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Preface

The graphing calculator has changed and is still changing the way of teaching mathematics
all over the world. For students, the TI-84 Plus is not only a tool to check their results but also
a very useful assistant to help them approach a problem from different points of view: a
numerical, graphical, statistical and/or geometrical approach. More than ever it makes it
possible for students to investigate, to explore and to discover mathematical properties.
Different approaches to a problem will improve the students’ insight into the material,
resulting in an increase of the students’ motivation and commitment.

Graphing Calculator Software Applications (APPS) are pieces of software that can be
downloaded onto the TI-83 Plus (Silver Edition) and the TI-84 Plus (Silver Edition) ' as you
would add software to a computer to enhance its capabilities. APPS do not only allow you to
customize your calculator to meet your class needs, but also to upgrade it from one year to
the next. The use of APPS increases the self activity of the students, makes the visualization
of problems easier and creates a useful integration of technology during problem solving.

APPS offer new teaching and learning tools, not only for math but also for science,
economics, and many other subject areas. The larger memory and the USB port of the TI-84
Plus and the TI-84 Plus Silver Edition turn these graphing calculators into an interdisciplinary
IT platform. Combining these calculators with the Vernier Easy products transforms them into
a data logger. Just connect the Easy products to the USB port and the data logging starts
automatically.

With this book a T* Europe interest group, formed by Serge Etienne (FR), Koen Stulens (BE),
Hildegard Urban-Woldron (AT) and Martin van Reeuwijk (NL) presents educational examples
to show the benefits of integrating APPS in math (and science) education.

Koen Stulens

T® Flanders

! Apps are also available for the TI-89 Titanium and the voyage™ 200.
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1 Introduction
Applications in the Classroom consists of three different parts:

In the first part, Educational use of applications, we focus on some educational examples in
which we use applications to explore and solve problems. The applications used are shown
as tools to discuss subject matter rather than talking about the functionality of the APPS
used.

The second part, Overview of applications, is more or less a getting started guide of the
APPS used in part one and as an extra some other interesting APPS which can be used to
solve other problems than the examples of chapter two. The functionality of each application
is explained by some educational examples. We classified the APPS into the following four

categories:

Tool
New functionality

Reference

Mode
New graphing mode

Test / Practice

Cabri® Junior

Area Formulas

Inequality Graphing

Area Formulas

CellSheet™ Catalog Help Tra(r;\if;r))rhniw:;ion C%i%?;g)é
EasyData™ Conic Graphing
Finance Science Tools
Probability
Simulation

Science Tools
StudyCards™

Polynomial Root
Finder and
Simultaneous
Equation Solver

In the third part, Additional information, we briefly describe some companion software with
the APPS of chapter two, where you can download the APPS and how you can install them

on your calculator.






2 Educational use of applications

2.1 Growth processes

TARGET GROUP
Upper secondary students.

ToPIC
Financial calculations (growth of amount of money) and exploring growth using various types
of functions.

PRIOR MATHEMATICAL KNOWLEDGE
Basic knowledge of financial calculations, linear, quadratic, and exponential growth and of
statistical calculations.

PRIOR CALCULATOR EXPERIENCE

Basic Graphing Calculator experience. Having used APPS before. Being familiar with
Finance application, CellSheet™, statistical functions. When familiar with the application
Transformation Graphing, this can be used to find the line of best fit as well.

In this section we provide five problems dealing with growth: financial calculations about
growth of money deposited at the bank, financial calculations to find out the ideal age to
retire, the growth of body measurements, and the variations in distance cows walk away from
the stable.

2.1.1 The joy of credit

In this example we use a spreadsheet and the geometrical progression to investigate the
mathematics of credit loans.

The problem
To buy a car, one borrows € 15,000 at the bank against an interest rate of 3.9% per year and

an additional 0.3% for the insurance, adding up to a total of 4.2% per year. The total time
period in which to pay back is set to 4 years, thus 48 months with monthly payments.

a. Calculating the monthly interest rate

1
The monthly interest rate equals K/1.042 =(1.042)12 =1.003434.... This can be calculated
directly with the calculator or by using the Equation Solver command.

l.a42n01-122 i HUM CP¥ PRE| ERQUATION SOLVER | |«
1.883434373 |31 edn i B=n"12-1. 842 =

Direct calculation Menu [MATH]<MATH>] Enter the equation. [ALPHA] [ENTER] to solve

b. Using the geometrical progression
With the geometric progression, you can calculate the value of the monthly payment as
follows: 15,000 = m+m(1=(1+i) " )+ m(1-(1+i) ) +..+m(1-(1+i) 7).

1-(1+ i)48) oy 150000003434

- m= — =339.497... results in € 339.50.
1-(1-19) 1-(1+0.003434)

15,000:m(




c. Using the spreadsheet, Cellsheet application
One can add all the effective payments in order to find an estimated value for the constant
monthly payment that one has to pay.

Start the application CellSheet. The start-up screen refreshes the most important features of
this application.

Fillincell A1: 48;and B1: 15000; C1:1.0034 and leave D1 empty.

A2:MONTH; B2: PYMT; C2: TOT P; and for D2: REST.

Fillin A3: 1 and for A4: =A3+1

When the cursor is in A3 press F3 (COPY) to copy the contents of A3, then press the arrow

down key to get to A4. Then press F1 (RANGE) and then the down arrow all the way to A50.
Next press F4 (PASTE) to paste the formula from A3 in all these cells.

CeTlFheet V1,10 Help - E | | E C [FInz] & E C
S £T0-4 T BT P Loz 46 4y
P P T P ] HONTH |FYHT [TOTF TOTF 47 4
Cuk i apy FZ/F3 4 46
[ T — Fi [ 45 y7
[T cormompronopooooe FE T n
arab Ceil Bef ... RFFS
Uz ' in Frank oF Eexk ] E | I 51 i 51 -
FFats ARy Hew 3 [Ren]|| |[At: =az+l [AE:RED [Fast: AEM: =Ahg+L [Aenu]|

Do the same for: B3: =C1*B1/Al; C3:=B3; D3:=(B1-C3) *C1 and
B4:=D3/ (48-A3); C4:=B4+C3; D4:=(D3-B4) *CS$1.

Copy these formulas all the way to row 50.

FINZ E [ 1] [T E L 1] FINg E [ 1]
1 | ic00gjd.g0zy 1 | i50gg)i.002Yy HE |26E0.87] 1445410105
£ |FYHT |TOTF |REXT £ |FYHT |TOTF JRE:T 4B 3EE.11I i4816) 1453y
% |F13.b7| FlE.E7 F |21z.ER| 21350 ANFEF 47 |¥E3.ZE| 15170 1053.H|
4 4 |z2iz.EE|mzf.ic 4B | Z64.8] 1E5E44] 7317
& £ |=14.63|941.7E 4O |=eCE.BE] 15010i 6711
[ [ ojayi.rr Eo |zer.11] 16EF7

DZ: =(E1i-CE)kCL |Menu)f (D506 aske| M nu DED: =(DY9-EE0RCH HenU

D50 shows there is a remaining balance of 0 to pay.

The total amount that is paid (C50) equals €16.277.

The constant monthly payment (the average of all payments) equals 16,277/48=339.10
This value is quite close to the € 339.50 that was found previously.

The rounding causes the small differences.

d. Using the Finance application
With the Finance application, one can perform the calculations quite rapidly.

Fill in the values for N, I%, PV, and P/Y. riljjﬁ %E

Next place the cursor on PMT and start the solver: [ALPHA] Pli=15600. 8@
= PMT=-339.58

[ENTER]. Fl)=@, BE

The TVM-solver returns PMT=339.50 for the monthly payment Eﬁﬂ:%zaga

Fill in N, PV, PMT, FVand P/Y.

Next place the cursor on I% and start the solver: [ALPHA] ?;1234343.7'929
[ENTER]. The TVM-solver returns 0.3434...%.for the interest rate Fij= 10

PMT=@
per month. Fl=104, =
Please note that when the Finance application is used, it is E:ﬁ:%
recommended to set the calculator in the numerical mode with 2 FMT:|a2E BEGIH

decimals.
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e. A few more calculation 24N BaEEPY: -36
= iE-}F‘HT: H+Fe12

A loan of € 8000 is paid back in 2 years in monthly payments Py e
of € 368.42. b T% .
What is the yearly interest rate? J.58

9.80 % per year is pretty high.

When an amount of €15000 is put in the bank against an interest rate of 2.85 % per year.
What will be the value of this amount after 8 years? You will gain less than €3800 in 8 years.

How much money do you need to put in the bank today, against an interest rate of 3.75% per
year, to get €5000 in 10 years? The answer is €3460.10.

SN2 85215 -150 16+M: 3. Fo+I%1 03P
$E+PU=E+PHT=1+PH MT: SAAE+FY: 1+P.Y
1.68A 1.8A

tum_FY tum_PY
158721.38 3468, 18

f. The following is problem that you may encounter yourself

A nice motorcycle is advertised for €2005. With only €205 cash at hand, this seems
impossible. However the dealer is very helpful and suggests to finance the motorcycle. He
has good connections with a reliable bank. The bank will give a permanent credit for an
amount of €3000. This means that after registering at the bank, you can spend up to €3000.
You only have to pay back a small amount per month as long as needed.

In small print is written that you pay 17.40% interest a year, or 1.45% interest per month.
You decide to take a loan of €1800 from the credit account and pay back €15 per month.

The question is: How many months do you need to pay back the €18007?

There are various ways to calculate the number of months.

(i) Simple!
€1800 to be paid back in amounts of €15 per month leads to 1800/15 = 120 months,
and that equals 10 years.

(i) Forgot the interest.

The interest is 17.40%, so the total to be paid back equals 1.174 x 1800 = €2113.20.
That leads to 2113.20 / 15 = 140.88 months, equals 11.74 years, and that is about 11
years and 9 months.

(iii) But interest is to be paid over the remaining credit amount.
This gets complicated. Each year an amount of 12 times €15 is paid back. So, after
the first year left to be paid back is 1800 — 180 = €1620. So for the second year
17.4% interest is to be paid over €1620. That equals €281.88. That is more than what
was paid back the first year! How is that possible?

Which of the three calculations is best for this situation?

11



Before we elaborate on the third situation, let’s investigate if 17.40% interest a year is the
same as 1.45% interest per month for 12 months.

Proportional method: Equivalent method
N=1.HH M=1, HH MN=1.HH MN=1.HH
I:=i7. 48 I%=i7,48 [%=17.48 I%=1F.
PU=1AH. BA P\W=10E, A& PY=16H. AR PY=16H. AR
FMT=8. 88 "PMT=-181.45 FMT=@, @@ "PMT=-181.35
F\/=8, BiE Fl./=@a, Ba Fi./=a, B8 Fi./=a,
P-4=12.80 F-4=12.64 P-4=12.80 P-4=12.80
Co4=12.80 C-4=12,HH C-4%=1.H0 C-4%=1.H0
FMT:|23l BEGIH FHMT:|=glM BEGIH PHT:|33K BEGIN PHT:|33K BEGIN

Let’s start with a loan of €100 and a period of paying back of 1 year. The yearly interest is
17.40%. Adjusting the numbers for the payment, and payment/year and the compounding
periods per year, you will notice that there is a difference when the compounding periods per
year are setto 1 or 12.

Which one is correct 1.45% per month or 1.35% per month?

An explanantion

12 times 1.45 equals 17.40%, but actually you pay 1.45% per month over the remaining
credit amount. So, that is over a year (1.45)"? = 18.86%.

So, actually you should pay per month 1.35% so over a year you pay 17.40% because
(1.35)'2 = 17 40.

Now we go back to the problem of the motorcycle. With CellSheet, we can create a table to
see what happens with the amount of €1800 (bank) when we pay back €15.00 each month
and use a monthly interest of 1.45%.

In column A we list the amount that is on the bank at the beginning of each month. And
column B contains the amounts at the end of each month.
(i) A1=1800 and A2=B1. (i) B1=(A1-15)*1.0145
Copy A2 from A3 to A6. Copy B1 from B2 to B6

A E [N
1B00)1810.9
1610.9)1621.9
18z1.9) 1631
181 1844.5

1844.5| 1BFE
iBSE
[ AsEE|AcnU || ||E1: =CA1-150+1. 0145 EB: SCAB-150:k1.01 | Henu

Use Finance or Cellsheet to answer the following questions:

I a [ & | C l(moe [ 8 | E | C

HOE:
| :I.Hlillil| 1800

=

=== ==

ﬂ'l'.ﬂ.l.".-\.lNI-I-E
-
mf
=
=

ﬂ'l'.ﬂ.l.".-\.lNI-I-E

-1 Ly [ LB

E L) B Bl ol L] L

Ae: =E1 1]

« What is the minimal amount to pay back to the bank each month?

« How much time (number of months) is needed to pay back the complete loan of €1800
when the monthly payment is €75.00?

2.1.2 Financial calculations, what age to retire?

We start with the calculation of constant annuities at different expiry terms using the
geometrical progression, and a fixed interest per period.

Let @, =a and a, = aq (inflation) where g =1+i (i being the interest) and n the number of
periods.

Period 0 1 2 3 " n—1 n
Value for period 0 a, a, a, a,_ a,
Value for period 0 a aq aq’ aq"’ aq"”’

12




The total sum (sum of the terms of a geometrical progression, where ¢ #1 ... otherwise the
progression would not be geometrical!) is:

1_ n
V=a+aq+aq +..+aq ' =a(l+q+q’ +...+q”’1)=a1—q
—-q

n—al_(1+l) :al—(l—i-l) :a(l-i-l) -1
1-(1+7) —i i

Since V, =V, (1+i)" substitution in the previous formula gives:

:a(1+1) -1 _al—(l+1)

ix(1+i)" i

Therefore:

1-(1+i)"
i

depreciation of money is taken into account (decline in the value of money).

oV, =ax where V), calculated as a function of a future value for which

where V, is the present value of the capital (or the total final value).

This relationship is translated on the calculator as follows: FV for V,, PV for V,, PMT for an
annuity (or m monthly payment), I% for 100x; and N for n the number of payment periods.

a. The problem situation

In a given country, the (theoretical!) age of retirement is 60 years old. There is a certain
disincentive against actually taking retirement at 60, because the sum paid to the retiree is
only complete (100%) if (s)he enters retirement at 65. If a person retires from work at 64
years old, the amount paid is cut by 4% (also for the payments after 65 years). Similarly, for
retirement at 63 the reduction is 8%, and 12% for retirement at 62, 16% at 61 and 20% for
retirement at the legal age of 60...

We assume inflation at 2.5% per year (decline in the value of money) and life expectancy of
20 years after the age of 60.

We also assume that the payments made annually by the pension fund at the due terms are
appreciated (i.e. increased in value, indexed to increases in wages) by 1.5 % (i.e. less than
inflation).

b. Understanding the problem

« We are comparing the total amount paid by the pension fund to the same person retiring
at 60, 61, 62, 63, 64 or 65 years old.

« We do not take into account the amount received by the person continuing to work
beyond the age of 60 up to the date of retirement.

« We calculate the “final” value, i.e. at age 80, of the total sum received. It is therefore the
calculation of an annuity as a function of a future value.

The first annual payment is therefore made at the end of the 60" year for a person retiring on
reaching 60 years old, and the last payment is made just before the person’s 80" birthday
(life expectancy...). This person may also of course continue to live and receive his/her
pension after 80, remaining blithely ignorant of statistical averages ...

13



c. Calculations by hand

EXCLUDING APPRECIATION the following formula would be directly applicable (calculation of ¥
because future value):

1-(1.025)™ —0.80% ax 1-(1.025)™

Veo=V..=(1-0.20)xa x
0=V = )xa 025 0.025

~12.47a

Similarly, for the other years, (taking into account annual inflationary distortion):

_ -19 _ -8
V. =084xax =L 0nsyt 212280 ¥, =0.88xax =02 (1 025)2 ~12.024
_ -17 _ -16
V. =92xax 2002 T 025)% ~ 1171 v, :0.96xa><1((1)¢5)x(1.025)4 ~11.354
_ -15
v =axiZ029) 71 025y ~10.94a
0.025

Since the values are decreasing, it would be better to retire at 60.

Use of the Finance application:

VARS tum_PWC2AR, 2.5, -1 [aB.1.10+.96+1.082
1nance... i TWM Solwver.. 2B, 1.124.8 2=d
tALGICHS 2itun_Pmt 12.47132983 11.35418055
JTALGIFPRT1 Situm_I% tum_PUC19,2.5; -1| |[tum_PUEiS; 2,5, -1
4:CShestFr =Rt _PY 2H.1.104, 8441, 82 |s8.1,10k]1,6825"-5
SiCabriJr shum_M 5~-1
£iCelSheet & tum_FY 12.27538412 18, 94332379
FlConics Flrpu

The same values are obtained, subject to rounding. The conclusion is identical.

INCLUDING APPRECIATION (for information purposes, to understand financial calculations), we
get the following situation:

Let @, =a and a, = aqp (inflation) where g =1+1i (i being the interest), n the number of
periods and p=1+k (appreciation).

Period 0 1 2 3 ... n—1 n
Value for period 0 a, a, a, a, a,
Value for period 0 ap"” agp"” | ag’p"” - aqg"’p | aq"’

V' is a geometrical progression with a ratio of i, and scale factor p"~'. Therefore:

p
l_q"l p"l_q"l
V =a p _, P _47 —nqx P zapn—lxp —4q =apn—lxq 4
1-4 P~q p p—q p—q q-p
p p
a+)"-(1+k)"

Since V, =V, (1+i)" we have V, =ax(1+i)™" x —
l_

14



We now simply have to apply this formula, taking into account changes in the number of
years:

(1.025)% - (1.015)*

Vo =0.80xa x1.0257%" x ~14.24a
1.025-1.015
19 19
v, =084xax1.025%x 102 OIS 4454,
0.01
15 15
Vo, =ax1.0257" x (L0259 ~A01 " g 674

0.01

The values start to decrease, so the best choice is to stop working and retire at the age of 60
years.

It is not possible to use the Finance application in this situation. Here, two interest rates are
mixed and going in opposite directions. The Finance application uses only one rate, which is
in general sufficient.

2.1.3 Body measurements

Aurelia’s father — a mathematics teacher — measured various body measurements since his
daughter’s birth. On her tenth birthday, Aurelia asked her father if it would be possible to
predict the size of her waist for when she will be 11 years old and on her twelfth birthday.

The measurements of previous years are in the following table:

yvears |1 ]2 ]3] 4] 5| 6 | 7| 8] 9|10
waist (cm) | 76 | 87 | 96 | 104 | 110 | 117 | 123 | 129 | 134 | 140

With the TI-84 Plus you can plot scatter plots and find the line that best fits the series of
points. Deciding on the visual representation which line is best is quite subjective. Therefore,
we will use the correlation coefficient as a measurement of fit.

We will enter the data as follows in the lists .1 and L2:

HAMES MATH syl .I.1.182+L1 EALC TESTS L1 Lz L z
1:5ort 1k [ 110
2iSortOg 1234567 . SortAcC B 17
Sidimg ZiSortDe : i
4=F11%': %=E]-Eh1§§t El:l 1%y

=y :SetlUrEditor

SCumSUmMU | |G| (| |BERaEis )
?¢.¢.L15t{ Lz =

And we become the following scatter plot:

m Flokz Flok: W T HO0h
ot I OfFF EDFF “min=8 aom Y
. dFet
HIH WAL

L L c! BN L~ Jh Amax=12 st
2'F'1-:-t2 IIIFF IR =cl=H o
L e - wlistild "Y'min=8 2
KH F'l-:-tS Off Ylistilz Ymax=16H
Lo LA Lz o Mark: B + - Y=cl=H
4lPlots0f Ares=3

Now various kinds of formulas (functions) can be explored to see which one fits best the
data. We will use the following kinds of regression: linear, logarithmic function, exponential
and finally cubic regression.

15



Linear regression

EOIT TESTS
1:1-Var Stats
2iz2-Var Stats
3 Med—Med
LinREeaax+h?
f Quadreg
E:Eubcheg
TluartEeg

LinRegcax+kh> L1,
Lza%"1

LinFeg
g=3x+h
AT BFZTETETS
b=¥3.8
ré=. 9874487976
= 33I7AASSTYS

P

When the correlation coefficient is not displayed, you need run the DiagnosticOn
command from the CATALOG.

Logarithmic regression

TESTS

T
S Quadkeg
&:CubicEeg
¥iBuartEeqg
guLlnHEQ{a+bx}

LhFEe3

LnEea Li.Lza%z

LhReg

g=35+hln

a=59, 32449459
b=27.238844 25
rE=, 9999475287
F=. 9797928158

EDIT TESTS ExFReg Li.Lz.%z | |ExFReg
rEuartkEeg g=g%h™ %
2iLinkeaat+h=) a=rr. 134875085
2:LnReg b=1.88&11338
?HEKPEEQ rré=, IEE3IBE54 3
tPurReg = 9739931342
B:Lo9istic
Cl5inkeg
Cubic Regression
EOIT TESTS | [CubicReg Li.Lz.%| CubicEeg
l1i1-Yar Stats y g=axF+bhxi+ox+d
Z2i2=Var Stats a=.B8332385392
SiMed=-Med b=-.9353146353
d:Linkeacax+hl c=13. 82544672
=i QuadReg d=54.1
EubicEeg Rez=,9997338461
CuartREeg
Yy

This cubic model is quite good. Therefore we use this model to
answer our question and to predict Aurelia’s size of her waist real
when she will be 11 and 12 years old.

2.1.4 Moving cattle and logistics

13

14, 4333333
WMuil12

1535242424

In the winter, cattle lives on the plains in the valleys and in the winter, cattle moves up in the
mountains. Every morning the cows leave the stable and each night they return to be milked
and to get some concentrates (extra food). Four cows from the herd, the leaders of the pack,
have gotten a little clock and a GPS to determine their position. The other cows are used to

follow (one of) the four leaders.

The average maximal distance between the stable and the four groups of cows is calculated
each day. The table below shows these distances for every other day. From the table, you
can state that after a certain number of days the maximum distance stays the same.
Probably this is the distance that the cows can walk to be back in time for the milking and
treats (the concentrates).

16




The task is to use the statistical application to investigate these data and find a curve that
best fits the scatter plot that graphically represents the data.

Days | 1 | 3| 5| 7 | 9 | 11 ] 13|15 | 17 | 19 | 21
Distance (m) | 140 | 270 | 520 | 1120 | 2015 | 4050 | 6800 | 8415 | 9140 | 9280 | 9300

We will enter the data in the lists L1 and L2 and make a scatter plot.

sl T.1.21.20% |11 LZ L 2| (WIHOIO e
L1 11 T Asmin=Q
Ll oS Rl iz GHOD BMax=2z g
| Lesih
Ho |z I ak=asa0 "
______ % vec =M i
Lziiz) = Hres=3 np gt

The scatter plot of the data consist of two parts: the first half shows an increasing growth and
the second part a process of decreasing growth that almost stops growing. For such a
process, the logistic function can be used to describe the growth.

EDIT TESTS | [Le9istic Li.Lz.Y| |Logistic
TTHgartREeg 1 g=cC1l+as™0 cheh
Silinkegiathx a=416. FAI34EE
9:LhReg =. S3H4 3037
B:ExFReg c=9499, 257VA36
A: PurkEed

Logiztic

t5inkeg n

Phenomena of increasing growth, followed by decreasing growth (like chemical processes, in
business, animals of plants, ...) can often be described with a logistic function.
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2.2 Functions from real experiments

TARGET GROUP
Students at upper secondary education, high school students of about 15 - 17 years old.

TorIC
Physics, limited growth, mechanics, energy conservation, different real functions

PRIOR MATHEMATICAL KNOWLEDGE

Linear, quadratic, broken, power and exponential functions, growth and decay processes,
use of tables and graphs to organize and display information, some experience with
geometric transformations, sine functions

PRIOR CALCULATOR EXPERIENCE
Basic Graphing Calculator experience, know how to start an APP and know how to use the
function keys

The Vernier EasyData™ application is a data collection application for the TI-83 Plus and Tl-
84 Plus (Silver Edition). EasyData supports a series of sensors and data collection systems
(like CBR 2™ CBL 2™, Vernier's EasyTemp™, ...) and is easy to use.

If you use EasyData with calculators from the TI-83 Plus family for data collection, use the
I/0O port of the calculator. You can connect the CBR or CBR 2 directly; for other sensors you
need a CBL 2.

The USB-port of calculators from the TI-84 plus family provides an additional option for data
collection: You can connect EasyTemp temperature sensor directly to the USB port of the
calculator which simplifies data collection substantially. For other sensor you need the
EasyLink™ as an adaptor. When the EasyData application is installed, the application starts
automatically and you collect data and analyze and process the data with your calculator.

The following five examples were used in the classroom and illustrate the didactical potential
of the combination of simple data collection and advanced data processing with the help of
the calculator. We will show how:

« concepts of physics are tested by visualization and interpretation of data and how
« mathematical models are developed to describe physical experiments.

The user learns to use EasyData from setting up and doing the experiment, through
modeling, analyzing and visualizing the data. The example illustrates how the classroom
situation can be modified with these new technologies. This technology can also be used for
measurements outside the classroom; it is light weight, easy to take with you and can be
used everywhere.

Students have a stronger relationship with data measured by themselves than with data
presented in a textbook. This may lead to the situation, where all students want to participate
in data collection and thus to improved students’ participation. This might be challenging for
the teacher who has typically only one set of instruments at his disposal. As data can be
transferred between calculators, it is feasible to do parallel analysis or as another option the
teacher can analyze the data together with the class by using the view-screen.
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Compared to the traditional instruments used in the classroom, e.g. thermometer or stop
watches, more data can be more precisely collected and the shape of the corresponding
curves is obtained easier and faster. Thus, students need less time for data collection and
have more time for analysis, investigation and interpretation of data.

Students can investigate variation and the effect of repeated measurements in the so-called
what-would-be-if scenarios, which is an additional benefit. Students can analyze the data
both algebraically and graphically and associate these relationships with mathematical
functions. Finally they can use the data to find the best fit functions and discover the physical
meaning of different coefficients and parameters.

2.2.1 The bouncing ball

a. Introduction

The height of a bouncing ball is continuously measured with a distance measuring device
(CBR 2) connected to the calculator (TI-84 Plus) and the data collected will be analyzed. The
measured movement of the ball is described as a function of time and the gravity law is
derived. With energy calculations, insights can be gained where energy is lost during
bouncing.

In the classroom the following questions can be asked:

« What is the highest speed of the ball and when does it occur?

« What is the acceleration during falling?

« Which function describes the distance (height) of the ball?

« Is there a model to describe the height of the ball as a function of time?

« How can the total distance of the ball be determined?

« What processes determine the “bouncing back” of the ball from the floor?
« How does the rebound height decrease from one bounce to the next?

« Can you determine how high a ball will rebound on each bounce and make predictions
about its motion?

b. Didactic concepts and methodological hints

The ball is a freely falling and bouncing object where air friction is neglected. Therefore only
gravity affects the ball’s movements which show that acceleration is approximately constant.
The time-distance graphs are parabolic functions, which can be described by the quadratic

equation y =a(x—b)* +¢ where the highest point is described by the coordinates (b, c) with

¢ as the maximum height and b as the corresponding time. The parameter a represents
mathematically the shape of the parabola and depends physically on the degree of
acceleration caused by gravity, which is constant during the experiment.

The curves obtained for the time-distance graphs of the individual bounces are first adjusted
manually — by determining the parameters b and ¢ and by varying parameter a.

After selecting an individual bounce with 2nd [LIST]<0OPS> 8:Select ( and quadratic
regression, the function describing the ball’s movement is obtained with the help of
regression analysis. With the help of the application Transformation Graphing you can do the
curve fitting process too.

The maximum height decreases exponentially from bounce to bounce for each ball and its
initial height. For y = Ap™, y is the current height, % is the initial height, p is a constant

depending on the properties of the ball and the floor and x is the number of the bounce.

For x=0, y=h (the initial height of the ball, from which it has been dropped). The

coefficients of the equation describing the exponential function are determined from the data
collected. The experiment can be repeated with different balls, heights and floor types.

In the time-velocity diagram the total distance for a certain time interval is represented by the
area under the graph.
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c. Performing the experiment

For the experiment, an inflatable ball with about
a 25 cm diameter and about an 80 g mass is
used.

The CBR 2 is held at about 160 cm above the
floor and the ball is positioned roughly 50 cm
below the CBR 2 and then dropped.

Students create height-time-plots for a bouncing
ball and explain how the ball’s height changes
mathematically from one bounce to the next.

Data collection starts through the main screen of the application EasyData with the CBR 2
using the option Ball Bounce. The option Ball Bounce from the EasyData APP
transforms the data into floor-bounce distances. The data are stored in lists .1 and Le to Ls,
which are shown on the screen after quitting EasyData.

1: st Eq1] Eounce | Feady bo quik?
z: Time Graeh... Hold Ehg ball ak Teask Time in L1
I: Diskance Hakch halF a meker below the Data in LEsL7.LA
Y Mglacity Hakch rokion dekeckar. Choose
6: Events with Enkry flicack b continus.
Hodd 71 2eFa...
il Stark IGr arhi@uik Inexk 1Cancil 1Canc11 0K |

The following are data from a real experiment. We use these data to illustrate how
Transforming Graphing can be used. In the example the ball was dropped at 0.473 s and we
only used data up to four seconds. We have placed the distance (Ls) in list L2 and the
velocity (L7) in L3.

L1 Lz Lz I Lz L: = [u1 Lz L = U Lz Lz z
430 .a7E 0.ang FET T ETTH 1.0z | .ya0 2303 1.333 | .70 T
Y% CH - 340 7y 0 -y a7 | cei 1.8z 1305 | PE? - B0
cig ayg -{4im Bi? 16 -2 P 1118 | ‘628 1E3z 1419 | 5691 -1.087
tcg N6l 1732 -] dgnn | -Hzg 1461 | .GB: 1145 1yez | .63 -{Ehp
S0\ EE || g | em | D g G )G i
-GAA i1 ﬁﬁl 1L 3L ﬁ- 1790 | rcE E&- 1801 | =66 %

Lz =-2, 2185 Lrxizw=2, 5943 Lzxi =, @143594 LxizEI = -2, 696

L1 Lz L ARIE Lz L: FIIE Lz L: E L1 Lz L: 3
1.634 | .zuz -3.04Y 183t | .E£iE 1.216 Z.ETE | .49E -1.zED z.Ex? | .z7Y z.24l
1677 | A0y -zEzg 1878 | Ean B z.erg | 4Eq -1 5@z Z.EHD | JTE0 1778
iren | nez B3F zozi | EBE Yz r.rzr | .zE@ -1.a4g ZEx: | 4E? 1.z4d
17z | 4ic@ z.a4g Z.08 EOg ini Z.36E | .ZEE -Z.30 Z.BBE | 476 gy i)
ignE | z7? FEir zin7 | Edy < 2hE ol | g0 -E.Eng /g | cod £4g
1gys | FrE ziEn | EFE 0 THEL | o0 rE: | EE:
1Az | 4EE : 18z | EhE zyoy | 467 Z/EE | EEE

Lziysr=1, 53295 LxEzi= -, 93694 LxEm =2 5817V LxeEr=-, 1935133

L1 Lz Lz I Lz Lz x| [ Lz Lz I Lz Lz z
Bz | E08 - E3f =138 | 108 [1.237 Thy0 | 443 - 17 =oyi [ ooon | 10cE
ZEEL | 478 - BE? 9@ | Z0s | Z0BE yAz | yz@ - Ex0 ZPEy | FeR | 1AE1
2azy | 43z -1z Exc | EEt | 1.BE7 ceg | z498 - TEz? [ EPn | 1430
287 | 371 -{Egg FeA | 3w@ | L2Pc Egn | 364 -1.2E0 XN T W kT
Toer [E3E | 330 PI |4 | TERE (2] | 34H e I
08 | gz ﬁl‘.% 3ER7 | yuz f& 3698 | (117 E-ﬂlh 393 | 394 ﬁ@?_

Lzirzi=-1,14292 LzEm =, 193126 Lzp?r=-1,11723 Lzov) =, BEAESE
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With CellSheet™ we can also manipulate the data. In the following example we imported the
Lists L1 and L2 in CellSheet columns A and B.

The CBR 2 was at a height of 1.60 m and in column C we computed the distance of the ball
to the CBR 2 sensor.

CELLSHEET MEHU EIF'TIEIHS ] IHPDET«’EKF‘DHT IHFEIRT LIST
1:File liStatistics.. ImFort List. List. Mame:l:zl
Z1Edit.. 2:Fill Range.. tExFort Lizt.. 1=t Cell:iBl
?DF“LIDHE 3 Sesuence.. 3=Ir-1|=~n:hr*t Hatr*:_t:{... Fight

i Charts. e INF‘EII"“"‘.--"'EKF‘EII""‘.- 4iExFort Matrix.. nLer

S:iHe or S:Export

[SHelF 1t CellShest E- Col Decimal..

The formula C1:=1.6 - B1 is copied to the
whole range C2 :C84 (see 3.4).

In column D we computed the velocity of the

0l A E:
1 Lkl 978
S M7y 97|
k] .E16]  .948
4 .EC0)  .BEl
£
[

a0z .78 i
s ball using the formula
E1: 378 Renu D2:=(B2-Bl)/ (A2-Al)
u L0 [ e —L——E—  In column E you can see the velocity data
g :i: :Eg 0 g :Eg _ Eg?g “i; computed by the CBR 2. Comparing
W | BEi| .7i8] -LrcA w | ris[-ieea[-17sz] columns D and E students realize that CBR
L ~oa  Aod] -1i.807 £ Bod] -1.807] -z.0Bz i i i
e e £ red| TNt ree[ s e 2 uses a different algorithm for computing

[0z =iEz-Fza thz-Rz )T | | _=tE-r1 [Renu]] Velocity.

d. Finding the mathematical model

Looking at the time-distance diagram of the ball, you see that the ball first falls and then is
reflected by the floor. Next it moves up, slowed down by gravity until it falls down again. This
movement corresponds to repeated vertical throws. Therefore both phases of movement, i.e.
up and down, can be described by quadratic functions. For this, the data for a complete
bounce have to be selected from the total set of data. From this section of the graph (one
bounce) the parameters for the ball’'s movement can be obtained.

. . Fi:LisLz2 Fz:iLi
The values for height and velocity as a
function of time are explored from several [ R |\ |r‘\ h ﬁ
points of view. \.‘l llﬁ,l
The two figures beside show distance and l J \r \'JI
velocity as functions of time. M=z y=.878 H=.O45 v=zx.118

Optionally, a time-distance diagram or a time-velocity can be shown on the screen. When
looking at the diagram — using trace — each point can be marked with the cursor and its
coordinates can be seen on the bottom of the screen. This way the movement of the ball can
be discussed with the class. The figures on the right show the time-distance diagram for the
first complete bounce at different time values.

Fil:iL1.LZ Fi:iLi.Lz Fi:iL1.Lz
. unﬂﬂﬂnu- i nunﬂ:ﬂ:ﬂnuu X =|n|:|ﬂﬂﬂ|:|nn

o -] o -] -] o

o a ] a o o
] a ] a ] ]
-] o -] o o -]
o ﬂ: o ﬂ: o I'-l::

nz.B8 L] n=1.z3 V=.7EB n=l.rg T=0zg:
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This looks like a parabola. With Transformation Graphing we can look for values of the
parameters a, b and c in the formula y = a(x—b)* +c. In this formula you can easily see the
maximum value and the corresponding time. Therefore we already know b and ¢ (we can
read them from the graph) and we store them to the calculator. For investigation the Y=

screen is used. 1.1 and L2 are graphed as a scatter plot. With the cursor keys the value of a
can be adjusted.

AR Flotz Flokz Flakz Flotz V1=AHZ +ER+C MzRYEERC
MY BAXE +BH+C EDFF .
MY z= Jpel H Ir_" dhn o® “a
HY'z= Hh- W | _,.'—'—dE'_‘_‘—I:\-q_\_\_\_H
H'Y'y= Alistily fA=-.77 o A=-UdF
:$5= H11ﬁt=hz E=1.9 o E=10.H

6= ark: . £3-.64426 o | cY-6.z4uzs

HY' »= j !'a

Another way to find the parameters is to do regression on the data in L1 and Lz2.

BuadRe3a Pi=RCH-EaZ+0

J=gx & thxto

a=-4,212

b=1@.293

C=C6. 298 A= 4.1
3?25
9 E06EY

[ |

We can use Transformation Graphing again to find the values a, b and ¢ of the parameters in
y=ax’+bx+c itis easier to y =a(x—b)’ +c, because then we can read b and c from the
graph.

e. Exploring velocity

We stored the velocity (speed) in list 1.3 as computed by the CBR 2. Graphing the velocity as
a function of time (L1), gives a straight line. The diagrams below show the velocity-time
graph in the interval of x=0.86 to x=1.72.

With Transformation Graphing we can look for values of the parameters a and b in the
formula y =ax+b . For investigation the Y= screen is used.

L1 and L3 are graphed as a scatter plot. With the cursor keys the values of a and b can be

adjusted.
P&:I.h1.-L3 F1:L1.LZ T=qH+E
. a . -
" £ { {
) g [ A=-B.84
u“u EH1.EP
: o s : L
#=1.20 Y=gy ° #=1.20 LAY :

With regression for the time interval of x =0.86 to x =1.72 we get the linear function shown

in the window below
LinRea :
H =ax+th .
~5. 885 \-"‘-._L
b 11.485 _‘q‘:“‘nﬂ\
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In this way we get a constant acceleration of 8.89 m/s®. This is significantly below the
terrestrial gravity constant of 9.81 m/s2.

It can be seen that the velocity, v, is 0 m/s at the start, decreasing to -3.7 m/s just before
touching the floor. Then v rapidly increases to 0 and further up to 3.1 which is, comparing
absolute values, lower than the v just before the rebound. With each next bounce energy is
lost and finally the ball stops.

f. A few further questions
« Why is the experimentally obtained acceleration (calculated by the CBR 2) significantly
smaller than g?
« Why can air friction not be the cause for a reduction of acceleration?
« Which additional force works against gravity when the ball is falling?
« What is the time course of potential and kinetic energy?
« What can be said about total energy?

When interpreting the time-distance graph, students will recognize the physical concept of
movement caused by constant acceleration, the unavoidable transformation of kinetic energy
in friction energy and also the mathematical representatives of individual graphs and their
subsections. Each individual bounce is described by a convex parabola; its parameters are
determined by the experiment and are interpreted physically. Students build mathematical
models.

2.2.2 Boyle’s Law for Gas Pressure

a. Introduction

When a gas inside a closed container is compressed, its pressure and volume usually
change. As the force exerted on the gas increases, the pressure increases while its volume
decreases. Two quantities that change in this sort of way are said to vary inversely (inversely
proportional). Even so both quantities may change, their product always stays the same.

If we suppose that x and y represent the quantities that are inversely related, then xy =c,
where ¢ represents a positive constant.

In this experiment students will explore the theory that pressure and volume vary inversely
and will conclude with a formula that describes the special experiment and will investigate
some questions like these:

« Could the volume ever be zero cc?
« Why or why not?
« What would be the corresponding pressure?

With the EasyLink adaptor it is very easy to connect sensors
directly to the TI-84 Plus and perform real experiments. For
example with the Gas Pressure Sensor you can investigate
the relationship between volume and pressure of an amount
of air in a syringe. The range for the Vernier pressure sensor
is 0 to 210 kPa.
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b. Performing and analyzing the experiments
A volume of 20 ml is connected to the sensor. There is no extra pressure put on the air yet.

aA FREZSURECKFA) Enter Yalue HIE0 ¥=101.85 Figdd¥ ko quit?
0113 ] Uizl Titae oF events in Tist L1,
* Channe1 CH 4 in Tist LZ.
1:FRESS . *, Channs1 CH 2 in Tisk L3,
& Timg Grareh... + ~
+
+
Hodg 43 2ik 0. ——————————— . E$-znl:su
ile FEartlGEarhlQuik ICancTI 0K 1 . . - | Hain 1. ICancTl OK
L1 Lz Lz 1 L1 Lz L i SETTIMGS Fi:Llilz
101,85 | cmeeea 1z iEy 96 min=M : +
id 11x2E 1z i66.27 Hmax=2H i
i7 11877 ii i@i.ia scl=1 +
16 1zE.01 i Z0iFL T N
ic 13EEE £1BY4 Ymin=188 .
iy 147z T N: 1 Ymax=248 *o
iz igwsE | 0 | | oo ol v=cT=106 : .,
LIy =28 Lii1zy =85 Hres=1 ¥=iE. .. L. Y=1FE.ZZENT 4

The starting values are volume 20 cc and pressure 101.73 kPa. Then the syringe is pressed,
and for each of the following volumes, the pressure is measured and stored as events: 18,
17, 16, 15, 14, 13, 12, 11, 10, 9, 8.

Now we are going to investigate what kind of relationship exists between volume and
pressure. From the graph there are several possibilities: a quadratic function (a parabolic
graph), an exponential function, a power function or a hyperbolic function (that is a special
power function with exponent -1). With regression the best fit function can be found. Below
are the results for power, quadratic and exponential regressions with their corresponding
graphs.

FurEeg Fi:LisLE SETTIHGS Fl:ftslE
u=g+x"h 5 M1n=5
A=1659. 033612 : mmax=48
b=-.9381830528 | | Ascl=1 i

g Ymin=-188

L YE13E. 23247 nhes= H=zn Y=101.84%7

tuadked IRl The quadratic equation fits the collected
g=gxE+hx+c i .
= &7 3oEs2d ]2 data very well, but what happens if the
b -rl1Z27E8914
2942872 i

volume is increased again? Students have
to investigate different “what-would-be-if’
scenarios and have to decide what the right
model is.

] H=zn y=101.B47

ExpRed FLlgtLz The exponential regression seems to fit the
§;§$E_ ﬁ??ggg? collected data very well too. Have students
b=. 231350833 found the right model yet? What is the

? difference between the power function
shown above and the exponential function

shown on the left?

[ | Y=z Y=101.847

In the 17" century Boyle discovered that the relation between gas pressure, p, and volume,
V',is pV = Constant. Based on our measurements we conclude that the constant in our
example is about 2000 (for 20 ml the pressure was almost 102 kPa).
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With Transformation Graphing we can easily explore the effects of different values of the
constant on the graph and we conclude that 2011 fits best. See the screen shots below
where the formula v = A /X is explored and the value for A is adjusted.

TMZR THzZRcn e ITE
P
AZE011 37 AZe08L.37

ASLFeL 37 AZE191.37

2.2.3 Newton’s law of cooling

a. Introduction

Students know from everyday life that hot tea cools to room temperature after some time.
What determines the cooling process? Does the temperature decrease with a constant rate
as shown in Figure 1 or is the decrease faster at the beginning and slower towards the end
of cooling to room temperature as in Figure 2?7 Or is it slow in the beginning and fast towards
the end as sketched in Figure 3?

Tin°C Tin°C Tin*C
80 80 80 -
60 60 60
40 40 40
20 20 20
o+——r—r— O +———— 0 ——
0 30 60 90 120 0 30 60 90 120 0 30 60 90 120
tin min tin min tin min
Figure 1 Figure 2 Figure 3

. . . ) . TeMpsraburiCy
In this experiment students examine the cooling of hot water with

the goal to create a model that describes the process.

They can also predict the time it takes for the hot water to cool to LU L

room temperature of 20.7°C (see the figure on the right). Hodg s 2ers...
IFile EETMA S tar £ IGF arhQuik)

Isaac Newton modeled the cooling process assuming that the rate at which thermal energy
moved from one body to another is proportional (by a constant k) to the difference in
temperature between the two bodies, Ty From this simple assumption he showed that the
temperature change is exponential in time and can be predicted by T, = Toe’k’, where Ty is
the initial temperature difference.

b. Performing the experiment

For this experiment we use a small quantity of hot water at a
temperature of about 40°C above room temperature. EasyTemp can
be connected directly to the USB port of the T184 Plus. When
EasyData is installed, it starts automatically and students can start
collecting and analyzing data with their TI-84 Plus.
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The graphical representation of the data collection in EasyData:
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Now we are going to investigate what kind of relationship exists

gLt between time and temperature. The graph allows for various options:
o a quadratic function (a parabolic graph), an exponential function, a
" power function or a hyperbolic function (a power function with
= exponent -1). With regression the best fit function can be found.
- P Below are the results for exponential regression with its
corresponding graphs.
ExrFrRFeg Ye=EE. 72/ PeEY 1Y . 0087 Ye=EE FefraAY9ie:k.5987 Ye=EE PorraBYa1yzk.9087
g=gtbh ™ e
a=50.r2rredda
b=. 9997837393
[ | w=F00 N=E0.B878 ™ W=ZE00 T=19.17B4 n=rcan V=g.6001
Ye=EE. Fer7aBY 1Y 4. 9087 Ye=EE. Fer7aBY 1. 9087 L1 Lz Lz K] L1 Lz Lx K]
\\\’- oo | E7. o0 [ ______ 000y | E7.700
F00.00 | B0 800 0000 | E0.800 | Z0.z00
BO0.00 | Y5 GO0 BO0.00 | YE A0 | 24,900
Fo0.00 | 41 GO0 Qo000 | Y1600 | 0900
1zgid | ZB.400 1z00.0 | ZA400 | 47700
15000 | ZE.BO0 15000 | ZE.A00 | 15100
1800.0 | Z3.700 18000 | 33,700 | 1% 000
PRI ¥=18,17B4 H=Fzon Y=B.6001 Lz =L z-268. 71 Lx=37
ExrFrRFeg '|'u3=35.55'-|2*.555'-|"'H Y=Y Zez0 THEY 20,7
g=gFbh " x o
=35, 9542 "o,
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nw=1B00 ¥=1z.20E8 w=1igon ¥=2z. 3058 n=renn Y=z1.1776

And with Transformation Graphing.
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c. Questions in the classroom
In the classroom the following questions can be asked.

« The curve describes the decrease of temperature over time. Analyze the curve and
describe in your own words how the temperature decreases. Which of the curves best fits
your results?

« The data collected during the experiment are stored in lists 1.1 and Lz2. L1 lists the time in
seconds and L2 the corresponding water temperatures. Plot the data points in a scatter
diagram!

« Can you find a regression function that fits your temperature curve?

« Use the regression functions on the calculator to find the best fit, and plot the regression
curves together with the recorded data.

« The room temperature Ty was 20.7°C. What could be wrong with the regression function
you selected? What kind of “growth” do we have here? What are the properties the “right”
regression function should have?

« The cooling down of a solution to the temperature T is described by Newton’s law of
cooling: T=T, +Tje™ or T=T, +T,-a' (time tin minutes).

T temperature at time ¢

Trx basic temperature (room temperature)

T, difference in temperature between the liquid and the room temperature att = 0
a constant, depending on the fluid’s properties

« Try to fit the temperature function above to the actually measured curve by adjusting the
parameters k and a. What is the relationship between a and £?

« Make a list 1.3 with the temperature differences of measured temperature with room
temperature. Now you can do exponential regression analysis. Use the function obtained
and determine the values for Ty and a! Then use the room temperature Tk to find an
exponential function describing the decreasing temperature curve.

« Do the values for T, To and a make sense to you? Why must a be smaller than 17?
Explain in detail your explanation to these questions.

« Draw the graph of this function obtained together with the curve of the measured data
(use coordinates). What do you think? Is this new exponential function a good
approximation?

« Given the mathematical approximation for the measured temperature curve, how much
time would it take for the water to cool down to room temperature?

« Has the starting temperature of the hot water any impact on the value obtained for a?
Repeat the experiment with different starting temperatures to answer this question.

« What could you do to your experimental setting to decrease the value of k in another run?
What quantity does & measure?

« If your starting temperature difference is cut in half, does it take half as long to get 1°C
above room temperature? Why or why not does it take half as long?

« A small research project

A coffee drinker is faced with the following dilemma. She is not going to drink her coffee
with cream for ten minutes, but wants it still to be as hot as possible. Is it better to add
immediately the room-temperature cream, stir the coffee, and let it sit for ten minutes, or is
better to let the coffee sit for ten minutes and then add and stir in the cream? Use an
EasyTemp and a calculator to examine this dilemma. Explain your results in terms of the
assumptions Newton made about cooling. What changes, if the coffee drinker also wants
to add sugar?
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2.2.4 The pendulum

a. Introduction

If a pendulum (an object on a string) is pulled back and released, it will swing back and forth
over time with a regular pattern occurring. It will eventually stop, but over a short time period
the pendulum exhibits simple harmonic motion. This motion can be modeled with a periodic
function.

In this activity students collect data from the motion of a pendulum. Then a periodic function
is found that models the motion. Its parameters will be related to the time for one period, the
distance it was pulled back and how far it is from the motion detector.

There are at least three things students could change in the pendulum that might effect the
time for one complete cycle (called the period):

« the amplitude of the pendulum swing,

« the length of the pendulum, measured from the center of the pendulum to the point of
support and

o the mass of the pendulum.

To investigate the pendulum students have to do a controlled experiment. They need to
make measurements, changing only one variable at the time as a basic principle of scientific
investigation. By conducting a series of controlled experiments with the pendulum, students
can determine how each of these quantities effects the period, when they measure the
period of a pendulum as a function of amplitude, as a function of length and as a function of
mass.

The force driving the pendulum back to the equilibrium position is given by F'=mgsing.
For small angles we can use F = mg% , Where y is the distance from the starting point to

equilibrium position and / is the length of the string.

b. Performing the experiment and collecting the data

In this experiment we will use a motion detector (CBR 2) to plot the position vs. time graph
for a simple pendulum. Students will use their data to find a formula that describes the
position vs. time graph.

A string is tied to a mass (in the experiment we use a ball — see
figure on the right). By trying different masses on the string,
students will explore if the period of the pendulum depends on
the mass and/or on the length of the string or on the amplitude,
too. The mass is held from about 10° from vertical and then
released.

The CBR 2 is aimed at the pendulum mass. Then the mass is
pulled back about 10 centimeters and released, so that it swings
toward and away from the sensor. The graph appears to be a
sine or a cosine graph.

L:LZaLY F'1=|.ElL"I F1:LZaLN Fi:Lz.LY
L R T . N T T R T -
R R s R oA, L a2 0n [ L a2 0n [ L goR [
Ly A VoW i 3 i WOOW W ' S 3 i VoW ' 5 e H VoO¥ W
ne.E . N=EBEE n=1.B% . =EEEZ n=i.E Jr=.E4ED W=EZ . N=.E34E
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c. Looking at the results

A pendulum completes a cycle as it moves from one extreme position to the other and back
again. The time required for the pendulum to complete a cycle is called the period. To find
the pendulum’s period students have to trace to the first peak and record the time (x-value).
Then they have to trace to the second peak and record the time value again. The period T'is
the difference between two time peaks (in the example 7'= 1.65 s).

With regression the best fit sine function can be found. The screens below show the result for
sine regression with its corresponding graph.

EDIT TESTS SinFeg Y1=. 1M0EkEinS BOZH+ B14_
StLinkeadatbxl g=ads1n{bextc i +d
Qi LhReg a=. 1485
B:ExpReg b=3.2043
H:FurFea c=.3142
BilLodistic o=. 3335
Sinkeg :
iManual-Fit WST.EI0E . .Y=.E R . . .

The position of the pendulum can be modeled with y =asin(bx+c)+d . In this formula y is
the horizontal distance from the equilibrium position, a is the amplitude of the motion, b

2
depends on the frequency of the oscillation (b = 7” ~3.81), x is the time and c is a phase

constant. The average between the maximum and the minimum values is the vertical shift d.

It can be found by adding the maximum and the minimum together and dividing by two. You
get the distance from the CBR 2 to the pendulum’s rest position.

The distance from the maximum to the 1:Lz.LM
minimum is twice the amplitude. To find the B
amplitude, we subtract the minimum from the
maximum and then divide by two. You getthe | %: @: :: .. i: o Lsoa Tlouroinond
value to the distance from the pendulum’s oy W v v oY W oW ow W
rest position to the point it was pulled back. hek . . . vegess . | |nd T L e

F1:LZsL4
TUE s

5h b a 5h b a

The formula y = asin(bx +¢) + d used by regression on the calculator can be more difficult to
students than the form y =asin(b(x—c))+d or y =acos(b(x—c))+d .

If the graph is modeled with the cosine function the horizontal shift is easier to identify than
the horizontal shift of the sine curve. The phase shift for a cosine curve would be the time at
which the first maximum occurs.

In this activity we use the sine curve y = asin(bx + c¢)+ d created by regression. Sine and
cosine graphs only differ by a horizontal shift.

The phase shift will be the x-value of the point halfway between the P:LL_?‘;J_LH A
minimum and the next maximum. The y-value will correspond to o %
the vertical shift. Therefore students can trace to the point, where A I
the y-value is most nearly the value of d and record the x-value as ';J.- oF W W ¥
e. They get ¢ by evaluating ¢ = —(be—27). =T
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With Transformation Graphing we can look for values of the parameters A, B, C and D in the
formula y = Acos(B(x—C))+ D . For investigation the Y= screen is used. With the cursor
keys the values of A, B, C and D can be adjusted to find a graph that best fits the scatter plot.

AME Flatz Flot: 1 ArkcastE R -CI+D
HY' 1 BA*cos (B H-C

2a+0

HY'z=

MY z= n AEE

HY'y= E=3.B1

MY e= ca;

MY g=

A is the amplitude. That distance from the maximum to the minimum is twice the amplitude.
= (0.5656 -0.2353)/2~0.165

The vertical shift D is the average between the maximum and the minimum values.
= (0.5656 + 0.2353)/2~ 0.400

The difference in time between the first two maximum values is the period T.

2.
We get B by evaluating B= Tﬁ ~3.81.
The phase shift C for a cosine curve is the time at which the first maximum occurs.

d. Modeling velocity of the pendulum

F Z:LZsFRY FZ:LZaFAY F Z:LZsFRY F Z:LZsFRY

ne.t ¥=.0141 H=.65 ¥=-.6148 f=1 ¥=-.0485 n=l0k ¥=.06874
c:iLZsFAY 2:LFsFAY FZ:LZsFAY FZ:LZsFRY

n=1.4E5 V=570 n=1.8% ¥=-.005k H=3.k ¥=.0045 n=b.Ak ¥=.0z8z

The period of the displacement and velocity are equal. When the distance is at a maximum,
the velocity is zero. This makes sense because the mass stops as it turns around to change
direction. The mass moves the fastest as it passes through the equilibrium position.

Y1=0 165k cos(Z Bl4CH-0.2 FZ:LZsFAY

nw=1.BE ¥=.1518 w=1.BE Y=-.OnEE

The period of the acceleration is the same as the period for the distance plot. When the
distance is maximum, the acceleration is minimum. The acceleration is zero when the mass
passes through the equilibrium position.

TS0 ek CosE Bk -0z FEEnDeriviYZ R a6l

n=1.8E ¥=.Eak n=1.BE Y=-g. .28k
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e. Extensions and Questions in the classroom

Once students have a formula for the position vs. time graph of the pendulum motion, they
can take the derivative of the formula. This represents the velocity of the pendulum at any
time t. The derivative of velocity is acceleration.

« How does the velocity vs. time graph compare with the position vs. time graph?
« When during the pendulum motion is the velocity zero?
« When is the velocity maximum?

« Describe the position and velocity when the acceleration is maximum. Do the same when
the acceleration is zero.

« Give a general description of the pendulum’s position, velocity and acceleration when the
pendulum mass is passing through the at-rest position and when it is farthest from the
detector.

« Determine how the period depends on amplitude. Measure the period for five different
amplitudes.

« Investigate the effect of changing pendulum length on the period.

« Determine if the period is effected by changing the mass. Does the period appear to
depend on the length of the pendulum (the string attached to the ball)? Do you have
enough data to answer this for sure?

» To examine more carefully how the period 7 depends on the pendulum length 1, you can
create two additional graphs of the same data: T'? vs. length and T vs. length?.
Using Newton’s law, you could show that for a simple pendulum the period T is related to
472
).
g

the length / and free fall acceleration gby T = 271\/z or 7% =(
g

Does one of the graphs support this relationship?

« Determine a value for g from your graph 7' 2 vs. length.
« Try a larger range of amplitudes. What can you find for large amplitudes?

« The two figures below show distance vs. velocity graphs of the pendulum motion. Explain
what you can see there and how the figures would look like if the motion wasn’t damped.

2.2.5 A mass on a spring — a further simple harmonic motion

a. Introduction

A mass hanging on a spring is a simple system that can be put to vibration. The force applied
on an ideal spring is proportional to how much it is stretched or compressed. Given this
proportional force, the up and down motion of the mass is called simple harmonic and the
position can be modeled with y = Acos(27 ft + ¢) . In this formula, y is the vertical distance

from the equilibrium position, 4 is the amplitude of the motion, f'is the frequency of the
oscillation, 7 is the time and ¢ is the phase constant.

The following experiment will help to clarify each of these terms and describe harmonic
motion with the help of mathematical functions. Students measure the position and velocity
as a function of time for a vibrating mass and spring system. After determining the amplitude,
period and phase constant of the observed motion of a mass and spring system they
compare their data to a mathematical model of simple harmonic motion.
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b. Performing the experiment and collecting the data

A spring is attached to a horizontal rod connected to a ring stand and a mass hangs on the
spring. The motion detector is placed at least 75 cm below the mass.

Then the mass is lifted upward five to ten centimeters and then released.
It should vibrate along a vertical line only and should never come closer
than 40 cm to the motion detector (in this experiment CBR 2 is used,
directly connected to the calculator).

The distance graph should show a clean sine curve. For these data the
period T of the motion can be calculated by (4.8 — 0.15)/4 =1.2 s.

1:FT.FD 1:FTAFD 1:FT.FD

AR R N ~ oA oa R RS A omoa o R omoaoa
VR VWV LWYWL W VUV Y VYY) WUV
¥=1S . . N=.EE4E . . H=PE L . NEEONY L W=yB . . .Y=.5Bz9

1
The frequency f'is the reciprocal of the period, f = T

Based on the experiment the frequency is calculated as 0.83 Hz.
The amplitude, A4, of simple harmonic motion is the maximum distance from the equilibrium
position. 4 can be calculated as (0.6843-0.6044)/2 = 0.04 m.

c. Looking at the results

With regression the best fit sine function can be found. The position of the mass can be
modeled with y =asin(bx+c)+d .

In this formula y is the vertical distance from the equilibrium position, a is the amplitude of the
2
motion, b depends on the frequency of the oscillation (b = 77[ ~3.81), xis the time and cis a

phase constant.

The average between the maximum and the minimum values is the vertical shift d. It can be
found by adding the maximum and the minimum together and dividing by two. You get the
distance from the CBR 2 to the rest position of the mass on the spring.

EDIT TESTS Sinkea
gtLinkeaCatbxn =gk inChx+c r+d
QiLnReg a=.A0403
A:ExpEeg b=5. 4705
A:PurFeg c=. 5992
Bi:Lodistic o=. 64689

Sinkeg

iManual-Fit

Experimental data can be compared to the sine function model using the formula entered in
your calculator. The model formula in the introduction, which is similar to the one in many
textbooks, gives the distance from the equilibrium position of the mass. The CBR 2 reports
the distance from the detector. To compare the model to the experimental data the
equilibrium distance to the model has to be added.

parameters A, B, C and D in the formula y = Acos(B(x—C))+ D,

which is much easier. The Y= screen is used for investigation and _n:.num

with the cursor keys the values of &, B, C and D can be adjusted to 5257
get the graph that best fits the scatter plot. 64 .

, . _ 1=k cosiERIH-C11+D
With Transformation Graphing we can look for values of the [\
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A is the amplitude — it is the maximum distance from the equilibrium position. That distance
from the maximum to the minimum is twice the amplitude: A = (0.6843 — 0.6044) / 2~0.04 m.

The vertical shift D is the average between the maximum and the minimum values:
D =(0.6843 + 0.6044) / 2~0.644.

The difference in time between the first two maximum values is the period 7. We get B by

this formula: B= 277[ ~5.236.

The phase shift C for a cosine curve is the time at which the first maximum occurs.

d. Further Questions and extensions
« Compare the position-time graph and the velocity-time graph. How are they the same?
How are they different?

« Trace the velocity graph to view the data values. Record a time when the velocity is
maximized and another time when the velocity is zero. Then record the position of the
mass at these times. Where is the mass, when the velocity is zero, relative to the
equilibrium position? Where is the mass, when the velocity is maximized?

« Predict what would happen to the plot of the model if you doubled the parameter 2 (the
amplitude).

« Similarly, predict how the model plot would change if you doubled f and then check by
modifying the model definition.

« Does the frequency, 1, depend on the amplitude of the motion? Try to get enough data to
draw a firm conclusion.

« Does the frequency, 1, depend on the mass used? Try to get enough data to draw a firm
conclusion.

« Investigate how changing the spring amplitude changes the period of motion.

« How will damping change the data? Tape a card to the bottom of the mass and collect
additional data for more than 10 seconds. Does the model still fit well in this new
situation?

« Do additional experiments to discover the relationship between the mass and the period of
motion.
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2.3 Probability experiments

TARGET GROUP
Students at secondary education; high school. Students of about 15-17 years old.

TOPIC
Probability and Simulation

PRIOR MATHEMATICAL KNOWLEDGE
Rational Numbers; percentages and decimals, ratio & proportion. Simple statistics; using
tables and graphs to organize and display information.

PRIOR CALCULATOR EXPERIENCE
Basic Graphing Calculator experience, having used an APP before (know how to start an
APP and knowing how to use the function keys)

Reasoning about probability is difficult. Especially because certain intuitions seem to be very
evident, but they can be very wrong. For example, when asking for the probability of the
outcomes of tossing a coin (head or tail) — assuming the coin is fair and not tricked — most
people will quickly and confidently report back with the correct response .. But the outcome
of a single random toss of the coin is unpredictable. A famous French philosopher d’Alembert
said “When a coin is tossed, it has forgotten what face came up the previous time it was
tossed.”

This can get complicated when you do an experiment. A first toss results in tail. What will be
the result for the next toss? Now the reasoning can go into two directions. Some may follow
d’Alembert, but others may think that on the average the number of tails and heads will be
equal, so it is more likely that the other face — head — will show up.

The same difficulty in reasoning can appear when dealing with “a large number of tosses”.
When a large number of tosses are done the frequency of heads and tails will be equal. But
again, what is a large number?

What we can say is that in the long run the relative frequency of an event approximates its
probability as close as we want but nobody can tell us after how many trials.

To reflect on this problem we will analyze later the following two situations in detail:

o CHEATING AND NOT WINNING
The idea is to toss a coin that is modified so many times that it becomes clear that the
number of times heads show up is really more than the number of tails.

e | LIKE GRAPEFRUIT!
1000 persons have given their opinion about liking or not liking grapefruit. Of these
thousand persons, 55% said they like grapefruit. When from this population of 1000, a
random sample of 100 persons is selected, how many will like grapefruit? 55? Are you
sure?

But first we will start with some fair probability experiments.
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2.3.1 Atrandom?

On the TI-84 Plus it’s possible to generate at random a series of numbers with the following
commands ([MATH] <PRB>) :

rand generates a random number >0 and <1
randInt generates a random integer in a specific range

Therefore the TI-84 Plus uses a procedure that starts from a seed that is stored in rand.

anidd “rard

rand 435974025 25

i hP FandInt{l.&2 andIntCla&. 32
RN 4 3 42

= FandIntol.&. 32 a2 1
SirandInt 1 4 3 €1 4 2
£ rancdbormy 4 5 53
FirandBing

When you use the calculator for the first time or when it is reset the value of rand is 0. This
can be annoying when the students do a probability experiment and all get the same results
while they expect random numbers.

To avoid this let each student choose a different seed to start with, e.g. the sum of the figures
of their date of birth and the date of today: 01/01/1992 gives 23 and 10/03/2006 gives 12, so
together 35.

et Time
On the TI-84 Plus it’s also possible to use the value of the clock as a i 17 37
) sumietTime
seed to start a random procedure. Therefore you need the getTime ]
command form the CATALOG. Sinsgetlineorsn
a7

2.3.2 Coin tosses

It's very easy to simulate the toss of a coin with the application Probability Simulation and to
use the results to visualize that the relative frequency of the event heads is in the long run %,
which is the theoretical probability of the event heads.

The experiment below starts with rand equals to 8 (8 STO » rand) ?2. Once 1.Toss Coins is
started press [F3], SET, to define the Settings, leave the Settings window, OK, and
press [F2], TOSS, for the first toss.

E?i-:us.s. é-:-1n5 ir*1ai EeE: 1
Eoll Dice Coins: 23

Z.Pick Marble=s Grarhs: Frohb

4.5rin SFrinner StoThl: o 58

2« 0raw Cards —1 n_||ElearThl @ m
&. Randorm Humbers Update: HEE (s |

Ok | TOFTRIREOUTIOUIT | [EEC ITO:1ZET IDATAITAEL || ESC TADYW | | IOK EsC [ +1 T+1o [+E0 [CLERE

After 200 extra tosses we get the following results:

FRER:101

H T
ExC | +1 [+i0 [+E0 ICLERAR ExC | +1 [+i0 [+E0 ICLERAR

% Jtis also possible to define the seed by pressing [F3], OPTN, at the menu window of Probability Simulations.
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After saving the generate data [F4], DATA, some calculations show the expected result.

T: m=O,498 & H: E=O,5()2.
201 201

FREQ: 100 %E" e data to: 16E-2E1
EDEE FildM. - L 4TS24 378

1 Data -'LC1! 181-281
Cum Heads - 'LCUMH' « 0B24875eLE
T H
ESC ITOZ5TZET IDATAITAEL EECT T T Tok

With these lists we can visualize the law of the large numbers as follows (Y1=0. 5).

LTOSS+L 1 Flokz  Flak:
11234567 . EDFF
cumsums LC1 2+ E'Ei EE diin
Ll o2 3 s g Sia HIH |~
szL1+L3 H115t L1

Bl i W1listilsz
Mark: o « H

This plot shows indeed a quick “convergence” towards %2. The data fluctuate around the
horizontal line y =0.5.

Although Probability Simulation is a very powerful for demonstrations, it is also possible to
program the example above as follows:

E*randiseyI.I.1 Flakz Flak: W I KOO0
2 SEEIHL 48 seqilnt off Asmin=Q
crand+.Sr, 1. 1,38 |[Torei - S d ABmax=I80
BrslzicumSumilz 2 TR s necl=1 P
*Lzilz~L1+Ly wlistilg "Y'min=a

Wlistily “Ymax=1

Mark: = + H Y= l=1

Ares=1

To conclude, something to think about: ‘Should we be surprised by a series of several heads
or tails consecutively?’ ‘Should we therefore think that the coin is manipulated?’

In case of tossing two coins the possible events are: all tails, one tails one heads, all heads.

Is the probability of each of these events equal to 1/3? If yes this means that in the long run
the relative frequency each event will approximate 1/3.

Let’s try it out with Probability Simulations (rand = 6).

I:I""l-a = i =
al1RAss
Gr-arh: rob ﬂj
StaTbltho S@
egr H
Urdate: [ 26 o9 End N Rob @
ExC InDv | | Ok ExC | +#1 [+1i0 [+50 ICLEAK ExC | +#1 [+1i0 [+50 ICLEAK
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After 201 tosses we note a very clear difference between the appearance of Heads-Heads,
Heads-Tails and Tails-Tails.

FRERQ: &4 FRERQ: 10z FRER: 44

] 7]

0 1 g o 1 g 01
H H H H H H H H H
ESC [ +1 [+10 [+E0 CLEAF ESC [ +1 [+10 [+50 ICLERF ESC [ +1 [+10 [+E0 CLERAF
54 103 44

HH)x —=0.27 HTorTH)~ —~0.51 TT)~ ——~0.22
pHH)~ = p 2o PO~

Remember Cardano’s error during a dice game with three dice. He considered {1,3,5} and
{1,5,3} as the same events to reach a sum of 9 points.

A handy tool to miss no events is a tree diagram. 2 HH

The tree diagram for tossing two coins tells us - T

immediately the exact probability distribution. :;
h T

p(HH) = p(HT) = p(TH) = p(TT) = 0.25 :

= p{1 times Tails}=0.5 m

Made with Cabri Junior

And what about three coins?

m FREQ: 21
ﬂ 1 F = B 1z =
H H HOH H H H H
ESC T +1 T+10 [+E0 ICLEAR EsC 1 +1 T+10 [+50 ICLEAR ESt T +1 T+10 [+50 [CLEAF
p(HHH) ~ 0.10 p(TTH or THT or HTT) ~ 0.37
FRER: 74 FREQ: 23
n 1L £ = oL ¢ =
H H H H H W OHO#
ESC T+1 T+10 [+50 ICLERF ESt 1 +1 T+10 [+50 ICLERAF
P(THH or HTH or HHT) = 0.41 p(TTT) = 0.11

2.3.3 Throwing dice

2.Roll Dice you can simulate the throwing of dice, up to 3 dice. Let’s start with two dice.

ipulation =etting
1. Tos= Loilns rial Seti 1
Eoll Dice ices 1%3
.FPick Marbles Cides: AS(W1Z220 [-]
%.EF‘IH EF‘IEHE‘I“ Eiaﬁ;i lFir*ﬁ
«Oraw Cards o fHo
. Eandom Humbers| ClearThl: I:l 33"55?“5%1% 33"55?“53%
o OFTNIREOUTIRUIT | [EZC IADY OF *| [EZC [ +1 [+1i0 [+co ICLERR | [ESC IROLLIZET IDATAITREL
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After saving the data in lists we can do several calculations.

Dice 1] Dice 2 Dice 1| Dice 2 Dice 1| Dice 2 Dice 1| Dice 2 Dice 1| Dice 2 Dice 1| Dice 2
1 5

[ G W W QN G

2
2
2
2
2
p

oA ON =
A bR

[ A ODN =
(R W W W
[N N W N =
o O A W LN

2
3
4
5
6

Eaﬁ_da_ta_t,%l:[, Eum e LM 7 2380
o FildM. - L .
o1 Data -'O1 =LmC LSUM=7 2 <386
02 Data -'02 15
Sum Oice -'LSUM ELm s LSUM 7 3 380

SOIIEIIIIE
ESC | I I [T

UPNOVER 7

The Grand Duke of Tuscany noted during gambling that the sum of 10 points appeared more
than the sum of 9 when he threw three dices. He could not explain what was happening
because the amount of possibilities to get 9 is the same as to get 10.

10=1+3+6=1+4+5=2+2+6=2+3+5=2+4+4=3+3+4

rial Set:
RPN
1dess
Gr-aFht %q‘ Frob
CloirThlt pom o ey serastiitiy
ESC_IADY OF *| |EZC I+1 [+1i0 [+E0 ICLERR EZC | +1 [+10 [+E0 [CLEAR
2.3.4 Cheating and not winning I
We start with initializing the rand variable. In this experiment the coins Seed=s
are really modified! We are going to toss a coin with the probability for
tails 0.55 and for heads 0.45. i i

To modify the coin press [F2], ADV, in the Settings window. Don’t forget to save the settings
with OK, [F5].

i et i-EllEE- f éé i-EllEE- H éé
Coins: 2 A Head=s 1 il Head=s 9 - b
Grarh: Prah
StoThliHo H11
ClearThl: Yes
Urdate: ] 268 5@ End
EZC [ADY | | Tox ESC | | | Tox ESC | | | Tox

We will now gamble about the result after fifty tosses of the coin.
Will you choose more tails (55% chance) or more heads (45 % chance)?

This seems easy, tails of course!
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First we will toss the coin once and then we will start gambling.

—

FRER: 24

FRER: 27

ﬂ T H T H T H T
ESC | +1 [+10 [+50 [CLERR ESC | +1 [+10 [+50 [CLERR ESC | +1 [+10 [+50 [CLERR EsC | +1 [+10 [+50 [CLERR
The first toss After 50 times

The result of the first toss seems to be OK but after 50 tosses more you lose.

And after again 50 times more? You lose again!

—

T H T H T H
ESC [ +1 [+in [+E0 [CLERR EsC [ +1 [+10 [+50 [CLEAR EsC 1 +L [+10 [+E0 [CLERR

FRER:LE

Keep going on and toss the coin another 50 times. Still no win yet and for sure you cheated
the coin.

T H
ESC I +1 [+d0 [+50 [CLERR

Keep going on... Still lost!?

T H
ESC | +1 [ed0 [+50 [CLERR

EZC | +1 [+10 [+E0 ICLERR

EC | +1 [+10 [+E0 [CLERE

Here we stop, because the next tosses will give you the result you predicted.

The conclusion is that the results of the tossing are unpredictable, even with a cheated coin.
In other words, the law of the large numbers is only true with really large numbers.

2.3.5 |like grapefruit!

For each person in a large group of 1000 persons, we know their preference: liking or not
liking grapefruit. We assume the persons are honest and that when they are asked a second
time will give the same answer.

A sample of 100 persons is selected form the large group. The problem we have to face is
that this sample is randomly selected from the large group, so each time we select another
random sample of 100 persons, the results may be different.

The question now is how to simulate this sample.

With the graphing calculator, we can design a small program that allows us to simulate the
random selection of 100 persons from the large group of which 55% of the people do like
grapefruit.
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Below we have listed the program and the results of a series of samples. When you do the
experiment yourself you will certainly get different results.

EOIT HENW FramFLIJCTUAR Oore
?;El}t "SAMPLE 17,5 EI?ELICTLIFI SAMFLE 7108 _ | |SAMPLE 7188
fﬁ{:h#AE”rm_a Dotie Dot
I S SAMPLE *1806 SAMFLE *18A e
End

Disp N/S+100 x Done Dane
Oone Done Done Oorie
SAMPLE *184 SAMPLE 188 SAMPLE 188 SAMFLE 184 —
Oore Oore Oore Oore

SAMPLE *164 SAMPLE 71848 SAMPLE 71848 SAMFLE 7184
59 52 53 52
Oore Oore . Oore . Oore

What can you say about the differences between the results and your expectation? Using
experiences and insight gained from this experiment, you can reflect on surveys in general
(political surveys, preferences of people, ...) and the effect of repeating a survey over time.

A conclusion is that you need to take into account the fluctuation, the variation.

2.3.6 A historical note

The probability theory has its roots in the world of gambling. Perhaps
we can say that the first steps in the development of the probability
theory were taken in search for all possible solutions of several dice

games.

One of the first dissertations about probability, Liber de Ludo Aleae,
dates from 1525 and is written by Girolamo Cardano. It is a book
about throwing dice.

Cardano
1501-1576

Mathematical discussions about probability arise in the seventeenth century. The
correspondence between Pascal and Fermat, which consists of five letters (£1624), forms
the fundaments of probability. Based on this Cristiaan Huygens wrote the first printed work
on probability, De Ratiociniis in Ludo Aleae in 1657.

. Blaise Pascal

1623-1662
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The work Ars Conjectandi of Jacob (James) Bernoulli is a masterpiece in the history of
probability. It was published posthumously by his nephew Nikolaus Bernoulli in 1713.

Jacob Bernoulli
1654-1705

JACOBI BERNOULLI,

Profefll Bafil. & utriufque Societ. Reg. Scientiar.

Maturaarict CELEBERRING
ARS CONJECTANDY,
OPUS POSTHUMUM.

Accedit
TRACTATUS
DE SERIEBUS INFINITIS,
EtknstoraGallict feripta

DE LUDO PILE
RETICULARILS

BASILEAZE,
Impenfis THURNISTORUM, Fracrum.

¢ Isce xii1

It was in this masterpiece the law of the large numbers appears for the first time. James
formulates and proves that the relative frequency of an event approximates its probability in

the long run.

It is this idea that will be used in this article to get information from the simulations.

Another important moment in the development of probability as a modern science is the
axiomatic approach of probability by Kolmogorov (1903-1987) around 1933.
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2.4 Linear programming

TARGET GROUP
Students upper secondary education — Age: 16-18

ToriC
Applied mathematics — Matrix Algebra

PRIOR MATHEMATICAL KNOWLEDGE
Linear functions, Solving of systems of linear equations, linear inequalities, matrix
calculations and elementary row operations with matrices.

PRIOR CALCULATOR EXPERIENCE
Graphing, Stat editor, Statistical plots, Lists, Matrices

Linear programming is the branch of applied mathematics that deals with problems like the
following example.

2.41 Apples and pears

Suppose you have € 3.6 for which you want to buy apples and pears. The price of one apple
is € 0.2 and € 0.3 for a pear. How many apples and pears can | buy if you know that there
are only 12 apples and 10 pears in the store?

Solution
Let’'s x represent the number of apples and y the number of pears.

Obviously the following conditions count: x>0 and y>0.
And there are the following constraints for x and y: 20x+30y <360, x <12 and y <10.
To solve the problem we need to find all the points (x, y) that satisfy:

20x+30y <360
x<12

y<10
x20,y=0

We try to solve the problem by a graphical approach by plotting the linear relations
20x+30y=360,x=0,x=12, y=10 and y=0.

Therefore we define the functions: yYi1=12 - %x
Y2=10,
Y3=0,
X1=12,

X2=0.
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To define Xx1=12 and X2=0 you first need to activate the application Inequality Graphing. And
then select x=.

AL Flokz Flots BB Flotl  Flokz  Flob: BB Flobl  Flokz  Flots
WM E12-2AS5E WM E12-2AS5E -#%1H812

~MzB1A ~MzB1A ~4z BE

o] =[5 o] =[5 =

wMy= wMy= wHy=

wMe= wMe= wHE=

wME= wME= ~HE=

wMe= wMe=

These definitions result into the following graph (press TRACE C1EAR to remove the menu
at the bottom of the screen):

W IHDOL N B S TR T EE R T
Amin=-1 i R Y R
Hmax=2H
wecl=1
Wmin= -3 5 FEEHEEEEEE R R
Ymax=14

Jscl=1 | Fhades jI_P-:-I-Tr'-Jc-zj['l::'n]

R

All the points in the enclosed area are solutions for our problem. It's possible to shade this
area and to calculate its vertices. To shade we need to change the equal signs with F1

through F's as follow:

BB Floti Flokz  Flotz BB Fletl Flotz  Flotd EE Flotl  Flotz  Flats
R = R w1EL 223N heii H12

~NxBlAE i zH1AE Wz BB

-~ = B8 b 15 i3S

~My= “Hy= RN

wNe= wWe= B

~NE= ~NE= ~HES

Press GRAPH, then select Shades and 1 : Ineq Intersection.

hadss jI_P-:-I-Tr'-Jc-zji ':'i

Shades JlFoI-Trace)l | =

We will now calculate the vertices of shades with PoI-Trace:
4 » = change the second function - v = change the first function

o L L R R R R R R R R R R R N1 1L RIS I | 11 PR [P B | 1| VPR M

P ol P R Fs R ok PN Lo S, in: LR | L B, t: LR

You can store a selected vertex by pressing STO » . The coordinates of the vertex will
automatically be stored in the lists INEQX and INEQY.

INERHCI=H
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With these lists it’s still possible to plot the area even after quitting /nequality Graphing and/or
deleting the functions. On the graph below the grid is turned off.

--..- E Ii
wlist: INELRS
Wlist.: IMNEGRY
Mark: B +

Let’s make our example a little bit more complicated. Try to maximize the amount of vitamin
C in our purchase. Suppose an apple contains 4 grams of vitamin C and a pear 7 grams.

To solve this problem we need to find the maximum value of 4x+ 7y over the area
determined above.

To investigate this problem graphically we define the parameter A, 4 =4x+7y, and the

. 1
function Y1 = ; (A — 4x).

Activate the application Transformation Graphing (deactivate first Inequality Graphing) and
investigate the value of A for several points in the enclosed area.

Y1=1/7CR-4H) Y=L/ 7A=Y V=1 7A=Y
AL Ao AZME

=LA CA=-Y4R) =17 A=-40) T1z1/TLA-4E)

L] LE -

TrailOn - 2nd [FORMAT]

When we study the variation of the parameter A we see that the maximum value of A will be
found in one of the vertices. With STAT 1 :Edit... we can calculate these values for A as
follows:

InERE |JInERY |7 14 InERE |JInERY |7 14 InEQ |INERY |n 14

0 b L R 0 b L R 0 in R
K] in K] in 3 1o Bz

iz Y iz Y iz Y b

iz 0 iz 0 iz 0 48

0 0 0 0 L L L

=4 LIMER:+7 LINE...| |p=_HEZ:x+7 LIMERY ALY =7E@

The maximum amount of vitamin C is 82 grams with a purchase of 3 apples and 10 pears.
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2.4.2 The simplex method
We can write the previous example as follows:
Maximize  4x+7y
Subjectto  20x+30y <360 (2.4.1)
x<12
y<10
x>0,y>0

The simplex method always starts from a feasible solution. For our use we will take the
origin x=0 and y =0. Of course these x and y values aren’t the ones that gives us the

maximum value for 4x+7y.

We will rewrite the inequalities into equalities by introducing three new variables u,v,w;
called slack variables: © =360—-20x-30y <360

v=12-x

w=10-y
We define z=4x+7y. The old variables x and y are called the decision variables.
So now we can rewrite our problem as follows:

Maximize z=4x+7y

Subjectto  u=360-20x-30y (2.4.2)
v=12—-x
w=10—-y

x20,y>20,uz20,v=20,w=>0

Note

« Each feasible solution of (2.4.1) can be extended to a feasible solution of (2.4.2).
« Each feasible solution of (2.4.2) can be restricted to a feasible solution of (2.4.1).
« Each optimal solution of (2.4.1) corresponds with an optimal solution of (2.4.2).

Our feasible solution to start fromis x =0,y =0,u =360,v=12,w=10. (2.4.3)
This solution gives z=0.

We will try to find successive improvements out of this feasible solution x, y,u,v,w to end
with a maximized solution. This means that out of x, y,u,v,w we try to deduce a feasible

If we look at z=4x+7y we see that if we increase y, z will increase faster as we increase
x . So we will increase y and keep x =0. How much can we increase y ?

For x=0,u>0,v>0,w>0 the following constraints count:

Y1=1/7 -4

360-30y =0 y<12
1220 = 1220 = y»<10.

(o]
10-y>0 <10
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In other words y can increase up to 10.

So we become our next solution: x =0,y =10,u =60,v=12,w=0 which yields z="70.

In our next step we are going for an ever better feasible solution. How can we do this?
We need to manufacture a new system of linear constraint to continue.

If we look at (2.4.2) we see that it expresses the variables u,v,w that assume positive values
in (2.4.3) in terms of those variables x, y that assume zero. And also z is expressed in
(2.4.2)interms of x, y.

Note that y changed its value from zero to positive and w from positive to zero. So we

need to change their position in the system of equations, from the right-hand side to the left-
hand side and vice versa. We call y the entering variable and w the leaving variable.

We start with the newcomer y on the left-hand side. With the third equation of (2.4.2) we
can express y interms of x,w: w=10—y < y=10—w.

Next we express u,v and z in terms of x,w
u=360-20x-30y=360-20x-30(10—w)=60—-20x+30w
v=12—-x

z=4x+T7y=4x+7(10-w)=70+4x-Tw

So we can rewrite our problem as follows:

Maximize z=T70+4x—-Tw
Subjectto  u=60-20x+30w
v=12—-x
y=10—w
x>20,y>20,u>20,v=0,w=>0
From our second feasible solution x =0,y =10,u =60,v=12,w=0 with z=70 we will again
try to find an improvement.
If we look at z=70+4x—7w the only way to increase z is to increase x.

How much can we increase x ?

For w=0,y2>0,u>,v>0 the following constraints count: "'1;3.'.’_? A-hi)
60-20x>0 x<3
AZBZ
12—-x2>0 & x<12 = x<3
10>0 10>0

In other words x can increase up to 3 and our next feasible solution is:
x=3,y=10,u=0,v=9,w=0 with z=82.

Now we express all variables and z in terms of u, w.

Again we will start with the newcomer x:

u =60—20x+30wc>20x:60—u+30wc>x=3—%u+%w.

47



It follows that: v=12—-Xx = 9+iu —gw

y=10-w
1 3 1
z2=70+4x-7Tw=70+4(3——u+—-w)—-7w=82—-=-u-w
20 2 5

When we look at z it's clear we can not increase z anymore by increasing U or w.
This means we found an optimal solution z=82 for x=3 and y =10.

The method we just used to find an optimal solution is called the simplex method. In this
particular example X and Yy has to be integers but everything stays the same if we consider

X and y as real variables.

2.4.3 The simplex method using matrices
We rewrite our example into the following modified form.

20x+30y+u =360 20x + 30y + u = 360
X+v=12 X + Vv = 12
y+w=10 o y + w = 10
-Z+4x+7y=0 -z + 4x + 1y =0

Using only the coefficients we can use the following matrix to represent our example.

20 30 1 0 O 360
1 0 01 0 12
0 1 00 1 10
4 7 000 O

Step 1

Examine the elements of the last row, except the one in the last column (which represents
the present value of —z). If all the elements are negative, the matrix represents an optimal
solution. Otherwise select the column associated with the largest positive number. This
column is called the pivot column and corresponds with the entering variable.

201301 0 0O 360
0 1 0 12
0 0 1 10
0 00 O
Step 2
We will calculate the ratios g of the elements p of the rightmost column and the positive

elements q of the pivot column (except for the last row). If they are all negative the problem
is unbounded (see point d).
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The row with the smallest ratio 4 is called the pivot row and corresponds with the leaving

q
variable.
20 130(1 0 O 360 > 360:12
010 1 0 12 30
o170 01 10 ||—» %le
4 710 0 0 O
Step 3

In this step we divide each element of the pivot row with the pivot (= intersection of the pivot
column and the pivot row). In our case (pivot = 1) we don’t need to do anything.

It's not a bad idea to add a column with the positive variables of our present solution.

201301 0 O 360 u
110(0 1 0 12 %
0 0 01 10 w
41710 0 0 O

Step 4

Use elementary row operations (2nd [MATRIX]<MATH>) to make all the elements of the
pivot column, except the pivot, zero.

Input of the matrix

HAMES MATH |2}l MATRIXIA] 4 =& MATRIXIA] 4 =&
EH[H] [ T o 1 o lem 0 ETT ]
t [E] [1 i i o 0 iz ]
3t [C] TR T A A T
4: [D] N
=i [E]
&: [F1
¥4 [1E] 12 1=2H 12 6=36H
-30 R; + Ry
[A] 4 V¥ B 8 A & 4 7 B8 @ 4.
[[28 38 1 @ A 3. |[#rowtd 38.Ans: 3» #pra+ ~38. Ansa 3
[1 8 8186 1. 12 12
B 1 881 1. [[Z268 8 1 A -34 .18 -38 a8l
4 V¥ B8 68 4. [1 881043 . BaBa1a4a 121
*ro+s -338. Ans . 3 B 1 881 ~1 881 161]
12 4 78 8 08 i raBad A 11
-TR;+ R,
kra+ s ~38. Ans . 3 4 7 8 8 8 . [4 7 B B 8 )
oW+t -7, RS, 3. d *ou+ 7.  Ans. 3. d
[[28 B 1 B -38 .. 2 a
[1 B8 8a1a4d " [[28 8 1 @ -3@8 .| |.B 18 -38 &3 ]
B 1 8831 [1 B8 81043 . LJAa|l A 12 1
4 ¥ 8 B 8 . B 1 886G 1 L1 881 18 1
?in+i'?=Hn5=3=4 4 B8 @ -7 LJAaea -7 -7vall
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So we become the following new matrix, with z=70 and x=0,y =10,u =60,v=12 and
w=0:

20 01 0 30 60 u
1 001 0 12
0100 1 10 y
4000 -7 =70

We need to redo the previous four steps, starting from this matrix, to find a better feasible
solution.

Step1&2
=0 [E] [E]
R A T I L a3
ool 0 12 6 io61 iae 1 18]
ol 1 00 1 10 4 BaB -7 B a6 -7 -7aEll
4l0 00 -7 —70) 7
Step 3 &4
A
20
[E] (4 88 @8 -7 . (4 B8 B8 -F .
[HEI S é l%l EI'SEI o [Frowcls2B8.ARns. 12| FRrowlls28:Ansa 12
6 1ee 1 .| [[[1@.85@ -1.. [.B36 -1.53_]
(4 BB B -7 [1 & B 18 . . 1 @ 12 1
#rowCl-28. Ansa 12 8 1@ a1 . Ho1 1@ 1]
[4 8 @ 5 I B -7 =FEl]
-Ri+ Rz
#rowl 128, Ans. 12 (4 8 A [ B (4 8 A B -7 .
#rowtd -1l.Ans. 1.2 [Frowtl -1:Ans. 1.2
[[1 B8 .85 8 -1..@ |2 2
[1 B & 18 . ([l @8 .85 @& -1.| [5_@8 -1.5 3 ]
(B8 1 @ a1 . B @A -85 1 1..| [.BS 1 1.5 29 ]
(4 8 A [ I B 1@ a1 .| |. a1 18 1]
?in+ﬂ'lsﬁn5=1=2 (4 8 A B -7 a -7 -FEl ]
4R+ Ry
drow+C 1. Ans. 1.2 . 5 -FEll | A -7 -FEl]
a1 *¥ro+s 4. Ans. 1.4 #row+ 4. Ans. 1.4
wa_ B 1.5 3 ] 2 2
L5 1 1.5 9 ] [[1 &8 .85 @ -1.| |.2_8 -1.5 3 1
- B 1 18 1] B @ -85 1 1. [.BS 1 1.5 9 1
- = “FEl ] [B@ 1@ a1 .| |. B o1 18 1
?in+ﬂ'4sﬂn5=1=4 b @ -.2 @8 -1. [L2 @8 -1 -8211
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We can put the last result into fractions with [MATH] <MATH> 1: » Frac.

B 1 18 ] A1 18 1]
2 B -1 -2211 .2 B8 -1 2211
ANz kFFac AnskFrac
[[1 A 1.-"'EE| B - LAao|a -EA2 3]
B a -1-2a 1 3. w2l 1 2 o9 ]
A1 08 B 1. A1 18 1]
B a -1-5 @ -. O T = B | -3211
. 1 3
Our new matrix is: 10 — 0 — 3 X
20 2
0 0 —i 1 é 9 %
20 2
0 1 0 0 1 10 y
0 0 —l 0o -1 -8
5

The last row of our matrix contains only negative numbers which means we reached an
optimal solution x=3,y=10,u =0,v=9,w=0 with z=82.

2.4.4 Always a unique solution?

Without giving a complete discussion we will end with two examples to show that there is not
always a unique solution.

(i) Several solutions — infinite many

Maximize z=2x+4y or Maximize z=2x+4y

subjectto x—y<2 subjectto u=2-x+y
x+2y<16 v=16—x-2y
x>0,y>0 x>20,y>20,u>0,v>0

The second constraint gives already an indication that the line which represent
2x+4y—z=0 is parallel to one side of the area enclosed by the constraints.

In a following step we become:
Maximize z=32-2v
subjectto y=8-0.5x—-0.5v
u=10-1.5x-0.5v
x20,y>20,u>20,v=>0
For each optimal solution (z =32) counts v=0, but not necessary x=0.

The condition for x is 10—-1.5x>0 < x£§.

For all x in {O,?} we find an optimal solution x,y=8—-0.5x,u =10—-1.5x,v=0.
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Note: y=8—-0.5x <= x+2y=16<2x+4y=32.

32=2x+4y

(i) No solution — an unbounded problem

Maximize z=x+2y

subjectto —2x+y<4
2x—-y<8
x>0,y>0
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2.5 Parameters and functions

TARGET GROUP
Students upper secondary education — Age: 14-18

ToPIC
Real functions: the effect of changes in a function’s parameters to its graph.

PRIOR MATHEMATICAL KNOWLEDGE
Basic real functions: f(x)=x, f(x)=x", f(x)=x", f(x)=e" and f(x)=sin(x)

PRIOR CALCULATOR EXPERIENCE
Graphing, Stat editor, Statistical plots, Lists, Matrices

We will start our investigation about the changes in parameters of a function to its graph with
the following elementary real functions, all plotted in the standard window (6 : Zstandard).

\/ ) /
/ [

J(x)=x fo)=x* f()=x fx)=e
f(x) =sin(x) S () = cos(x)

With Transformation Graphing we will graphically analyze linear, quadratic, exponential and
trigonometric functions. By exploring the graph, students can discover properties of the
functions on their own. A next step is to confirm them algebraically, with or without computer
algebra. But this is not the meaning of this chapter.

2.5.1 Linear functions
a. y=ax

Flakl Flakz Flak: Yi=AY =hY =R
MY 1 BAX
HY'z=

HY'z=

HY'y= CEN ASL.E AZ:.C
HY'c=
HY'5=
HY' 7=

Y1=AH Y1=A8 Y1=A% Y1=A%

GEL:| n3-1 -z nd-z.5

53



The students will observe that the value of a will determine if the function is decreasing
(a<0)orincreasing (a > 0) and that the parameter a corresponds with the slope of the
graph. Note that for A=0 the graph will be equal to the x axis.

b. y=x-a

Flotl Flotz Flokz Yi=H-A H=H-A Yi=H-R H=5-h
M1 B<—H
MY z= //
el

y= [E F [E A3-1 [ERE

H'Yc= =
MY 5= ,/-/-
HY' 7=

We can conclude that changes in the parameter have no effect on the slope of the line. The
transformation x — x —a move the intersection point of the graph with the y axis upwards

(a<0) ordownwards (a>0).

Activity 1
Make a rough sketch of the graph of the function f(x)=-2x+3 and control your graph with
your calculator.

A combination of ¢ and b leads to the conclusion that the graph of f(x)=ax+b is a parallel
line to the graph of f(x) = ax.

Although Transformation Graphing is a very handy tool to manipulate dynamically the graph
of a function it’s also interesting to do investigations using lists. An example is shown below.

T2 1a1.2:1-20% Flotl Flokz Floks
L1 =Bl E
R R R Me=
“Mr=
My=
=Me=
“ME=
wMr=

W= BZ97AFE IV=F.ARAEPYE | (H=E B297EFE V= BZ9FBFE o | (W=3.BEAFEFE [V=1.914B89%6 .| |W=3.BE97B7: I¥=-Z BE97BE7 - | |W=Z.B297B7Z IY=-F.BEBE7Y .
y=2x y=X yzEx y=—x y=-2x

2.5.2 Quadratic functions

R
a. f(x)=ax’ /

The graph of the function f(x)=x’ is a concave up parabola CEN
with the origin as the minimum and the y axis, x =0, as the axis
of symmetry.

If we change the parameter a > 0 we will discover vertical stretches (a >1) and
compressions (a < 1) of the parabola. The origin stays as the minimum and x =0 is the axis
of symmetry.

YI=Rtez \[/ Yi=RN"Z \U ?1=HH“3\[/

(o PEoS FER [
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What will happen if a becomes negative?

T1=AH"2 T=Ri"z T1=A%"E T1=A%"E

g e 2 i

The graph changes from concave up to concave down and the minimum becomes a
maximum. Again we see vertical stretches (|a| > 1) and compressions (|a| <1).

b. f(x)=(x—a)

This transformation generates horizontal shifts as shown below.

T1=ik-A1" / T1=(i-R1"z \/ '|'1=IZH-HII(2\ / '|'1=E><“7

GE R n3-1 A3d-:.5

The minimum will be the vertex (0,a) and x = a the axis of symmetry.

c. f(x)=x"+a

Changing the parameter in this case results into vertical shifts.

lH:Hﬁhﬁ\[/ ?1=H“2+H\V ?1=H*2+ﬁ\i/ '|'1=H"'2+F|\ i/
AL l AZE.E [ 31 l A3-3.5 \r/

x =0 is always the axis of symmetry but the minimum is dependent of the parameter a. The
vertex (0, a) is the minimum.

d. f(x)=ax’+bx+c
Each quadratic function, f(x)= ax” +bx+c , can be transformed as follows:

2 2 2 2
ax’ +bx+c:a(x2 +éx+£J=a{x2 +223+b——b—+£]=a(x—(—in LAY

a a

g2
This means for the corresponding parabola that the vertex (—%%j is the minimum
a a

or maximum and x = _Zi is the axis of symmetry.
a
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An example: f(x)=2x"—12x+14=2(x* —6x+7)=2(x" =2-3x+9-2)=2(x-3)* -4,

2x? > 2(x-3)"2 > 2(x-3)* -4
'.'1=m:-:--:</ =RCE-C2 B \i/ MI=ACE- (1 \' y
1 |I
1 1 1 N 1
h=z h=z e h=z e
E=0 E=0 EJ-y l"\,_,)"'
o= 1 o= C=3

Activity 2
Determine a quadratic model, x(¢) = a(t—b)* + ¢, for the following data, the bounce of a ball.
Use Transformation Graphing to find a value for a .

L1l L2

t x(1)
0.67 1.46 FLLT.LZ
0.75 1.33 o
0.82 1.09 f

0.9 0.91 a
0.97 0.83 a
1.05 0.79 n . a
1.12 0.8 B go

1.2 0.86 i=.rg
1.27 0.98
1.35 1.21
1.42 1.42

Activity 3
Sketch the graph of the function f(x)=—(x—2)’ +3 based on the graph of f(x)=x".
Control your plot with your calculator.

2.5.3 Trigonometric functions

Let P be the point where the terminal side of an angle x meets the unit circle. The y -
coordinate of this point is equal to the number sin(x) (and the x-coordinate to cos(x)). We
will plot some points (x,sin(x)) .

T T
From O to 5 From — to 7
] Lz L= 1 K] [z *|= 1
B2 £o . zaog | .B7
78 1 z: |.ma
=8 =8 ; -
iog | B2 yg | Al
KT an g |0
_______ N ﬁ?ﬂ- i
Litmi=] . 57VAVIEIZE.. Liii?y =3, 141 59265..
RY/4 RY/4
From 7 to — From — to 2«
2 2
(K] [z #]|= 1 K] N i
TE7 - EQf . EXy | -.B7
ZED - Bl 37 | -7
o3 ! § . Efn | -7l
U.0g -.78 EE: | -BL
yig 7 ST
I?E- 100 Iﬁﬁa- [T
Lirzer =4, F1 238898 Lz =6, 2831 8530H..,
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For another visualisation of the sine function we will use parametric functions as follows.

i LI EMG AL Flotz Floks THOQ
FLOAT oifz4E67EY ~A1rEsincT ) Tmin=4
HE%EE - ¥1TEGD5in Tmax=6.2231253..
: ! i rBsindT) TE'J"“EFH=1 1%?%332'" -
: ; zrBzin min=-
FEL BRI ey = Hnax=e. PE31853. 1
ATMN HORIZ  G-T Yir= cl=
SETCLOCKFRIETIBWETAT] | |yt = ¢¥m1n -2 FooB36E..
E21-=T YEr=siniTa =T YZr=5iniT) z1=T YZr=siniT) zr=T YZr=5iniT)
d S J"f_
En_mf kn,f 8
1=.z4 T=z.49 T=4.06 T=E.76
¥=.z0 y=.z0 H=z.4g V=61 [#=4.08 ¥=-.70 [#=E.7B ¥=-.E

If we extend the range of the parameter from 0 to 47 we can see that sin(¢) =sin(t £ 2r).
We say that the sine function has a period of 27 .

THOCL] Z7=T1 YET=5iniT] Z1=T YET=SInET)
Tmin=#

Tmax=12.38637H..

Teter=. 1383995 . il ey i e
Bmin=-3. 141592 Ly — T — T S
Hma:icc—IE BAEEEFE..

Limin= 5. 345179.. 0t v=.g1 s v=.61

Now we will show some basic transformations of the sine function. The mode has to be equal

to RADIAN.

a. Vertical stretch or compression - f(x)=asinx

T=AsinCHl L T=AsinCHl T=AsinCHl T=AsinCHl
At s [ .
- “%%s\/IUﬁﬁ? “?g?-ur/u

The maximum distance the graph reaches above and below the x -axis is called the
amplitude. The amplitude of /(x) = asin(x) is equal to |a|.

b. Horizontal stretch or compression - f(x) = sin(ax)

Y1=5inCAR) Y1=5inCAR) Y1=5inCAR) L_\ Y1=5inCAR)
L \/l o .

All the sine functions we have already seen showed a periodic behaviour and a graph
consisting of a series of identical waves. A single wave is called a cycle and its length is

called the period. Using TRACE leads you to the fact that between 0 and 27 the graph of

f(x) =sin(ax) has |b| complete cycles, in other words the period is

2z
i

1=sinARY

AR

fri=sinia%)

1=sinlARY

(AL
VEVVITYY

H=B.2BF18EF Y="HE-1ZX

UUU

[H=B.ZBZ1HE:

VY

Y=-ZE-1Z

N

[H=B.ZBZ1HEZ Y=0
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c. Horizontal shift - f(x)=sin(x—a)

T1=5sinlx=-A T1=5sinlx=-A T1=5sinlx=-A Y1=sin¥-Al

ANANFATNFAIIVA) ol o b e e
VARV AV VRV VIRV SR VELVERY

In this case the parameter causes a horizontal shift, called the phase shift.
For f(x)=sin(x—a) the phase shift is equal to a and you can work out that the phase shift
<
LN
Activity 4
Use Transformation Graphing to model data created by harmonic motion (2.2.4 and 2.2.5)

for f(x)=sin(ax—b) is equal to

2.5.4 Exponential functions

The following screens show some transformations of the graph of f(x)=e" generated with
the list L1={-2,-1, 0, 1, 2} to show the effect of the changes of the parameter a .

f(x)=ae f(x)=e"" f(x)=e"+a f(x)=e"
—-—-—ﬁ\ ——
VERTICAL STRETCHES HORIZONTAL SHIFT VERTICAL SHIFT HORIZONTAL STRETCHES
AND COMPRESSIONS AND COMPRESSIONS

Activity 5 — The Eiffel Tower

The Eiffel tower is designed according to an exponential model.

Stress resistance calculations led Gustave Eiffel (wind, ground support
forces etc.) to an exponential frame for the tower, which has become a
veritable symbol.

The Eiffel Tower has a height of 300 metres between the ground at the
center of the tower and the floor of the upper terrace slightly below the
antenna. The floor of the last level is at a height of 280 metres and is
approximately 10 metres wide.

The collected data below come from a scaled figure with a height of
15 cm, which is a good scale to work with. We shall define the
coordinates of the left foot of the tower as (0,0). Since this value is not
actually possible, given that we wish to find a curve that as much as
possible resembles an exponential function, we shall only start the
measurements from an offset point (5,10).

We shall consider the base of the tower to be a square with sides of approximately 115 m.

0[15]20|25|30|35]| 40 | 45 | 50 | 54
2|29|37[48|62|80|104 | 135|175 280

1
10| 2

58



When modeling the data, certain coordinates may not fit. We shall adopt two attitudes: either
suppress the point that is incompatible with the calculations or use a nearby point (at the

chosen scale, a pencil line is at least 1/10 mm, which represents 0.2 m in life size).

a. Towards an exponential function

We will store the data in the lists 1.1 and Lo>.

the STAT editor.

EE“‘l':I: I.5.55,52>

1
D 18 15 28 235 .
18, 22, 29, 37, 42,
2:;80: 104,135 17
: 228
18 z

=

+Lz

1
6? 3
2. 2868
w18 22 29 37 48.

This can be done from the home screen or in

L1 L& Lz £
0 Bz
sk an
Hi 10y
HE 1:E
En irE
EY

Lz =

With these data we obtain the right-hand side of the tower. But we want to have two sides.

Five metres from the top, the width of the tower is 110 metres (while at the base, without
counting the foundation bulges, it is about 115 metres). It is sufficient to carry out a reflection
or axial symmetry in relation to the line x = 60.

115-L1+Lz= L1 JLz L5 3| Lz L] I Lz S
{118 185 1688 93.| (¢ T E 10| erss E 10 10 |

in i in i in i 10g

it | ic ] it | inh

) 7 0 7 ) 7 g

ZE 1| i | ZE 1| i

=0 B2 ] B2 =0 B2 e

0 Bi ie g 0 Bi B

Lz =115-L14 Lz="115-L14" Lzin=11A

without dynamic link 8

with dynamic link

Scatter plots of these data result in the following plot.

Flatz  Flot3 Flati EFE Flats W I HOO
ot FE “min=A
dJre: Bl L= e dJrei Bl = Amax=J30d
G MU HTHG | M HTHG | o nacl=2A

wlistild nlistilsz Ymin=8

“Ylistilz “Ylistilz “max=304

Mark: o +« H Mark: o « H Y=o l=54
Ares=1

Note that the ratios of consecutive ordinates (discounting 280 for which the abscissa is not
constantly increasing) are “almost” equal. Why “almost” equal?

Because this study is experimental! And because the recorded measurements are
approximate ... but there is more. Our eyes deceive us to see an exponential frame. In fact,
the curve consists of segments of straight lines forming panels between the levels. This is
clear from 0 to 50 metres, the floor of the first level.

LzClBarLz (92 1. 292075923 1.297297297
1.296296296| |LzoBa-Laiy2 LecdarLzi3a
LzC9d-LzCE2 1. 273862869
1.2936076923| |LzddrsLzigld Lz3a-Lzi2n
LzC9r-Lzeg2 1. 298322581 1.3121=1=218
1.29207e923| |Lziged-Lzi3D Lzo2a-Lztla
Lz(8)~Lz(¥2 1. 291666667 2.2

LzcSa-Lzida

> When we write the formula between quotation marks, “115 — L1”, the cells of L3 are linked to those
of L1, which means that if we change an element of L1, its image in L3 will be recalculated. If the
formula is written without changes in L1 will not cause changes in 3.
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We will now look for functions that best fit the dotted tower.
b. Some model tryouts

We will start with a linear model, y =ax+b for the left-hand side, a long distance view.
Define Y1=4.457x—44 and use Transformation Graphing to attempt to find a straight line for
the right-hand side. Start by assigning the values determined for Y1 to the parameters A and
B of the function Y2 = AX + B.

AHE Flokz Z=AR+E
MYy =4, 457 —d4
HY :BR=+E

HY'y= A=Y.4E7

The function we are looking for needs to be decreasing, a line that goes downhill. Therefore
the slope, A, of the line has to be negative. B has to be positive and as you see on the graph
below more than 350. It is easy to see that A has to be equal to —4.457 and some
exploration with Transformation Graphing shows that for B we can accept a value between
450, too small, and 470, too high.

. B

A= 4457 A=
= EH

- . -

A LITTLE BIT OF MATH

The line Y2=a,x+b, is symmetrical to the line Y1=a,x+b, in

relation to the line x =5.75. Therefore the two slopes needs to
be opposite: a, =—q .

Because Y2(57.5) = Y1(57.5) (<> 4.457x57.5-44 =-4.457x57.5+ b, ) we get that b, = 468.

Three other attempts to model the Eiffel Tower. Only the regression results for the left-hand
side are shown.

Quadratic model Cubic model 4™ degree model
ax® +bx+c ax’ +bx* +ex+d axt b +ex? +de+e
RuadReq CubicEeg Buartickeg
=axi+hx+t g=ax b g toxtd g=gxi+hx i+ +e
a=. 1282851282 a=.BE44459334 th=-.A132882673
= -3, 240834965 b=-.27 19347319 c=, 4337412527
=39, 18737873 C=6. rEEET1551 d=-3.632129588
Ri=.36133560& d=-21.5 e=21.7a7raveva
Re=,998413122 Re=,9957526379
Good correlation coefficient Very good correlation coefficient Very good correlation coefficient
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Cox said, “All models are false, but some are useful.” The correlation coefficients above
show that several models are suitable to model the Eiffel Tower, but we know that the model
chosen by Gustave Eiffel is exponential.

c. The exponential model
Why do we choose an exponential model?

Our eyes are trained to do this but pupils have to observe for themselves that if a function
increases more and more (or decreases less and less) it describes probably an exponential
an exponential process. In a situation of increasing less and less you should think about a
logarithm function (chemistry).

ExFrREea Li.Lza'"1 ExFEe3 ExFEe3 Lz LzaY:z ExrFReg
=gkl =gkl
a=1@. 35172201 2=9097 . 696635
b=1.068716421 b=.942759045
FE=, 9783816471 rE=,9733316471
F=.989131 7543 F=-.98913176453
The left-hand side The right-hand side
A AME Flot:
=V1B816. 3517280083
2a7+1 . 8687164283
BRI E
=Nz B9E97 . 6955246
BEE*, 94275904504
2E7E
M=
CAUTION

The accuracy has a very significant effect on its results. In some cases this influence is not
important. But in case of a regression, fixing the decimal mode to one or two decimals can
produce some strange results.

The function f(x)=10.35x1.06" gives as a good exponential model for the left-hand side of
the tower. This function can also be written in the following form f(x) = Ae™ .

We will use Transformation Graphing to determine the parameters 4 and B. We will start
with the values 4 =10, B=0.02 and a step size of 0.01.

AMA Flot: WIHDOW ?g.l]g[@ 1=Re" (B 1=Ag (B H)
:31 BRe" CE+ED ﬂld [
=

HY'z= B=.82 i
HY'y= Ster=.81 A=10,3E
HY'c= EJ 06 -
HY'5= .
HY 7= :

We can find the required values for 4 and B as follows algebraically.

« From the equation a-b* =a-e™,

« We know that the graph has to pass through the points (25,48) and (54,280).
48=a-e™ {az1049

54b b~0.06

This gives us the following system of equations:
80=a-e
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d. Some decorations
Note that in reality, the bottom part (50 m) consists of straight-line segments. Therefore we
will calculate, using regression, linear models for the following data.

| 110 | 105 | 100 | 95 | 90

x| 5 | 10 | 15 | 20 | 25 X
y| 10 | 22 | 29 | 37 | 48 y| 10 [ 22 | 29 | 37 | 48
y, =1.82x+1.9 y, =—1.82x+211,

The left-hand (or right-hand) curve consists out of two parts: a straight segment followed by
an exponential curve. The TI-84 Plus can plot these using piecewise functions.

AR FME Flets
WML S2E+]. 90k
CHeZo0+C 1A, 351,
BE" kL 2OEH )
sNeECIET T, D5
PECEACITIHC -1, B2
+$11?*ﬂ95£Hh

Wy E=

Y3 defines the lower semicircle of the tower and Y4 * the floor of the first level.
And add a little flag...

AN FMH Flets A AFHE Flok:
:'*':H{953+': 1 22K SNy BCEEEE DT
+2112%(9 =88R
HH’EEJ":SE“E '-'.H ar SN ERCDEER ) R200E

A2 Rt S

SNy ECBEER DT EE M EECDEER yEZEAE
=282 H=252
le= - wla= L

* Notice the choice of plot style for Y4, Ys and Ye.
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AN ILLUSTRATION BY THE HAND OF GUSTAVE EIFFEL
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3 Overview of applications

3.1 Area Formulas

CATEGORY i

Reference, Test, Practice {?TE]{&S
IHETRTUHMENTS

DESCRIPTION

Area Formulas reviews the definitions and the area formulas HPE F':'PU]'EE'

for the rectangle, square, parallelogram, triangle, trapezoid FT"

and circle. ) o0l TEXAS INSTRUMENTE

DIDACTICAL SUGGESTIONS

Area Formulas explains the development of the formulas graphically by using animations and
gives several examples of the calculation of the area for each shape. Additionally there is
included a 15-question multiple-choice quiz providing practice at applying the formulas.

The application Area Formulas consists of two parts:

« Definitions and formulas — reference,
« Area quiz — test.

a. Viewing definitions, formulas and examples

To display information about shapes, select DEFINITIONS & FORMULAS from the SELECT A
MODE menu. The SELECT A SHAPE menu will be displayed.

If you select 5: TRAPEZOID for example, you get information about the shape definition of a

trapezoid. Use the function keys (F1, ..., F5) to return to the menu or to select AREA or
EXAMPLE.
SELECT A HODE SELELCT A ZHAFE DEFINITION: TRAFEZOID
FEDEFINITIONS % FORHULAS | |ERIRECTARGLE H = HETGHT Ed
2: ARER QUIZ 2: SQUARE ‘Q El = ERSEL
:OUIT :FARALLELOGRAN i —— EBZ = BFAZEZ

4: TRIANGLE iy Ez

€: TRAFEZDID f QUADRILATERAL HITH .

6 CIRCLE ONLY THO SIDES PRRALLEL. | [AREA =2 H ok (BL+E2) 59 units

nFOl| |[HERL] [HERUTRRER | EXARFLE | [HERL'Y TEF | EXAAFLE IHA% |

The wHY ? option displays an explanation of the area formula.

ARER: TRAFEZOID HREA: TRAFEZOID ARER: TRAFEZOTD I W FiFEfi: TRAFEZOID
; OF THE FARALLELOGEAN!

[ Bz Bl
HREH:%H*(B:I.*-BE)squnits HREH:%H*(B:I.*-BEJ:quniI:: FIF:EI’I=%H*I:BI+BE:IE'IHM|:5 HF;EH:%H*IZBii-BEJs-:uniI:s

IHENU'| DEF_ I EXANFLE !!"Q

Select EXAMPLE to display the calculation EXANFLE: TRAFEZOLD EXANFLE: TRAFEZOLD
of the shape’s area. RRER = 3 e e C1 e ) nnsn:%*scm*mm;a-:m
! I

= o0saed =59 Cm
Select EXAMPLE a second time and you m

will get a different example for the same

b B
shape. |ﬁEr|IJ| DEF TRREA T EXANFLE || |{WENU'N DEF TRREAT ERANFLE |
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b. Taking a quiz

The Area Formulas quiz contains two levels. Level one assesses the student’s ability to
compute the area of basic shapes. Level two is a bit more challenging, assessing the ability
to compute the area of irregularly shaped objects.

Calculate the area and then select the letter that corresponds to your answer. Your answer
will be checked and then the next problem will be displayed.

I—S =
ZELECT A LEVEL [FFROH]
LEVEL 1 ZFk
[ LEVEL ¢ I Yt
SELECT % FREZ% [ENTER]
R: 1EZ.95am C:i4sam R: 1z 59 FL C:Osafk
E:1Z1s5am D:zaZ. Hsam E: 14 54Fk O: 7 s54aFk
|HENU] HIGH *CORE: 0 EnUL A E [ 1} EnUl A E C
SELECT A LEVEL cin
s |
LEVEL 2 . Lin
ZELECT & FREZ: CENTER] St
A: 754in C:i1:qin
E: Bs4in [:9s54in
|HENU] HIGH *CORE: 0 EnUl n E C i}

Each quiz consists out of 15 problems. Each correct answer in level one is worth 12 points
and in level two 25 points. Incorrect answers are worth 0 points in both levels.

i WAHFLE: C inch & BEm
(BTN 15 f £ET RRER=TTFE5a5md " £ Lem
OF ALL FOINTS IN =B 5q e s | [ eem
A FLANE THAT RRE =zEmwEamd T 1cm
AN EQUAL DIZTANCE
FKOH IT: CERTER. R: 1Z54in C:ZE5in R:1459cm C:lEsacm
EIITTH =603 A41=11%.0540d || B 24sqin I: 4O 54in E:20sacm  Drifsacm
iEI'IIJlI’IREﬁl EXAHFLE | |iEI'II]| DEF IAREA] EXANFLE | EnU] A E [ 1] ERUT n E [ 1] FROELEHZ |

POINT OF VIEW

Students like to deal with the 15 question multiple-choice quiz, which is included providing
practice at applying the formulas. There are two levels of the quiz and high scores are saved.
This is a very challenging feature for the students.

The application can be used for reviewing the definitions of special shapes, too, but only
under certain circumstances. The development of the area formulas is shown by animation.
Visualization and animation are very important didactical tools and students can see how to
apply the area formula and why the formula is exactly this one and not another one. They
can take part in the developing process in a very simple way by using this software.
Experiences show that the students have to be made aware of this feature, because by
themselves they only deal with the quiz.

At the end of the quiz, the student’s score and the high score are displayed and that is very
challenging for the students.
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3.2 Cabri ® Junior

CATEGORY - -
Tool Cabri Junior
DESCRIPTION

This application performs analytic, transformational and Fress a4 ket
Euclidean geometric functions and builds dynamical geometric @ Cabrilog
constructions. It is possible to import and export figures to and o0 wuw.cabri. coi

from the TI-83/84 Plus and PC using Cabri Geometry™ Il Plus.

DIDACTICAL SUGGESTIONS

Cabri Junior enables students to explore geometric concepts that are difficult to express on
paper. They can construct geometric objects and dynamically explore geometric properties,
measurements and transformations.

With Cabri Junior, the Cabri version for the TI1-83/84 Plus it is possible to:

« draw points, lines, segments, circles, triangles, and quadrilaterals,

« construct perpendiculars, parallel lines, perpendicular and angle bisectors and loci,
« carry out transformations like translations, reflections, rotations and dilations,

« compute lengths, perimeters, areas and angle values,

« display coordinates and equations (of lines and circles).

All the commands to do this are stored in menus which can be activated through the function
keys F1 to F5. It's not necessary to press the ATL.PHA key first. A menu remains active until
another will be selected or until you press CLEAR.

To navigate in a menu use the v a keys. Once a menu is activated use the < » keys to
navigate through the menu. Use » to open a submenu of a menu. To select a command
first highlight it and then press ENTER. It is also possible to press the corresponding number
although they are not shown on the screen.

F1: Tools

With this menu you can create, open and save Cabri Junior files. It
also contains the Undo command and the Explore command to
step through how a figure was made. Animate lets you set figures
in motion and during an animation in Cabri Junior it is possible to
change the independent objects.

F2: Figures

The drawing of lines, segments as well as circles is based on two ﬂ
points. For a circle this means a center point and a radius point. To
start drawing put the cursor on the desired place and press ENTER
to define the first point. Then replace the cursor to finalize the
figure.

Trian3ls
Quad.

F3: Constructions

Cabri Junior shows the objects that have to be constructed before ﬂ F
you finally put them in the figure by pressing ENTER. The aralle

. . . . Ferr. Eis.
commands Midpoint and Perp. Bis. can be used for two points Analt Eis.

) ) . Hidpaint

and for a segment. And with Compass you can create a circle with COMPass
a radius equal to the distance between two points or the length of a R
segment.
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F4: Transformations

Symmetry rotates an object 180° with respect to a point and
Reflection gives the mirror image across a line or segment.
Translation uses a segment to translate. The direction is
defined by the beginning and end point of the segment.

And Rotation and DiraTION USE a point and a number (F5).

To do a transformation first select the object you want to transform.

F5: Measure & Display
This menu allows the user to:
« hide and show objects,
« enter comments and numbers (A1ph-Num),
« change the format of objects (Display),
« measure distance, length, area, angles and slopes,
« display coordinates and equations of lines and circles,
« do calculations using the numbers on the screen,
« delete objects (Clear).

ﬂ FY

eFleChinn
TrAans1akion
Fakakian
DiTakion

i, FE

Hidi/ Shiat
HIFh=Mum

ouF

Clear

q 1.
Calculate

k

[

During the drawing of figures and making of constructions it is useful to look carefully at the
shape of the cursor. The messages that appear in the computer version of Cabri are hidden
in the lay out of the cursor. Each command has its own icon, shown in the upper left corner

of the screen. Only when the pointer is active, h.‘ no icon is shown.

]

N
i

Some extra functionality to end with:

CLEAR Quit a menu or activate the pointer.

3 X CLEAR = clear everything on the screen
DEL Clear objects. If DEL doesn’t work, use F5 : CLEAR.
2nd Switch between choices in dialogue windows.

In version 2.0 it is also possible to use the « » keys.
ALPHA Drag and drop, the pointer has to be active.
2nd [QUIT] Quit Cabri Junior and go to the home screen.

L} BE.E*

z9 ;
z.8 )
- o H"'-\. 1.5+ =g b
Ao “wF 1@0%

E c

POINT OF VIEW

Although Cabri Junior has less functionality than the computer version it is a nice tool to let
the students discover geometric properties in a daily class situation without going to a
computer lab. The teacher can prepare basic figures on his computer (Cabri Geometry Il

Plus) to start a student’s activity on the students TI-83/84 Plus.
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3.3 Catalog Help

CATEGORY
Help, Reference Tl-aarlus

DESCRIPTION Catalog Helr
Catalog Help is a reference for all commands and functions 1.0
that are available through the catalog menu and the function

menus. {3 Texas Instrurents 2000

DIDACTICAL SUGGESTIONS

Although Catalog Help is primarily a reference tool, it may be used in didactical settings to
have students explore the meaning of certain commands and functions. Another interesting
didactical possibility is to have students explore what arguments are needed for certain
functions and commands. Students can be asked to predict the arguments and to check their
predictions with the application.

The Catalog Help application can be used as follows:

« From the catalog and function menus, you can use the [+] key to get help on the function
or command. There is not always help available, so sometimes you may not get any
help.

« When a function has arguments that are given in the help, you can edit these arguments
and paste them back in the right location.

&+

TI_H“FI“E L EDIT TOF LINE HITH

FUNCTION ARGUMENTS
FURCTION HERUS.
Catalod Helr ERE2a L INEYTH 2:EupxﬁuguTiELBuﬁccﬁHTIgn
DISPLAY ON-LINE :
1.0

T e ELp, # | | FRESS ENTERIKEY O

@T’E:’:"E Instrursnts 2000 cnd CAUITI TO EXIT.

Example 1

Pressing [ZOOM] provides a menu for different zoom options on a graph. Choosing
2:ZoomIn and then pressing [+], gives a text that says that no arguments are needed.

With the up and down arrow keys on the calculator, you can walk through the catalog

(2nd [CATALOG] ), and get the help for all the commands and functions. Press [Z] to go to
the first function that starts with z. Then use the arrow down to go from ZBox to ZInterval
to get help for the command zinterval by pressing [+].

MEMORY coom Ik ZInterval

Yoon 1 V|l 1ist fre

aom I agl:listhame frea
s Zoom Out n:ﬂ']uﬁ:ﬁrﬁ list,confidence
diZ0ecimal this iken. lewell
ot ZSauare
& 25t andard - -
r4ZTrig I [Esc HORE ARG T | TEsC
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Example 2

After 2nd MATRIX you get the menu for matrix settings and calculations. After choosing
3:dim ( from the MATH menu and pressing [+], you get the help about the needed arguments
for the dimension function.

« Choose MORE ARG to get the option for setting the dimensions sizes and the name of the

matrix.

« Next you can edit the arguments of this function on the top line and after [ENTER], this
command will appear on the home screen.

HAME= lEENE EDIT ||dim® dime L2, 333dimC [C] 2 {2, 333dimC [C]2
1idet - > - T - 12 3
2T tlisthamel length+dinilistn||{rows,: columnsd+d||[C]
?dm( : ape imtmatrixnane s [[8 & a]
FFille cmatrixnane [8 8 @al]
Siidentitad
& andi - . -
Fdaudment. o WORE kGl TFRSTETEoc || ORERRGT  TFASTETESC | |AORE ARG TFASTET ESC
Tangent Text(l Timell T-Te=t walue
- - - e =
lexpressionswalul|trow. column. Lext AL listhame. frre
&3 1, fext2s ..., text Aty toe alizh,alternatin|| |fument st
ni Ehic item. e drawtlagl withisvamare
- * +* +* -
TFRZTE | E3C TFRZTE | E5C TFRZTET E5C | |WORE ARGT _ TFRZTE [ ESC T TEsC
POINT OF VIEW

This APP is very helpful to get a quick reminder of what the various commands and functions
are about and more specifically what arguments in what syntax are needed. For students,
Catalog Help is an easy reference card that can be used to encourage them to investigate
various functions by exploring the syntax of the arguments.
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3.4 CellSheet™

CATEGORY
TooL

DESCRIPTION

CellSheet combines spreadsheet functionality with the power
of the TI-83/84 Plus. CellSheet can be useful in classes other
than math, such as social studies, business, and science.

DIDACTICAL SUGGESTIONS
CellSheet can be used as a tool to perform spreadsheet calculations with data collected by a
real data collection device, and also as a means to help develop conceptual understanding.

{?TE}[&E

INZTRUHMENTS

Cell5hestTH
Wiin
Fress Any ey

1 zo0d TEXAS INSTRUNENTS

Cells can contain:

« Integers

« Real numbers
« Formulas
« Variables
« Text and numeric strings
« Functions

Each spreadsheet contains 999 rows and 26 columns. The amount of data you can enter is
limited only by the available RAM on your TI-83/84 Plus. With the following screenshots we
give a brief overview of the possibilities of CellSheet.

CELLSHEET MEHL FILE FORMAT EOIT
5HF119 OFen... AutoCalc:@ H EEE-:- To Cell
TEdif.. fSave As.. Cursor Mumti H ] iUhdelete Cell
Jilrtions : 2 Init Helfr: ﬁ JiClear Sheet. .
4:Charts 4ilelete.. Show:|gimg VALUE | |4:Select Rande..
SiHelr SiFormat... Enter HI Bl S e el Fz
cilkuit CellSheet| [GiRecalc GICOF'Y wuuwuwns F3
riPazte ..... Fd4
MAIN MENU FILE MENU VARIOUS FORMATS EDIT COMMANDS
OFTIONS STATISTICS FILL RAHMGE SEQLENCE
EHStat15t1c5 1-Var Stats. Earngcz: N 1=t Cell:iAl
Fill Range i 2-Var Stats. Formulas s 12180
JiSeuuence... ZtLinRegax+b).. | Enter gﬂ%ﬂ Fight
g %NPDPtHExPDPt nter
6iCol Decimal..
OPTIONS MENU STATISTICS RANGES SEQUENCES
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Example 1

We use a simple chart with data on the number of points (column A) people scored on a
quiz. Column B represents the frequency of each score. We show a bar graph and a pie
graph.

[ I E L CHARTS EBAR CHART EXANFLE
2 1:Scatter. | CatedoriesiALlIAS ]
z c 4 2i5catter Window| (SeriesliBliBS
] [ T SJiLline.. SerlMame: HOTES
4 5 H diline Windouw.. Serieszi —
£ 20 ] Bar.. . SerZMamet N nn
& tBar Window.. A
|10 [Henu]l| [FEFie.. 0 E in 1F z0
EXAHFLE
allllon
Example 2
Suppose we can describe a falling object with the function x(¢) = 5¢%. We will approximate
. . dx(t . x(t+h)—x(t
the instantaneous velocity v(¢) = # by the average velocity v, = % atr=5.
t
First we define the function variable Y1 = 5X°.
[VEL E L VEL | B | E | ¢ VEL | B | E | ¢ [VEL | & E | ©
i i |n HiT+H) i |n HiT+H) i |n HiT+H)
z E! z i z i z E!
] L ] L ] L ] L
y LTE! y LTE! y LTE! y LTE!
E | iE-4 E | iE-4 E | iE-4 E | iE-4
E | 1EE E | 1EE E | 1EE E | 1EE
Al 'H [Renu]| [E2: =vitE+nz) [Renu]| [Fands [Faste[Aenu)| |E3:EG a5La] REhl
Select B2 and Copy (F3) Select B3 and select
Range B3:B6 (F1++)
YEL A |: E C YEL i E | C | [YEL A |: E C
i [H RCT+HD i H HIT+HI [V 1 o RCT+HI [V
z A[1Z0.05 z 1 130.05& E A[1Z0.05] E0E
] i 1zEE E i) 1zEE : 1] 1zEE| E0OE
4 01| 1z5.05 y 01| 1ZE.05 4 |__o0i[izE.0E[E0.00E
E | 1E-4[izE.01 E E-4[1zE 01 E | _iE-u[izE.0i[E0.001
E | 1E-€ ] E-E]  d1:p B | iEE 125H
|BE: =V {E+AR) enu Cei StE2-YACEIYAE [Henu|) fCB: =CE&-T1(E)ISAG &nu
Paste (F4) Copy formula in C2 to range C3:C6
POINT OF VIEW

CellSheet is a simple spreadsheet application for the graphing calculator. Because of the
small screen and the sometimes time consuming way to enter information and scroll over the
spreadsheet it is not the most user friendly application. When a computer is at hand, a
spreadsheet program like Excel is much easier.

However, when no computer is available (e.g. in a “normal” classroom or on a field trip with
data collection devices) CellSheet can be very helpful. For relatively small spreadsheets and
quick calculations, the application can be used as well. And to present the data you can still
use Excel because a free CellSheet converter to Excel and vice versa is available.

72



3.5 Conic Graphing

CATEGORY {?

Reference TEXAS
INETREUHENTE

DESCRIPTION CONIC GRAFHING

Conic Graphing can be used to graph the four basic conic Vioz

sections. The conic equations can be in function, parametric Copwriaht & zoon, zond

and polar forms. Conic Graphing does not address TERAZ INZTRUMENTE

degenerate cases of conic sections.

DIDACTICAL SUGGESTIONS

This reference allows students to graph or trace circles, ellipses, hyperbolas and parabolas
and solve for the conic's characteristics. They can learn about the dependence and causal
relationships between equations, parameters and graphs and find out characteristics of conic
sections.

You can graph conic sections in function, parametric, or polar CONIC SETTINGE

i TYFE: FIW FAR FOL
mode, based on your requirements. Ypu can chgngg thg CONIC \itiin seritioe: o
SETTINGS pressing the MODE-key while the application is
running. There you can choose the TYPE of the Conic and the

WINDOW SETTINGS.
ESC

Conic Graphing restores the original mode of the calculator (as before you started the
application) when you exit the application.

Select from the four conic types, from the main menu, 1: CIRCLE.

When you graph a conic section, you select first the type of the equation and then you input
values for the parameters. In this case you input values for H, K and R of the circle equation
(X - H)? + (Y - K)> = R% Press [GRAPH] to plot the circle and [Y=] to go back to the definition
screen.

COMICS CIRCLE CIRCLE

5‘; EEE‘%IﬁEE W i-HIz+y-RazzRz o | [ (H-HIZe0P-HIZ=RE

3@ HYPERBOLA o R TR e e =

4: PARAEOLA  MiReATB ey | o2 w
k=El

InFo| [ moIT E5C | E5C

An ellipse is the set of points in a plane whose distances from two fixed points in the plane
have a constant sum. The two fixed points are called the foci of the ellipse. Press
ALPHA [SOLVE] when the definition screen is active to calculate the center and the foci.

ELLIFPZE ELLIFZE
CENTER C200, 2)
=Wz | Y-RE

L i FOCUS FA=0-4.502,2)
FOCUS F2=04.5B26, &)

s LY N !

M 2 -

ESC ESC
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A hyperbola is the set of points in a plane whose distances from two fixed points in the plane
have a constant difference. The two fixed points are called the foci of the hyperbola and the
line through the foci of the hyperbola the focal axis. The point on the axis halfway between
the foci is the hyperbola's center. The points where the focal axis and hyperbola cross are
the vertices.

Again ALPHA [SOLVE] you will get the center and the two foci as well as the two vertexes
and the slope. By this option the student can find out characteristics of each conic.

HYFPEREOLA HYFEREOLA
CENTER =02, 2)
CE-HIT  CY-HIT _ i
L e E'E EEE;EHLE&J%;

COP-HiE CH-HE _ FOCUS FA=(-9.726. )
& T =1 FOCUS FZ=iiE.7zH. 2]
SLOFE 3= +-1
3t |

Az Ez

A set that consists of all the points in a plane equidistant from a given fixed point and a given
fixed line in the plane is a parabola. The fixed point is the focus of the parabola and the fixed
line the directrix. The point where the focal axis intersects the parabola is the vertex.

EZC

FARAEOLA FARABOLA

YERTER ¥=00s100

H =Hli= =
] (¥-RIz=4FCH-H) ‘}'E V FOCUZ F=izs o)
Z: (H-HIZZHFCY-HD + N

DIRECTRIN H=-&

EZC EXC

When the graph is displayed, press TRACE and move around on the curve to find the vertex
graphically.

POINT OF VIEW

This application is by itself only a reference and therefore not very challenging for the
students, because they only can graph or trace conic functions and they cannot see at first
sight the implemented didactical value for learning about conic functions. But teachers can
transform this simple reference into a very useful learning material with the help of additional
exercise sheets, where the students are told, what they should explore. The teacher has to
make the student aware of the functionality the author of the software implemented in it.
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3.6 EasyData™

CATEGORY
TooL W \ernier|

DESCRIPTION EH Svnata

EasyData lets you collect, view, and analyze real-world data :'-:.l:uJ @h
on the TI-83/84 Plus (SE) graphing calculators using Vernier WL YR FRIEE. Com
USB sensors (only the TI-84 family) and through data BIZ00E

collection devices, such as Texas Instruments CBR 2™
motion detector, CBL 2™ System, or the Vernier LabPro®.

DIDACTICAL SUGGESTIONS
EasyData can be used as a tool to simplify data collection, and also as a means to help
develop conceptual understanding.

On a TI-84 Plus with operating system version 2.3 or later you can simply connect the
Vernier USB sensors. A TI-83 Plus requires a separate data collection device, such as a
CBL 2 system.

The major data collection tools to use with EasyData are:

o EasyTemp — Temperature probe
o EasyLink — USB interface to connect Vernier sensors to the TI-84 Plus (SE)
« CBR 2 — USB motion detector

When the calculator detects the data collection device, EasyData opens automatically and
starts a default experiment appropriate for that device.

For example, we use the temperature sensor. Below left is the screen that is shown when the
temperature sensor is plugged in.

TemFerakure (C) TEHF(C) el Feady ko quijk™
g, | Tire oF W&nts in Tist L1,
Channs1 CH1 in Tisk Le.
Channs1 CH £ in Tisk L=,
Easw S
Hods: Timg Grarh: 1B005)

[Filel5 <buriZtarEIGFaFhiauitl [ELETA TiragLs) ICan<11 OK |

To collect data (with the EasyTemp) you can do the following steps:
e Select start to start collecting data, and then wait five seconds.

« Hold the EasyTemp sensor for about 30 seconds.
The graph shows the temperature as it changes.

e Select stop to stop collecting data.
EasyData displays a scaled graph of the sampled temperatures.

« Press » repeatedly to scroll the cursor to the right, and note the temperature at each
data point.

« When you finish exploring the graph, select Main to return to the EasyData main
screen.

« Select Quit. A message indicates that the collected data has been stored in
calculator lists.
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When you quit EasyData, a message reminds you which calculator lists contain the collected
data. You can then examine the data using your calculator or a computer.

« On your calculator, you can explore the data by viewing the data in the list editor.
(On the TI-843/84 Plus, press [STAT] and then select Edit.)

« You can also perform statistical analysis (such as calculating mean, median, and
standard deviation) on the data.

e By using TI Connect™ computer software and an appropriate TI Connectivity cable,
you can copy the data to a computer and import the data into other software tools

such as:
Spreadsheet software to analyze the data,
Tl InterActive!™ for formal presentations.

Diskanceiral

Tirag Graeh Sekkinds

Mads: Timg GFarh: E050

IFillE eturiZtart iGrarhiduit]

Sararls Inkiryal (o
luraber of Sameles:
ExFeriment Ig-znsth 05

FTEdit ICanc1l Ok |

Diskird

z.E:L

Sensor Fekue

EasvData Tirs

fensor: biskance

Uniks: Cpd

[L:ir ]
Z:0FE

Tl [Fbr el Hain_heis)

| Unjts TN

Choose New in Fils menu
by c1ear 411 data and
qube-ID Sen5ers. Chosst
Skark to collect daka.
Choose GFarh ko seg
Jrarh. Chosse Quik ks quit
Eas»Data arr.

Inext ICancTl

POINT OF VIEW

EasyData is a wonderful application that makes collecting and analyzing real data much
easier. Because of the simple way to connect the data collection devices to the calculator —
especially on the TI-84 where you do not need a CBL 2 or other intermediate device any
more — students can go any where (no extension cord needed!) to collect data and bring
them back to school or home. Data can be analyzed with a graphing calculator, but with a
link cable and Tl Connect it is really easy to send the data to a computer for further analysis.

With EasyData the connection between science and mathematics is very natural. Also the
didactical opportunities of a graphing calculator with EasyData contribute to thorough
understanding of the underlying concepts.
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3.7 Finance

CATEGORY
Tool and quick reference guide

DESCRIPTION E
The Finance application calculates the most common 5
financial functions and values. &

DIDACTICAL SUGGESTIONS

This APP can contribute to the conceptual development of financial calculations and financial

models, and can be used to better understand the concept underlying financial math.

We recommend to set the calculator’s display mode to two decimal places.

The FINANCE application consists of the following menus:

g@!ﬁ VARS VARS CALC WEES
1P Fr 5HH
Pt Qihalc H:EImnt o s IX
t _Ix B EPrn E: kHom ]
A1 £ Py H:EInt( C:rEFEL 4:PMT
2t tum_MN B FHomt O: dbdc a:FY
i tom_FY CirEFFL E:Pmt_End gl Pl
il e -] aTs o AP mt._Ban ricoY
With the TVM Solver you can quickly solve 5 types of financial N=5. o0
calculations in an easy and user-friendly way. For example, an SoEe o
amount of € 2300 is put in the bank at a compound interest rate of FMT=8. 8A
3.2 % per year. What is the value after 5 years? g Eﬂﬁ?ggﬁ
: . C.=1
With the TVM Solver, the numbers can be entered as shown in PHT: |gi]! BEGIH
the screen shot on the right with Fv empty. Then put the cursor on
. . Claaga»pl g, 315
the line with Fv and press ALPHA [ENTER]. t114503F W 1 23p Y
For the functions tvm N, tvm I%, tvm PV, tvm Pmt and N 12. 06
tvm_FV it is easier and more practical to use the TVM Solver. 7 36.18
The screen shots illustrate this for a loan of € 10,000 at a yearly
interest rate of 4.5 %. How many monthly payments are needed to  [FgsNig=Fy
eventually pay back a total of about € 11,4507 8. gg
tum_Pmrt e

About 36 payments of € 297.47 are needed.

Please note that each function requires the values of other
functions as parameters.

Two cash flow transaction:

e NPV (
Over a period of time with a constant rate of inflation of 5%,
payments (or withdrawals) are made at different periods of the
same length. The illustration on the right shows the cash flow.
“What will be final present value?”

eirr(
An investment will be approved under the condition that the
return will be bigger than 25%. The cash flow is -100, 50, 100, -
100, 150. The answer 32.728... is bigger than 25%, and thus the
investment can be approved.
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In case of interest calculations using the proportional method, *Nom ( and *Ef f ( can be used
to convert an annual effective interest rate to a nominal rate and vice-versa.

¥Nom( calculates the nominal interest rate.

For a revolving credit, the real rate is 18.86 % per year. Interest FHomC 18,86, 3652
is accrued each day. What should be the declared nominal VEFFE1E. BE, ég.ﬁ%ﬂ
interest rate for this loan? Z

*Ef L ( calculates the effective interest rate
For a revolving credit, a “general effective rate” of 18.86 % per year is given Interest is
charged each day. What is the real (effective) rate of interest for this loan?

The dbd ( function calculates the number of days between two dggg 1482, 64, 3112

dates (years between 1950 and 2049). Two formats are possible: ' 21 . @8

MM.ddyy (US-format) or ddMM.yy (Europe). Two examples: dggg 1482, 86, 3112
Number of days between 14/02/2004 and 31/12/2004 (leap year), Sz8. 8a
Number of days between 14/02/2006 and 31/12/2006 (normal year).

And how to calculate the payments of a loan?

Bal ( = outstanding (remaining) amount, after a certain number of payments.
$Prn (= sum of the payments that have been paid between two periods p; and p;, 0<i<j<n.
$Int (= sum of the interest paid between two periods p; and p;, 0<i<j<n.

Please note that also here you must first enter the parameters N, 1%, PV, PMT and FV.

For a loan of € 4,000, with an annual interest rate of 3.9% and 24 monthly installments, what
is the outstanding (remaining) amount to pay it back after 14 payments?

What have you paid so far and what is the interest that has been paid after 14 payments?

29N 3. 3+ 1% 4680 @, 86
PV -1FEL T2 PMT: balcld
B+F 1vad.61
B, 80 EPrnil. 132
212795

ZIntcl, 132
-127.21

The functions that are direct available in Tvm Solver: The variable TVM:
Tvm_Pmt | Computes the amount of each payment. N Total number of payment periods
Tvm_I% Computes the interest rate per year. 1% Annual interest rate
Tvm_PV Computes the present value. PV Present value
Tvm_N Computes the number of payment periods. PMT Payment amount
Tvm_FV Computes the future value. FV Future value
PIY Number of payment periods per year
ClY Number of compounding periods/year
Other financial functions:
Npv( Computes the net present value. FNom Computes the nominal interest rate.
Irr( Computes the internal rate of return. F Eff( Computes the effective interest rate.
Bal( Computes the amortization sched. balance. dbd( Calculates the days between two dates.
me( Computes the amort. sched. princ. sum. Pmt_End | Selects ordinary annuity (end of period).
Sint( Computes the amort. sched. interest sum. Pmt_Bgn | Selects annuity due (beginning of period).
POINT OF VIEW

The Finance application provides the opportunity to quickly perform common financial
calculations. In actual education, it is a helpful application that takes away the cumbersome
calculations from the students. It is an application of how to use the geometrical progression
and it naturally introduces spreadsheets.
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3.8 Guess My Coefficients

CATEGORY
Test, Practice

DESCRIPTION

Guess My Coefficients provides a review of the graphs and
equations of linear, quadratics and absolute value functions in
a challenging game setting, where the user can set the

{?TE}:EE

IMZTEUHENTE

GUESS NY COEFFICIENT=
CONCEFT wi.19

FEE=% ANY KEY

[ 00z TERAZ INETREUKERTS

number of problems in a game up to 99.

DIDACTICAL SUGGESTIONS

Students can explore relationships between symbolic expressions and graphs and can get
familiarized with various forms of linear, quadratic, and absolute value functions. By viewing
the graph of the function they have to determine the coefficients and constants for this
function eventually with the help of a HINT option, which shows points on the graph and lets

them trace the graph.

First the function type has to be selected from the SELECT A GAME screen. And second the

form of the equation of the function.

The following function forms are available:

e Linear
oy=mx+b
ocax+by=c

o Quadratic

ocy=ax’+ky=a x2+k
oy=alx—h)Y +k
oy=a(x—r)(x—s)

» Absolute Value
oy:aM+k
oy:ah—m+k

The game can also be played with multiple function types
instead of just one type. In this case ALL has to be selected
from the SELECT A GAME screen.

SELECT H GHME
EHLINEAR
c: QUADKATIC
3 AEZOLUTE YALUE
Y: LINEAF & QUADRATIC
E:ALL

UITH OFTION: JINFOJHELF

SELECT A LINEAK FUNRCTION
Hy =mx+hb
gidx+hy =
2: EOTH FORKE

If you are not sure about the values of a graph, you can obtain a HINT, which lets you trace

the graph.

SHEEH ) Tl EHEEHH N |- 5 T I 1 S

SRR ¥ A Et N EE RS ¥ A b | N YALUES ARE )
- CORRECT! £

EEEEEEEEE{EEEEEEEE EEEEEEEEEFEEEEEEEE i o _seoe due: :

R S [EEEEERE] SOTEERE| EEEEE S, | ania)
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An example of a quadratic one.

SELELCT A QUADRATIC SCORE: o) | . [FROELEM: 1 | L
My =k CLLiiiiiipiiiiiiin q=°1 Soiiiiin
R rr Lk T R B S [ = L S | A
O S B PR S N | N | P
Y HALLFORWs | |- oo oo e m ........
[ERCE| HELF]| .+ . ..FREEZ3 AnY KEY. . . . . e N A I (T 11|

ZZZZZZZZZ{ZZZZZZZZE a b1
ZOREY. YOU : k=l fpooot

k-

GUESSED HRONG! |~ .

. TEY AGAIN! . ZZZZZZZZ(\\ZZZZZZZZ
se. ... q GRAFH A e I S TN | TF {114

The score is computed based on whether the input is the correct answer on the first or
second try and whether a hint is used to help to determine the correct answer. When you

reach a high score, you can enter your initials in the high score table. The initials displayed
are AAA until you change them.

You can set three different options for the games. The options
that you select apply to every function type (game) on the E# FIHED NUHEEF

SELECT A GAME screen. The game consists of the defined = Hm
number of problems displayed on the right side of the screen, no B THOU GRID
matter how many incorrect answers you give. When this option is

not selected, you play the game until you have given three lERcHI w1 WELR)
incorrect answers.

Help is available for each game from the SELECT A GAME and OPTIONS screens, and from
each SELECT A FUNCTION screen.

HELF HELF
HOH TO ZET GAME OFTIONE

*ZELECT A FUNCTION TYFE

YOU HANT TO FLAY. 2
*FREXE [ENTER].
" ZELECT A FORM. AND FREX: [ENTERITO

(ERCH] [EACH]

TOGGLE THE CHECKEDORES.
*ZELECT NUMEEF OF GANMEZ

L
"U5E [ENTER] OF «* TO g
g
+*

SELECT AN AES VALUE LIl s U | FcoRE: YD [PROBLEM: z o [|iiiiiiIIpIIIIILLN
By =alxl+k qE:L ............................................................
AT - | BV . L D S . .
;:mﬂlﬁunh,:;k AR aaaa i VALUES ARE A [ | FORRYs YOU :
’ - CORKECT! - - GUESZED HRORG! |-

ZZZZZZZZZ[ZZZZZZZZZ . G000 JOE! I B R i S A I N TEY AGAIN! :
[ERCE [T D S 57 :::::::::[:::::r—m L IFRESS ARY REYD DD :/:f:',-":arJ—"'%—].;gm T

POINT OF VIEW

At first sight and without additional learning materials this nice application can only be used
for testing and practicing. Students like to work on it, because of the challenging game
character of this application. Therefore it can be assumed to be very useful for the learning
process of the students. If the teacher embeds the Guess My Coefficients application in a
learning environment with additional exercise sheets, students can explore function problems
with the help of this application. They can describe patterns and develop rules and even
algebraic expressions and explain their conclusions.
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3.9 Inequality Graphing

CATEGORY
Graphing mode

DESCRIPTION

Inequality Graphing enables the user to enter inequalities using
symbols, even inequalities involving vertical lines in an x=
editor. It is possible to plot the inequalities, including union and
intersection shades, and to store the intersection points

between the corresponding functions.

DIDACTICAL SUGGESTIONS
With this application it is possible to add very easily a graphical approach to solving systems
of linear equations (two variables) and linear programming.

Wrp,s

IMETETH{ENTS

IHEGQUAL ITY
GRAFPHIMG
w10y
FRESS ANY KEY

) zo0d TERAS INETRUMENTS

Inequality Graphing is an application that once it is started it keeps running in the
background. It changes the Y= window as follows and adds an x= editor to it. It also adds a
shade resolution item (ShadeRes) to the WINDOW settings.

B Flokl  Flokz  Flokz BB Flatl  Flatz  Flak: B Flatl  Flatz  Flakz LT HO0L)

~My= A EZE+E =183 ShadeRes=3
W= M= Wz = wmin=-18
M= wMr= wEE= “max=18
wMy= wMy= wEy= wacl=1
wWe= wMe= ~AE= Ymin=-18
wME= “NME= ~HE= Ymax=18
wMe= (=M EZN == (=12 E == scl=1

To quit Inequality Graphing you need to activate it again in the

APPS menu and then select 2: Quit Inequal. Note thatitis mari"t”fﬂgqual
not possible to run Inequality Graphing and Transformation SiAbout

Graphing (3.14) at the same time.

The following two examples will show how Inequality Graphing

works.

Example 1

We will determine the region of points (x, y) that satisfy:

x+2y<4
x+4y<6

x>0
y=0

Therefore we define the linear functions Y1=0.5 (4-X), Y2=0.25 (6-X), Y3=0, X1=0 and
plot them with the following WINDOW-settings (press TRACE CLEAR to remove the menu at
the bottom of the screen).

B Fiar
%186
wEE=
wHE=
Y=
~AaE=
~HE=

Flatz

Flatz

BB Flatl  Flatz
~MiBLS0d—ED
~MzBEL ZS0E—H
o] =[]

~My=

“Me=

~ME=

“Me=

Flatz

W T HOC
ShadeRes=3
Bmin=-2
ABMAN=T

ey

S

“Ymax=3
LY=cl=1

| Zhades ijﬁI—Tr}]

All the points in the enclosed area are solutions to our problem. It is possible to shade this
area and to calculate its vertices.
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To shade this area put the cursor on the equality signs to change them as follows into
inequalities:

[ALPHA]F1 =2 = BB Flotl Floktz  Flotz EEH-:-t:I. Flotz  Flotz
[ALPHA]F2 > < LY EAT25 e Nl
[ALPHA]F3 > < jﬁEE‘ :ﬁf‘;
[ALPHA]Fi > > :ﬁg: :ﬁzf
[ALPHA]Fs > > == =Z = I0E]) === 0ED

SHADE>

1: Ingd Intersection

2 Unian
Ef Oridinal shads

r—]|

r r -

I T T

A r 14N =
=

| fhades N FoI-Track ru_l

| Shades ij-:-I-TI%

For linear inequalities it is possible to calculate the vertices the shaded area with PoI-Trace
([ALPHA]F3): « » =change the second function & 4 v = change the first function.

You can store a selected vertex by pressing STO » . The coordinates of the vertex will
automatically be stored in the lists INEQX and INEQY.
TE“I"i\lx

Foint aepended to
[ CLINEQHLINERYY =

"=Z [ =1

"= T=1i.F

Example 2
Let’s try to find the area between the functions f(x)=x" -9 and g(x)=—x>+4. Fornon

linear functions it is not always possible to find the intersection points through Inequality
Graphing. In such a case we need to use 5: intersect of the graphical CALC menu.

rentl zHz-0 TEETHEHY YEETHI+Y
\ b /| EVARY WV

First GUeEE? :
H = ffemnd [y=-z.518787

CUFYET )
=-2.EM44eH IV=Z.77eBzzl

) o -
H=z.Bygc0sR [y=-z.E “%.1914AY it=-5.1BEE0N

To approximate the area we can use the fnInt command. The calculations above are also
13 /13
numerical approximations of the intersection points x, =— 5 ~-2.55 andx, = > ~2.55.

2.55

J' (g(x)— f(x))dx is a good approximation of this area.

-2.55

frulntoYz—"1a.4. -2
ISSF 2-
44,1915

POINT OF VIEW

Inequality Graphing is a very good graphical extension. It helps students to visualize the
solution of a system of equations and to find the area of the enclosed region by means of
functions without doing a lot of calculations.

82



3.10 Polynomial Root Finder and Simultaneous Equation Solver

CATEGORY
Tool

DESCRIPTION

This application enables the user to enter quickly coefficients
for a polynomial or a system of linear equations and then to

identify real and complex roots.

DIDACTICAL SUGGESTIONS
For polynomials it is possible to save the corresponding function in the Y= editor to make a
visualisation of the solution, the roots of the saved function. And where possible this
application also gives a symbolic representation of the infinite set of solutions of a system of

linear equations.

{?TE}:EE

IS TRUMENTS
FOLY ROOT FINDER ARD
SIMULTARNEDU: EQN ZOLVER
Ve
FRE=Z ANY KEY
X1 2006 TEXAS INEZTRUMENTS

As the name of this application tells, it consists of two parts: Polynomial
Root Finder to solve polynomial equations and Simultaneous Equation
Solver to solve systems of linear equations. The following example

shows how to use this APP.

1l: Poly Root Finder

-HF‘-:-'I!-' EogkFinder

z: ZimulkEan Solver
FAbauk
4: Fole He e

To solve the equation 6x° —x—2 =0 first select the degree of the equation, press NEXT
(= Fs or [GRAPH]), enter the coefficients of the polynomial and press SOLVE (Fs or
[GRAPH]. F4»D gives a decimal approximation.

FOLY KOOT FINDEE MODE

az xit+at x+tap=a az xi+al x+apr=H azxital x+tan=Ha
ORDER  1HEz4EEPEOL0|| az2=FK i B23 #1 B. GEEEEEEEET
REAL I T R a1=-1 He=-1s2 ®e=".3
DEC an=-2
[MELEM™ =CI EnG
FLOAT L T L.
RRDIAN [T

[HATNI

HELFIRERTI

RAIRINDDEICLRILOACISOLYE!

AINTMODENCOE

ST0 NF4AkD

IRAIRINDDENCOEFY =10 IF 4D

With the option STO the solution can be saved in an empty list and the polynomial ina vy
variable to check the results graphically.

1 B2-3

azxe+ay x+an=H

Zz ®i+at x+an=a
= B243

ZTORE COEF TO LIZT
ZTORE FOLYNOMIAL TO Y=
STORE ROOTE TO LIST

wz=-1-2

STOx List=L+

Zzxi+a x+ap=Q
s - s
TORE COEF 10 LIST

TI]F:E ROOTS TO LIST

oI [T
az::-:3+a1x+au=El M=E4"z- :-: z
31
- — _-I
FOLYNOMIAL
STORED TO 1
T H=-E -.-:-:
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It is also possible to calculate complex roots. Therefore the MODE-settings need to be

changed into a+bi (FLOAT 2) or re”61i.

2z X3+, 431 x+ap=H 2zx3+, 43y x+ap=H azxi+. _+aix+an=A

ORDER 1 zE4 567 B9 10 az=1 =1 B-2.68 . = B-2.6848

REAL [EITH rFeimi az=H ®z=1.868+1. 731

DEC a1 =M *x=1.00-1, 73

I ENG an =8

FLOAT 0iE@zu4cE7AN

RADIAn [EAFE

MMAIN (HELFIREXTI| |HAINVHODENCLEVLOADIZOLVEI AIMINODETCOEFY 10 IF ARD AIMINODETCOEFY 10 IF ARD
MODE: a+bi MODE : REAL

2: Simultaneous Equation Solver

Solving a system of linear equations is very similar to solving a polynomial equation. First
you need to select the number of equations and variables (unkonws) and then enter the

coefficients. Via Fs or [GRAPH] you get the solution. Some examples.

SINULT EQN SO0LVER HODE SYZTEN HATRIA LZx40
xtyez=4|SuemmscBiseress 51
e 3x+y-z=6. anﬁ xz =M
reyazea [ gizieres |,
IHAIRI (HELFINERTI| |[(MAINNMODENCLENLOADNZOLVE!| [(NRINTHOCEIZTZHN ZTO NFAFD

With STO the system can be stored in an empty matrix and the solution in an empty list.

SYETEH HATRIN &:4)

x+2y+3z=4
Sx+6y+7z=8

EREF (&xY)
1 B-Z+xz
W =A—2EE
WEEWE
(zay) =13
INATMINODENCLRILOADNZOLVE]| |HATINVHODENSYENT 210 IREEFI| [(HAINIEACEITTSMI 10 REEF |

In this case the option F4*D is replaced by the option RREF that generates the Row

Reduced Echelon Form.

FYETEM MATRIS (&=4)

t O (il

"3 7

2x—-6y+14z=11
x=3y+7z=-3

zay=-3
[MAINVAODENCLRILOACIZOLYE

SOLUTION

| no Z0LUTION FOURD I

ARININODEN:YSHIRRE

| RREF (ax4) ]
[1 7 |c- 1
Lo 0 i 1

[HAINIEACKIZTZR =10 RREF |

POINT OF VIEW

Polynomial Root Finder and Simultaneous Equation Solver is a very useful tool to solve
equations and systems of equations especially in situations in which it is not necessary to do

the calculations by hand.
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3.11 Probability Simulation

CATEGORY: Tool

DESCRIPTION

Probability Simulation makes it possible to simulate very
easy and fast some probability experiments on the TI-83/84

Plus.

DIDACTICAL SUGGESTIONS
With Probability Simulation you can visualize several properties and laws of the Theory of
Probability. The real data obtained out of the experiments can be used to introduce some
discrete probability distributions and to do statistic.

Prabobilitu
Simulatian

Yersionl.l
qeTor
13nsr

FEE=Z ANY KEY

Probability Simulation contains the following experiments:

The menus of the experiments are more or less the same. With
the following screen shots we will give a short overview of the
experiments. While doing the first four experiments the following
two menus are available.

0ss Lolhs
Eoll Dice
JaFPick Marbles
4.5Fin SFinner
S.0raw Cards
&.Fandom Humbers
OF 1| IOFThIAEOOTIRUIT

o H

.

[:] 1zZ4Ean

i

E
B

axtesal

EsC ITOZZ1ZET IDATAITAREL

ExC IROLLIZET IDATAITAEL

EZC [FICHISET IDATAITAEL

EZC [SFINISET IDATAITAEL

And with the <« » keys you display the frequency or probability (depending on the settings),

a kind of trace mode.

FRER: 1

T H

FREQ: 1=

[ FRER: 1%

FRER:11

[:]r;] Sl

ESC | +1 [+i0 |+50 |CLEAK

E3C | +1 [+i0 [+E0 ICLEAR

EZC | +1 [+i0 [+E0 ICLEAR

ESC | +1 [+i0 [+E0 [CLEAR

The histogram can be replaced by a table (TABL <> GRPH) to see the data of the simulation.

EXC ITOSFIZET

EXC IROLLISET

o

L
mn
mmme e

ESC IFICRISET |DHTH|EHPH

[1] EELL_ZECTIon

i

47
4H
4o
En
Ei
B

[gL) L T g P ]

E:L [ZFINISET |DHTH|ERPH|

An action (Toss, Roll, Draw or Pick) can be stopped by pushing [ON].

And the data obtained out of the simulation can be stored in lists by the DATA option.
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For the other two experiments only one menu is available and also only the table with the

data.
Fl 2 LefZ5] 2] 1[z9]21]
% ; ga DEAH Nl hz 0= 4 NE NG
2 T 1z 1z £ 23 17 19
S5 DE—Y EEHag

xE B 1 8

+ 5
EZC IDRAHIZET IDATHICLERE EZC IDRAHIZET IDATHICLERE

With the SET option you can manually change the settings of the experiments as follow:

?ELHDEE etting
1a =1t 13 etk 1a et.t r1al Set:
Coins: 23 Dice: éIE TuFes: 234 & |[Eections: 4

1
3
Gr-aFhs ﬁ% Prahk |(Gides: 1@ 12 28| GraFh: Frab (Grapht Prahk
=toThl i Mo IIEE I5r-arh: %@q Frok|5toThl i Ho llﬁ StoThliHo H1
= Mo
o [

1
ClearThl: %Yes StaThl 11 ClearThl: Yes ClearThl: Yes

Urdateif28 S8 End|(ClearThl: Yes Ferplace: IIrdate:j§ 26 58 End
EsC [AOW | [ Tok Esc ROV | I ok | [Esc IaOy 0K ~|[ESc [TaOy | ] IO
COINS DICE MARBLES SPINNER

The experiments mentioned above have the following common options (sometimes you need
to scroll down) and options to change the amount of coins, dice, marbles and sections:

Trial The amount of trials by pushing TOSS, ROLL, DRAW Or SPIN
Graph The graph selection will display the frequency or the probability
StoTbl The viewable amount of trials in the table

ClearTbl  Set this to yes to clear the data from the SET menu

Update The amount of trials before the graph/table will be updated.

With the ADV option on the Settings screen you can rig the experiments. Two examples:

ZINFROE:.774z 1de gkt FPro SINFROE: 2232
ialis f ﬁé 1 1 1111 it
Head= 3 .75 2 3 2832

— E P 5995 M

T H E % :%%%% 12458
ExC | | | IOk EfC | +1 [+40 [+50 [CLERR | [ESC | | | IOk EZC | +1 [+i0 [+E0 [CLERR

For the experiments Draw Cards and Random Numbers you can only change the specific
settings for the cards and the numbers.

ecks: Lumbers:
Ferlace: Hio Fande=: 1 —4
Oeck Size: 32 FeFeat.: Yes IE

EXC | | | [iTH EZC | I ! IOH

POINT OF VIEW

Probability Simulation can be used in several classroom situations: to introduce probability
notion, to show sampling variations, to show the simulation of several experiments linked to
chance, ...
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3.12 Science Tools

CATEGORY
Reference, Tool

{?TE}:&E

INETRUMENTS

DESCRIPTION Scignce Tonls

Science Tools APP enhances the flexibility of the T

: : 110
calculator, especially for the science classroom. FEES% A REY

N zo0i TEXAZE INSTRUMENTS

DIDACTICAL SUGGESTIONS
The student can do unit conversions, as well as use the graphing and vector tool, handle
constants and conversions and deal with significant figures easily. Science Tools APP as a

tool as well as a reference can be used as a technological learning environment by dealing
with science tasks in the classroom.

Science Tools consists of four tools:

« the Sig-Fig Calculator,

« the unit Converter,

« the Data/Graphs Wizard,
« the Vector Calculator.

a. The SIG-FIG CALCULATOR
The results of this calculator tool are rounded to the correct number of significant figures.

Any combination of addition, subtraction, multiplication, division and raising a value to a
power can be used. Multiplication and division are performed first if no parentheses are used.

If a value is set as EXACT, it will not be subject to rounding.

ZELELCT A TOOL SIG-FIGCALCOLATOR ZIG-FIGCALCULATOR ZIG-FIGCALCULATOR
M=IG-FIGCALCULATOR e [:1 1.0 [4] EY [zl
Z:UNIT CONMVEETER +Y4.E6H [4] + T4 [z] "2 [H]
2: DATAGRAFHE HIZARD B.zFE0Y HEE. YT L5] 1E74EY
Y: YECTOR CALCULATOF: =8z7 [:1 BE.70Z0E =+ LE0000 [21

—=g9 [z
EnL RACT| EE ZCI (EDIT|| |(EWACT| EE (THAMZCI (ECOITI| |{ERACT| EE |MAAZCI [EDLIT]

If you have to calculate 2.74 x 34567 in scientific notation, you have to select sCTI.

FIG-FIGCALCULATOR FIG-FIGCALCULATOR
c.7HED [il E.NME1 [zl
#Z. HEBFEY [hl ~ZEN [hl
8.471ZEHEN 1.57HEHEE
=047 1FEEEY 3] =+ 1.6EE [zl
RACT| EE | DEC EDIT RACT| EE | DEC EDIT

A conventional calculator doesn’t consider precision. It shows results with the maximum
number of digits that it can display. The calculated results should be rounded to the correct

number of significant figures. The Sig-Fig Calculator tool automatically applies the common
rounding rules.
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b. The UNIT CONVERTER

The conversions are displayed at the bottom the screen. If EXPT is selected, the result will be
pasted (exported) to the home screen.

UNIT CONVERTER LEAGTH VELOCITY [ FREZURE |
1 : m M CM 1] s I no qJ q DdF MM
MBLENGTH  7:HAZZ frv R /s P ftAs mich kot Fa kFa b HzO[ETE]
ESEEEHE g;ggggﬂ:; ke Ml in M@ w4 inHZO inHA bRz atr

4: TINE R:ENERGY /HORHK Fakth rd i N TRME

L:TENF E:FOHER
. . EED kb EED mdlsk HEZ Fak
G:¥ELOCITY C:sIPREFIRES L6404 ZEY F 1.8EL kmih ZO00Z47ED rarH3
| CORETANT] | IZIJI'IETHI'ITIEHPTIEI]F?IEDITI | IZIJI'IETHI'ITIEHPTIEI]F?IEDITI | IZIJI'IETHI'ITIEHPTIEI]F?IEDITI
The CONSTANT screen displays the following options: CONZTANTS
a kB ko &-
CONVERT returns to the UNIT CONVERTER menu I Ifm
EXPT pastes the constant to the home screen RO B0 h ot u
EDIT copies the constant to a conversion screen B.714472ED J/mielh
MWOLAEK GRS CONETANT
| CORYERT ||EHPT|IIIJF‘?|

c. The DATA/GRAPH WIZARD

This wizard provides an easy way to perform basic, common
tasks associated with:

. . . . DATH = NEH/EDITDATH
« Entering, viewing or editing data, l= = FLOTDATH

. _ _ £TAT = ANALYZE DATA
« Viewing and analyzing data graphically,

« Finding a best fit function for the data, (TATA | [= 15TAT]
« Performing basic statistical analysis of the data.

d. The VECTOR CALCULATOR

The vector calculator allows the user to construct vectors and perform basic vector
operations. Vectors are graphically displayed on the screen and stored to V1 through V9.
After creating vectors the following vector operations can be performed: addition, subtraction,
scalar multiplication (dot product) or vector multiplication (cross product).

Wi+yz=ya
i vz Vg
SCALE = 1 SCALE = 2 / FCALE = 1 SCHLE = 4
H=-ik n=Ek n=10 H=10
[ERT] /f Lk v=E0 ¥ =20
F =1B.02FFE K =30.0512E F =iz ZE0GH ¥ =Ez.3E06H
B = -G 31 o = EndBynE B = E3.Hz48E B = G3.43HEE
[ #A P A TFREVITERT [RATH] | |[%7% [F & FREV | TERT [HATH| [FREV[RERT [FICK]
POINT OF VIEW

If students want to get used to this diverse application they have to deal intensively with it. It
provides a lot of possibilities and calculations, and students have to invest a big amount of
time to learn about the right use of the software.

Only with the use of the Sig-Fig Calculator tool the students can display the significant
figures of entered values, perform mathematical operations using either decimal or scientific
notation and display the results with the correct number of significant figures or convert
entries in decimal notation to scientific notation and vice versa. And the Sig-Fig Calculator
tool is only one out of the four different tools of the Science Tools APP. Unfortunately this
useful and powerful software isn’t very widely used, because of the time necessary to get
used to the full scale of the tool.
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3.13 StudyCards™

CATEGORY
Tool

DESCRIPTION

The StudyCards APP allows teachers and students to create
electronic flash cards to use as a study tool for quiz or test
review. It is also possible to download prepared flash cards
on many topics from the resource section on the Tl website.

DIDACTICAL SUGGESTIONS

{?TE{EE

IHETRUMENTS

TtuduCardsTH
U ML

FRE=Z AnY KEY..
EV zo0d TEXAS INETRUKENTE

The didactical possibilities of StudyCards are endless. A stack of study cards can be used to
present a series of questions to test knowledge, StudyCards can be used to store information

and can also be used as a reference guide, to play games, ...

With the CHOOSE NEW STACK command you can open a stack of cards. TISampleStack will

give you an idea of the possibilities of this application.

The keys under the screen can be used to go back to the menu, change a choice, flip, see
your statistics and with the arrow keys you can move between the cards in the stack.

CHOOZE NEM =TACH THE STUDYCARDE: AFF ALLOHE DO ¥OU ENOH THE ANZHER TO
6t *ATFREF £ ¥OU 7O =TUDY HWADY THIZ HISTORY QUESTIONT
7 IATHORD L DIFFERENT ZUEJECTE. HHAT YEAR DID HAGELLAN
B: AT HORD & ARE YOU READY TO *EE HHAT START HI= TRIF AROUND THE
0: SATHORD = FTUDYCARDE CAN OFFER YOU? HORLDT
0: SATHORDY 13 ¥YE= (FICKH HE!) (FF&ss Ehi down arrow ko
i TI Informakion 2 no sk bh Choices)
FATI Zamrls Stack HENU|CHOICE: 7| FLIF [STATH; HENU|CHOICE: *|FLIF [STATHZ

The MENU option gives you a series of options to jump
easily to another stack or see the results so far. See the
screen shot on the right.

The CHOICE: ? Option can be used to switch between the
front of the card with the question and the back of the
card with the possible answers.

With FLIP you can switch between windows, e.g.
between the question and the answer or between the
question and an explanation of the answer that goes with
the question.

The STAT option gives the results so far (when the cards
are used as a series of questions). It tells you how many
questions were answered correctly, incorrectly or were
skipped.
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With the arrow keys, you can move on to the next question or move back or switch between
different parts of the card like different alternative answers and with the left-right arrows you
can move to the previous or next card in the stack.

Through the MAIN MENU (a choice in the MENU window), you can change the settings for the
way the cards and the stacks are presented (both the view and the order).

SETTINGS T T T
WIREEF RNOHN CARDS] 1: USE LAST &TACK
B RE-INTRODUCE CARDS ¢: CHOOZE NEH THCH
I SHUFFLE CAEDS ERZETTINGS
CIIGNORE LEVELS 4: AUIT

kA ANIHATE FLIF
{Jc EOX HODE

HHAT I3 THE SLOPE OF SCTEMCEL ZETTINGE
THE LINE, »=-2xeh? CARD 6 OF 1z [WIHEEF RROWN CARDE]
11 SLOFE = = INCORKECT: o 3CORE: k¥ RE-INTRODUCE CARDS =
el ELOFE = -2 5 CORRECT: 0 00F 100 O HUFFLE CRRDS
I SLOPE = 4 SRIF: 0 [ IGNORKE LEYELS ”B
41 FLOFE = "4 ¥ ARTHATE FLIF T =
HENU[CHOTCE: 2] FLIF[5TATHS FRESZ ANV REY.. +05 Eoz nopE RENUICAOICE: S[FLIF [STATIT

POINT OF VIEW

For doing quizzes and answering other multiple choice questions, a computer with more
pixels, faster, easier to read, more animation, ... may be more user friendly. However,

StudyCards is an application that can be used in situations when no other technology is at
hand.
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3.14 Transformation Graphing

CATEGORY :
Graphing mode {?TE{.&E
IHZTETHMENTS
DESCRIPTION TEAHZFORMAT IO
Transformation allows visualizing dynamically how changes in a EHF!F'H IHG
function’s parameters affect its graph. ot sien LU
(211899 TEXAS INETRUKENTE

DIDACTICAL SUGGESTIONS

This application enables students to discover several properties in terms of a function’s
parameters: roots, increasing and decreasing, symmetry, period, ... It can also be used for
modeling by manipulating coefficients to fit equations to data points.

Transformation Graphing is an application that once it’s started it keeps running in the
background. It changes the Y= window as follows and adds the SETTINGS menu to the
WINDOW screen.

Flokl Flotz Flots SETTINGS W IHOOL gg.l]g[gg
HY' 1= min=-1@
HY 2= nrax=1a .
MYy 2= Bacl=1 E=. 2
HY'y= Ymin=-18 C=.5
M'e = Ymax=18 0=1
HY'g= Y=cl=1 Ster=1
HYr= Ares=3
To quit Transformation Graphing you need to activate it again in
the APPS menu and then select 1: Uninstall. Note thatitis !_Eﬁmns_.gaﬁ
tContinue

not possible to run Transformation Graphing and Inequality
Graphing (3.9) at the same time.

With Transformation Graphing is possible to observe the effects of changing parameter
values on the graph without leaving the graph screen. It is only available in the function mode
and when it’s active it’s only possible to plot one function.

Transformation Graphing allows the use of four parameters: 2, B, C, and D. All the others act
like constants, using the value in the RAM memory.

Transformation Graphing has three play types.

PLAY-PAUSE (>]|) lets you change the parameter and plot the graph.

PLAY (>) stores a series of changes and shows the corresponding graphs in
a continuous slide show.

PLAY-FAST (>>)  stores a series of changes and shows the corresponding graphs in a
fast continuous slide show.

We will use the function f(x)= Asin(Bx)+ C to illustrate how Transformation Graphing
works. We will start with the following WINDOW settings.

Flokl Flotz Flots ﬂ!ﬁ!ﬂ!ﬂm SETTIHGS W IHOOL E!..Iy% Yi=AsinCH+E1+
HY1BAsinCRA+B2+C min= -8 ﬁil_l

WY 2= HAmax=s o

WYz = “ecl=l EB=0 o
HY'y= Ymin=-5 Cc=a CE

HY' 5= Ymax=3.3 Ster=.5 E=0

HY' 5= Yal=1 Czi

HYr= Hres=3
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PLAY-PAUSE (>||)

Press « » to change the selected parameter and a v to select a different parameter. The
graph will change automatically. It is also possible to enter a value manually. Select the
parameter, enter the value and press ENTER.

= I’I!ll‘liH*BﬂH‘% 1= ﬁhl‘lin‘B;‘]\ '|'1=I’I5ih|:H+B:I;L '|'1=I7|5il'l|:H+B:|;L '|'1=ﬁ5il'l|:H+F:|+‘I
AES A Fa) a eV N NS
s S (ke LS n:z\\/ \\/{ \"n=z‘\\_//l\\/ W [t \\
Bai E E=1.E 3= 353 iy159:7
=0 =0 ':a'i é= -1 c=-1
=TT

PLAY (>) and PLAY-FAST (>>)
With these options you can define a slide show per parameter. By putting the cursor on the
equality sign and pressing enter you can select another parameter. Press [GRAPH] to start

generating the screens for the slide show. The definitions below will generate 5 screens for
the parameter B: from -2 to 2 in steps of size 1.

WIHOOW
T

WIHOO
il

A=2 A=2
E@-Z EB-Z
C=A C=A
Ster=1 Ster=1
Max=2 Max=2

Compukind

f1=AsinCH+E)+

A

7

= ﬁ:mﬂhkh

'|'1=ﬁ5iniH+B::l+D\

= ﬁsmiH-*BJ}\

T1=H:inEH+K

II‘"‘.
m:::_,f"I
B3:
=i

"..ul.- .

\,[/U

A=
E
C

N 1)

I‘U“l‘u’

Press ENTER to pause the show and again to resume it and press and hold ON to stop.

Transformation Graphing also adds an extra setting to the graph format screen,
2nd[FORMAT]: TrailOff or TrailOn.

With Trailon you will see better the effect of changing a parameter because the previous
graphs stay on the screen in a dotted format.

T1=AH =Bz +C HM=pi-E 1+E': ! |
1
1] 1
' II |I |
' | | 1
A=1 p=z Lo
3= 1 E=Y "
c=n 3= t
POINT OF VIEW

Transformation graphing is a dynamical tool with which students can independently discover

properties of real functions by means of a graphical approach. It will give the students a
better and deeper insight.
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4 Additional information

4.1 Companion software

Tl Connect™ Free

Tl Connect is the link software, which makes the connectivity between the TI-
“ 83/84 Plus (and other TI graphing calculators) and computer quick and easy:

downloading and transferring data, OS updates, installation of applications
L2 (APPS).

The most important tools included in Tl Connect are:

el
il
i
(i

TI DeviceExplorer Tl ScreencCapture Backup Restore

s
)
£
m
Im

Tl CellSheet™ Converter Free
== The TI CellSheet Converter provides the ability to convert spreadsheet files
=) = from one format to another. Supported file formats are the CellSheet APP,
—4l= Microsoft® Excel, AppleWorks® and tab-delimited text.

You can also use the Tl CellSheet Converter to convert spreadsheets from one Tl device
format into another device format (e.g. TI-84 Plus into Voyage™ 200).

{52 T1 CellSheet Converter -0l =]

File “iew Tools Acktions Help

| DI ER A RD

File Mame: | Save Mame: | Save File Format: |
- R T Cellshest Converter
M C\Data\MyTIDatal APP. S

Microsaoft Excel j

[Ready [CEF NUM[SEL 4

TI Connect must be installed prior to installing the Tl CellSheet Converter software for the Tl
CellSheet Converter software to operate properly.

Tl StudyCards™ Creator Free

Tl StudyCards is the software teachers and students can use to create stacks
= of electronic flash cards that can be viewed on a Tl graphing calculators
—_— using the StudyCards APP. Cards can contain text and images. You can
create stacks for use in any subject and for each class!

Afterwards you can transfer the stacks of cards from computer to the calculator using the
TI StudyCards Creator or Tl Connect.
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An example of a stack of 14 cards:

Card: 7 of 14
Mame of Card: |Doub1etr0ub1e
1: bstudyof Functions
2: Verticallinetest
i= %_erl‘jq denominators Front of Card Screen 1of 2 Back of Card Screen 1 of 1
: Findingrange
£ DowmiESqugreRL «Down arrow to cholces« This function has two
6: Absolutevalue What 15 the domaln of the problems - possible zero
IE T3 function denominator AND workable
g: Odd/Even 2 square root values. The
9: Addition 4 values x==2 will satisfy the
18: Com position ¥ Flx1 = —— ¥lsquare root, but x=2 will
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TI-SmartView™ Purchase

Purchase

TI-SmartView™ software gives you a TI-84 Plus calculator, full functionality
including applications, on your computer. This emulator of the TI-84 Plus
(Silver Edition) is an easy-to-use demonstration tool that offers many unique
instructional capabilities. It is possible to include, only by drag and drop,

screens from TI-SmartView in teaching material.

SOME FEATURES

Key Press History
As keys are selected key images can be projected to the class. These
keys can also be copied to teaching materials.

Scripts

Teachers can prerecord their own key press history into scripts for
playback in class. It is easy to create, edit, play, pause and modify speed.

CBL2™ /CBR2™
You can use the TI-SmartView, connected to a CBL 2 or CBR 2, to
collect real world data.

View3™ Feature

Teachers can simultaneously project up to three representations of
graph, table, equation, list and stat plot window, together with a large
version of the current calculator screen.

Screen Capture
It's easy to create and save multiple screen captures.

SmartPad Application
The combination of TI-SmartView 2.0 and the SmartPad APP allows you
to use your TI-84 Plus (Silver Edition) as a remote input device.

TI-SmartView is only available for educators.
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4.2 How to install and start up applications

Before you can install applications on your TI-84
Plus Silver Edition be sure the software Tl T, Download Apps
Connect is installed on your computer. If not, e I':’_;:j_.'_;'[ﬁ"\;:';r
you can download it for free from the Tl website: \ T Celiat
www.education.ti.com > Downloads. SR L

It's also a good idea to check first if you have the ( (

latest Operating System installed on your ——
calculator. To check which OS is on your sl || B
calculator press 2nd [MEM] and select \*.,
1:About. You will find the latest OS via the |
website mentioned above and the installation of
a new OS works the same as the installation of N .
an application, see further. _'."\5 /

Be sure your calculator is physically connected
to your computer with a TI-GRAPH LINK™ cable or a USB Cable.

Now you are ready to install an application.

A. At www.education.ti.com, go to the page to download APPS and download for free the
desired APP to your computer.

B. Browse for the location of the downloaded APP file.

« For Windows users drag and drop the APP file onto the Tl Connecticon. Itis also
possible to open the Tl DeviceExplorer of Tl connect and drag and drop the APP file
into this window.

"53 TI-84 Plus Silver Edition - TI D _I- _|D ll
File Wiew Tools Actions Help
FinnPack. Gxk
FinnFack
- [} pplication Variable
File 1 of 1 E-|v] Device Settings
@; #-|fe] Equation
M- List C(real)
» M-l Matrix (real)
E B-fog Humber (real)
H-lap Program
X . []---@ Frotected Frogram
s 100% B3 Flash/Archive
| Application Variable
Applications
i
Ready MUE

A third possibility is to right click on the APP file and choose Open
Send to Tl Device ... From there just do what the wizards m
will ask you to do. Copy To Folder...

« For Mac OS X users launch the Tl Device Explorer of TI Connect and drag and drop

the APP file into the device window.

Port | Cable | Device
USE 1 LISE Direct Cable
COM3

The APP will be installed automatically into the Archive

memory. Sometimes you need to select (e.g. when you come R
switch calculators) the calculator before an APPS transfer Eovtt it =l
Searchin
can start. ’ _ —
Please ensure your device is securely connected and tumed ON
Conce |
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Once an APP is installed on the calculator you can use it by pressing the APPS button,
selecting the APP and pressing ENTER.

EEE 1nance.. *EE%QEE%P Fﬂﬁlﬁllﬁ'@@ﬂﬁm
"ALGICHS t0ansk y — AL

ZTALGIFRTI :Deutzch 1 ]

4: AreaForm tEasdData & u L

=i CabriJr tEsFafol TheTamers

i CEL-CER FinnPack Dats of Hanai

rCelShest Francais 212002 Andreas Finne

Some screen captures of The Towers of Hanoi.

The Tovrers of Hanoi
uersiond.n

Nurb gk of Foyes: 0

nurab ek of moyes: 1

NumMbsF of Moy es: s

Numbs oF Fovss: 3

Sl z00d Andreas Finne [LeFt THeTr | Wid T Quit [Riakk]

[Cert THeTRT Hid [ Quit [Riaht]

[Cert THe TR T Hid [ Uit [Ri3ht]

ICeFE TH=1r T Hid T Guit TRiahkl

nurab ek of royes: Y

Nurb gk of moyes:

nurab ek of Moy es: B

UMbk of moyes: @

Nurmbs oF Foyss: B

I
[Cert THeTRT Hid [ Quit [Riaht]

L&kt THeTe I Hid | Quit [Riant]

[Cert THeTRT Hid [ Quit [Riaht]

[Cert THe TR T Hid [ Uit [Ri3ht]

ICeFE TH=1r T Hid T Guit TRiahkl

How many applications you can install on your calculator depends on which calculator you
have and which APPS you want to install.

The Archive memory, in which the APPS are installed, of the TI-83 Plus, TI-84 Plus or TI-84
Plus Silver Edition calculator is divided into slots into which you can load APPS. Some APPS
take up only one slot and other APPS can take up to four. A summary:

Graphing Calculator Flash ROM Applications (+)
TI-83 Plus 160 KB 10
TI-84 Plus 480 KB 30
TI-84 Plus Silver Edition 1.5 MB 94
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