

0.0895 0.1178 _ 0.12 1
-0.0654736686

UIDEL-ALL) SET JENE

a 0.1391 0.1488 0.16

0.2817 0.1302 0.28
0.3251 0.0868 0.32
1

AXTRNS

The second data point and the second to last data point. The fish is underwater on the first
and last data point.

. Answers will vary, depending on the plotted points. Approximately (14.857, 10.052)
B 3|
X Y T

0.1391 0.1488 0.16

FEELE o.1612 0.2

0.2383 0.1488  0.24
0.194941998
[AXTRNS NEOINM MR DEL-ALL SET JEN

%‘ 0.0895 0.1178 0.12

The initial take off point or launch point.

6. Answers will vary, depending on the points plotted.

=-0.053x* +1.45x 0.3

IE Press [OPTN]
y

QuadReg
=-38.83071803
b =1.2826624
¢ =0.028048374
r2=0.98522333

y=ax2 +bx+c

[(COPY](DRAW

Roots (0.02, 0) and (2711, 0).

The first root should be (0, 0) the fish is jumping through the origin. The second root may be
affected by the distortion of the fish landing in the water. The splash is behind the fish.
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9. The two answers the calculator gives are (-10.05, -20) and (3718, -20). The first answer does
not make sense, so the second answer is the solution; 37.18 units over on the x-axis.

E Press [OPTN]
y

Enter Y-Value
Y:-0.2

11. The fish will not make a jump of 15 units high. The calculator will give a “Not Found”
message. The highest predicted jump is the maximum of the curve or 13.57.

Press [OPTN]
Not Found I_
Press: [EXIT]

12. Students will need to plug in a value of 100 by hand or change the maximum x value
to be over 100 on the screen. From the RUN-MAT icon, enter D

E] @ @ to get a solution of -389.34 units.

Enter Y-Value
Y:0.17

E HatARadMNornl) [dic]Real
1(100)

-389.3432291

13. The height to jump ratio for the fish is 0.44 and the record height to jump ratio is 0.80.

Javier, the record holder, is jumping higher.
[ HatiRadMorn] (dic)Red) 5 HatRadNorml) [dFc]Real
+13.57

0.8020833333

DELETE, MATH

DELETE, MATH

14. Javier jumped 0.36 times as far as the fish.



Flying Fish

15. The fish jumped a distance of 32.142 units, so the height to jump ratio is 0.19. The world
record ratio is 0.21; so Mike is a better long jumper.

[HathRadNorn1) [d/c]Real
6+32.142
0.1866716446

JUMP JDELETE, MATH

Extension Solutions

1.

El MatiRadNorm]) [d/c]Real
73+352.5

DELETE MATH

0.2070921986

Answers will vary, depending on points plotted. If we use y =-0.053x> © 1.45x ® 0.3,
the answer should be y=-0.053(x - 13.57)* + 9.80.

The focus is at (13.57, 5.08), the directrix is at y = 14.52, a point on the curve is (3, 3.879). Using the
distance formula, the distances to the focus is 10.638 and the distance to the directrix is 10.641.

[RECT)[_POL )[PARAM MODIFY]

I@ [EXE]:Show coordinates

B

37
\xcus
k=14.5%" ¥=5.083018863,

v=14.51698113

Select Equation Y=A(R—H)24K V=A(X-HyK Y=A(X-H)PHK
i | | a=-0. 053
X=AY2+BY+C @ H=13. 57 15 ¥ 16 a;{

DI;{RIX

[EXE]:Show coordinates

V=AR-HPRK J(5. 08-3.879)2+(13.5F J(3—3)2+(14. 52-3.879p
10.63801208 10.641

El
AT(3.3.8785)

X
-10 37
x=3/ ¥=3.8785803

[Hath[Rad[Norm1)

JUMP JDELETE, MATH

[E_EetiRadfom

u

JUMP DELETE] PMAT JMATH

The maximum point is (13.565, 9.799). Using the slope formula, the slope of the line between
the cat’s starting point and the maximum point is 0.931. In point-slope form, the equation would
be y + 14 = 0.931(x + 12). In slope-intercept form, the equation would be y = 0.931x - 2.828.

E HatRedNorn] [d7c]Resl
(-14-9.799)

(-12-13.5865)
- 0.9309211813

JUMP JDELETE, MATH

[B tetiRed oy

10|

5

y

-10

-10]

v

(x-14)2 (x+4)?_ .

16 16
|E
Select Equation S &Iﬁ
AX2+AY2+BX+CY+D=0 Az B2
A=4 (A>0)
(Fx-W2 (v-K)z_ B=4 (B>0)
A2 B2 H=13.5

(X-H)2 (Y-K)2_

A2 B2
RECT PARAM

DRAW
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TEACHER'S NOTES

TOPIC AREAS: Ratios and Conics

NCTM STANDARDS:

m Apply appropriate techniques, tools and formulas to determine measurement.
m Use visualization, spatial reasoning, and geometric modeling to solve problems.
OBJECTIVE

Given a picture of a window and one measurement, the student will be able to use
ratios to determine the dimensions of a new window design.

GETTING STARTED

Using the Casio Prizm, have students work in pairs or small groups to investigate
graphically the distance between two points and to use ratios to determine the
actual dimensions from the scale dimensions. Emphasis will also be on changing a

semicircle to a semi-ellipse.

PRIOR TO USING THIS ACTIVITY:
Students should be able to plot points and determine their coordinates.
m Students should have a basic understanding of ratios and proportions.
m Students should be able to determine distance between two points.
[ |

Students should have a basic understanding of circles and ellipses.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:

m If given a picture, students can plot points and find the distance between
the two points

m If given a scale drawing, students can convert the scale dimensions of
the drawing to actual dimensions.

m If given a semicircle and dimensions, students can determine a
formula for an ellipse.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
m Students may not have the correct points when finding distance.
m Students may not be using the correct formula for an ellipse.

DEFINITIONS
m Center m Major axis
m Circle m Minor axis

m Dimensions m Proportion
m Distance m Ratio

Ellipse m Scale



HOW TO

The following procedures will demonstrate how to
retrieve an image, plot points on the picture, and use the
equation solver to answer the desired questions.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1.

From the Main Menu, highlight the Picture Plot icon and press

or press ((J.
P

Press (OPEN) to open the CASIO folder.

The g3p folder contains 47 background images. Press

™® (OPEN) to open the folder. Scroll down the list of images
and highlight the desired image. You will be using the
“Bathroom” image in this activity. Press (OPEN).

TO PLOT POINTS ON THE IMAGE:

1.

Press and choose [F2] (PLOT).

Move the Arrow to the desired position using ICIOIO)
and press . In this activity, move the arrow to the upper left
corner of the left window and press .

Continue to move the arrow and press until you have all
the points you want.

To stop plotting, press :

MAIN MENU
9 axpbx~Al OB WS
W ¥ e
Conic Graphs Equation Program Fiftancial
D [ E G
&y & iy )/

E- Con2 Llﬁk Memory System

r “ ] 1‘
o~
Geometry Plcture ot Conversmn

13812 KBytes Free
Pict
BArched~1.g3p:
BAr%hes g3p

- 3p
DBooks g3p :
[iBowlin~1.g3p: 34
EHEWHND

A Plot | List JIEFPMODFY[ > ]

[EXE]:Plot [EXITI:End

[EXE]:Plot [EXIT]:End

[EXE]:Plot [EXIT]:End Plot
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TO FIND THE COORDINATES OF EACH POINT: E
1. Press [F3](List).

2. The X-column is the x-coordinate of the point, the E] [Rad Norml =P
Y-column is the y-coordinate of the point. The points in this X v T
list are in the order that they were plotted on the calculator. 1 12
Scroll down to see the coordinates of all the points that g[ e .
were plotted. 4 1.8 -0.6 3l

-1.7
| AXTRNS JNSDIRMDERGIY[DEL-ALL] SET JENSE)
B E2 )

X Y T

2]
3
4
5 |

1.7
-0.6
=
2.6

0.1
(EDITIDELBTMIFE D ESAD > |

o0 d W
O
)

o
- B
[y

TO FIND THE DISTANCE BETWEEN TWO POINTS: o N

Spreﬁé}{eet
@ 7 E 8
1. From the Main Menu, highlight the Equation icon and press Table  Recursion

EXE| or press (K6T). g A T F:&C

Program  Fifancial |v

Math]RadNorm] [d/c]Real

2. Choose [F3](SOLVER).

3. The distance formula between two points is
D=+ (x, -x)? + (y, -y,)? . However, you cannot enter
subscripts into the calculator, therefore, enter the formula as
D =4/ (X -S)2 + (Y -T)? ; where D = distance between the
two points; X = x-coordinate of the second point;
S =x-coordinate of the first point; Y = y-coordinate of the
second point; and T = y-coordinate of the first point.
Press (W4 (sin) (<7 (2]
X O] (=3 () (3 () (=) (=) feewd) () OJ (&3 ) (D
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4. Fill in D=0 (even though you are looking for this number).
Use point A as having coordinates (S, T) and point B as having
coordinates (X, Y). Press after each entry.

5. When finished entering the data, highlight the variable you are

finding, in this case, highlight D =0 and press (SOLVE).

6. The distance between point A and point B is 0.6 units.

7. To determine the distance between point A and point C, press

(REPEAT). This allows you to just enter the new coordinates
and use the formula you previously entered. Repeat this procedure
for all points.

TO FIND THE ACTUAL DISTANCE BETWEEN TWO POINTS:

1.

Use ratios and proportions to convert the calculator distance to
actual distance. Since the actual distance from point A to point B is
18 inches and the calculator distance is 0.6 units, the proportion you
will use is:

0.6 _ calculator distance (C)

18 actual distance (A)
Use the Equation Solver as you did in the last Section, now 180
solving for A in the proportion. Enter the new formula, A= 06

by pressing
() (4] (8) (wsd) (in] (e%) (0] (-] (6] 5.

E  HatRadNorn]) (drc)Real

D=0
x=0
S=0
Y=0
T=0

Lower=-9e+99

Upper=95+99
SOLVE

E l@n}.l@ (d7c]Real

.1

.7
L7
.7

o

—1=<<N&
Inmunnu
=l

Lower=-9g+99
Upper=9e+99
SOLVE

B IIII-II-EII

Eq:D= (x §)24(Y=T)2
D=0.

Lft=0. 6

Rgt=0.6

REPEAT

(atRadNornl] [d7c]Real

Upper=9e+99

DELETE SOLVE
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3. Fill in the calculator distance for each C,

highlight A and press [F6] (SOLVE).

4. Press [F1)(REPEAT) to solve additional problems.

o=

B MathRadMornl] [dic)Real

_18C
0.6
A=0
C=3.5
Lower=-9e+99
Upper=9e+99

DELETE

Eq:A

SOLVE

E (HathRadforn] [(dic]Real

REPEAT
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When relaxing in the tub, the view is blocked by the inside border of the window. The

owner wants to remove the window on the left and install a window with the design
below right. The only actual measurement is the distance from point A to point B which is 18
inches. Point A and point B are the top corners of the glass of the present window. All points
are to mark the edge of the glass, not the frame. The radius of the semicircle, from point E to
point F, will be the same as half the minor axis for the semi-ellipse in the new design. Point E
is not collinear with points A and C. The distance from A to C on the present design will be
the same as the distance from A to C on the new design. The distance from point C to point
D is also the same on both designs.

T he owner of this house found a major fault to this window design for the bathroom.

In this activity, you will need to find the actual dimensions of the rectangular section of the
new design and the area. You will also need to find the coordinates of point G which is the left
end of the major axis of the semi-ellipse and point H which is the right end of the major axis.
You will need to determine the standard form of the equation of the ellipse, where point E is
the center. Also, you will need to find the area of both the ellipse that is used and the semi-
ellipse that is in the design of the new window. Finally, the total area of the glass needed for
the new window.

© WOLLWERTH IMAGERY - FOTOLIA.COM
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Questions

1. Using the Casio Prizm, copy image “Bathroom” to the calculator screen. All the points that
you will be graphing should be placed at the edge of the glass of the window, not in the
frame, as shown in the previous drawing. Plot point A as the top left corner of the small
window. Point B is the top right corner of the small window. Point C is the top right corner
of the other small window. Point D is the bottom right corner of the right window. Point E
is the center of the semicircle and point F is the highest point of that window. Plot all these
point on the Prizm.

2. List the coordinates of points A, B, C and D.

POINT ‘ COORDINATE
A

B

C

D

3. Find the distance between the following points:

POINTS ‘ DISTANCE
ATOB

ATOC

CTOD

4. Since the actual distance from points A to B is 18 inches, find the other actual dimensions of
the rectangular section of the new window.

Length AC =

Height CD =

5. What is the area of the new rectangular window?
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6. Determine the coordinates of the following points:

POINT ‘ COORDINATE
E

F

G

H

7. Find the distance between the following points:

POINTS | DISTANCE
ETOF

ETOG

GTOH

8. What is the length of the minor axis of the ellipse that is used?

9. What is the length of the major axis of the ellipse that is used?

10. Using the standard form for the equation of the ellipse, where E is the center of the ellipse
at coordinates (h, k). The distance from E to G is a. The distance from E to F is b. Standard
form is:

(x -zh)2 L y-k?

a b? !

Find the standard form of this ellipse.
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11. What is the actual length of a for the new window?

12. What is the actual length of b for the new window?

13. Using the formula for the area of an ellipse: A = mab, determine the area of the ellipse.

14. What is the area of the semi-ecllipse?

15. What is the area of the total glass for both sections of the new window?

Extensions

1. Why will your answers not match those of your partner or other students in your class?

2. What would be the area of the new window if the upper window remains a semicircle, with
the radius the length of EG?
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1. E [EXE]:Plot [EXIT]:End

| COORDINATE
A (-17.17)
B <11,1.7)
C (-1.8,1.7)
D (-1.8, -0.6)
3. POINT | DISTANCE ] ey :
EqbgaJéx—S) +(Y-T)
ATOB 0.6 S=-1.17 L£t=0.6
Y=1.7 0.8
L T=1é7+99 .
ower=-9E
ATOC 35 Lower=_0+9
DELETE,
CTOD 2.3
f Gokdte] G0k
=0
X=-1.7
S-1.8
v=1.7

T=1.7
Lower=-9g+99
Upper=9e+99
| DELETE)

Eq:D=
D=2.
2.3

4. 105 inches; 69 inches

El MatiRadfNorn] [dic]Real

C=2.3
Lower=-9e+99
Upper=9e+99

DELETE

Lower=-9E+99
Upper=9e+99

DELETE, SOLVE]

REPEAT|

E _MathRadNornl) [d7c]Real
105x69

7245 <im—

JUMP MATH
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6.
POINT | COORDINATE
A (0.1, 2)
B (0.1, 2.6)
C (-1.7,2)
D (1.8, 2)
7.
El HathRadNornd [diclReal
POINTS ‘ DISTANCE . qu,DE éX—S)2+(Y—T)2
ETOF 0.6 -1 Lft=0.6
.6 Rgt=0.6
Lower=-9e+99
ETOG 1.8 Upper=9e+99
REPEAT
GTOH 3.5
B WatiRedlNornd (dlc]Rea)

Eq: D=y (X=8) 2+ (Y-T) 2
D=%,g<4--

Lower=-9g+99
Upper=9e+99
RECALLJDELETE [SOLVE]

B FatiRadornl] [diclReal |
=0
X=1.8
S=-1.7
Y=2
T=2
Lower=-9e+99
Upper=9g+99
DELETE SOLVE| [REPEAT]

8. 1.8-06=12
B FatiRedlorm]

DELETE] PMAT J MATH

(x-O1?, (v -2 _

10. =1
3.24 0.36
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1.

13.

14.

15.

54 inches
E]

Lower=-9E+99
Upper=9e+99

DELETE SOLVE!

El HathRadNorm) (d7c]Real

Lower=—9é+99
Upper=9e+99

(RECALLJDELETE, (SOLVE

A =m(54)(18) = 3,054 inches?

B MatARadMNornl) [d7c]Real
m(54) (18)
3053.628059

DELETE, MATH

3,054
2

B HatiRedlom]) (d/clfea)

m(54) (18) I

3053.628059

ns+2
1526.81403

= 1526 inches?

DELETE MATH

7,245 + 1,526 = 8,771 inches?

E HathRadNornl) (d7c]Real
7245+1526

8771

DELETE, MATH
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Extension Solutions

1. The calculator points are approximated.

2. 11,823 inches?*

1 1 )
Area of semicircle = 7nr2 = n(54)? = 4,580 inches?

Total area = 7,245 + 4,580 = 11,825 inches?

%><1:><542
4580.442089

11825.44209) -immm

Ans+7245
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TEACHER'S NOTES

TOPIC AREA: Ratios of Similar Figures

NCTM STANDARDS:

m Use two-dimensional representations of three-dimensional objects to visualize and
solve problems such as those involving surface area and volume.

m Use Cartesian coordinates and other coordinate systems, such as navigational,
polar, or spherical systems, to analyze geometric situations.

m Investigate conjectures and solve problems involving two- and three-dimensional
objects represented with Cartesian coordinates.

OBJECTIVES
Given a photo file, students will be able to find the coordinates for the endpoints of
a radius for several circular objects. Using their knowledge of coordinate geometry
and proportions, students will compare the ratio of the circumference and area to
the radius for several circles.
GETTING STARTED
Have students work in pairs to determine the coordinates of the endpoints of the
radius for several circles and use these coordinates to calculate the length of the
radius. Using the radius, students will calculate the circumference and area of the
circles and determine the relationship between the ratio of the radii and the
measures of the circumference and area.

PRIOR TO USING THIS ACTIVITY:

m Students should be able to calculate the distance between two points.

m Students should know the formulas for finding the circumference and
area of a circle.

m Students should be able to write a ratio and proportion.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:

m Students will be able to calculate the length of the radius using
the coordinates of the endpoints.

m Students will be able to compare the ratios between measures and
write a conjecture.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
m Students may enter values into the formulas incorrectly.
m Students may be careless in choosing the endpoints of the radius.

m Students may write the proportions incorrectly in order to comparing
the relationships.

DEFINITIONS:

m Radius

m Circumference
m Area
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The following will walk you through the keystrokes and
menus required to successfully complete the area of
similar figures activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon and press

or press [((J.

2. Press (OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images. Press
™® (OPEN) to open the folder. Scroll down the list of images
and highlight the desired image. You will be using the “Clocks”
image in this activity. Press (F1) (OPEN).

TO FIND THE COORDINATES OF THE ENDPOINTS
FOR THE RADIUS:

1. The status bar at the top of the screen prompts what buttons you
have to choose from. For this image, you need to press (0PTN].

2. To plot points on the picture, press (Plot). A pink arrow will
appear. Use (@) (&) (») () to move the arrow to the center of
the red clock. (Any of the number keys can also be used to jump
to different areas on the screen). Press to plot the point on
the image.

3. Use @ (& » () to move the arrow to the edge of the red
clock and press to plot the point on the image. You now
have the endpoints of the radius for the red clock.

] MAIN MENU

9 ogax-Al SREFB g8, Cl[A
% fn"' L) ,;N
Conic Graphs Equation Prog ram Financial
D F E G
& BBy
C

E- Con2 Link Memory System

‘B A
Geometry PicturePlot Conversmn

[BE 13812 KBytes Free
Pict

Cans.g3p 2
HCan_te~1.g3p:
iChef_j~1.g3p:

SFerris~1.
F loorp~1.

= O] = N\ =
O NRR| 0o Y N

S A 8 4
[(Plot [ List | IEREPMODIYI > |

[EXE]:Plot [EXIT]:End

[EXE]:Plot [EXIT]:End
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4. To stop plotting, press .

TO FIND THE LENGTH OF THE RADIUS:

1. To see the coordinates of the endpoints, press (List). En-
ter these coordinates into the table.

2. Press @] and use @) &) » @) to highlight the

RUN-MAT icon or press (1]. Use the distance formula,
d =4 (x, x)?+ (y,-y,)? and the coordinates to
calculate the length of the radius for the red clock.

TO FIND THE CIRCUMFERENCE
AND AREA OF THE RED CLOCK:

1. Press (F2) (DELETE)(F2) (DEL-ALL)(F1] (Yes) to clear the
screen.

2. Using the formula C = 2ar, press @

[I]E]@[I]@@ to calculate the

circumference of the red clock. Enter the circumference into
the table.

3. Using the formula A = 2ar, press . Ex) (J

-E]E]@m@@.-.tocalculate the

area of the red clock. Enter the area into the table.

TN )
List IDE{EPMODIFYI[ D> ]

X Y T
IrECN 0.8 0
2 1.8 0.8 1

3l

0.5
| AXTRNS JEDIRM[DEEAIT[DEL-ALL] SET JIS

B
J(1.6-0.5)2+(0.8-0.8>

11

—

[

DELETE MATH

J(1.6-0.5)2+(0.8-0.8p

11

b

[

DEL-ALL
E

Delete All?

N Yes: [F1]
No :[F6]

DEL-ALL

B HetiRadornd

11
27 10

DELETE] PMAT | MATH
E

11)2
10

DELETE MATH
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t seems logical that if one doubles the dimensions of an object then the area

the object covers would also double; this is not the case. In this activity we will
compare the perimeter and area of two similar objects when one dimension
is altered.

|E Press [OPTN]

© FOTODDELLI - FOTOLIA.COM

Questions

1. Find the coordinates of the endpoints of the radius for each of the clock faces and
enter this into the table. Use the distance formula to find the length of each radius.

RADIUS

COLOR

DARK BLUE

RED

GREEN

GOLD

ORANGE

2. Find the circumference for each clock, using C = 2xit, and enter this information
into the table.

COLOR ‘ RADIUS ‘ CIRCUMFERANCE

DARK BLUE

RED

GREEN

GOLD

ORANGE

57



ACTIVITIES

()

58

. Divide the radius of the Red Clock by the radius of the Dark Blue Clock.

Divide the circumference of the Red Clock by the circumference of the Dark Blue Clock.
What do you notice?

. Divide the radius of the Gold Clock by the radius of the Orange Clock.

Divide the circumference of the Gold Clock by the circumference of the Orange Clock.
What do you notice?

. Does this hold true for another pair of clocks?

. Write a conjecture about the ratio of the radii of circles and the ratio of the corresponding

circumferences.

Find the area for each clock using A = 2nr2 and enter this information into the table.

COLOR ‘ RADIUS ‘ AREA

DARK BLUE

RED

GREEN

GOLD

ORANGE

. Divide the radius of the Green Clock by the radius of the Red Clock. Divide the area of the

Green Clock by the area of the Red Clock. What do you notice?
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9. Divide the radius of the Green Clock by the radius of the Gold Clock.
Divide the area of the Green Clock by the area of the Gold Clock. What do you notice?

10. Does this hold true for another pair of clocks?

11. Write a conjecture about the ratio of the radii of circles and the ratio of the
corresponding areas.

Extension

1. Make a table for several squares using the side and perimeter. Does your conjecture for the
circumference hold true for the perimeter of squares as well?

2. Make a table for several equilateral triangles using the side and area. Does your conjecture
hold true for the area of equilateral triangles as well?

3. Since the ratio of length is equal to each other and the ratio of area is the square of the
lengths, what do you think would happen with length and volume of regular figures?
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1.

=@ [E HaRedbonl ([G/JRed
X v (-1.6--0.8)2+(-0.4-»>
BEE -0.2 o} %
-1.5 -0.4 1
-0.3
(AXTRNS DTN DEL-ALL] SET JEN=S| N JUMP
COLOR P, ‘ P, ‘ RADIUS
4
DARK BLUE (-0.8, -0.4) (-1.6, -0.4) ?
1
RED (0.5, 0.8) (1.6, 0.8) E
13
GREEN (-1.7,1.7) (-1.7,0.4) —
10
6
GOLD (1.8, 1.8) (1.8, 3) ?
8
ORANGE 1.4, -1.4) 3, -1.4) ?
2. Screen Shot for Dark Blue Clock
E  MatRadfornd
a4 8
gﬂ:
COLOR ‘ RADIUS ‘ CIRCUMFERENCE
DARK BLUE i ﬁn
5 5
n 1
- —TT
RED 10 5
13 13
GREEN - —T
10 5
6 12
= “n
GOLD 5 5
ORANGE i E‘I'C
5 5

Answers may vary according to the plotted points.
[Screen Shots for Dark Blue Clock]
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3. The ratios are equal.

DELETE, MATH

DELETE, MATH

5. Yes
6. The ratio of the circumferences of two similar circles is equal to the ratio of their radii.

7. Screen Shot for Dark Blue Clock

ERC ]
412
e )
257
0
COLOR ‘ RADIUS ‘ CIRCUMFERENCE
DARK BLUE 4 160
5 25
1 121
— el
RED o =
GREEN 13 169 o
10 100
GOLD & 36
5 25
ORANGE 8 64
5 25
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©=

8. The ratio of the areas is the square of the ratio of the radii.

E (HatARadfornd)
1697 . 121xn

100 © 100

—
(2]
©0

—
N
—

DELETE, MATH

10. Yes

11. The ratio of the areas of two similar circles is equal to the square of the ratio of their radii.

Extension Solutions

1. The tables will vary. The conjecture holds true
2. The tables will vary. The conjecture holds true.

3. Since the first is equal and the second is the square, the third would be the cube of the ratio
of the lengths.
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o=
TOPIC AREA:
Volume of Solids by Shell Method

NCTM STANDARDS:
m Use two-dimensional representations of three-dimensional objects to visualize and
solve problems such as those involving surface area and volume;

m 100Use Cartesian coordinates and other coordinate systems, such as navigational,
polar, or spherical systems, to analyze geometric situations;
OBJECTIVES

Given a photo file, students will be able to fit an equation onto the picture and find
the equation for the line of best fit. Using their knowledge of polynomial functions
and integral calculus, the students will find the volume of a figure formed by rotating

a polynomial around a specified axis.

GETTING STARTED
Have students work in pairs to determine the coordinates of points used to find the
line of best fit for a polynomial and use this equation to solve problems involving
rotation of solids.
PRIOR TO USING THIS ACTIVITY:
m Students should have an understanding of how to find a regression line.
m Students should have an understanding of polynomial functions.
m Students should be able to write and solve an integral given the function
with upper and lower bounds.
WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:

m Students will be able to use their knowledge of geometry to determine
upper and lower bounds for an integral.

m Students will be able to find the volume of a figure using the
shell method.
COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
m Students may have difficulty determining upper and lower bounds.
m Students may have difficulty with the integration of a polynomial.
m Students may use the wrong polynomial for the integration.
DEFINITIONS:
m Regression
m Upper and Lower Bounds
m Integral
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The following will walk you through the keystrokes and
menus required to successfully complete the volume of
rotated figures activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon and press
or press .

2. Press (OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images. Press
™® (OPEN) to open the folder. Scroll down the list of images
and highlightthe desired image. You will be using the
“Pancakes” in this activity. Press (F1] (OPEN).

TO PLOTS POINTS ON THE IMAGE AND
CREATE A LIST OF POINTS:

1. The status bar at the top of the screen displays what operations
you have to choose from; for this image, you will need to press

.

2. To plot points on the image, press [F2] (Plot). A pink arrow will
appear. Use (@) (&) () (¥) to move the arrow where you
would like to plot a point. (Any number of keys can also be used
to jump to different areas on the screen). Press to plot a point
on the picture.

MAIN MENU
BB e Cl[A
n 1 d ol
ConicGraphs Equation  Program  Fifancial

& & &y ]

E-COn2 Link MeTmory System

H 1 ad
’ s £ >
w L;.
Geometry [QUTCIYNY Conversion

B[R 8060928 Bytes Free
Pict \casiongsp
[fHarbou~1.g3p:
[fHexago~1.g3p:
(iNautilus.g3p:
ight_~1.g8p:
BPancakes. :
iPower_~1.g3p:
| OPEN ) [SEARCHIDETAIL)

[B_Press [OPTN]

© RIMGLOW - FOTOLIA.COM

List MODIFYIL &> ]
[Plot]

[B [EXEl:Plot [EXIT]:End
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TO VIEW THE LIST OF DATA POINTS YOU SELECTED:

1. Press to view the list of points
plotted. Press to go back to the image and points.

TO CREATE A LINE OF BEST FIT:

1. Press [F6) () and [F2) (REG).

2. In this case the regression line is a quadratic, therefore press

(X?).

3. Press [F5) (Copy) and to copy
the equation into the Graph Menu, then :

4. Press (DRAW) to see the regression line generated by
your selected points.

] Bedfornl]  Red 2 )
X Y T
1 1.5 0
2 -2.6 2 1
3 0 2.4 2
4 2.3 2.1 3
-3.7

COPY ][DRAW

E
grgph Func :Y

[—]1]
[—1
[—1
[—1
[—1]
[—1]
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TO FIND THE VOLUME OF THE PANCAKES BY
THE SHELL METHOD:

1. Press , highlight the RUN®MATRIX icon and press [EXE].

2. Press (CALC)|F4] (Jdx). Using the formula for finding
the volume of an area rotated about the y-axis, enter this into the
calculator.

3. Press to see the volume.

o=

[El
N

JUMP JDELETE] PMAT | MATH

[E]

JEDdx

Solveld/dx|d%/dx? S dx [SolveN/II=N]

[E]

J‘S.S 2
) X(-0.06X2+0.01X+2»

JUMP JDELETE] PMAT | MATH

[E]

J‘S.S 2
) X(-0.06X2+0.01X+2»

JUMP JDELETE] PMAT | MATH
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People are starting to think more about their diet and what they eat. To some, a
pancake breakfast is a great way to start a Saturday or Sunday morning. How-
ever, these delicious breakfast icons are made from flour which is considered high in
calories, especially if made with processed or white flour. In the picture below you
will see a stack of three pancakes. You will be estimating the number of calories
based on the volume of a stack of pancakes.

El Press [OPTN]

© RIMGLOW - FOTOLIA.COM

1. List the coordinates for the curve of the top of the pancake.

X-COORDINATE \ Y-COORDINATE
1. 1.
2 2.
3 3
4. 4
5 5

2. What is the regression line for the curve across the top of the pancakes?

3. Interms of the radius, what is the range for the radius of the pancake
(assuming each unit on the graph is 1 inch)?

b
4. The volume of a solid formed by rotating an area about the y-axis is v= 2nf ph dx,

where p is the radius and h is the height.
Write the integral to find the volume of the stack of pancakes using the regression line as
the height and the range for the radius as the lower and upper bounds.
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5. Find the volume of the stack of pancakes.

6. For these pancakes, 1 0z. = .55 in.> and 8 oz. =453 calories. Find the number of calories
(without the butter and syrup) for the stack of pancakes.

Extension

1. If the pancakes had a radius of 2 in., what would be the volume of the stack of pancakes?

2. What was the change in volume of the pancakes?

3. What would be the volume and calorie count for a single pancake?

a. Volume:

b. Calorie Count:

)
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[ -3. SR 0
1
2
3

-3.8
EDIT |IDEL-BTM)PIAEFYIR >

X-COORDINATE |

AXTRNSJHDIRM[DERAMDEL-ALL] SET =N

Y-COORDINATE

y =-0.06x? + 0.03x + 2.46

3. 0<x<3.8in.

1. -3.8 1. 1.5
2.-2.7 2. 2.0
3.0 3. 2.6
4. 2.4 4, 2.2
5. 3.8 5 18
(- ) B
QuadReg
X ¥ T a =-0.0572998
THEEE 1.5 0 b =0.02900764
9 -2.7 2 1 c =2.46225684
3 0 2.4666 2 r2=0.99366964
4 2.4 2.1666 3 MSe=1.7345g-03
-3.8| |y=ax2+bx+c
[ X e O (COPY](DRAW
[El Press [OPTN]

3.8
4. v = 2nfx(—0.06x2+ 0.03x + 2.46)
[o]




SOLUTIONS

5. @3 z@
. X(-0.06%X2+0.03X+2>
15.182216

>
V=152in.?

6. 15.2in.3 =8.36 oz.
8.36 + 8 =1.045 (No. of 8 0z.)

1.045 x 453 Cal. per 8 oz. = 473 Cal.

E  [MathRadNornl)
15.2x.55
8.36
Ans+8
1.045
Ansx453
N 473.385

Extensions

E HatiRedfornl (drcRea

2 ]

[2x(-0.06x2+0.03%+2. i
4.96

>
V=496in.?

2. 836-496=34in.?
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-3.7
MR DEL-AL] SET JENS)

B
QuadR

=]

+O0OO-
ONRRRO
~~Jwworm
HORON
—HOOM
O OULAN
A= WWW
DONOD

+ 00 nnno
TOoOOoO~=O I

N-.

COPY || DRAW

[ EvRdton] ok

3.8

fo X(-0.06X2+0.02X+1>
4.530309333

| Solve|d/dx|d?/dx?| J dx [SolveN[II=EN

[ GhRdion] @R
4.53%.55

2.4915
Ans+8
0.3114375
Ansx453
D 141.0811875

JUMP JDELETE MATH

V =4.53in.?

Calorie Count =141 Cal.
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TEACHER'S NOTES

@=

TOPIC AREA:
Graphs for sinusoidal and polynomial

functions; statistical regression

NCTM STANDARDS:
All students should be able to:
m Display a scatterplot and describe its shape.

m Determine regression coefficients and equations.

OBJECTIVE
Each student will be able to determine sinusoidal models for a given set of points.
Each student will suggest and determine an alternate model for the points.
GETTING STARTED
Consider letting the students work in pairs or in small groups to determine the
points and the models. If each student or group selects points, the results will be dif-
ferent. An option for the first few questions is to demonstrate the point and
have all students or groups use the same values.

PRIOR TO USING THIS ACTIVITY:

m Students should have a basic understanding of sinusoidal graphs.

m Students should be familiar with transformations of functions.

m Students should know amplitude and period.

m Students should be familiar with basic calculator methods for regression.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:
m Students should write equations for the functions.

m Students should display graphs that match the photograph.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
m Students may be unclear on left and right horizontal shifts.

m Students may not realize that the vertical distance from a “middle” point
to a “high” point is the amplitude (and not half the amplitude).

m Students may not realize that the horizontal distance from a “middle”
point to a “high” point is one fourth of the period.

m Students may not recall how to compute the coefficient b
from the period.

m Students may not be aware that all sinusoidal graphs can be
written as sine and cosine functions.

m Students may not realize that only one coefficient changes when a
sine function is rewritten as a cosine function.
DEFINITIONS
m Sinusoid m Amplitude m Period
m Horizontal shift m Vertical shift m Regression



HOW TO

The following will walk you through the keystrokes and
menus required to successfully complete this activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1.

From the Main Menu, highlight the Picture Plot icon and press

or press ((J.

Press [F1](OPEN) to open the CASIO folder.

The g3p folder contains 47 background images. Press

) (OPEN) to open the folder. Scroll down the list of images
and highlight the desired picture. You will be using the
“Footbr~1” image in this activity. Press (OPEN).

TO PLOT POINTS ON THE IMAGE:

1.

The status bar at the top of the screen prompts what
buttons you have to choose from. For this picture, you will need
to press |OPTNJ.

To plot a point, press @] (Plot). Use (@) (» (&) (@) to

move to the desired location and press I to plot a point there.
Press when all points are plotted.

MAIN MENU
9  axubx-A 4y B e cl|a
aXpbXs i - q’
Conic Graphs Equatlon Program Flnancral
)
&° 5 iy

E‘COHZ Llnk Memo' ry System

v H “
> * 7 -y
Geometry [JOTEAAlN Conversion

@8060928 Bytes Free
Pict \casiowgsp
Ferris~1.g3p:
BFloorp~1.g3p:
BFootbr~1.g3p:
HForest.g3p :
HFountain.g3p:

MGate.g3p :

[B Press [OPTN]

© STEVE BECKLE - FOTOLIA.COM
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TO UTILIZE IMAGE BACKGROUNDS:

1. To see the coordinates of plotted points,

press @] (List).

2. To edit (define) a function, press (DefG).

3. For regression, press (>) and @ (REG).

For sinusoidal, press (>>) and [F4] (Sin).

s .
FILE MODFYI B
B &)

X Y T

[2.8686 1.6324 0]

1
2

2.86861662
AXTRNS NDINM{AEALDEL-ALLL SET JES|

E
Graph Func :Y=

Y2: [—1
Y3: [—1
Y4: [—1
Y5: [—1
Y6 : [—1

)

[Tog MEG@ Power) Sin Jlogistal 5]




ACTIVITIES

tructures, such as the St. Louis Arch, Chicago’s Millennium Bean, and bridges
often have a shape that can be described by a mathematical model.

In this activity, you will determine models for two portions of a bridge, and review
some useful concepts about functions.

Open the footbridge photo titled “Footbr-1.g3p”. Notice that a window for the axes
has already been created, so we will use that setting.

El Press [OPTN

by |- V
L AR AN
o s A
5 D ! o8
2 s “} 3

© STEVE BECKLE - FOTOLIA.COM

Questions

1. Describe the shape of the bridge. What parts of the bridge did you focus on to
describe the shape? Name several mathematical functions that could be used to model
parts of the bridge.

2. Let’s use the bottom of the bridge and model it as a sine function. For now, we’ll assume
that the bottom passes through the origin and that the function has no vertical or horizontal
shift. Plot a point at the highest point of the bottom of the bridge and write its coordinates.

3. If the sine model has no vertical shift, what is the amplitude? Explain.
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ACTIVITIES

4. If the sine model has no vertical or horizontal shifts, what is the period? Explain. If the
model is a function, with equation y = a+sin(b+x), compute the coefficient b.

5. Graph the function.

6. Itis also possible to model the bottom of the bridge as a cosine function. In this case, there
will be a horizontal shift. Describe the shift in magnitude and direction. Write the model as
a function, with equation y = a*cos(b(x - ©)).

7. Graph the function. How does this graph compare to the first model?

8. Itis also possible to model the bottom of the bridge as a cosine function, shifted in the
opposite direction. Describe the shift in magnitude and direction. Write the model as a
function, with equation y = ascos(b(x + ¢)). Check your result by graphing.
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)

9. You have created this model using only two points. It is possible to use many additional
points. Plot four to six additional points. Then use sinusoidal regression to write a model as
a function with equation y = d + assin(b(x - ©)). Check your result by graphing. Describe
how this model is similar to the first model and how it is different than the first model.

10. Now, consider the upper portion of the bridge, that is, the curved railing. Plot five
to seven points and use sinusoidal regression to write a model as a function with equation
y =d + assin(b(x - ¢)). Check your result by graphing. Describe how this model is similar
to the model for the lower portion and how it is different than that model.

Extensions

1. Use the graphing menu and shade the region between the models for the upper
and lower parts of the bridge.

2. Use a different type of function to model the bridge. Determine the equation
and make a graph.

3. A quadratic regression will display a value for R2. For a certain set of points selected for the
bridge, R? = 0.9968. Interpret the meaning of this value.
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The bridge is shaped like an arch, based on the main part where you walk, as well as the
railings. The model could be a parabola, a sine curve, or a higher degree polynomial.

. Answers will vary; for example, (2.8686, 1.6324).

. If there is no vertical shift, the amplitude is the same as the y-coordinate of the highest

point, about 1.6324.

. The horizontal distance from

(0, O) to (2.8686, 1.6324) is one fourth of the o
period, so the period is about 11.474 4. The coefficient b = 3772744 =~ 0.5476.

y =1.6324+sin(0.5476x)

MODIFYI B> ]

. The shift is 2.8686 units to the right.

y =1.6324+c0s(0.5476(x - 2.8686))

. If the period is 11.474 4, then a horizontal shift left would be

11.4744 - 2.8686 = 8.6058 units.
y =1.6324+c0s(0.5476(x + 8.6058))



SOLUTIONS

9. Points chosen will vary. For example,

El Radfornl]  Real 5@ @ Radfornl]  Real 33
X Y T X ¥ T
1] PR 1.6324 0 4/ 1.7554 1.3541 3
2 0.2711 0.4264 1 5 3.6107 1.5396 4
3 0.9204 0.983 2 6 4.2601 1.3541 5
4l 1.7554 1.3541 3 7l 4.9095 ONEE 6
2.86861662 0.9830650401

(YRS (EDIT | DECBTH PHEN > o]l DEL-ALL] SET IS

y = 11.6565°sin(0.1693x + 1.0711) - 10.0326
This model is fairly close to our original model.

10. Points chosen will vary. For example,

=d =d
X Y T X Y T
1 0.8902 0 5| 4.2601 2.6528 4
2 -0.285 1.6324 1 6 5.7444 1.8179 5
3 1.2915 2.6528 2 7| 6.2082 1.1686 6
4l 2.7758 2.8384 3 8
-0.8420909809
AXTRNS /NEDINM{DEEANI[DEL-ALL] SET JENDSNN N AXTRNS JNDIRM[NEEGATIDEL-ALL] SET JISE

y = 24.0066°sin(0.1114x + 1.2565) - 21.0560
This model has a much larger vertical shift and amplitude, a larger period and
horizontal shift.

Extensions

2. Answers will vary. A quadratic function is a likely choice.

[o)

3. Avalue for R? = 0.9968, which is very close to 1, means there is a strong quadratic
relationship for these points.
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TEACHER'S NOTES

TOPIC AREAS:

Linear Inequalities,

Linear Programming, Area

NCTM STANDARDS:

m |dentify functions as linear or nonlinear and contract their properties
from tables, graphs, or equations;

m Use coordinate geometry to represent and examine the properties
of geometric shapes;
OBJECTIVE:

Given a photo file, students will be able to construct linear inequalities that create
a polygon with specific dimensions and calculate the area of a polygon formed by

linear programming.
GETTING STARTED:
Prior to beginning the activity, determine the students’ readiness to graph a system
of linear inequalities design to form a particular shape.
PRIOR TO USING THIS ACTIVITY:
m Students should be able to graph a linear function.
m Students should be able to graph a linear inequality.

m Students should understand the differences between greater than, less
than, greater than or equal to, and less than or equal to.

m Students should be able to calculate the area of a triangle.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:

m Given a linear inequality, students should be able to graph it by using
pencil and paper, as well as with a graphing calculator.

m Given a triangle which is drawn on/off a coordinate plane, students
should be able to calculate its area.
COMMON MISTAKES TO BE ON THE LOOKING OUT FOR:

m Students may use the incorrect inequality symbol when graphing a linear
inequality on the coordinate plane.

m Students may misidentify the slope and y-intercept of a linear inequality.
m Students may incorrectly calculate the area of a triangle.

DEFINITIONS:

m Linear Inequalities
m Slope

m y-intercept

m Triangle



HOW TO

The following will walk you through the keystrokes and
menus required to successfully complete the Rack ‘Em Up
activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon and press
or press[(J.

2. Press (OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images. Press
™® (OPEN) to open the folder. Scroll down the list of images
and highlight the desired image. You will be using the
“Bowlin~1” image in this activity. Press (F1] (OPEN).

TO PLOT POINTS ON THE IMAGE AND CREATE
A LIST OF POINTS:

1. The status bar at the top of the screen prompts what buttons you

have to choose from. For this image, you will need to press [0PTNJ.

2. To plot points on the image, press [F2] (Plot).A pink arrow will
appear; use OIC) (¥) to move the arrow to where you
would like for itto plot a point. (Any of the number keys can
also be used to jump to different areas on the screen). Press [EXE]
to plot the point on the picture.

3. Continue moving the arrow and pressing
until you have all the points you want. To stop plotting,

press .

MAIN MENU
9 aXisbX™ A iy B e
ConicGraphs Equation  Program  Financial

r D B E 23R F /G
& &y |

E-Con2 Link MeMmory System

4 H @ 1 “ _;r J
(g PicturePlot Ko TS (]

E® 13812 KBytes Free

Pict
Bathroom.g3p: 27K
1Beach.g3p : 43K

Cl|A

i ge.gép
HBugle.g3p :
[SEARCHIDETAIL,

© DESERTTRENDS - FOTOLIA.COM
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TO VIEW THE LIST OF DATA POINTS: El =Q
) . . b ¥ T
1. Press [F3] (LIST) to view the list of points plotted. ;[ o 2370 0]
-5.508 6.4365 1
Press to go back to the image and points. 3

-0.9913994956
AXTRNSNNM[VEEAMDEL-ALLL SET JHESN

TO CREATE A BEST FIT LINE OR CURVE OF BEST FIT:

1. Press and [F2) (REG).

2. Choose the appropriate regression model. In this case, it will
be X, so press (F1) and (F1) (axtb).

3. Press [F5)(Copy) and to copy the equation to the
Graph menu.

2 [—1
3: [—1]
4: [—1
5: [—1
6 [—1

4. Press (DRAW) to see the regression curve and
the points.




ACTIVITIES

Have you ever been bowling? If you have, you know the bowling pins are ar-

ranged at the end of the lane in the shape of a triangle. Each bowling pin is
evenly spaced 12” apart from the center of one pin to the next. So, how much space
is actually taken up by the bowling pins at the end of the lane? Perhaps knowing a
little more about this will help you the next time you go bowling.

In this activity, you will determine the lines formed by the ten pins on a bowling lane.
You will also determine how much space the bowling pins use and how to graphi-
cally represent that on your calculator. Finally, you will determine the amount of area
the pins use at the end of a bowling lane.

El Press [OPTN]

© DESERTTRENDS - FOTOLIA.COM

Questions

1. Plot points for bowling pin #1 and bowling pin #7? What are the coordinates?

2. What is the equation of the line containing bowling pin #1 and bowling pin #7?

3. Plot points for bowling pin #1 and bowling pin #10. What are the coordinates?

4. What is the equation of the line containing bowling pin #1 and bowling pin #10?

5. Plot points for bowling pin #7 and bowling pin #10. What are the coordinates?
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6. What is the equation of the line containing bowling pin #7 and bowling pin #10?

7. Write each equation as a linear inequality, which will shade the area of the triangle formed
by the bowling pins?

Extension

1. Is the line containing bowling pins #1, #2, #4 and #7 parallel with the line containing
bowling pins #3, #5, and #8, as well as the line containing bowling pins #6 and #9?
Explain your answer and prove your answer by accompanying screen shots.

2. Is the line containing pins #1and #7 perpendicular to the line containing pins #7 and #10?
Explain your answer and prove your answer by accompanying screen shots.

3. What is the area of the triangle formed when the bowling pin deck is shaded?




SOLUTIONS

ANSWERS WILL VARY, DEPENDING ON POINTS PLOTTED.

1. Bowling Pin #1: (-0.847, 0.342)
Bowling Pin #7: (-5.454, 6.437)

B Press [OPTN] | & E?)
X Y T
1 ety 0.342 0
2 -5.454 6.4365 1
3

-0.8474348756
AXTRNS NN DEACDEL-ALL] SET JHNSNN

(COPY](DRAW

3. Bowling Pin #1: (0.880, 0.582)
Bowling Pin #10: (5.919, 6.580)

[El Press [OPTN] I =9
X Y T
1 [oRts{ed] 0.5819 0
5.9189 6.5804 1

0.8801405654

[ Nl DEL-ALL] SET IS

4. y=1190x - 0.466

E
LinearReg (ax+b)

[erguary

(COPY](DRAW

5. Bowling Pin #7: (-4.591, 8.020)
Bowling Pin #10: (4.911, 8.020)

E| Press [OPTN] | =d
X v T
17 IR 8.0201 0
2 4.9111 8.0201 1
3

-4.590514998
(AXTRNSNDINMDAEALIDEL-ALL] SET JEESN
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6. y=8.020

7.

Y1=-1.323x - 0.779
Y2 =1190x - 0.466

Y3 <8.020
B etiRadilom] B HetiRedilomD

raph Func :Y=

18-1.3229166666[—1
281.19047619047[1—1
3E8.020117956 [—1

5:
Y6 : [—1]
SELECT MODIFY]

[—1

Extension Solutions:

1.

Yes, the three lines are parallel. After plotting points and performing linear regressions,
we got the following equations:
Linear Equation for pins #1, 2, 4, 7. y =-1.294x + 0.937

Linear Equation for pins #3, 5, 8:y = -1.277x + 5.072
Linear Equation for pins #6, 9: y = -1.273x + 9.136

In order for lines to be parallel, the slopes must be the same. Our three slopes
are roughly the same. They may not be the exact same because of the points we
plotted. We can not guarantee that we plotted each point in the middle of each
pin, each time.

E] Bl [E
LinearReg (ax+b) EinearReg(ax+b) LinearReg (ax+b)
=-1.2939001 a =-1.277085 a =-1.2727272
b =0.93671604 b =5.07195602 b =9.13593429
r =-0.9992385 r =-0.9993 r =-1
r2=0.9984776 r2=0.99860064 r2=1
MSe=0.01431098 MSe=7.123e-03 MSe=
y=ax+b y=ax+b y=ax+b
[COPYJDR [COPY]DR [COPY]

E I

FILE MODIFY)L D]

No, the two lines are not perpendicular. In order for two lines to be perpendicular, the
slopes need to be the opposite reciprocals of each other.

Essentially, if the slope of one line is %, then the slope of the line perpendicular to it needs
to be - % . This is not the case with our two lines. The slope of the line containing

pins #7 and #10 is O. The equation of a line perpendicular to it would be x =.



SOLUTIONS

3. To find the area of the triangle formed by the lines, we first need to find the points that rep-

resent each corner. To do so, while viewing the graph of the three inequalities,
press (G-Solv)[F5) (INTSECT).

Point 1 (Intersection of ¥1and Y2): (-0.125, -0.614)
Point 2 (Intersection of Y2 and Y3): (7.128, 8.020)
Point 3 (Intersection of Y1and Y3): (-6.651, 8.002)

Now that we have the three corners, we can find the length of the base and the
length of the height of the triangle. To find the length of the base, we need to find
the distance from Point 2 to Point 3. (b =13.779)

Bl MathRadNorn] [d/c]Real El (atRad{orn] [dic]Real

I_nwao

c4Q
RECALLJDELETE, SOLVE REPEAT]

To find the height of the triangle, we will find the distance from Point 1 to point
(-0.125, 8.020). We can’t use Point 2 or Point 3, because the height has to be per-
pendicular to the base. (h = 8.634)

El (atRad{orn] [dic]Real

Eq:D={(X-8) %+ (Y-T)2
D=8.634

B Henkdion]
Eq:D=4(X-S)%+(Y-T)?

X=-0.125 Lft=8.634
S=-0.125 Rgt=8.634
Y=8.02
T=-0.614
Il nwoar—-Qc4+QQ ¥
DELETE SOLY REPEAT]

The area of a triangle is A = % bh. So, the area of our triangle,

is A= % (13.779)(8.634) = 59.484 units?
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TEACHER'S NOTES

TOPIC AREA: Curve fitting;

periodic functions; parametric equations

NCTM STANDARDS:
m Recognize and apply mathematics in contexts outside of mathematics.

m |ldentify essential quantitative relationships in a situation and determine the class
or classes of functions that might model the relationships.

m Use a variety of symbolic representations, including recursive and parametric
equations, for functions and relations.
OBJECTIVE

Given a photo of a screw, students will be able to fit a periodic function onto a
section of the screw. Using their knowledge of trigonometric functions and how to
restrict the domain of a function, students will create a regression based on plotting
and analyzing a series of points. As an extension, students will define a model of the

thread of a screw using parametric equations.
GETTING STARTED
Have students work in small groups to help determine how to identify the amplitude,
period, and phase shift of a sinusoidal equation.
PRIOR TO USING THIS ACTIVITY:
m Students should understand how to graph parametric equations.
m Students should be able to determine an appropriate regression given
a scatter plot.
WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:
m Students should display graphs that match the photograph.
m Students should select appropriate regressions, given a scatter plot.
COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
m Students may be careless in the placement of points.
m Students may have difficulty setting parameter values.
DEFINITIONS
m Three-dimensional helix

FORMULAS X,=a* cost
m Parametric Helix Equations: y,=a ¢ sint
z, = bt



HOW TO

The following will walk you through the keystrokes and
menus required to successfully complete the Double Helix
activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon and press
or press .

2. Press [F1](OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images. Press () [F1]
(OPEN) to open the folder. Scroll down the list of images and
highlightthe desired picture. You will be using the “Screw”
image in this activity. Press (F1) (OPEN).

TO ADD A BACKGROUND IMAGE TO THE GRAPH MENU:

1. From within the GRAPH menu, press [@] (SET UP)
and () until BACKGROUND is highlighted.

2. Press [F3] (OPEN), arrow down to the desired file and press
(OPEN).

3. Press (YES) to accept the specified View Window.

MAIN MENU

aXgbx~'A ® iy B 8__ C|[A
=) Q
ConicGraphs Equation Program Financial

& & ey

E-Con2 Link Memory System

9

e B

Geometry LdHOTGIAlIY Conversion

E[® 9776 KBytes Free

Pict \e3p
BSatell~1.g3p: 71K
BScrew.g3p :
MSolar_~1.g3p: 46K
Staine~1.g3p: 63K
HSteel_~1.g3p: 26K
Stones.g3p 47K]|]

[SEARCHIDETAIL,

[B Press [OPTN]

© PETEG - FOTOLIA.COM

E

Draw Type :Connect?
Ineq Type :Union
raph Fune :0

:On
Dual Screen :0ff
Simul Graph :0ff
Derivative :0ff
Background

IXEREN[PICT ] OPEN ]
E]
V-Window values
for specified
background will
be loaded. OK?
Yes: [F1]
No :[F6]
[E]
Draw Type :Connect?t
Ineq Type :Union
Graph Func :0n
Dual Screen :0ff
Simul Graph :0ff
Derivative Off
Background : Screw
INERY[PICT n] OPEN ]
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TO RESTRICT THE DOMAIN OF A FUNCTION:

1.

TO SET THE EQUATION LINE TO RECEIVE PARAMETRIC

From within the GRAPH menu, enter the desired function,

by pressing (x7.

Domain restrictions are placed inside brackets. The restricted
domain is [1, 3]. Immediately following the function, enter

the following: ) B E (=) (Exg).

To see the restricted graph, press (DRAW).

EQUATIONS:

1.

TO PLOT POINTS ON THE IMAGE AND CREATE A LIST

From within the GRAPH menu, go to an empty line and

press (F3] (TYPE)(F3] (PARAM).

OF POINTS:

1.

To plot points, press (PLOT). A pink arrow will
appear; use (@) () (&) () to move the arrow to where
you would like for it to plot a point. (Any of the number keys
can also be used to jump to different areas on the screen).

Press(EXE| to plot the point.

Continue moving the arrow and pressing until you have
all the desired points. Press to stop plotting.

Press (LIST) to view the list of points plotted.
Press to go back to the image and points or press

(DEL-ALL) to delete all points.

V4 : [—1
Y5: [—1

V8B : [—1
SELECT] (N3 HRT=P BI[W MODIFY][DRAW]

El MatRadfNorml
y

/

El [HtfRdF=]

Graph Func :Param

Ytl:
Xt2: [—1
Yt2:
Xt3: [—1
Yt3:

Y= ][ r=_J[Paraml X=_JONEI[ >
B [EXEI:Plot [EXIT]:End [Plot]

E] =

X Y T

1 -8e-3 1.0064 0

2 0.1847 2e-8 1

3 0.3229 -0.929 2

4 (S 2e-8 3
0.5186

AXTRNS WD ARARY|DEL-ALL] SET JHED




HOW TO

TO PERFORM A SINUSOIDAL REGRESSION:

1. From within the Picture Plot icon, press ™ [F2
(REG)(F6) (I>) [F4] (Sin).

2. From the regression screen, press (F5) (COPY) to record the
regression information into a line in the Graph icon.

3. Press (DRAW) to sketch the regression through
the plotted points.

TO COPY AND PASTE A FUNCTION TO ANOTHER LOCATION:

1. From within the Graph icon, highlight the desired function and
press (CLIP) [F1](CPY-LINE) to copy.

2. Highlight the desired destination and press (9] (PASTE)
to paste.

SinReg
a =1.02260991
b =9.19866414
¢ =1.46420421
d =0.02164553

y=a-sin(bx+c)+d
(COPY)[DRAW

[E_Press [OPTN]
y

EE FetRadFix]
Graph Funec :Y=

Y1E3x%+5x [—]1
Y2: [—]
Y3: [—1]
Y4: [—]1]
Y5: [—]
Y6 : r—1
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HOW TO

TO ADJUST THE BRIGHTNESS OF AN IMAGE:

1. From within the Picture Plot icon,

press () (76 () [F3) (Fadel/O).

2. Use the replay buttons @ @™ to lighten the image
with each successive press. .

3 Press to accept the desired level of brightness.

@ Use cursor keys to drag.
y

TO PAN THE AXES OVER AN IMAGE:

1. From within the Picture Plot icon, press >
(PAN)[EX|]) to grab the axes.

2. Use the replay buttons (@) (» (&) () to move the axes to FaN
the desired location.

3. Press to accept the desired movement of the axes.

TO MOVE A PREVIOUSLY PLOTTED POINT:

[B_[EXEI:Plot [EXIT]:Cancel
1. While the Picture Plot screen is displayed, ¥

press () (F3J(EDIT).

2. Use replay buttons @ » & (@) to move the pointer to
the desired plot, then press [Exg.

3. Use the cursor to move the pointer to the location to which

you want to move the point, then press [EXE]. E [EXE]:Select [EXITI:End

4. After you have finished moving all the points you want,
press (EXIT|.

T=1 2/3




ACTIVITIES

n April 25,1953, the molecular biologists James D. Watson and Francis H. C.
O Crick published a pivotal paper in which they described the geometric shape

of DNA, the molecule of life. The two biologists described the molecule as
being in the form of a double helix — two helices that spiral around each other,

connected by molecular bonds, to resemble nothing more than a rope ladder that
has been repeatedly twisted along its length.

Given the neat way the two intertwined helices in DNA function in terms of genetic
reproduction, you might think that the helix had important mathematical properties.
Unfortunately, the equation of the helix is quite unremarkable and there seems to be
relatively little to catch the mathematician’s attention.

On a more productive note, helices are common in the world around us. Various sea
creatures have helical shells and climbing vines wind around supports to trace out

a helix. In the technological world of our own making, spiral staircases, corkscrews,
drills, bedsprings, and telephone handset chords are helix-shaped. And what kind of
a world would we have without the binding capacity the helix provides in the form of
various kinds of bolts and screws.

In this activity, you will need to find a function to model the thread of a screw. You
will accomplish this by plotting points along a screw’s thread and performing a
regression on the plotted points. You will need to be able to adjust the plotted points
to obtain a more accurate regression. A second regression will be drawn so that it is
the reflection of the first regression. You will also need to determine an appropriate
domain for each equation.

In the extension, you will need to plot appropriate points along features of a screw
to determine various lengths. These lengths will be used as parameters for the
equation for a helix projected in two-dimensions and will be drawn using parametric
equations.

© PETEG - FOTOLIA.COM
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ACTIVITIES

Questions

1. Pan the axes until the x-axis passes through the center of the screw and the y-axis passes
through the apex of the third thread from the left. Record the resulting viewing window
settings in the spaces provided and round each number to the nearest tenth.

El Use cursor keys to drag.
X MIN [@_Use cu

X MAX

Y MIN

PAN

Y MAX

2. Which regression on the Casio Prizm should be used to model the thread of the screw?

3. Notice that there are two separate spirals that form the thread of a screw.
Plot at least 7 points along one spiral of the thread that follows the regression selected
in Question 2. Round each coordinate to the nearest tenth and record the coordinates
in the space provided

POINT 1

POINT 2

POINT 3

POINT 4

POINT 5

POINT 6

POINT 7

POINT 8

POINT 9

POINT 10
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ACTIVITIES C-

4.

Perform the appropriate regression and write the regression equation below.
Round each parameter to the nearest hundredth.

Draw the regression. Adjust plotted points as necessary to provide a tighter regression.
If adjustments were made, rewrite the regression equation.

Show the results to your classmates and your teacher. Sketch the regression
over the image below.

[El Press [OPTN]
¥

Does the regression model the entire screw thread?
If not, why do you think it does not? Explain.

Restrict the domain of the regression equation so that no more than two periods are
displayed. What is the domain?

How could the second spiral be modeled without having to plot points, or performing
another regression? Explain.

10. Write both equations for each spiral of the screw’s thread.
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Extension

The parametric model for a screw’s thread is similar to the three dimensional helix.
The two dimensional projection can be given by the equations:

Xt=T R = radius of the screw
5 ,where P = distance between successive turns
Yt=R - sin%c (T=w) w = the phase shift

1. What is the radius of the screw?

2. What is the period (distance between successive turns) of the screw?

3. What is the phase shift (horizontal distance to correct for a standard sine function)
of the screw?

4. The Picture Plot icon can only graph Y = f(x), therefore we must switch to the Graph icon,
when graphing parametric equations. Write the parametric equation to model one spiral of
the screw’s thread, rounding all coefficients and constants to the nearest hundredth.

5. Graph the parametric function on the Casio Prizm in the Graph icon, with the appropri-
ate values for T 6, to create a model displaying at most two periods of the spiral. Show the
results to your classmates and teacher. What values did you select for T Omin and T 6max?

6. Sketch the parametric function over the image below.




ACTIVITIES

What is the reflection of the 1st parametric equation?

. Sketch both parametric functions over the image below using appropriate
values for T 6 min and T 6 max.

El
y

e i

0 k-
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®
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Answers will vary, depending on the placement of the axes and plotted points.

1. Xmin: -0.7 Xmax: 2.8 Ymin: -2.4 Ymax: 2.4

View Window

Xmin :-0.7273828
max :2.75528036
scale:0.5

dot :9.2133e-08
Ymin :-2.3999999
max :2.39999999
(INTIAD(TRIG JSTANDRD MR ST

BGY-WIN

2. Sinusoidal

3 ] <3
X ¥ T
1 -8e-3 1.0064 0
2 0.1847 2e-8 1
3 0.3229 -0.929 2
Y10 . 51641 30 516
Power][_Sin_[Logistid[ > AXTRNS JN=DINE[ERA[DEL-ALL] SET JHS

4. Regression equation: y = 1.02¢sin(9.2x + 1.46) + 0.02

[B
SinReg

a =1.02260991

b =9.19866414

c =1.46420421

d =0.02164553

MSe=3.367e-03
y=a-sin(bx+c)+d
COPY |[DRAW

5. The adjustment is not necessary for this example.

6. [E Press [OPTN]

7. No. Possible reasons include, but are not limited to: (a) any regression is only valid over
a very specific domain, (b) the radius of the screw is not constant, or (c) the entire screw’s
thread is actually two spirals, not one spiral.

8. Answers may vary; one possible domain of regression equation is: [O, 1]

9. The second spiral equation is the reflection (over the x-axis) of the first spiral equation.



SOLUTIONS

10. Y1 =1.02 * sin(9.2x + 1.46) + 0.02
Y2 =-1.02 * sin(9.2x + 1.46) + 0.02

]
Graph Func :Y=
Y181.02sin (9.2x[—1]

YE—l.OZsin (9.2

Y6 :
SELECT (3N STYLE

[—1
=
[—1
[—1
[—1

Extension Solutions

Answers will vary, depending on plotted points.

1. Radius=1.01

|@ [EXE]:Plot [EXIT]:End
y

El =9
X Y T
1[ -8e-3 2E-8 0
2[ -8e-3 1
3
1.0086
MBI DEL-ALL] SET IS

2. Period=0.68

[B_[EXEI:Plot [EXITI:End
y

B RiE =9
X Y T
[ -8e-3 2e-8 0
b0 .6822] 2e-8 1

3

0.682
AXTRNS/NEDINM[DFRAN[DEL-ALL] SET JIIS

3. Phase Shift=0.18

[B_[EXEI:Plot [EXITI:End
y

Rl =9
X Y T
1 2e-8 0
2 -8e-3 2e-8 1
3
-0.175
AXTRNSJN=DIRM[DEEAT[DE-ALL] SET JISE

4. Xt=T
Yt =101 ¢ sin

21

0.6

S (T+018) Y2

Rad)
Graph Func :Param
Xt3: [—1
Xt4gT [—1
. 21
Yt481.01sin —B8&
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SOLUTIONS

5. TOmMin=0

.04719755
.06283185

6.
7. Xt=T
Yt =1.01 » sin 068 (T +0.18)
8. [ ESEES
| |
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TEACHER’'S NOTES Loop the Loop ﬁ

TOPIC AREA:
Curve fitting; piecewise-defined functions;

parametric regressions

NCTM STANDARDS:
Use Cartesian coordinates to analyze geometric situations.

Identify essential quantitative relationships in a situation and determine the class
or classes of functions that might model the relationships.

Use a variety of symbolic representations, including recursive and parametric
equations, for functions and relations

Apply and adapt a variety of appropriate strategies to solve problems

OBJECTIVE

Given a photo of a rollercoaster, students will be able to fit a piecewise-defined
function onto a section of the coaster. Using their knowledge of the standard
equation of a circle and how to restrict the domain of a function, students will create
multiple equations based on plotting and analyzing a series of points. As an
extension, students will learn how to perform a parametric regression.

GETTING STARTED

Have students work in small groups to help determine how to separate the standard
equation for a circle into two explicit functions.

PRIOR TO USING THIS ACTIVITY:
Students should understand how to solve literal equations.

Students should be able to create the standard equation for a circle, given
the center and radius.

Students should be able to determine an appropriate regression given a
scatter plot.

WAYS STUDENTS CAN PROVIDE EVIDENCE OF LEARNING:
Students should display graphs that match the photograph.
Students should select appropriate regressions given a scatter plot.

COMMON MISTAKES TO BE ON THE LOOKOUT FOR:
Students may be careless in the placement of points.
Students may have difficulty setting parameter values.

DEFINITIONS

Piecewise-defined function

FORMULAS

Standard Equation of a Circle (x - h)? + (y - k)> = r?

Explicit Equations for a Circle: y * \/ r2 -(x -h)z + k




HOW TO Loop the Loop

The following will walk you through the keystrokes and
menus required to successfully complete the Loop the
Loop activity.

TO OPEN A BACKGROUND IMAGE IN PICTURE PLOT:

1. From the Main Menu, highlight the Picture Plot icon and press
EXE| or press .

2. Press (OPEN) to open the CASIO folder.

3. The g3p folder contains 47 background images. Press
(OPEN) to open the folder. Scroll down the list of
images and highlight the desired image. You will be using the
“Two_lo~1” image in this activity. Press (OPEN).

TO ADD A BACKGROUND IMAGE TO THE GRAPH MENU:

1. From within the GRAPH menu, press
and until BACKGROUND is highlighted.

2. Press (OPEN), arrow down to the desired file and press
(OPEN).

3. Press (YES) to accept the specified View Window.

9 a};",ab}(““ﬁ

ConicGraphs Equation

[EEB9097216 Bytes Free
Pict \casiogsp
BSwimmi~1.g3p:
NTiles.g3p :
BTwo_lo~1.g3p:
fWater_~1.g3p:
Wooden~1.g3p:
_Blank.g3p :

| OPEN ) [SEARCHIDETAIL,

[E Press [OPTN]

E]
Draw Type :Connect?
Ineq Type :Union

raph Fune :0n
Dual Screen :0ff
Simul Graph :0ff
Derivative :0Off

E]
V-Window values
for specified
background will
be loaded. OK?
Yes: [F1]
No :[F6]
Ef
Draw Type :Connect?
Ineq Type :gnion

IEIEY PICT n] OPEN
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HOW TO Loop the Loop

TO RESTRICT THE DOMAIN OF A FUNCTION:

1. From within the GRAPH menu, enter the desired function,

by pressing 3.

2. Domain restrictions are placed inside brackets. The restricted
domain is [1, 3]. Immediately following the function, enter

the following: ] W @B (=) [exg).

3. To see the restricted graph, press (DRAW).

TO SET THE NUMBER OF DECIMAL PLACES FROM O TO 9:

1. To set decimal places to E] , from within the GRAPH menu

press [sHFT) (VENU @ [F) o (] .

TO PLOT POINTS ON THE PICTURE AND CREATE
A LIST OF POINTS:

1. To plot points, press (PLOT). A pink arrow will
appear; use @ @ @ @ to move the arrow to where
you would like for it to plot a point. (Any of the number keys
can also be used to jump to different areas on the screen).
Press to plot the point.

2. Continue moving the arrow and pressing until you have
all the desired points. Press to stop plotting.

3. Press (LIST) to view the list of points plotted.
Press to go back to the picture and points or press
(DEL-ALL) to delete all points.

S

El

Y3: [—1
Y4: [—1]
Y5: [—]1

VY6 : [=—1

[SELECT) (ANH{3 NAT:I=) BT (MODIF Y| DRAW ]

El
y

7

:Rad 0

oo
oq
—
o

Select Number
Fix[0~9]: 1

1 « Ul
Display :Norml
[ Fix ] Sci I[Nl

[B_[EXEI:Plot [EXITI:End [Plot]|
¥y

> QQQ >

2
3
4

0

-3.349 2.2065 1

-3.063 1.713 2
3

-3.5
RIS EDIT J[DEL-BTM/[JIEEINR >

l[mﬁ 2.7

-2.668 1.2195




HOW TO Loop the Loop

TO PERFORM A PARAMETRIC REGRESSION OF Y ON T:

1. From within the PICTURE PLOT menu, press
(>) [E1) (AXTRNS) [E1)(T-Y),

2. From the dual screen, press (REG).

3. Select the appropriate regression. In this case, it is linear,

SO press [E] (X)[E] (ax+b).

TO COPY AND PASTE A FUNCTION TO ANOTHER LOCATION:

1. From within the GRAPH menu, press the arrow to the desired

2. Arrow to desired destination and press

function. Press (CPY-LINE) to copy.

(8]

to paste.

8| REG JEEINTS

X3
%%%

O

LinearReg (ax+b)
a =-0.4737336
b =2.68026109
r =-0.999133
r2=0,99826689
MSe=1.2987e-03

CPY-LINE|

yv=at+b

(COPY](DRAW]
EE FathRadFix
Graph Func :Y=
V1E3x%+5x [—1
Y2: [—1
Y3: [—1
Y4: [—1
Y5: [—1
Y6 : r—1
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ACTIVITIES Loop the Loop E}

hen most people first view a looping roller coaster (Figure 1), they think that

the loop is a circle; this is a common misconception. If you were to look more
closely, you might notice that the top of the loop may look like a half-circle, whereas
the bottoms look different, having an increasing radius of curvature closer to the
ground (Figure 2). These type of vertical loops have a tear drop shape and actually
follow a special shape called a clothoidloop, which involves equations and math-
ematics that are beyond the scope of this activity.

In this activity, you will need to find a piecewise-defined function consisting of three
different equations for a circle. You will accomplish this by determining the coordi-
nates of the center of each circle and at least two points of the circle, that lie on the
axes that has each respective center as the origin. You will need to be able to write
an explicit function for either the top or bottom half of each circle. You will also need
to determine an appropriate domain for each equation.

In the extension, you plot appropriate points along one loop of the rollercoaster and
perform a parametric regression to model the loop. You will also become familiar
with changing various settings and using features of the Casio Prizm.

© SONYA ETCHISON - FOTOLIA.COM

Figure 1 Figure 2
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ACTIVITIES Loop the Loop

Questions

1. Using the leftmost loop of the rollercoaster, plot one | i
point that best represents the center of the small circle >
at the top of the loop and two points on the small circle
that lie directly horizontal and directly vertical from
the center. Write the coordinates in the spaces provid-
ed. Round each coordinate to the nearest tenth.

Center

Point 1

Point 2

2. Using the coordinates in Question 1, determine the radius of the small circle by averaging
the distances between both points and the center of the small circle.

3. Using the center and the radius of the small circle, write the standard equation of the circle.

4. Rewrite the standard equation for the small circle as an explicit function.

5. What is the domain of the explicit function for the small circle?

6. Using the leftmost loop of the rollercoaster, plot one point that best represents the center of
the larger circle entering the loop and two points on the circle that lie directly horizontal
and directly vertical from the center. Write the coordinates in the spaces provided. Round
each coordinate to the nearest tenth.

Center e\ WY

Point 1

Point 2

7. Using the coordinates in Question 6, determine the radius of the entering circle by averag-
ing the distances between both points and the center of the entering circle.
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ACTIVITIES Loop the Loop [}

8. Using the center and the radius of the entering circle, write the standard
equation of the circle.

9. Rewrite the standard equation for the entering circle as an explicit function.

10. What is the domain of the explicit function for the entering circle?

11. Using the leftmost loop of the rollercoaster, plot one point that best represents the center of
the larger circle exiting the loop and two points on the circle that lie directly horizontal and
directly vertical from the center. Write the coordinates in the spaces provided. Round each
coordinate to the nearest tenth.

Center

Point 1

Point 2

12. Using the coordinates in Question 11, determine the radius of the exiting circle by averaging
the distances between both points and the center of the exiting circle.

13. Using the center and the radius of the exiting circle, write the standard equation of the
circle.

14. Rewrite the standard equation for the exiting circle as an explicit function.

15. What is the domain of the explicit function for the exiting circle?
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ACTIVITIES Loop the Loop

16. Graph each explicit function in the PICTURE PLOT menu on the Casio Prizm, with
appropriate domains to create a piecewise-defined model of the leftmost rollercoaster loop.
Show the results to your classmates and teacher. Sketch the piecewise-defined function
over the image below.

Extension

Plot at least 10 points along the rightmost loop of the rollercoaster. Round each coordinate to

the nearest tenth. Record the coordinates in the space provided.

POINT 1

POINT 2

POINT 3

POINT 4

POINT 5

POINT 6

POINT 7

POINT 8

POINT 9

POINT 10

El Press [OPTN]
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ACTIVITIES Loop the Loop

. Use the Casio Prizm to plot the Y (vertical) coordinates with respect to T (time) and perform

the appropriate Y-T regression. Copy the full regression equation into the GRAPH menu of
the Casio Prizm. Round all coefficients and constants to the nearest hundredth and record
the regression equation below.

. Use the Casio Prizm to plot the X (horizontal) coordinates with respect to T (time) and

perform the appropriate X-T regression. Copy the full regression equation into the GRAPH
menu of the Casio Prizm. Round all coefficients and constants to the nearest hundredth and
record the regression equation below.

. Open the GRAPH menu and copy both regression equations into the appropriate line of a

parameterized equation. [Note: The PICTURE PLOT menu can only graph Y = f(x), therefore
we must alter each regression equation to include the parameter T when graphing
parametric equations in the GRAPH menu.] Write the parametric equation below. Round
each coefficient and constants to the nearest hundredth.

. Graph the parametric function on the Prizm in the GRAPH mode, with the appropriate

values for the parameter, to create a model of the rightmost rollercoaster loop. Show the
results to your classmates and teacher. Write the values selected for Tmin/Tmax below.

. Sketch the parametric function over the image below.




SOLUTIONS Loop the Loop

ANSWERS WILL VARY, DEPENDING ON THE PLOTTED POINTS.

o u oA W

Center (-2.4, 3.1) Point1 (-2.4, 4.4)

[EXE]:Plot [EXIT]:End Fix] =
B E] )
y
X b4 T
1] BFER 3.0908 0
2 -2.362 4.3778 1
3 -3.546 3.0908 2
4
-2.4
AXTRNS IR JERRAI[DEL-ALL) SET JI

[E]

El HatiRad(Fix])

X=-2.4 Lft=1.3
S5=-2.4 Rgt=1.3
V=44
T=3.1 v
Il nwoar—-Qc4+QQ
[RECALLJDELETE, SOLVE REPEAT]

E
Eq:D={(X-S) 2+ (Y-T)?2
D=1.1

Let=1.1
Rgt=1.1

El HatiRad(Fix])

Ilnwao

REPEAT

ac
RECALLDELETE

Point 2 (-3.5, 3.1)

El
1.3+1.1

JUMP JDELETE, MATH

1.

Standard equation: (x + 2.4)? + (y -3.1)? =1.22

Explicit functions: y = + v/ 1.2% -(x +2.4)*+ 3.1
The domain is not necessary, however it is [-3.5, -1.2].

Center (-4.0, 3.4) Point 1 (-4.0, 0.6)

Point 2 (-1.3, 3.4)

[Hint: To more accurately place the entering circle, draw the top circle for reference points]

[E_[EXEIl:Plot [EXITI:End [Fiot M E] =
y
X Y T
1 2445 3.3908 0
2 -4.039 3.3908 1
3 -4.039 0.6274 2
4

-1.3
AXTRNS NI RM[DEMY[DEL-ALL] SET JHNR
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SOLUTIONS Loop the Loop

7.

10.

1.

k3

),
Radius = 2.8
ERE R [E EordEd Gokd |
Eq:D=J(X-5)2+(Y-T)2 Eq:D=J(X-S)%+(Y-T)?
D=2.8
X=-4 Lft=2.8
S=-4 Regt=2.8
Y=0.6
T=3.4 .
Il nwoar—-Qc4+QQ
(RECALLJDELETE SOLVE]  |[REPEAT)
] E El
Eq: D=y (X-8) 2+ (Y-T) 2 Eq:D={ (X-8)2+(Y-T)? 2.842.7
D=2.7 2
X= Lft=2.7 2.
S= Rgt=2.7 u
V=
1 T=
RECALLIDELETE SOIVE]|  [REPERT

Standard equation: (x + 40)? + (y -3.4)? = 2.8

Explicit functions: y * v/ 2.82 -(x +4.0)%+ 3.4

The domain used to get a better fit was [-3.2, -1.2].

Center (-0.5, 3.5)

Point 1 (-3.4, 3.5)

Point 2 (-0.5, 0.3)

[Hint: To more accurately place the exiting circle, draw the top circle

for reference points.]

9|
X Y T

1 3.4895 0

2 -0.486 3.4895 1

3 -0.486 0.3313 2

4

& -3.4
s (O AXTRNS JNIO] Nl [EECARTDEL-ALL] SET JHNS
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SOLUTIONS Loop the Loop v
12. Radius = 3.1
0 Weolkedbnd [ERr e i e o
Eq:D={(X=S)2+(Y-T) 2 Eq:D={(X-S)2+(Y-T)?
D=0 D=2.9
X=-3.4 Lft=2.9
S=-0.5 Rgt=2.9
Y=3.5
T=3.5
Il nwar=-Qc+QQ 4
DELETE SOLVE REPEAT
El HathRad[Fixd IE El HathRad(Fixl
Eq:D=4J(X-S) 2+ (Y-T) 2 Eq:D={(X-S) 2+ (Y-T)?2 2.9+3.2
D=3.2 2
Lft=3.2 .1
Rgt=3.2
Il nwao —6:4—00
DELETE SOLVE LREPEAT

13.
14.
15.
16.

Standard equation: (x + 0.5)? + (y -3.5)? = 3.1

Explicit functions: y + v 312 -(x +0.5)2+ 3.5

The domain used to get a better fit was [-3.9, -1.5]

p, %

MODIFY]

FILE

Y1=+4/122 -(x +2.4)2 + 3]

Graph Fune :Y=
ViEJ/1.22- (x+2.4) ' 1—1
V2E-42.8%2— (x+4)2 [—]

YiE—J3.12—(x+O.51——]

r—1

YhH:
SalEl|DELETE] Y [STYLE

Y2 =+4/282 -(x +4.0)*+ 3.4, [-3.2,-1.2]

Y3 =+4/312-(x +0.5)%+ 3.5, [-3.9,-1.5]

Extension Solutions
ANSWERS WILL VARY, DEPENDING ON THE PLOTTED POINTS.

1.

Answers may vary, depending on the plotted points.

2. One possible solution: Y -T = 2sin (0.56T -1.54) +3.13

E
SinReg
a =1.99511827
b =0.56077927
c =-1.5424101
d =3.13376889
MSe=0.05066696
4 |v=arsin(bt+c)+d
COPY)(DRAW
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SOLUTIONS Loop the Loop

3. One possible solution: X -T = 1.17sin (07T -0.63) + 3.04
[E]

x SinReg
a =1.17417466
b =0.69944361
c =-0.6307195

d =3.04252613
MSe=0.02891744
x=a-sin(bt+ec)+d

[COPY][DRAW

Xt =117sin (0.7T -0.63) + 3.04

4. One possible solution: _
Yt = 2sin (0.56T -1.54) + 3.13

6. Norml







CASIO.

Simply Calculate The Difference!

n facebook.com/casioeducation
twitter.com/casioprizm

youtube.com/casioprizm
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