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End-User License Agreement
Calculator Applications

IMPORTANT - Read this agreement (“Agreement”) carefully before installing the software program(s) and/or calculator application (s). The software
program(s) and/or calculator program(s) and any related documentation (collectively referred to as the Program) are licensed, not sold, by Texas
Instruments Incorporated (TI) and/or any applicable licensors (collectively referred to as Licensor). By installing or otherwi se using the Program, you
agree to be bound by the terms of this license. If the Program was delivered to you on diskette(s) or CD and you do not agree with the terms of this
license, return this package with all its contents to the place of purchase for a full refund of any license fee paid. If the Program was delivered to you
over the Internet and you do not agree with the terms of this license do not install or use the Program and contact Tl for inst ructions on obtaining a

refund of any license fee paid.

Specific details of the license granted depend upon the license fee you paid and are set forth below. For purposes of this Agreement, a site (“Site”) consists of one
entire physical campus of an educational institution accredited by an association recognized by the U.S. Department of Education or the State Board of Education,
or by their equivalents in other countries. All additional terms of the Agreement apply regardless of the license granted.

SINGLE USER LICENSE

If you paid a license fee for a Single User License, Licensor grants to you a personal, non-exclusive, non-transferable license to install and use the Program on a
single computer and calculator. You may make one copy of the Program for backup and archival purposes. You agree to reproduce all copyright and proprietary
notices shown in the Program and on the media. Unless otherwise expressly stated in the documentation, you may not duplicate such documentation.

EDUCATIONAL MULTIPLE USER LICENSE

If you paid a license fee of an Educational Multiple User License, Licensor grants you a non-exclusive, non-transferable license to install and use the Program on the
number of computers and calculators specified for the license fee you paid. You may make one copy of the Program for backup and archival purposes. You agree
to reproduce all copyright and proprietary notices shown in the Program and on the media. Except as expressly stated herein or in the documentation, you may not
duplicate such documentation. In cases where Tl supplies the related documentation electronically you may print the same number of copies of the documentation
as the number of computers/calculators specified for the license fee you paid. All the computers and calculators on which the Program is used must be located at a
single Site. Each member of the institution faculty may also use a copy of the Program on an additional computer/calculator for the sole purpose of preparing course
materials.

EDUCATIONAL SITE LICENSE

If you paid a license fee for an Educational Site License, Licensor grants you a non-exclusive, non-transferable license to install and use the Program on all
institution, teacher, or student owned, leased or rented computers and calculators located or used at the Site for which the Program is licensed. Teachers and
students have the additional right to use the Program while away from the Site. You may make one copy of the Program for backup and archival purposes. You
agree to reproduce all copyright and proprietary notices shown in the Program and on the media. Except as expressly stated herein or in the documentation, you
may not duplicate such documentation. In cases where Tl supplies the related documentation electronically you may print one copy of such documentation for each
computer or calculator on which the Program is installed. Each member of the institution faculty may also use a copy of the Program on an additional
computer/calculator for the sole purpose of preparing course materials. Students must be instructed to remove the Program from student owned computers and
calculators upon the end of their enrollment in the institution.

Additional Terms:

WARRANTY DISCLAIMER AND DAMAGES EXCLUSIONS AND LIMITATIONS

Licensor does not warrant that the Program will be free from errors or will meet your specific requirements. Any statements made concerning the utility of the
Program are not to be construed as express or implied warranties.

LICENSOR MAKES NO CONDITIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED CONDITIONS
OR WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT REGARDING THE PROGRAM AND
MAKES THE PROGRAM AVAILABLE ON AN "AS IS" BASIS.

Although no warranty is given for the Program, the media, if the Program was delivered to you on diskette(s) or CD, will be replaced if found to be defective during
the first ninety (90) days of use, when the package is returned postage prepaid to Tl. THIS PARAGRAPH EXPRESSES LICENSOR'S MAXIMUM LIABILITY AND
YOUR SOLE AND EXCLUSIVE REMEDY FOR DEFECTIVE MEDIA.

LICENSOR SHALL NOT BE RESPONSIBLE FOR ANY DAMAGES CAUSED BY THE USE OF THE PROGRAM, OR SUFFERED OR INCURRED BY YOU OR
ANY OTHER PARTY INCLUDING BUT NOT LIMITED TO SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES, EVEN IF LICENSOR HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. IN JURISDICTIONS WHICH ALLOW TEXAS INSTRUMENTS TO LIMIT ITS LIABILITY, TI'S
LIABILITY IS LIMITED TO THE APPLICABLE LICENSE FEE PAID BY YOU.

Because some states or jurisdictions do not allow the exclusion or limitation of incidental or consequential damages or limitation on how long an implied warranty
lasts, the above limitations or exclusions may not apply to you.

GENERAL

This Agreement will immediately terminate if you fail to comply with its terms. Upon termination of this Agreement, you agree to return or destroy the original
package and all whole or partial copies of the Program in your possession and so certify in writing to TI.

The export and re-export of United States original software and documentation is subject to the Export Administration Act of 1969 as amended. Compliance with
such regulations is your responsibility. You agree that you do not intend to nor will you, directly or indirectly, export, re-export or transmit the Program or technical
data to any country to which such export, re-export or transmission is restricted by any applicable United States regulation or statute, without the proper written
consent or license, if required of the Bureau of Export Administration of the United States Department of Commerce, or such other governmental entity as may have
jurisdiction over such export, re-export or transmission.

If the Program is provided to the U.S. Government pursuant to a solicitation issued on or after December 1, 1995, the Program is provided with the commercial
license rights and restrictions described elsewhere herein. If the Program is provided to the U.S. Government pursuant to a solicitation issued prior to December 1,
1995, the Program is provided with "Restricted Rights" as provided for in FAR, 48 CFR 52.227-14 (JUNE 1987) or DFAR, 48 CFR 252.227-7013 (OCT 1988), as
applicable.
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Fundamental Topics in Science

Introduction to Fundamental Topics in Science

Note to Teachers v
National Science Education Standards %
Organization of Fundamental Topics in Science Vi
Try-It! on Your TI -83 Plus Vi
Installing this Application Vii
Deleting an Application Vi

Navigating Fundamental Topics in Science

Starting the Application viii
Table of Contents Screens viii
Returning to the Table of Contents Viil
Leaving the Application iX
Horizontal Menus ix
Vertical Menus (¢
Navigation Star X
(CONT) X
HELP X

1: Scientific Method
Try-It! on Your Tl -83 Plus 1-1
Teacher Notes 1-6

2: Precision & Accuracy
Try-It! on Your Tl -83 Plus 2-1
Teacher Notes 2-6

3: Scientific Notation
Try-It! on Your Tl -83 Plus 3-1
Teacher Notes 34

4: Units & Conversions
Try-It! on Your Tl -83 Plus 4-1
Teacher Notes 4-3

5: Data & Graphs

Try-It! on Your Tl -83 Plus 5-1
Teacher Notes 5-7
6: Vectors
Try-It! on Your Tl -83 Plus 6-1
Teacher Notes 6-6
Tlps
Tlp 1: Resetting Your Calculator 11
Tlp 2: Adjusting Your Calculator Settings 2-1
Tlp 3: Graphing a Function in the Standard Window 3-1
Tlp 4: Creating a Table 4-1
Tlp 5: Adjusting the Viewing Window 5-1
Tlp 6: Using Lists 6-1
Tlp 7: Creating a Statistical Plot 7-1
Tlp 8: Finding the Best Line of Fit for a Set of Data 8-1
Tlp 9: Sending and Receiving Data between Calculators 9-1

Tlp 10: Managing Your Calculator's Memory 10-1



Introduction to Fundamental Topics in Science

Note to Teachers

Welcome to the Fundamental Topics in Science software application for the TI-83 Plus. The
application and Classroom Materials were designed to help students review and reinforce
selected concepts taught in Science. Fundamental Topics in Science is easy to use, even for
inexperienced calculator users, and it encourages students to explore concepts on their own.

Navigating Fundamental Topics in Science (pages viii—x) explains how to move around the
application. You may wish to copy these pages for your students.

National Science Education Standards

The Teacher Notes for each topic include extracts of some of the relevant standards from
Chapter 6: Science Content Standards in National Research Council, National Science
Education Standards (Washington: National Academy Press, 1994). A readily accessible version
of the entire standards may be found at:

http://stills.nap.edu/html/nses/html/

Texas Instruments (TI) Support and Service Information
For general information:

e E-mail ti-cares@ti.com

e Phone 1-800-TI-CARES (1-800-842-2737)
For US, Canada, Mexico, Puerto Rico, and Virgin Islands only.

 Home page education.ti.com
For technical questions:
¢ Phone 1-972-917-8324

Fundamental Topics in Science © 2001 Texas Instruments Introduction v



Organization of Fundamental Topics in Science
Fundamental Topics in Science is organized in table-of-contents form. There are six topics.

1:SCIENTIFIC METHOD Helps students understand that science is a process, not just dry
facts, and involves them in following such a process as they study
human heart rate.

2:PRECISION & ACCURACY  Helps students learn the difference between the two terms. It then
introduces them to significant figures (significant digits) and
provides hands-on practice.

3:SCIENTIFIC NOTATION Introduces scientific notation and provides hands-on practice in
using scientific notation, including practice with conversions to
and from decimal notation and basic arithmetic operations.

4:UNITS & CONVERSIONS Demonstrates the need for units and introduces students to SI
units. It also covers conversions and dimensional analysis.

5:DATA & GRAPHS Shows that presenting some data as tables and graphs can help
significantly in understanding the data. The chapter introduces
students to curve fitting.

6:VECTORS Defines vectors and explains vector arithmetic and vector
resolution, while providing students with practice in both.

Each topic is presented in three subsections.

1:INTRODUCTION Presents a brief overview, often showing the real-world usefulness
of the topic.

2:CONCEPTS Presents definitions, concepts, and examples.

3:ACTIVITIES Includes interactive activities that reinforce the concepts

presented in the INTRODUCTION and CONCEPTS sections and that
help students practice skills related to the topic.

Fundamental Topics in Science Classroom Materials include Teacher Notes and [§ Try-1t!™ on
Your TI-83 Plus reproducible student activity sheets for every topic.

Several topics contain WRITE IT DOWN screens. These questions are usually of a discussion
nature, as are questions on the [ Try-It! activity sheets. If your students are keeping journals,
Fundamental Topics in Science is appropriate journal material, so you may prefer that students
record their responses in their journals.

Try-I1t'™ on Your Tl -83 Plus

These activities help students learn features of the TI-83 Plus and of the free SCIENCE TOOLS
application, which is accessible from the SCIENCE CHAPTERS menu when it is installed.

The TI-83 Plus features are described more fully in the 77-83 Plus guidebook. The SCIENCE
TOOLS application is described more fully in the TT-83 Plus Science Tools user guide.

Note: The international version of SCIENCE TOOLS is not accessible from the SCIENCE CHAPTERS menu; use
the menu.

Fundamental Topics in Science © 2001 Texas Instruments Introduction Vi



Installing this Application

When students install FUNDAMENTAL TOPICS, they probably should install the free application
SCIENCE TOOLS at the same time. These tools are used in the [§ Try-It!'™ on Your Tl -83 Plus
student activity sheets. When the SCIENCE TOOLS application is installed, it is accessible from
the SCIENCE CHAPTERS table of contents (it is also available directly from the menu).

Note: The international version of SCIENCE TOOLS is not accessible from the SCIENCE CHAPTERS menu; use
the menu.

Installing this application requires TI-GRAPH LINK™ software and link cable. A link cable can
be purchased from TI's online store:

http://epsstore.ti.com

If you receive an Archive Full error message while installing the FUNDAMENTAL TOPICS or
SCIENCE TOOLS applications, the calculator does not have sufficient memory for the application.
You must delete applications and/or archived variables (see below).

Deleting an Application

Deleting an application completely removes the application from the TI-83 Plus . The space then
becomes available for a different application. The deleted application may be reloaded at a later
date. Before deleting an application from the TI-83 Plus , it can be backed up to a PC using the
Link > Receive Flash Application menu in the TI-GRAPH LINK software for the TI-83 Plus. You
can reload it to the TI-83 Plus later using the Link > Send Flash Software menu in the

TI-GRAPH LINK software.

To delete an application or archived variable:

Press [MEM] to display the MEMORY menu.

Select 2:Mem Mgmt/Del .

Select A:Apps or B:AppVars .

Press [v] until the » indicator is next to the item you wish to delete.
Press [DEL].

Select 2:Yes when asked Are You Sure?

Press [QUIT] to return to the home screen.

N o O W=
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Navigating Fundamental Topics in Science

Starting the Application

1. Press to display the APPLICATIONS menu.
2. Select FunSci. The FUNDAMENTAL TOPICS IN SCIENCE title page is displayed.

{?TE{ES

INETEII{ENTS
FUNDANENTHL TOFICE

In =CIENCE
vl
* FREZS ANY KEY TO
X1 z00d TEXAZ INETRUMENTE

3. Press any key to start the application.

A Table of Contents screen is displayed. It is the Table of Contents from which you last exited
FUNDAMENTAL TOPICS or SCIENCE TOOLS. You may select one of the items on the menu or press
(UP) as often as necessary to go to the Table of Contents screen that you need.

Table of Contents Screens

There are three levels of Table of Contents screens.

ZCIENCE CHAFTERS ZCIENCE SECTIONS ZCIENCE SUESECTIONS
FBFURDAKENTAL TOFICS — 1:FUNDANENTAL TOFICE 1:FUNDANENTAL TOFICE
2: SCIENCE TOOLZ FRZCIENTIFIC HETHOD —1—» || 1:SCIERTIFIC HETHOD
2:FRECIZION % ACCURACY FRINTRODUCTION All Fundamental
e AT AT & CONCEFTS 4—:> Topics have these
: HACTIVITIES '
LE:DATA & GRAFHS three subsections.
[EXITI [HELF [EXITI [uF ] [HELF [EXITI [uF ] [HELF

SCIENCE SECTIONE

SCIENCE CHAFTERE

cr CIENCE TOOLE

1:FUNDAKENTAL TOFICE

FRSCIENCE TOOL:  —] F.éEIE-FIE CALCULATOR There is not a third level of
:UNIT CONYERTER :
i Table of Contents in
Z:DATA/GRAFHE HIZARD Science Tools
Y:YECTOR CALCULATOR )
|EHIT| |ﬁELF‘| |EHIT| | UF | |ﬁELF‘|

Note: When you exit and re-enter the application, you return to the Table of Contents from which you exited.

Returning to the Table of Contents

From most INTRODUCTION, CONCEPTS, ACTIVITIES, or SCIENCE TOOLS screens, you can press
[QuIT] as many times as needed to return to the Table of Contents. You may then select one of
the items on the menu or press (UP) to go to higher levels of the Table of Contents.

Fundamental Topics in Science © 2001 Texas Instruments Introduction  viii



Leaving the Application

To leave either application, press [auIT] as many times as needed to return to a Table of
Contents screen, and then press (EXIT). When you re-enter the application, you return to this
same Table of Contents screen.

Horizontal Menus

A horizontal menu may be displayed at the bottom of the screen. The menu items help you move
between screens in the application. The menu items change from one screen to another.

To select a menu item, press the calculator key that corresponds to the menu item on the screen.

SCIENCE SECTIONE

1:FUNDAKENTAL TOFICE

FESCIERTIFIC HETHOD
cFRECIZION % ACCURACY
ZECIENTIFIC NOTATION
H:UNITS: % CONYER:ION:
+E:DATH & GRAFHE
For example,

Horizontal menu —» |IERLT] | UF | HELFI| +——— these menu items

*In these materials, the items in
the horizontal menus are shown

map to _
[(WINDOW] [ZOOM] [TRACE] [GRAPH] 4— these calculator keys.* in angle brackets; for example
(EXIT), (UP), and (HELP).

Vertical Menus

When the up and down arrows of the navigation star (<) are flashing, press [+] and [+] to
highlight an item in a vertical menu.

Vertical menu: [ DOING SCIERCE | [ DOING SCIERCE |
First item is —»| IR 1]
highlighted. m OEZERYE m TEET

T COLLECT AND %10322 %]rough EREE| EXFERIHERT TO

. ORGANTIZE DATA. ZUFFORT OF REFUTE

FORMULATE the menu. THE HYFOTHESIZ.
c QUESTIONS.
x ® el -

Additional information is displayed to the right of the menu.

Some vertical menus only provide information. Other vertical menus are used for navigation. If
SELECT & PRESS [ENTER] is displayed, pressing [ENTER] displays the first in a sequence of screens
for this selection.

HUWAN HERRT FATES / HYFOTHESI=

HYFITHESIZE — | HALE3 HAVE HIGHEFR HERRT
esni'?grsn KATES THAN FENALES.

SELECT % FRESS [ENTER] 4o o

If (MENU) is displayed, pressing it returns you to the vertical menu.

Fundamental Topics in Science © 2001 Texas Instruments Introduction ix



Navigation Star
The navigation star is located on the bottom right of many screens.

When the right and left arrows of the navigation star are flashing, press [«] and ] on the
calculator to page back and forward between screens. (4] and (] are used to navigate vertical

menus (see below).

(CONT)

|: |'- +-I-

FRECIZE KICHE:
CLOXELY GROUFED

Press D] to
display the —

next screen.

4}k | «—— Navigation star

+ r; +* rl +

RCCURATE KICKE:
AYERAGE CLOZE TO

THE ACCEFTED YALLE | 43

When you see (CONT) (continue), you can press any key to go to the next screen.

HELP

FLANE

A FLANE HUZT FLY DUE ERZT
AT BEOkr/hr TO REACH IT:
DESTINATION ON =CHEDLLE.
THE HIND ELOHE TO THE
NORTH AT B5kmhir.

<«——— continue

From a Table of Contents screen, press (HELP) to view information about features of the
application. To select an item, press [+] to highlight it, and then press ([ENTER]. To exit the help

screens, press (MAIN) or press [uitl.

HELF HENU
/

NAYIGATION ICONS
=k HENL $Y5TEN 2]

I'IEfII] NAYIGATION

SELECT A HENQU TYFE
TI] ZHOH HELF FOF:

VERTICAL HENU:

(M| usE THE UF % DOMN

ARROHE TO HIGHLIGHT
A SELECTION IN THE

SHORTCUT m'.'EF:TIEFIL
TRELE OF CONTENTE HEMUZ Each |HENU
. HORIZONTAL GINE IT A TRY!
,—|—|_I'IEI'|IJ5
RIN [WAINNEACK) [WAINNEACK) 4

Fundamental Topics in Science
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Section 1: Scientific Method

1: Scientific Method

Enter the data

Name

Date

Try-1t'™ on Your Tl -83 Plus

Record the heart rates of all students in the class. Then enter the rates in the list editor (the two
lists do not have to have the same number of elements).

those shown.

To Do This Press Display
1. Exit Fundamental Topics in Science. [UIT] {EXIT)
Clear the home screen.
2. Display the list editor. 1:Edit...
3. Clear each list as necessary. [«] to go to the list name
(4 or ] to go to the next list X
4. Scroll to L1. [q or [»], as necessary
5. Enter the rates for the boys in list L1. Type each number, then [ENTER L1 Lz Lz z
il | S (R
24 27
6. Enter the rates for the girls in list L2. g8 s
[JtogotoL2 iz 7z
Note: Your numbers will be different than | Type each number, then L ik

Define the statistical plots as box plots

Once you have entered the lists, you can examine the data using several different types of
statistical plots. First, look at the two forms of box plots.

between the third quartile [Q3] and the
first quartile [Q1] ) as points rather than
as part of the box.

To Do This Press Display
1. Go to the STAT PLOTS screen. [STAT PLOT] m ;
) L1 Lz o«
Note: The TI-83 Plus lets you define up 2iPlot2 0Ff
to th iffi t stat plots. [ER | Lz o
o three different stat plots 2 Flob T OFF
L1 L& =
4LP1ot=0+F
2. Turn on Plotl and define it as a 1:Plotl IIIHEH Flutz
ModBoxplot (&) of the male heart ENTER] to turn on Plotl e B R
rates. (=) 0] ) ] [ENTER) (=) Wlighim b =
) =) [L1] Fres:1
Note: ModBoxplot graphs the outliers &) 1 Mark: B +
(data more than 1.5 times the difference [=] [ENTER] (o)

Fundamental Topics in Science

© 2001 Texas Instruments
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Section 1: Scientific Method Name
Date
Define the statistical plots as box plots (cont.)
To Do This Press Display
3. Turn on Plot2 and define it as a (2] (4] («] (2] [] to go to the HQHDF Flot:
Boxplot (1) of the female heart list of plots orobe T
i 0 |
rates. 0] to go to Plot2 él iE-"‘_.-iLE
Note: Boxplot doesn’t graph anything as to turn on Plot2 e
a point, so Mark is not defined. &) (o)

Note: If Plot3 was On in step 1, you will

(<] [2nd] [L2]

need to turn it off, following the & 1
procedure in step 2.

4. Onthe Y= screen, if any of the Y= Note: On this screen, Y2
equations are selected (highlighted), is selected, Y1 is not.
turn them off. Note: The keystrokes below

would turn off Y2 in the screen at HL;};EEIH;E Flotz
Note: On the TI-83 Plus, the graph right. w2 BHE R
screen displays both graphs and stat ‘ﬁBf
plots, which is why you should turn off KIJE2) ::'-.-';;
any graphing equations. ~MNE=
we=
5. Display the plots in an appropriate %ﬁ MEMORY
. . . - oo Out.
viewing window. 9:ZoomStat A:F0ecimal
28 E5Huare
Note: The ZoomStat command £i £5tandard
: L riZTrig
automatically calculates a good viewing &1 FInteger
window. [EMZoomStat.
When you select ZoomStat , the plots . ,_I:[l a
are displayed immediately. . D:l /
outlier /

6. Explore the median and range of the TRACE Fi:Le "I:E‘ o

plots using the trace feature. [ or ] to move on a plot .
(] or [«] to move between plots : D:l

Az=7Y

What is the median value for the boys? For the girls? Write a description of the heart-rate
samples based on the box plots.

=
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Section 1: Scientific Method

Calculate statistical variables

Name
Date

In addition to examining data graphically, the TI-83 Plus lets you examine data numerically.
There are individual commands on the LIST STAT menu to calculate individual statistics such as
the mean, median, standard deviation, and minimum of a list. The 1-Var Stats command on the

STAT CALC menu calculates and displays all the statistics at once.

Calculate the statistics for the boys.

To Do This Press Display
1. Return to the home screen. lauiT]
2. Copy the 1-Var Stats function from STAT] D] 1:1-Var Stats ED{I TESTS
the STAT CALC menu to the home T o— ugE St ats
31 Med-Med
sereen. 3:L1RReTtax+h)
51 QuadReg
& Cubickeg
RAuartEea
3. Specify the list. [L1] 1-Yar Stats L1N
4. Icul h lues. TER 1-Var Stats
Calculate the values EN oodh FLAES,
. Tu=515
(] or [4] to see additional ExE=A7O96
values Sw=d. 247241759
chrx;-fl-. S2E342441
r‘|=

What is the median value for the boys (L1)? Describe what you learn from the other statistical
variables.

=
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Section 1: Scientific Method Name

Date

Examine data with the Data/Graphs Wizard

You can use the DATA/GRAPHS WIZARD in SCIENCE TOOLS to access the list editor and stat plot

features of the TI-83 Plus.

To Do This Press

Display

1. Display the SCIENCE TOOLS menu. APPS
Select SciTools

Note: You also can access the SCIENCE ENTER] to leave the title page
TOOLS menu from the SCIENCE

CHAPTERS menu.

ZELECT A TOOL
1:2IG-FIGCALCULATOR
c:UNIT CONYERTER
ALATASGRAFHE HIZARD
4:YECTOR CALCULATOR

EXI

2. Display the DATA/GRAPHS WIZARD 3:DATA/GRAPHS WIZARD DATAAGRAFHE UIZARD
screen.
DATA = NEH/EDIT DATA
l= =FLOTDATH
ZTAT = ANALYZEDATA
(TATR | = TETAT
3. Enter or edit data. (DATA) L1 3
fv || ______
ay a7
Note: The DATA/GRAPHS WIZARD uses 1 g
the list feature of the TI-83 Plus that you FE: s
used above. If you had not already EE ff____
entered the data into lists, you could do Lzii=r5
SO now.
Define the statistical plots as histograms with the Data/Graphs Wizard
Plot the heart rates as histograms.
To Do This Press Display
1. Display the DATA/GRAPHS WIZARD [auiT]
screen and select PLOT DATA. A menu <E> IE: iﬁ“LTITnEE“&LﬂS HARD
of four types of plots is shown. HH- = HOD. EOXFLOT 1 YAKD
dhy = HISTOGEAN (1 YAED
Note: Boxplot and NormProbPlot are
not available in the wizard. (T T TR e |
2. Select Histogram (dIm). (=) INDEFENDENT YARIAELE CX):
BLL
zlz
3. Select the list for the boys. The lL1

wizard lets you plot only one list at a
time as a histogram.

The data is plotted immediately. The
wizard automatically turns off any
selected Y= equations and plots in the
ZoomStat viewing window.

Fundamental Topics in Science © 2001 Texas Instruments
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Section 1: Scientific Method

Name

Date

Define the statistical plots as histograms with the Data/Graphs Wizard (cont.)

To Do This

Press

Display

4. Trace the values to analyze the data.

:L1:FRER

—

rin=al
<175

n=2

girls.

5. Plot and trace a histogram for the

lauir] (L=
Elirsy
2:L2

Fi:Lz.FRER

min=az
mMax<ah.5

n=1

What do you learn about heart-rate samples based on the histogram for the boys? For the girls?

=

Calculate the statistical variables with the Data/Graphs Wizard

Calculate the statistics for the girls.

To Do This Press Display

1. Display the DATA/GRAPHS WIZARD [auIT] 1-WHk STATS FIR L2
screen and select ANALYZE DATA. (STAT) £ o LLFEREE
Select the girls’ list. 2:.L2 ExZ = BOGEZ

(] to see additional values

Zx = 4.Bzalz0EEY
ox = 4 HBER1EEEL
4 n=E

What is the median value for the girls (L2)? How would you compare the statistics for the boys
(obtained earlier in this [§ Try-It! activity) to those of the girls?

=
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1: Scientific Method Teacher Notes

Objectives
Upon completion of this section, students should be able to:
¢ Give a reasonable definition of science.

» Describe a process (a “scientific method”) for conducting scientific investigation that
includes: observing a phenomenon, creating a testable statement (hypothesis) regarding the
phenomenon, designing a test of the hypothesis, generalizing the test findings, and
communicating the test results.

Relevant National Science Education Standards
From Science as Inquiry—Content Standard A

Identify Questions and Concepts that Guide Scientific Investigations. Students should formulate
a testable hypothesis and demonstrate the logical connections between the scientific concepts guiding a
hypothesis and the design of an experiment.

Design and Conduct Scientific Investigations. The investigation may also require student
clarification of the question, method, controls, and variables; student organization and display of data;
student revision of methods and explanations; and a public presentation of the results with a critical
response from peers.

Use Technology and Mathematics to Improve Investigations and Communications. A variety of
technologies, such as hand tools, measuring instruments, and calculators, should be an integral
component of scientific investigations. Mathematics plays an essential role in all aspects of an inquiry.

Formulate and Revise Scientific Explanations and Models Using Logic and Evidence. Student
nquiries should culminate in formulating an explanation or model. Models should be physical,
conceptual, and mathematical.

Recognize and Analyze Alternative Explanations and Models. Students should be able to use
scientific criteria to find the preferred explanations.

Communicate and Defend a Scientific Argument. Students in school science programs should
develop the abilities assoctated with accurate and effective communication. These include . . .
summarizing data, . . . developing diagrams and charts, explaining statistical analysis, . . .
constructing a reasoned argument, and responding appropriately to critical comments.

Common Student Errors

Students often think that outcomes of science (such as facts, models, and theories) or modes of
conducting science (such as lab experiments) are science itself. Emphasize that science is a
dynamic process for explaining observations and predicting the results of related phenomena.
Scientific conclusions are always subject to revision as a result of further experimentation. You
may also use the following in describing science.

¢ Science is a mode of inquiry rather than a set of known facts.

¢ Science is based on controlled, repeatable experiments; similar results can be expected when
an experiment is repeated under similar conditions.
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Section 1: Scientific Method

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of
Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 1:SCIENTIFIC METHOD,
1:INTRODUCTION to begin. You may need to tell students how to navigate the application, if they
are not yet familiar with it, or print Navigating Fundamental Topics in Science on pages viii-x of
the Introduction.

Introduction

This section explores the question “What is Science?” On a WRITE IT DOWN screen, students are
asked to describe what they think science is. The question is explored more fully, and one
definition is presented. If your students are keeping journals, Fundamental Topics in Science is
good journal material. If they are not keeping journals, have them write their responses on a
blank sheet of paper.

Concepts
This section explores what it means to “Do Science.”

A common process for scientific investigations is presented.

¢ Observe Collect and organize data. Formulate questions.

¢ Hypothesize Form a tentative, testable explanation. Design a test.
e Test Experiment to support or refute the hypothesis.

¢ Generalize Develop a model or theory that explains the data.

¢ Communicate Share findings so others can investigate further.

You may wish to avoid calling this process “the” scientific method, since students might assume
this is the only method used by scientists. Point out that a scientific method can be any one of
several processes that:

¢ Leads to sound conclusions.
¢ Isrepeatable.

* Encourages further investigation.

Fundamental Topics in Science © 2001 Texas Instruments Teacher Notes  1-7



Section 1: Scientific Method

Activity—Variations in Human Heart Rate

In this section, students write a statement corresponding to each of the five steps in the
scientific investigation process outlined in CONCEPTS. Accurate and effective communication in
written form is an integral part of scientific investigation. It is important that students learn that
proper scientific investigations require discipline in the descriptions and testing. In other words,
it is not appropriate to “wing it,” “make it up as you go along,” or “change horses in midstream,”
to borrow a few clichés. This activity reinforces these ideas.

At any time students can select (MENU) to return to the ACTIVITIES menu.

Observe. Students are already aware that heart rates vary from one person to another. In the
activity, they learn about scientific method by investigating this phenomenon. In a WRITE IT
DOWN screen, students are asked to list factors they think might affect heart rate.

Hypothesize. Students begin by investigating a single factor: gender. One of many possible
hypotheses is shown in the application. You may wish to suggest that students try formulating
their own hypotheses in writing. Point out that it is more important that they form a simple,
testable hypothesis than that their hypothesis be correct (i.e., it isn’t improper to formulate and
test a hypothesis that you hope to prove false). Three such hypotheses are:

* Boys have higher (faster) heart rates than girls.
 Girls have higher (faster) heart rates than boys.
* There is no significant difference in heart rate due to gender.

In a WRITE IT DOWN screen, students are asked how they could test the hypothesis “males have
higher heart rates than females.”

Test. As with any open-ended scientific investigation, responses will vary. At this stage, it is not
important that students resolve the question about variation of heart rate among humans. It is
more important that the students explore the steps in the scientific process. Emphasize that a
study of this particular example, like that of other phenomena, can elicit an almost limitless
number of different hypotheses. Each could be investigated using a scientific process.

Tell the students that pulse rate is indicative of heart rate. Show them various ways they might
measure pulse rates. One common method is to place an index finger on a prominent artery,
such as the one found on the underside of the wrist or in the neck just behind the jaw bone.

Tell them it is common to count the number of pulses in a brief period then multiply by a factor.
For example, count the pulses for 10 seconds and then multiply by 6 to estimate the pulse rate as
typically expressed in beats per minute. While convenient, this method introduces error—which
is a great topic for further discussion.

Before beginning the test step, discuss with students what they think might be a reasonable
sample size for testing their hypothesis. The activity suggests they should measure the pulse
rates of at least six classmates.

As students take each other’s heart rates, they enter them on
the activity screen, using {M/F) to toggle gender and {+) or {-)

to change the measured pulse, and then (ADD). After a person PERZON L

is added, students can select (MORE) to record another sample HERTIRED UL e, GE
or {MENU) if they are finished. The cumulative results are
displayed until a key is pressed. Instruct the students if you
want them to record the readings and cumulative result. HAF L + 1 - 1ADDIHER

SHAFLING
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Section 1: Scientific Method

Activity—Variations in Human Heart Rate (cont.)

Generalize. After entering the pulse rates and viewing the results, students are asked to state
the test conclusions, and then generalize about the effect of gender on heart rate. In a WRITE IT
DOWN screen, each student is asked to:

» State the conclusions he or she can draw from the findings. Students might indicate that their
findings proved, disproved, or were inconclusive about whether the hypothesis was true or
false.

* Discuss limitations. Students might mention such things as: inaccurate measurement of pulse
rate, small sample size, the variation of too many factors (activity level, etc.).

¢ Discuss how well the results of the sample indicated rates in the class, the school, the
community, the world.

* Discuss if the test indicated whether gender was the sole factor affecting heart rate.
* Design a test for another factor.

Communicate. Students share their findings and generalizations with the class. They should
describe in writing how their findings compared with those of other students.

Extension. Encourage students to design (and perform, if time permits) investigations of other
factors affecting heart rate such as age, weight, physical condition, activity level, and heredity.

Remind them that, in general, results are easier to interpret if only one factor is varied at a time;
for instance:

» Test 2: Measure one person’s pulse at varying levels of physical activity (sleeping, standing,
after running several minutes, etc.).

» Test 3: Measure the at-rest pulse rates of several similarly-aged boys of varying weights.

To help students isolate factors, you might have them develop a chart such as the sample one
below. You can also discuss with students that not all factors are independent of each other,
such as weight and physical condition.

tested factor common factors variable factors
activity gender age weight
activity level heredity
physical condition
test 2 activity level age none
weight (all tests on one person)
heredity
physical condition
test 3 weight gender heredity
age physical condition
activity level
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Section 1: Scientific Method

Try-It'™ on Your Tl -83 Plus

This [ Try-It! activity requires the use of the Science Tools application. This free application
came with the Fundamental Topics in Science application and is accessible from the SCIENCE
CHAPTERS menu, but it must be loaded separately.

Students continue exploring the heart-rate question through two TI-83 Plus functional areas:
¢ The list editor, stat plot, and statistical calculation features of the calculator.
¢ The data, plot, and stat features of the DATA/GRAPHS WIZARD in SCIENCE TOOLS.

The DATA/GRAPHS WIZARD accesses the calculator features in a simple, focused user interface,
so many students will find the wizard easier to use for most problems.

You might direct the students to use the [§ Try-It! activity for one of the tests suggested in the
extension above.

Space is provided for written answers on the [§] Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The calculator features are described more fully in the T/-83 Plus guidebook. The SCIENCE TOOLS application
is described more fully in the TI-83 Plus Science Tools user guide.
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Section 2: Precision & Accuracy Name

Date

2. Precision & Accuracy Try-1t'™ on Your Tl -83 Plus

Determining significant figures

For 125.0 milliliters of water, students reported the following measurements of mass.
1186 g 127.308 g 130 g 1210 g 123.084 g
120 g 1224 ¢ 1242 ¢ 1265 ¢ 125 g

Use the SIG-FIG CALCULATOR in SCIENCE TOOLS first to determine the number of significant
figures in each measurement, then to convert each measurement to four significant figures.

To Do This Press Display
1. Display the SCIENCE TOOLS menu. If necessary, exit FunSci
M@ IG-FIGCALCULATOR
Note: You also can access the SCIENCE APPS iﬁﬂﬂf.';’ﬂﬁfﬁ!ﬁ?mn
TOOLS menu from the SCIENCE Select SciTools 4: YECTOR CALCULATOR
CHAPTERS menu. ENTER] to leave the title page —
2. Display the SIG-FIG CALCULATOR. 1:SIG-FIG CALCULATOR SI0-FIGCALCULATOR
1i8.6 41
3. Enter the first value from the data. 118.6 Yihs 41
The number of significant figures is If sci appears in reverse video,
shown on the right. press (DEC SCI)
RALCT| EE LT [EDLT
4. Repeat for all measurements and ENTER

complete the table below.

Original data Number of significant figures Data with four significant figures

118.6 4 118.6

120

127.308

122.4

130

124.2

121.0

126.5

123.084

125
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Section 2: Precision & Accuracy

Calculate the sum of the original data

Name

Date

The calculator performs calculations indiscriminately, using all of the digits that you enter. The
SIG-FIG CALCULATOR, however, uses rules based on significant figures to determine the result.
These rules are explained in the T1-83 Plus Science Tools user guide. For addition, the SIG-FIG
CALCULATOR adds the numbers as the calculator would, but then rounds the answer to the
number of places in the least precise of the measurements.

2. Repeat using four significant figures.

To Do This Press Display
1. Enter each value using all of the 118.6 SIG-FIGCALCULATOR
digits in the measurement. 120 Y ul
+ 123084 {3]
e +12E [z1
125 [ENTER 1zz8.092
1240 £z1
RALCT| EE LT [EDIT

What were the results? Which measurement(s) were the least precise? What is the average

measurement?

=

Enter the data

You can use the list and statistical features of your TI-83 Plus to help you determine how precise
and how accurate this set of measurements is. In the list editor, enter measurements in list L1 to

Jour significant figures.

3. Clear each list as necessary.

4. Scroll to L1.

(] to go to the list name

CLEAR] [ENTER
[J or 0] to go to the next list

[ or ], as necessary

To Do This Press Display
1. Exit SCIENCE TOOLS. Clear the home [QUIT]{EXIT)

screen.
2. Display the list editor. 1:Edit

L=
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Section 2: Precision & Accuracy Name

Date

5. Enter the first data point. 118.6 L1 Lz L: 1

6. Repeat for the other points.

Remember to enter four significant
figures.

Notice that even if you correctly
enter 120.0, the calculator drops the
decimal and the following zero.
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Section 2: Precision & Accuracy Name

Date
Calculate the average
Determine the average (mean) of these measurements.
To Do This Press Display
1. Return to the home screen. [auiT]
2. Copy the mean( function from the [LIST] [»] [»] 3:mean( |‘1~|I_:"'1E5I:DF'5 FIHTH
LIST MATH menu to the home screen. Bt metd
rEarn
fmediant
52 =umi
&2 FrodC
TlstdDewi
3.  You can reference all of the values in [LIST] 1:L1 | OFS MATH
a list with the list name. Copy the : L.1-:
name of the list (L1) from the LIST E II:3
NAMES menu to the home screen. -
&ils
4. Complete the expression and reantli 2
evaluate. ENTER AHSLER
Answer displays here.

What did you calculate for the average (mean)?

=
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Section 2: Precision & Accuracy Name

Date

Calculate percent error

If the accepted value for the mass of 125.0 milliliter of water is 125.0 g, how accurate would you
consider this set of measurements? You can express the accuracy in terms of percent error.

(accepted value - experimentally determined value)

percent error = (accepted value) 100

Use your TI-83 Plus to calculate the percent error.

To Do This Press Display
1. Calculate the percent error. 125.0 [ meanilil
nnn.n (enter the mean CE125, E-??ﬂHglﬁlE?
Parentheses are very important for calculated above) 23.83+108
correctly grouping numbers in 5] 125.0 ANSLIER
calculators. 100
ENTER

Remember to retain only four
significant figures in the mean.

Tip: Instead of retyping the answer from

a previous calculation, you can press
[ANS].

What was the percent error? Do you think this is a large error or a small error?

=
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Section 2: Precision & Accuracy

Calculate standard deviation

Name
Date

Standard deviation is an excellent indicator of the precision of measurements. Range (the
difference between the maximum and minimum measurements) also shows precision. Use your
TI-83 Plus to calculate the standard deviation and range of this set of measurements.

To Do This

Press

Display

1. Copy the stdDev( function from the

[LisT] 7:stdDev(

HAMES OFZ [ENS

LIST MATH menu to the home screen. %: H;QE
Jimeant
4 mediant
2 sumML
52 Frod
([E=t.cDew
2. Enter the list name, complete the 2nd] [L1] meantla BHSLWER
expression, and evaluate. ENTER (0125, B=777, 711
25.80+188
Tip: This is an alternate way to enter a stoDeuiL 1 }HHSMER
list name. AHSLWER:
3. Calculate the range (maximum value [LIST] 2:max( 5%1%?*?53?? Tasl
minus minimum value). L10JE : AMSLIER
2nd] [LIST] 1:min( stolDewilq SR
(2nd] [L1] O maxili 2—mincla >
ENTER AHSWER

What value did you calculate for the standard deviation? For the range? Given these calculations,
describe how accurate these measurements were; how precise they were.

=
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2. Precision & Accuracy Teacher Notes

Objectives

Upon completion of this section, students should be able to:

Define precision and accuracy, and distinguish between the two terms in practice.
Define significant figures.

Recognize precision and accuracy limitations of measuring instruments.

Report measurements using the appropriate number of significant figures.

Apply rules to determine the significant figures in arbitrary values and in the results of
calculations.

Relevant National Science Education Standards

From Science as Inquiry—Content Standard A:

Use Technology and Mathematics to Improve Investigations and Communications. Mathematics
s essential in scientific inquiry. Mathematical tools and models guide and improve the posing of
questions, gathering data, constructing explanations and communicating results.

Understanding about Scientific Inquiry. Scientists rely on technology to enhance the gathering and
manipulation of data. . . The accuracy and precision of the data, and therefore the quality of the
exploration, depends on the technology used.

Common Student Errors

Students do not understand, nor correctly apply, the terms precision and accuracy.

Students assume values are of unlimited accuracy and precision, regardless of source
(measurement, textbook problems, computer or calculator displayed results). Emphasize that all
measurements introduce error, but quality instruments and good operator practices can
minimize such error.

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of

Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 2:PRECISION & ACCURACY ,
1:INTRODUCTION to begin. You may need to tell students how to navigate the application, if they
are not yet familiar with it, or print Navigating Fundamental Topics in Science on pages viii-x of
the Introduction.

Fundamental Topics in Science © 2001 Texas Instruments Teacher Notes
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Section 2: Precision & Accuracy

Introduction

This section explores the meanings of the terms precise and accurate. Notice the analogy of
precision and accuracy of measurements to that of three sets of soccer kicks. Point out that:

» High precision results in closely grouped, repeatable values (but not necessarily near the
accepted standard).

e High accuracy results in values whose average is near the accepted standard (although
individual values may differ widely).

* Obviously, both high precision and high accuracy are desirable. Precision is often preferable

in measuring instruments. Since precise results are highly predictable, a correction can be
applied using a process known as calibration so that the net result is made accurate.

| FRECIfIOR | FRECIZION % ACCURACY
|: |"+++ ++
ACCURATE RICK::
FRECIZE KICKH=: AYERAGE CLOZE TO RECIZE 2 ACCURATE:
CLOZELY GROUFED o THE ACCEFTED YALUE AHE=ONE!
Extension

Point out to students that while both high precision and high accuracy are desirable, this is not
always possible. These are possible work-group discussion topics.

e Ask, “If your team could kick precisely or accurately, but not both, which would you prefer,
and why?” Tell them to explain their reason in writing. Some students might say, “Accurately,
because we’d stand the best chance of getting at least one score.” But others might say,
“Precisely, because the goal is to win the game. If both teams were equally accurate, it might
be a tie. Only with high precision would you stand the chance of a big win.” They would
certainly have a case!

» Ask students to describe what might be the effects of high accuracy, but low precision, for
situations such as a political election, determining the age of artifacts from an archaeological
dig, or taking a population census. Then ask them to describe what might be the effects of
high precision, but low accuracy, for the same situations.

Concepts
This section explores proper recording practices and significant figures.

Remind students that, when reading a measuring instrument, it is standard laboratory practice to
report all the certain digits (limited by the instrument’s finest divisions) plus the first estimated
digit.

zq HRECORD EACH DIGIT
RNOWN HITH
0 CERTARINTY...

10
[z |

CERTAINLY >0 EUT <30 4

0 FLUZ ONE
! EXTIMATED DIGIT.

in
E I

AFFROY. =10 OF INTERYALGH

g EOTH RECORDED
DIGITE ARE
0 SIGNIFICANT.

in
c  [E]

A
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Section 2: Precision & Accuracy

Activity—The Big Sig-Fig Dig
This activity gives students practice in identifying which digits in a value are significant.

For each underlined digit, students select (SIG) if the digit is significant or (NOT) if the digit is not
significant. They earn 10 points for each correct answer, up to a maximum of 410. Tell students
if you wish them to record their scores and if they can repeat the activity to improve their
scores.

At any time students can select (MENU) to return to the ACTIVITIES menu. If a student is having
trouble, you can suggest that he or she select (MENU) and begin the activity again. The
cumulative score is displayed during the entire activity. The reward level (bronze, silver, or gold)
displays after the activity is over; the student can press any key to return to the ACTIVITIES
menu.

Activity—Watch Your Speed

This activity reinforces the concepts of precision and accuracy that were introduced in the
INTRODUCTION and CONCEPTS. Students are shown two speedometers and asked to select the
most appropriate instrument reading for each.

HATCH YOUR *FEED! HATCH YOUR *FEED!

YE § S0 f 55 | B0 IHEN B0 | 62 | 64 | 66 IHEN

Many students may incorrectly respond (55) on the first speedometer. Remind them that when
making a measurement it is standard laboratory practice to report all the certain digits (limited
by the instrument’s finest divisions), and then the first estimated digit.

Students are again shown the two speedometers and, given an actual speed of 55, are asked to
state which is more precise and which is more accurate.

HATCH YOUF, SFEED! [ WORE FRECISET | WOFE ACCORATES
ASSUNE THE ACTUAL A B A B
SPEED I3 55.
HHICH SPEEDONETER I5:
HORE PRECISE? 0 100 o 100 T 0 100
HORE ACCURATE?
o TR T E THENU| R I E INEN

You may need to remind students to:

* Use the number of significant figures read from each speedometer to determine which is more
precise.

¢ Compare the indicated value of each speedometer to the actual speed to determine which is
more accurate.

Students can select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you
can suggest that he or she select (MENU) and begin the activity again.
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Section 2: Precision & Accuracy

Activity—How Do You Measure Up?

In this activity, which reviews significant figures as well as precision and accuracy, students
measure the height of the Washington Monument using two different rulers.

DO YOU HERSURE LFT DO YOU HERSURE LFT
FE0n HOH HARY FE0n HOH HARY
SIG-FIGE SIG-FIGE
100 SHOULD YOU 190 SHOULD YOU
REFORT™ REFORT™
i z E; 4 En i z E; 4 En

Each student also asks three other students what their measurements were and enters them in
the calculator.

Students can select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you
can suggest that he or she select (MENU) and begin the activity again.

Try-It'™ on Your Tl -83 Plus

Point out the difficulty caused by the measurements that were not recorded to the specified four
significant figures. As a result, rounding and assumptions must be made. Discuss with students
which measurements had too many significant figures and which had too few.

Students use the SIG-FIG CALCULATOR in SCIENCE TOOLS to complete the second and third
column in the chart below.

Original data Number of significant figures Data with four significant figures
118.6 4 118.6
120 2 120.0
127.308 6 127.3
122.4 4 122.4
130 2 130.0
124.2 4 124.2
121.0 4 121.0
126.5 4 126.5
123.084 6 123.1
125 3 125.0
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Section 2: Precision & Accuracy

Try-1t'™ on Your Tl -83 Plus (cont.)

Students then use the list editor and statistical calculation features of the calculator.
Some indicators of accuracy include:

Average = mean(L1) = 123.81 g

(accepted value - experimentally determined value)
(accepted value) &

percent error = 100

(125.0 - 123.8)
percent error = (125.0) % 100 = 0.96%

Students are asked if this is a large error or a small error. You may need to remind students that
this isn’t a 96% error, which is a large error; instead it is close to a 1% error, which is a small
error.

This portion of (§ Try-It! activity requires the use of the Science Tools application. This free
application came with the Fundamental Topics in Science application and is accessible from the
SCIENCE CHAPTERS menu, but it must be loaded separately.

Standard deviation is an excellent indicator of the precision of measurements. Range is another
way of evaluating how precise a measurement is. Students use the TI-83 Plus to make these
calculations.

Standard deviation = stdDev(L 1) = 3.517 g
Range = [ max(L1) - min(L1) ] =130.0g - 118.6g =114 g
Students are asked to describe in writing how accurate and how precise the measurements are.

You may recommend that students routinely use the 1-VAR STATS function rather than
performing individual calculations or calculator operations. See the (g Try-It! activity in
SCIENTIFIC METHOD for an example.

Space is provided for written answers on the [ Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The calculator features are described more fully in the T/-83 Plus guidebook. The SCIENCE TOOLS application
is described more fully in the T/-83 Plus Science Tools user guide.
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Section 3: Scientific Notation

3: Scientific Notation

Notation formats on the home screen

Name

Date

Try-1t'™ on Your Tl -83 Plus

Enter the mixed-format problem 123.456+7.89e2 on the home screen and display the result in all
three formats: Decimal (Normal ), Scientific Notation (Sci), and Engineering (Eng).

To Do This Press Display
1. Exit Fundamental Topics in Science. [UIT] {EXIT)
Clear the home screen.
2. Set the notation mode to Normal ,
with floating digits. to select Normal
[~] to select Float
3. Return to the home screen. Enter and lauT] 123. 456+F{:,?% EESE-
evaluate the expression 123.456 -
123.456+7.89E2. 7.89 [2nd] [EE] 2
ENTER
The format of the entry line is not
changed. The result appears in
Normal (decimal) format.
4. Set the notation mode to Sci. MHaormal Eng
O to select Sci |1m.! B%456?EHE'|
5.  Return to the home screen and lauT] 123. 456+?989 EE
re-evaluate the expression. 2nd] [ENTRY] 123, 45647, 89 EE
ENTER 9. 124356E2
Note: There are two ways to re-evaluate
an expression. alone automatically
executes the previous home screen
entry. [ENTRY] pastes the previous
entry onto a new line. executes it.
The format of the entry line is not
changed. The result appears in Sci
(scientific notation) format.
6. Set the notation mode to Eng. Hormal Sci
0] ) [ENTER] to select Eng AEEI 6123436789
7. Return to the home screen and lauiT] 123, 456+47.99 EESE
re-evaluate the expression. ENTER 123, 45647, S9g?
9, 124562
The result appears in Eng F12.436e8
(engineering) format.

Fundamental Topics in Science
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Section 3: Scientific Notation Name

Date

Change the decimal notation

Look at the effect of changing the mode that determines the number of decimal places displayed.

To Do This Press Display
1. Return the display format setting to 123, 456+?é?% EESE
Normal, change the number of 127, 45E+7. Saps
decimal places to 1, recall the ] ENTER 2, E2
. . 212,456 e8
expression, and re-evaluate it. 2nd] [QUIT] 123, 45637 29>
2nd] [ENTRY] F1z2.3
The result displays with one decimal.
2. Return the decimal setting to Float, 123, 45647, 2962
. SEEZ
recall the last answer, and re-evaluate | [~] [ENTER] a2 45E el
it. [ANS] 123, 456+7 . 2962
Q12.5
Notice that the notation and decimal 212,455
display modes affect only how an

answer is displayed. They do not
affect how values are entered or
interpreted, nor do they affect the
value of the result in the calculator
memory.

Notation formats in the SIG-FIG calculator

Enter the mixed-format problem 123.456+7.89€e2 in the SIG-FIG CALCULATOR and display the
result in all decimal and scientific notation formats.

To Do This Press Display
1. Display the SCIENCE TOOLS menu. APPS
H M@ IG-FIGCALCULATOR
. Select SciTools _ S UNTT CONVERTER
Note: You also can access the SCIENCE | [ENTER] to leave the title page 3 DRTA/GRAFHE NIZRED
TOOLS menu from the SCIENCE (UP) as necessary 4: VECTOR CALCULATOR:
CHAPTERS menu.
ERL
2. Display the SIG-FIG CALCULATOR 1:SIG-FIG CALCULATOR

screen.

Determine if the SIG-FIG CALCULATOR is in decimal or scientific notation mode:

ZIG-FIGCALCULATOR ZIG-FIGCALCULATOR

WACT] EE I WACT] EE |DEC

The current mode is decimal. 4 \— The current mode is scientific notation.
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Section 3: Scientific Notation

Name
Date

Notation formats in the SIG-FIG CALCULATOR (cont.)

To Do This

Press

Display

3.

If necessary, change the result mode
to decimal.

If necessary, {DEC SCI)

EIG-FIGCALCULATOR

The format of the entry lines are
changed to scientific notation when
you press [ENTER]. The result is
displayed in scientific notation and
converted to the correct number of
significant figures.

RALCT| EE 0
4. Enter the expression 123.456+7.89e2. | 123.456 FIG-FIGCALCULATOR
7.89 (EE) 2 Ry el
RALCT| EE 0
5. Evaluate the expression. ENTER SIG-FIGCALCULATOR
1z:.456 L&l
+ 788 [x1
The format of the entry lines are Biz.HEG
changed to decimal notation. The Az t1
resuhf is displayed in decimal T T EETT
notation and converted to the correct
number of significant figures.
6. Change the result mode to {DEC sCI)
scientific notation.
7. Re-enter the expression 123.456 FLi-FIa CALCULATOR
123.456+7.89€2 and evaluate. 7.89 (EE) 2 L EEpTEEE e
ENTER 9.1z4SEEZ
The entry area is cleared H8.4zEz L1
automatically as you begin to type. e e —
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3: Scientific Notation Teacher Notes

Objectives

Upon completion of this section, students should be able to:

* Given a number in scientific notation, express it in standard decimal form.

* Given a number in standard decimal form, express it in scientific notation.

* Perform addition and subtraction with numbers expressed in scientific notation.

* Perform multiplication and division with numbers expressed in scientific notation.

Relevant National Science Education Standards
From Science as Inquiry—Content Standard A:

Use Technology and Mathematics to Improve Investigations and Communications. Mathematics
s essential in scientific inquiry. Mathematical tools and models guide and improve the posing of
questions, gathering data, constructing explanations and communicating results.

Common Student Errors

Students often are unclear about the effect on the exponent when the decimal point is “moved”
right or left. The value of the exponent increases by 1 for each place the decimal point is shifted
left; the value of the exponent decreases by 1 for each place the decimal point is shifted right.

When multiplying numbers in scientific notation, students sometimes multiply the exponents
rather than adding them. They have a similar problem when dividing numbers in scientific
notation.

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of
Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 3:SCIENTIFIC NOTATION,
1:INTRODUCTION to begin. You may need to tell students how to navigate the application, if they
are not yet familiar with it, or print Navigating Fundamental Topics in Science on pages viii—x of
the Introduction.

Introduction

This section explores—through examples—the need for scientific notation.

SCIENTIFIC NOTATION SCIENTIFIC NOTATION SCIENTIFIC NOTATION

IT'S ERZIER TO EXFRESE
SZUCH NUNEERS USING

NUNEER: ENCOUNTERED IN
SCIENCE AanD TECHNOLOGY

AKE OFTEN YERY LARGE...

L1 L LT LT DT
o0 k3

WA OF THE ERRTH | &

OF YERY SMALL.

O G Qi
Qoogoanonaina k3

NAZ3 OF AN ELECTRON |

SCIENTIFIC nOTATION
P+ 18K

F:COEFFICIENT
R:EXFONENT
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Section 3: Scientific Notation

Concepts

This section explores the format, rules, and process for expressing numbers in scientific
notation. The standard form for scientific notation is given. Then, the process of conversion
from standard decimal notation to scientific notation is modeled, with an example, to
demonstrate the process. The calculator representation of scientific notation is shown.

SCI.nOTATION FORH CALCULATOR CONYENRTION
P, :I.IJIH THE CALCULATOR DIZFLAYE
A NUXMEER IN *CIENTIFIC
11 1=<p<1in NOTATION A%
¢d ALL DIGITE INF ARE F 1.:.”
SIGNIFICANT .1.1—
21K IZ Al INTEGER
G FEK G

Finally, the four basic arithmetic operations for numbers expressed in scientific notation are
shown, step by step.

This topic assumes that students understand the concept of significant digits covered in the
previous section (Precision & Accuracy).
Activities—Decimal ->Sci-Not, Sci-Not = Decimal, Arithmetic

These activities provide students with practice in scientific notation. For each of three activities,
ten conversion problems are presented (the order varies each time).

DECINAL->3CI-NOT ECI-nOT->DECIMAL ARITHHETIC
gL LT ] B.4BE-Y c.>0EY - C.OBED
AY FORE"E A2 G4EO0 AY “4.B2EE
EJ -Z.0EE-E EX a4BOO0G EJ 4.BZEE
Ch -ZOEE-7 Ch 0.0a48 Ch-Z.erE-1
00 -0 =05E"Y 00 g.000e4E b 4.7ZE-L
H E C ! En H E C ! En H E C ! En

Students press (A), (B), {C), or {D) to select the correct answer. They earn 20 points for the
correct answer on the first try, 10 points on the second try, up to a maximum of 200 points. Tell
students if you wish them to record their scores and if they can repeat the activity to improve
their scores.

After each problem, students can select (MORE) to try another problem. At any time they can
select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you can suggest
that he or she select { MENU ) and begin the activity again. The cumulative score is displayed
during the entire activity. The score displays after the activity is over; the student can press any
key to return to the ACTIVITIES menu.
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Section 3: Scientific Notation

Try-It'™ on Your Tl -83 Plus

This [ Try-It! activity requires the use of the Science Tools application. This free application
came with the Fundamental Topics in Science application and is accessible from the SCIENCE
CHAPTERS menu, but it must be loaded separately.

Students enter a mixed calculation (values in both decimal and scientific format) and then
display the results in varying formats. The same activity is used on the home screen and in the
SIG-FIG CALCULATOR so that students can observe the differences between them.

If students are not already familiar with the calculator, explain that on the TI-83 Plus they can
enter values in either decimal format or scientific notation format anywhere they need to enter a
value (on the home screen, in the list editor, as a WINDOW setting, and so on). However, they
specify on the MODE screen how they want results to display on the home screen and in the list
editor.

There are three display notation formats on the TI-83 Plus.
* Decimal (Normal )

» Scientific Notation (Sci)

* Engineering (Eng)

You may need to explain that Engineering Notation is similar to Scientific Notation, except that
instead of the value always having one place to the left of the decimal, the exponent is always a
multiple of three (hence there may be one, two, or three digits to the left of the decimal).

Space is provided for written answers on the [§] Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The calculator features are described more fully in the T/-83 Plus guidebook. The SCIENCE TOOLS application
is described more fully in the TI-83 Plus Science Tools user guide.
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Section 4: Units & Conversions

4: Units & Conversions

Name

Date

Try-1t'™ on Your Tl -83 Plus

Calculate the distance light travels in one year

Express the distance that light travels in one year (known as 1 light-year) in m. The speed of
light is 2.99792458 x 108 m/s. Distance = speed x time.

To Do This Press Display
1. Exit Fundamental Topics in Science. [UIT] {EXIT)
Clear the home screen. CLEAR] [CLEAR
2. Display the SCIENCE TOOLS menu. APPS
Select SciTools L-3La-F1GCALCULATOR
Note: You also can access the SCIENCE | [ENTER] to leave the title page % DRTR/GRAFHE NIZARD
TOOLS menu from the SCIENCE 4: VECTOR CALCULATOR:
CHAPTERS menu.
AL
3. Display the UNIT CONVERTER screen. 2:UNIT CONVERTER
MLENGTH  7.HAZE
ZARER  B.FORCEANT
TNOLUNE  SFRESSURE
4. TIHE A.ENERGY/HORK
CTENF  E.FOMER
B.MELOCITY C.2IFREFIKE=
[COnZTART]
4. Display the list of constants. (CONSTANT) CONETANTS
. . . na  kE ke w- 3
Highlight c (speed of light). LI i me e
wid Ed h R u
2.887924EAER s
SPEED OF LIGHT INYACUUH
[CONVERT | [ERFT [COF Y]
5. Export the value of ¢ to the home (EXPT) 299732455+
screen.
6. Return to the home screen and enter [auiT] [UIT]{EXIT)
a multiplication sign.
7. Return to Science Tools and display APPS
the UNIT CONVERTER screen. Select SciTools e
ENTER] to leave the title page
2:UNIT CONVERTER
3
8. To determine the number of seconds 4. TIME [ COnSTART {ERFT [COF TECIT)
in a year, display the TIME conversion
screen.
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Section 4: Units & Conversions

Name
Date

Calculate the distance light travels in one year (cont.)

To Do This

Press

Display

9. Convert 1 year to seconds.

Note: Values are automatically displayed
in scientific notation when you press
ENTER].

1
0] 0] 0] =] [ENTER
(«)

ENTER

TIHE

ns K5 mi B min
h dar wesk wr

1E0 vk
2 ACERHZET 5

[ CONETART [ERFT [COFVIEDIT]

10. Export the number of seconds in a
year to the home screen.

11. Return to the home screen and
evaluate the expression to determine
the number of meters that light
travels in a light-year.

Note: The TI-83 Plus displays very large
and very small numbers in scientific
notation, even if the display setting is
Normal .

(EXPT)

[auIT] [QUITT{EXIT)
ENTER

2997 92458+3, 1556
Q2597 EY
9. 4eB323483ELS
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4: Units & Conversions Teacher Notes

Objectives

Upon completion of this section, students should be able to:

* Recognize the seven ST base units and several common derived units.
¢ Perform conversions using various SI prefixes.

* Perform conversions other than SI.

e Use dimensional analysis to help understand relationships among physical quantities and
their units.

Relevant National Science Education Standards
From Science as Inquiry—Content Standard A:

Use Technology and Mathematics to Improve Investigations and Communications. Mathematics
s essential in scientific inquiry. Mathematical tools and models guide and improve the posing of
questions, gathering data, constructing explanations and communicating results.

Common Student Errors

Students do not consistently include the proper units when expressing physical quantities. Even
though the examples are silly, the INTRODUCTION section will help them understand the
importance.

Students do not recognize how dimensional analysis can be used as a “sanity check” for
calculated results, or how to use dimensional analysis to help them recall mathematical
relationships among physical quantities. Several examples in the CONCEPTS section and the
DIMENSIONAL DEMENTIA activity will assist them.

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of
Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 4:UNITS & CONVERSIONS,
1:INTRODUCTION to begin. You may need to tell students how to navigate the application, if they
are not yet familiar with it, or print Navigating Fundamental Topics in Science on pages viii—x of
the Introduction.
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Section 4: Units & Conversions

Introduction

This section begins by exploring the idea that it is meaningless to describe a physical quantity
without including its associated unit of measurement. Two examples are given.

WHY CRRE AEDUT UNITS Y WHY CRRE AEDUT UNITS Y WHY CRRE AEDUT UNITS Y
A TRAFFIC SIGN STATES 30 TRAFFIC 51603 FER 30 CAE LENGTHS FER
FEED HINUTE? SECOND?

S0 HHAT'S THE FRSTEST
YOU CAN LEGALLY IIIF:I'.'E?_E.'_ &

HHY CARE REOUT UNITET HHY CARE REOUT UNITET HHY CARE REOUT UNITET

INAGINE AN ANIMAL HAYING
THEZE DIMEN:IONE

HEIGHT = E

LENGTH = 14

HEIGHT = 4

Concepts

This section addresses the idea of standard measuring systems and introduces the SI
measurement system. Students probably are comfortable with measurements of length, mass,
time, and temperature, but less familiar with amount of substance, electric current, and
luminous intensity. You may want to discuss the types of measurements where those units
would be used. Even though these units may not be studied in detail in your course, we include
them because these seven units are the basis from which all other SI units are derived.

HERZUREMENT =Y=TENE:

%1 BASE UNITS %1 BASE UNITS
£I I5 A NODIFIED HETELC | HETER: o) HOLE
SY£TEW CONSISTING OF 7
EAZE UNITS FLUZ DERIVED k3 LENGTH i ANOUNT OF
UnITS. . oy SUESTANCE
K
Lo Lo Lo

Students may be interested to know that SI is an acronym for “Le Systeme International
d’Unites” (the International System of Units).

Extension

The acceptance of SI as a worldwide standard offers tremendous advantages in science and
technology as well as in commerce. Ask students if they have encountered problems trying to
use two different measuring systems together. Examples they might come up with include trying
to remove an “English” nut (one specified to SAE standards) with a metric socket set (or vice
versa), trying to pour a liter bottle of juice into a quart container, or inheriting a recipe with
European measurements.

SI prefixes are used when describing very large or very small quantities. The prefixes are not
limited, however, to SI. Students are probably familiar with some of the prefixes such as giga,
mega, kilo, and nano in the context of personal computers.
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Section 4: Units & Conversions

Concepts (cont.)

An example is presented showing how to convert numbers from one unit to another. The same

process (the factor-label method) applies to any conversion, whether or not SI prefixes are
involved.

The concept of dimensional analysis is presented, with several examples.

DINENSIONAL ANALYSIE

ALHAYE CHECK THE RESULT
OF AnY CALCULATION TO
ENSURE THAT UNITZ NARE
*EMZE.

A

In addition to the examples given, you may wish to use several others to illustrate the use of
dimensional analysis in predicting or verifying relationships. For example: fuel efficiency

(miles/gallon); earnings rate (dollars/hour); stream flow rate (gallons per minute, cubic feet per
second, etc.).

Dimensional analysis can also be used ensure that equations are correctly formulated. You
should caution students about the limitations of dimensional analysis. For instance, certain
factors, such as proportionality constants, cannot be predicted.

SUFFOSE ¥OU RECALL THAT
THE DIZTANCECAY AN OEJECT
TRAYELZ IN TIHE CkD

DINENSIONAL ANALYSIE

DINENSIONAL ANALYSIE

UZE DINER=IONAL ANALYFI%.
INSERT UNITZ= INTO EACH
EQUATION. FIRST TRY

DINENSIONAL ANALYSIE

DEFENDS ON ITS SFEED (v X . nou TRY
EUT ¥OU CAN'T REMEMEEF. IF gztzypl-m i m d=u.t=Mnom
THE EQUATION IZ t ey % se T

[ =v/tORa=vt s | & NOT A UNIT OF DISTANCE! g, I3 A UNIT OF DISTARCE! g

Activity—SI Prefixes

This activity provides students with practice in converting using SI prefixes. Five conversion
problems are presented (the order varies each time).

Students press (A), (B), {C), or {D) to select the correct answer. They earn 20 points for the
correct answer on the first try, 10 points on the second try, up to a maximum of 140 points. Tell

students if you wish them to record their scores and if they can repeat the activity to improve
their scores.

After each problem, students can select (MORE) to try another problem. At any time they can
select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you can suggest
that he or she select (MENU) and begin the activity again. The cumulative score is displayed
during the entire activity. The score displays after the activity is over; the student can press any
key to return to the ACTIVITIES menu.

| SIFREFINES
EHFRESS THE AYERRAGE
DISTANCE FRON THE ERRTH
TO THE UN (1.EE41r)

I ara.
A 1.EE-2 Ex 1.5
C11.EEZ Dy 1.EED

H E C ! En
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Section 4: Units & Conversions

Activity—Dimensions

This activity provides students with practice in dimensional analysis. Seven problems are
presented (the order varies each time).

| DIHERZION: |
MRITE # FORKULA RELATING
FREZZURE F (N/m*~2)s FORCE
F2 AND AREA A,

A P=ACF B P=FOR

£3 P=FA B3 P=F+A

H E C D En

Students press {A), (B), {C), or (D) to select the correct answer. They earn 20 points for the
correct answer on the first try, 10 points on the second try, up to a maximum of 140 points. Tell
students if you wish them to record their scores and if they can repeat the activity to improve
their scores.

After each problem, students can select (MORE) to try another problem. At any time they can
select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you can suggest
that he or she select (MENU) and begin the activity again. The cumulative score is displayed
during the entire activity. The score displays after the activity is over; the student can press any
key to return to the ACTIVITIES menu.

Extension

Point out that certain commonly used unit combinations are given special names.

« force Newton kgh/s?
* work or energy Joule N
* pressure Pascal N/m2

Units other than standard SI units are sometimes used for convenience (such as when the SI unit
is very large or very small in the typical environment).

o volume liter 1073m3

« force dyne gldm/s2
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Section 4: Units & Conversions

Try-It'™ on Your Tl -83 Plus

This [ Try-It! activity requires the use of the Science Tools application. This free application
came with the Fundamental Topics in Science application and is accessible from the SCIENCE
CHAPTERS menu, but it must be loaded separately.

You may direct the students to perform the given unit conversions manually and turn in their
work sheets (using the UNIT CONVERTER tool only to check their work) or have them use the
UNIT CONVERTER for all applicable portions.

3.00x10®m 1y 365days 24h 60min 60s
distance = ratestime= ——e¢— . . . =9.46x101> m
S y day h min

Space is provided for written answers on the [ Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The SCIENCE TOOLS application is described more fully in the T/-83 Plus Science Tools user guide.

Extension
Have the students express the average distance from the earth to the sun (1.50x10" m) in
light-years.
light-year
1.50 x10'' m « ————= 1.59x107 light-year
9.46x10> m
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Section 5; Data & Graphs

5: Data & Graphs

Enter population information into lists with the Data/Graphs Wizard

Name

Date

Try-1t'™ on Your Tl -83 Plus

The United States began the decennial population census in 1790 for purposes of apportioning
congressional seats. In recent decades, the figures also have been used for projecting growth.

Year Resident Year Resident
Population Population
1790 3.93 1900 76.2
1800 5.31 1910 92.2
1810 7.24 1920 106
1820 9.64 1930 123
1830 12.9 1940 132
1840 17.1 1950 151
1850 23.2 1960 179
1860 314 1970 203
1870 38.6 1980 227
1880 50.2 1990 249
1890 63.0 2000 281
To Do This Press Display

1. Display the SCIENCE TOOLS menu.

Note: You also can access the SCIENCE
TOOLS menu from the SCIENCE
CHAPTERS menu.

If necessary, exit FunSci

APPS
Select SciTools
to leave the title page

SELECT n TOOL
1:5IG-FIGCALCULATOR
Z:UNIT CONYERTER
HADATA/GRAFHE HIZARD
4: VECTOR CALCULATOR

EWI

2. Display the DATA/GRAPHS WIZARD
screen.

3:DATA/GRAPHS WIZARD

DATA/GRAFHE HIZAKD

DATA = NEH/EDIT DATA
l= = FLOTDATA
ETAT = ANALYZE DATA

[DATAT L= TETAT]

4. Select the option for NEW/EDIT DATA.

Note: The DATA/GRAPHS WIZARD uses
the list feature of the TI-83 Plus. If the
calculator has named lists in the editor,
you may have to press [»] to scroll to L1.

5. Clear each list as necessary.

6. Scroll to L1.

(DATA)

[«] to go to the list name

(CLEAR] [ENTER]
(4 or ] to go to the next list

[q or ], as necessary

L=
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Section 5; Data & Graphs

Name

Date

Enter population information into lists with the Data/Graphs Wizard (cont.)

To Do This Press Display
7. Enter the years into L1. Type each number, then [ENTER L1 Lz Lz
o B
8. Enter the population into L2. []togotoL2 g |5k
Type each number, then [ENTER 1 ziigi
Lzi?y =
Plot the data
To Do This Press Display
1. Display the DATA/IGRAPHS WIZARD [auiT] DATA/GRAFHE HIZARD
screen.
DATA = NEH/EDITDATA
l= = FLOTDATH
STAT = ANALYZEDATH
[TATAT [= T5TAT]
2. Select PLOT DATA. The DATA/GRAPHS L=y L
++ = ZCATTERFLOT £ VAR
WIZARD offers four types of plots. The [== 4% LINE (2 YA
SCATTERPLOT and XY LINE are HH- = NOD. EOXFLOT (1 YAKD
. . ity = HIZTOGRAN (1 VAR
appropriate for paired data.
3. Choose a scatter plot. For your ) INDEFENDENT YARIAELE (XM
convenience, the DATA/GRAPHS Ll

WIZARD shows only the names of lists
that have data in them.
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Section 5; Data & Graphs Name

Date

Enter population information into lists with the Data/Graphs Wizard (cont.)

To Do This Press Display
4. The independent variable list (years) 1liL1 a
isin L1. The dependent variable list 2:L2 i
(population) is in L2. ad
o
Note: For your convenience, for the ._mnﬂ""u —
dependent variable the DATA/GRAPHS

WIZARD shows only lists with the same
number of elements as the independent
list (including the independent list).
Trying to plot empty lists or lists of
unequal length would cause a calculator
error.

When you select the dependent list,
the plot displays immediately in an
appropriate graphing window.

Describe in words the shape of the curve created by the points. Where do you think the curve is
flattest? Where is it steepest? Use that information to write a sentence about US population
growth.

=

Find a curve to fit the data

Words can describe data in general, but mathematical functions can model the data more
specifically. In the real world, data rarely sits perfectly on a curve.

A “perfect fit” can be guaranteed only by a function of degree n-1 for n data points. Thus, you
can always find a linear function (ax+b) that is a perfect fit for two points or a quadratic
function (ax®+bx+c) that is a perfect fit for three points, and so on. However, often a perfect fit
can be found with a function of a lesser degree. For example, the linear function y=2x+1 is a
perfect fit for the three points (1,3), (2,5), and (5,11).

What would the form of a guaranteed “perfect fit” equation look like for the population data?
(You may stop writing when you get to the end of the line.)

=

Fundamental Topics in Science © 2001 Texas Instruments Try-It'™  5-3



Section 5; Data & Graphs

Find a curve to fit the data (cont.)

Name
Date

Obviously, “perfect fit” equations aren’t very practical and often don’t do a good job of predicting
(extrapolating) other data. Therefore, a best-fit curve is often used. Choosing a best-fit curve
with the TI-83 Plus requires these basic steps.

* You choose a function with a shape that looks similar to the data (beginning with the simpler
curves).

e The TI-83 Plus uses algorithms to determine the coefficients (a, b, ¢, and so on) required to
best fit that function to the data.

* You examine the points and curve visually and numerically to determine how good the fit is.

These three steps can be repeated until you think you have found the right function.

Note: If you want a refresher on the shapes of these functions, you can return to DATA & GRAPHS in FUNDAMENTAL
TOPICS. When you return to the DATA/GRAPHS WIZARD , repeat the steps beginning with Plot the Data above. (The
values you entered in the lists are still there.)

Fit a curve to the data and analyze visually

linear function.

Note: Some types of functions take
longer to calculate, and there may be a
pause before the graph screen replaces
the menu screen.

Note: If a function is inappropriate for a
set of data, the message FIT ERROR will
display below the menu. Press
and choose a new function.

To Do This Press Display

1. Display the DATA/GRAPHS WIZARD lauiT]
BLINKEG  GCUEICREG

Screen. BEXFREG  PUURKT KEG

HLNREG  B:HED-HED
WFHRREG  S:LOGISTIC
E:QUAD KEG

2. Select a function to fit. Begin with the | 1:LIN REG

Describe how well the linear function fits the points. What is “wrong” with the fit? How well do

you think it would predict population in 200 years?

=
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Section 5; Data & Graphs Name

Date

Analyze the result quantitatively

There is a statistical variable, r? or R?, called the coefficient of determination, that is often
used to describe numerically how good a fit is. The TI-83 Plus automatically calculates it (and
other statistical variables) when you fit a curve to data. In general terms, r? or R? is calculated by
analyzing how far away each point is from its predicted value on the curve.

The coefficient of determination is r? for LIN REG, EXP REG, LN REG, PWR REG, and R? for

QUAD REG, CUBIC REG, and QUART REG. It is not calculated for MED-MED, or LOGISTIC. The
closer that r? or R?is to 1, the better.

Note: The Fundamental Topics in Science application resets the statistical variables. In order to complete this
exercise, you must run the Science Tools application by selecting it from the APPS menu on the TI-83 Plus instead
of selecting it from the SCIENCE CHAPTERS menu in FUNDAMENTAL TOPICS.

To Do This Press Display
1. Exit SCIENCE TOOLS. Clear the home [auIT] [QUIT]{EXIT) e 2196943582
screen. :
2. Copy the r2 variable from the 5:Statistics...
VARS EQ menu to the home screen 0] ] (to the EQ menu)
and evaluate it. 8:r?
ENTER

Fit an exponential curve to the data and analyze the result

.920 is not a particularly good r?. Look for a better fit. Repeat the steps above for an exponential
regression.

Describe how well the exponential function fits the points. What is the r2? How well do you think
the exponential model would predict population in 200 years? Describe the living conditions in
the United States if the exponential model were correct.

=

A mathematical model should be interpreted in relationship to the real world. This example is a
special class of data modeling known as a growth model. While an exponential function may
describe the data fairly well in the data collection period and interpolate well for years in
between measurements, it often is too steep near the end of the data. The logistic model usually
predicts future growth better than linear and exponential models, since the curve levels off after
the “growth spurt.” It is reasonable to expect population will approach a limit rather than
increasing without bound.
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Section 5; Data & Graphs Name

Date

Fit a logistic curve to the data and analyze visually

Repeat the steps above for the logistic regression. (This regression takes a while to plot; be
patient.) Neither r? nor R? is calculated for the logistic regression, so you will have to rely on
visual analysis.

You can change the viewing window and trace the function to determine the predicted value in
200 years (the year 2200).

To Do This Press Display
1. When the regression and plot are u.‘}iHDDEIEEE
displayed, change the X range to 2210 | 1800 A
to include the year 2210 and the Y 2210 ﬁsqlfl_?ga
range to accommodate a larger 100 ymégzgaa
population. 100 Eﬁgé: % A
600
100
2. Trace to a value near the year 2200. (] (to move to Y1) Wi=Utl BBFPHOBENZL T +3 3

D] (to near X=2200)

weez0l.e?66 Y=4ZB.E2ER:

3.  You can display the value of Y at 2200 Wizl BAFUNBENZIATI 432

exactly 2200.
ENTER

nEezon Y=4ZA.427 77

How well does the data fit visually? What is the approximate population in the year 22007
(Remember to give your answer to three significant figures.) List several real-world factors that
would suggest that a logistic model is more likely to be accurate than an exponential model.

=

The US Census Bureau uses a complex model to project population. Their model estimates the
population in 2050 will be 404 million, and in 2100 will be 571 million. How does this compare
with the logistic model’s predictions for those years? What does this suggest about the results
for 22007

=
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5: Data & Graphs Teacher Notes

Objectives
Upon completion of this section, students should be able to:
¢ Enter one or more related sets of data into tables or lists.

* Plot and interpret sets of data using one or more plot types (scatter plot, xy-line, histogram,
modified box plot).

* Recognize common mathematical functions that model patterns in plotted data.

* Perform basic statistical analysis methods to help interpret data sets.

Relevant National Science Education Standards
From Science as Inquiry—Content Standard A:

Design and Conduct Scientific Investigations. The investigation may also requivre . . . student
organization and display of data. . .

Use Technology and Mathematics to Improve Investigations and Communications. A variety of
technologies, such as hand tools, measuring instruments, and calculators, should be an integral
component of scientific investigations. For example, . . . charts and graphs are used for communicating
results.

Communicate and Defend a Scientific Argument. Students in school science programs should
develop the abilities associated with accurate and effective communication. These include . . .
summarizing data, using language appropriately, developing diagrams and charts, explaining
statistical analysis . . .

Common Student Errors

When entering data into tables or lists, students do not maintain one-to-one correspondence
among related data. This results in an ERR:DIM MISMATCH when the student attempts to display
a Scatter (=) plot or an xyLine (=) plot using lists of different dimensions (length, number of
elements).

Students need to review basic graphing skills periodically. The activity ABC'S OF XY-GRAPHS is
especially helpful.

Students have trouble identifying trends in data and correlating such trends to mathematical
functions. Several of the most common function types are represented in CONCEPTS. The NAME
THAT FUNCTION activity helps check and reinforce their ability to recognize the common
function types.

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of
Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 5:DATA & GRAPHS , 1:INTRODUCTION
to begin. You may need to tell students how to navigate the application, if they are not yet
familiar with it, or print Navigating Fundamental Topics in Science on pages viii—x of the
Introduction.
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Section 5: Data & Graphs

Introduction

This section introduces the idea that data is everywhere, and that we need to organize data in
order to make sense of it. Tables and graphs are powerful tools for representing data in an
organized, visual, and concise manner.

Concepts

If your students are keeping journals, you may want them to write their responses in their
journals. If they are not keeping journals, have them write their responses on a blank sheet of

paper.

This section explores how tables and graphs are very effective ways to view certain types of
data. Measurements taken over time are one such type of data. The growth of a tree is animated
over a period of several years. On a WRITE IT DOWN screen, students are first asked to write a
sentence describing the tree’s growth.

Next, a table and plot of the data representing

TRELE AND GRAFH
the tree’s growth is developed. s

RGE[ HT .
%1
0

LY Ll
[l =]
=man

The creation of a graph is developed step by step.

TRELE AND GRAFH TRELE AND GRAFH TRELE AND GRAFH
1) DRAH FERFENDICULAR 21 HHICH SHOULD EE FLOTTED =) SCALE THE RXES.
(Ha%) AYES. ON THE ¥-A%I5: AGE OF
¥ HEIGHT? z
HT |
Lol
i T Y
o AGE [HT 1 HGELYED 45
TRELE AND GRAFH TRELE AND GRAFH TRELE AND GRAFH
Y42 FLOT EACH DATA FRIR RGE| HT . RGE| HT
CRGESHTY RS (M40 1 s .t 1 s . .
z |10 .
T, z |1 | M4 -
I:m:l --:----I----I----I----I- H z_l:l I:m:l II . . . ,
T Y T Y
o HGELYED 45 HGELYED 45

In a second WRITE IT DOWN screen, students are asked to discuss ways in which a table and plot
are more useful than a descriptive sentence.

Extension

Ask students to think of other types of data that they would like to view in table and graph form.
Then ask them to think of some types of data where that wouldn’t be quite so helpful. If they
aren’t sure, point out that in this graph, the height and the age are both meaningful, correlated
numbers (variables). Based on one number (variable), they can make predictions about the
unknown half of a pair. If they measured the height of four classmates (a single variable), would
a table and graph help them in predicting the height of a fifth classmate, or would that be better
predicted by a calculation of statistical measures such as the mean or median of the four data
points?
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Section 5: Data & Graphs

Concepts (cont.)

The concept of using a table and/or graph to predict values between and beyond observation
points by visualizing a line connecting the points is presented.

TRELE AND GEAFH TRELE AND GEAFH
HGE[ HT HGE[ HT
1 |oE 1 |oE
z |1 z |1
=t | .t |
z |1k z |1k i
y |20 = Yy y |20 = Yy
c || HGECYR] 45 c || HGECYR] 45

Students explore the effect of varying each of the coefficients in the equations that define seven
common function types (linear, quadratic, logarithmic, exponential, power, logistic, sinusoidal).

ZELECT A FUNCTION ZELECT A FUNCTION [ V=Rnin(ER+CI+D |
== LINERAF; |5 FOHEF
YRy Y=RECE

= L

FEESS [ENTER] TO FEESS [ENTER] TO EE]
=1 sTAET. THEN [A1. [E1s U | ZTAET. THEN [AI. [ELs Ez3
| Lo OF [21 TO CHANGE [C1OF C01 TO CHANGE L2z

COEFFICIENTE. g COEFFICIENTE. g HWTF: i

When the student selects a function by pressing [ENTER], the function is displayed on the graph
screen, with all parameters equal to 3. The student can reduce the value of the parameter by 1
each time he or she presses (A), (B), {C), or (D) associated with the matching parameter. The
parameter values cycle through the limited range from 3to-1(3,2,1,0-1,-2,-3, 3,2, ...). When
finished exploring a particular function, the student can select (MENU) to return to the menu and
select a new function.

Extension

Suggest that students experiment to determine which parameters to change (and to what values)
to make the function as flat as possible and as close to the X axis as possible.

Activity—Name that Function

This activity provides students with practice in identifying common functions by their typical
plot “shapes.” Seven problems are presented (the order varies each time).

NANE THAT FUNCTION
A} FOHEFR
E) QUADRATIC

L1 2InUE0IDAL
D LOGARITHHIC

H E C D En

Students press {A), (B), {C), or (D) to select the correct answer. They earn 20 points for the
correct answer on the first try, 10 points on the second try, up to a maximum 140 points. Tell
students if you wish them to record their scores and if they can repeat the activity to improve
their scores.
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Section 5: Data & Graphs

Activity—Name that Function  (cont.)

After each problem, students can select (MORE) to try another problem. At any time they can
select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you can suggest
that he or she select (MENU) and begin the activity again. The cumulative score is displayed
during the entire activity. The score displays after the activity is over; the student can press any
key to return to the ACTIVITIES menu.

Activity—Dangerous Curves Ahead

This activity provides students with practice in matching data pairs with common functions.
Seven problems are presented (the order varies each time).

FIND CURYE FOF DATH

njojije]l i8]k

 M2|Fe] B 6.7
e

H E C ! En

Students press (A), (B), {C), or {D) to select the correct answer. They earn 20 points for the
correct answer on the first try, 10 points on the second try, up to a maximum 140 points. Tell
students if you wish them to record their scores and if they can repeat the activity to improve
their scores.

After each problem, students can select (MORE) to try another problem. At any time they can
select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you can suggest
that he or she select (MENU) and begin the activity again. The cumulative score is displayed
during the entire activity. The score displays after the activity is over; the student can press any
key to return to the ACTIVITIES menu.

Activity—ABC's of XY-Graphs

In this activity, students go through the process of constructing the X-Y plot of a line. They select
the correct answer to each of the following steps as the graph is built.

» X-axis data

e X-axis units

* Y-axis data

¢ Y-axis units

e Initial position

e Value of Pwhent =3

e Value of Pwhent =25

e Bestfit line

RECIZ OF %-1 FLOTS RECIZ OF %-1 FLOTS RECIZ OF %-1 FLOTS
Eis) [Fir g JPom] pB .

0|z 0|z

S TE | g S TE | g

: |z : |z

T N T N

G k(s G k(s
“ARL: DATHY AT E=2.5; F=7 EST-FIT: HY -zh+z B 2h-z
E T F T3 (RERD| ‘=R R (RERD| "/ T E 1 [RER|
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Section 5: Data & Graphs

Try-It'™ on Your Tl -83 Plus

This [ Try-It! activity requires the use of the Science Tools application. This free application
came with the Fundamental Topics in Science application and is accessible from the SCIENCE
CHAPTERS menu, but it must be loaded separately.

Students use the DATA/GRAPHS WIZARD in SCIENCE TOOLS to learn about data modeling and
curve fitting, with a population-growth example. They enter the data, plot it as a scatter plot, and
fit three curves to it. They write an analysis for each describing how well the curve matches the
data visually, record the r? for linear and exponential regressions, and discuss how well the
curve would fit the data in the year 2200.

Census data is from chart at http://www.census.gov/dmd/www/resapport/states/unitedstates.pdf, also found in US
Census Bureau, Statistical Abstract of the United States: 2000, Table 1. A pdf version of this publication is at
http://www.census.gov/statab/www. It has hundreds of statistical tables on topics from Retail Prescription Drug Sales
to Infant Mortality Rates that provide data for trend analysis (click on the Bookmark tab in Adobe® Acrobat® Reader).

Projections are from http://www.census.gov/population/projections/nation/summary/np-t6-a.txt, which also gives
figures on how births, deaths, and migration affect these totals.

1= '23'-|E.'-|.'-'1E:I.E:I.E:I.E+:I..EHE_ 1=1.22479E4Y4Bce11E ':I.Eﬂ-ﬂ_

¥=1g9E Y=Y EIERET ¥=1g9E Y=E.EXZ07E
linear regression exponential regression logistic regression
r2=.920 r2 =.965 no r2 or R?

Logistic model Y=c/(1+ae”(~bx))
Y=441.9874085021/(1+ 3.3566497254812e18*e”(-0.02157773212114X))

=441, BEFYOBEDEL AL S =441, BEFYOBEDEL AL S

e e I ke - e e I ke -

Extension

Let students look for a best-fit curve for life expectancy based on year of birth using the figures
below. (This is more complete data than shown in the INTRODUCTION.)

Year of birth Life expectancy in US Year of birth Life expectancy in US
1900 47.3 1950 68.2
1910 50.0 1960 69.7
1920 54.1 1970 70.8
1930 59.7 1980 73.7
1940 62.9 1990 75.4

Data from National Vital Statistics Report, Vol. 47, No. 28, 32-33.
Space is provided for written answers on the [§] Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The calculator features are described more fully in the T/-83 Plus guidebook. The SCIENCE TOOLS application
is described more fully in the TI-83 Plus Science Tools user guide.
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Section 6: Vectors Name

Date

6: Vectors Try-1t'™ on Your Tl -83 Plus

Solve a vector problem by hand

A ship heads due east with speed of 10 kilometers per hour with respect to the water. The
current is 30 degrees south of east at 3 kilometers per hour. Sketch the vectors and find the
actual course and speed of this ship with respect to the ground. Show your work.

=

Define vectors in the Vector Calculator

Now use the VECTOR CALCULATOR to explore the same problem.

To Do This Press Display

1. Display the SCIENCE TOOLS menu. If necessary, exit FunSci
1:5IG-FIGCALCULATOR

2:UnRIT CONVERTER
Note: You also can access the SCIENCE APPS : DATA/GRAFHE HIZARD

TOOLS menu from the SCIENCE Select SciTools TBYECTOR CALCULATOR

CHAPTERS menu. ENTER] to leave the title page —

2. Display the VECTOR CALCULATOR 4:VECTOR CALCULATOR
screen.

=
-

n
oo e B

E=1

I =SS A

On this screen, the tail of the vector
is positioned at point (0,0). You may
create or edit a vector in three ways:
» Entering the head as (x,y).

» Entering the head as (r,0).

» Using the cursor keys.

[ %% [ra[FREVTNERT [HATH]

3. Enter a vector, V1, describing the (r/9) "
ship’s initial speed and course 10 ITEC 1
heading. 0 10 —
(VIEW) il

B=0
[ %% [ra[FREVTNERT [HATH]

4. Enter a second vector, v2, describing (NEXT) v

the current. (r/9) ARSI
3 § 22 5807E *
Note: Angles in the fourth and third 30 Pz
guadrants are designated as -1 through (VIEW) 9=
-180. [ [P AR FREVNERT [AATH |
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Section 6: Vectors

Add vectors in the Vector Calculator

Name
Date

To Do This

Press

Display

1. Select vector math.

The vector V1 is displayed.

(MATH)

I =SS A
=
x
-
™
n
-

[FREVINERT [FICR]

2. Pick this vector.

The keys change to the four basic
math functions.

{PICK)

=

ALE=1

I =SS A

3. Select addition.

The vector V1 is displayed again.

)

4. Go to vector v2.

(NEXT)

[FREVINERT [FICR]

5. Pick this vector.

The two vectors are added and the
result is displayed and stored in V9.

{PICK)

Wi+z=va

v
=
x
-
™
1

-

I =SS
= N
m
4
=4
1]

mn un
[}
ONrd b
L -

[y
[
m
K-
m
=4
m
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Section 6: Vectors

Solve a vector problem by hand

A plane heads due south with indicated airspeed of 500 kilometers per hour. The plane’s actual
course and speed are 5 degrees west of south at 510 kilometers per hour. Sketch the vectors and
find the wind velocity. Show your work.

=

Define vectors in the Vector Calculator

Now use the VECTOR CALCULATOR to explore the same problem.

To Do This Press Display
1. Leave vector math. lauiT] lauiT] v
. . ZOALE = 52
2.  Go to v3. This leaves the vectors in V1 | (NEXT) (NEXT) BEO
and V2 as defined above. ¥ =00 l
B = 80
3. Enter the plane’s heading in v3 using | (X/Y) [ #7% v o8| PREVINEHT [HATH]
Xand Y. O [ENTER
500 [ENTER
{(VIEW)
4. Enter the plane’s actual speed and (NEXT) N
course in V4. (r/e) TOALE = oz
510 [ENTER ¥ z :E:;-B"'I;E; f
95 [ENTER Fz5t '
(VIEW) _

| %% [FFaFREVINERT INATH]
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Section 6: Vectors

Name

Date
Subtract vectors in the Vector Calculator
To Do This Press Display
1. Select vector math. {(MATH) "
L SCALE = 32
The vector V1 is displayed. ¥ = -4y, yyay
Y = -E0B.0E8 f
F =510
2. Gotova. (NEXT) {NEXT) {NEXT) |=-ht L
[FREVITERT [FICK]
3. Indicate v4 minus V3. {PICK) i
<_> SCALE = 32
(PREV) LI, l
F =50
g = -0]
[FREVITERT [FICK]
4. Complete the calculation. {PICK) Ya-uz=e
. SCALE = 2
The resultant vector (the wind 2 ey
velocity) is displayed and stored in ¥ ZHE4P4LE
va. Notice that the zoom factor is # 2 T163.72%
adjusted to fit the vector in the
window.
Which direction is the wind blowing?
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6: Vectors Teacher Notes

Objectives
Upon completion of this section, students should be able to:

* Draw a vector in the X-Y plane given magnitude and direction (specified in degrees or cardinal
directions: North, South, East, or West).

¢ Resolve vectors into perpendicular components.
¢ Add and subtract two or more vectors.
* Multiply a scalar and a vector.

e Multiply two vectors (scalar and vector products).

Relevant National Science Education Standards

From Science as Inquiry—Content Standard A:

Use Technology and Mathematics to Improve Investigations and Communications. Mathematics
s essential in scientific inquiry. Mathematical tools and models guide and improve the posing of
questions, gathering data, constructing explanations and communicating results.

Common Student Errors

Students generally have difficulty understanding that direction is fundamental to a vector
quantity; it is not sufficient to merely specify magnitude of a quantity such as velocity. The
INTRODUCTION helps emphasize this point to them, but you may need to remind them to
“remember the map” if they forget to include direction in later vector operations.

Using the Fundamental Topics in Science Application

To begin the application, press [APPS], select FunSci, and press any key. The displayed Table of
Contents page shows the last place the student was in FUNDAMENTAL TOPICS or SCIENCE
TOOLS. The student may need to press (UP) one or more times to go to the Science Chapters
Table of Contents and then select 1:FUNDAMENTAL TOPICS, 6:VECTORS, 1:INTRODUCTION to
begin. You may need to tell students how to navigate the application, if they are not yet familiar
with it, or print Navigating Fundamental Topics in Science on pages viii—x of the Introduction.

Introduction

This section explores the concept that both magnitude and direction are important and
necessary when describing certain physical quantities (vectors). A displacement example is used
to illustrate this concept.

HHERE HOULD YOU EE™ HHERE HOULD YOU EE™ HHERE HOULD YOU EE™
HHERE HOULD YOU EE IF YOU LOS ANGELESY CHICAGOT YOU HUZT ZFECIFY THE
FLEH 1400km FROM DENYERT HOU=TON™ DIRKECTION.

o o o
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Section 6: Vectors

Concepts

Students explore basic vector operations. Definitions and graphical examples are provided for:
* Resultant of vector addition

* Subtraction

¢ Multiplication

¢ Resolution of a vector into two perpendicular components

Note: Numeric examples round the results to the appropriate number of significant figures. Students can review
significant figures in PRECISION & ACCURACY if needed.
Activity— Sailing a Vector Sea

The challenge is to sail the boat to a dock on the other side of a body of water. Students can
adjust one or more of the following elements:

* Speed of the current (range from 0 to 5 m/sec)
 Direction of the current (90° or -90°)

* Speed of the boat (range from 0 to 10 m/sec)

* Heading of the boat (-45° through 45° in 5° increments)

SAILING A YECTOR ZER
CURRENT
EHora s i
:HE- [i=] ]
EORT ——

Vs Lorat's :
H: QD H
| + 1 - I%AIL] IiEI'IEI

(+] and [x] moves to the element to change.
{+) increments and {(-) decrements a value.

The vector changes as the values are increased or decreased. Remind students that when
velocity is zero, the vector is a point.

Once the vectors are set, the student can press (SAIL), and the boat sails along the resultant
velocity vector (the vector obtained from the vector addition of the current vector and the boat
vector).

« If the boat misses the dock, the student can press (MORE) to modify one or more of the
entered parameters.

« If the boat reaches the dock, the student can press (MORE) to play again or press (MENU) to
return to the ACTIVITIES menu.

Direct students to experiment with different values for each of the elements.
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Section 6: Vectors

Activity—Vector Resolution for the New Year

This activity provides practice in visualizing vector resolution. Three problems, that of a
parachutist, a jet, and a plane are presented. For each of the problems, the student is asked three
questions about vector resolution. This activity does not have scoring.

Students can select (MENU) to return to the ACTIVITIES menu. If a student is having trouble, you
can suggest that he or she select (MENU) and begin the activity again.

LI | (G| [T |
FARACHUTI:TY: VELOCITY: JETYE VELOCITY: gR0kmlhr A FLANE HUZT FLY DUE ERET
Em's HORIZONTAL ANGLE OF AZCENT: 152 AT BE0km/hr TO REACH IT:

85 YERTICAL e DESTIRATION ON SCHEDGULE.
c g THE HIND ELOHS TO THE
——" ‘ﬂg -5ﬂ5 is0y e | oed NORTH AT B5kchr.
f B« o H E_ ¢ @

Rl ETCTOD INER Rl ETCTOD INER

Try-I1t'™ on Your Tl -83 Plus

This [ Try-It! activity requires the use of the Science Tools application. This free application
came with the Fundamental Topics in Science application and is accessible from the SCIENCE
CHAPTERS menu, but it must be loaded separately.

Students gain experience entering, viewing, and performing basic vector operations using the
VECTOR CALCULATOR.

Space is provided for written answers on the [ Try-It! sheets, but if the students are keeping
journals, you may wish to direct them to record their responses in their journals instead.

Note: The SCIENCE TOOLS application is described more fully in the T/-83 Plus Science Tools user guide.
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Tlp 1: Resetting Your Calculator

TIp™ 1: Resetting Your Calculator

You can easily reset all default, or factory, settings on your calculator from the MEMORY menu.
Resetting the default settings ensures that all calculators show exactly the same results in the
same form.

Resetting defaults does not erase any lists, programs, or variables stored in memory.

Note: You should reset your calculator’'s default settings to ensure that the results you see on your calculator will match the results in all
example screens in the § Tlps.

Resetting your calculator to the defaults For more information

Resets all mode and window format defaults. TIp 2: Adjusting Your Calculator Settings

Turns off function plots. TIp 3: Graphing a Function in the Standard Window
Resets window values to ZStandard . TIp 5: Adjusting the Viewing Window

Turns off statistical plots. TIp 7: Creating a Statistical Plot

Calculator Keys Used in This Tlp

(2nd] [MEM] 7:Reset 2:Defaults 2:Reset

Tlp Highlights

Your calculator contains many settings that control the interpretation of results and graphs. For
example, you can control how the calculator:

* Displays mathematical results (for example, with floating or fixed decimal notation).

* Interprets and displays graphs and statistical plots (for example, scale of the X-axis and
Y-axis).
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Tlp 1: Resetting Your Calculator

Try-It! ™ on Your Tl =83 Plus

Reset the calculator defaults.

To Do This Press Display
1. Display the MEMORY menu and [MEM] W
select Reset. . L
7:Reset 2:Mem Mamt-Del.
I:Clear Entries
4:C1rAllList=
S Archive
&: UnArchive
[EReset..
2. Select Defaults . 2:Defaults F;]EI ARCHIVE ALL
11 RA
0=t ault=
3. Select Reset to reset the calculator. 2:Reset
tHo
EgjRezet
4. Clear the screen and return to the CTEAR
Home screen. TI-B3Fus

Oefaults zet

You are now ready to work through the (g TIps. Remember, resetting the calculator ensures that

you get the same results shown in all [§ TIps examples.

After you become familiar with your calculator, it will not be necessary to reset it every time
because you will know how you have changed the settings, and you will understand the results
the calculator displays in light of those changes.
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Tlp 2: Adjusting Your Calculator Settings

Tlp™ 2: Adjusting Your Calculator Settings

You can control how the calculator displays results and graphs by changing settings. For
example, the mode settings screen is displayed below. The highlighted settings are the ones that
are selected.

a=mtEl Sci Eng
All highlighted P 5153450 7as
settings are selected. ——_|B=lp¥Elg Dediree

"u'1 | Horiz G-T

Calculator Keys Used in This Tlp

» [MODE
. [FORMAT]

TIp Highlights

This [ TIp shows how to change settings on two frequently-used screens—the mode screen and
the window format screen. For more information about settings, see the calculator guidebook.

e Mode ([MODE]) settings determine how the calculator interprets and/or displays numbers and

results.
e Window format ([2nd] [FORMAT]) settings determine how the calculator interprets and/or
displays graphs.

"ull Horiz G-T

Mode screen Window Format Screen

In the (g Try-It!™ example, you will select new calculator settings following these main steps.
1. Display the setting screen.

2. Press [+], (], [, or 1], as necessary, to highlight the setting you want to select.

3. Press to select it.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 2: Adjusting Your Calculator Settings

Try-1t' ™ on Your Tl -83 Plus
Change a Mode Setting

Change the mode setting so that results display to 2 decimal places.

To Do This Press Display
1. Display the mode settings screen. MODE
2. Change the decimal notation setting | [+] until Float is EWI Sci Eng
from Float to 2. highlighted ¥ E' Dearee o7
] until 2 is -l F'El S
: . ot
highlighted . Simul
ENTER] to select '-:jfl ﬁ;‘;z"gﬁ‘*
3. Press [QuIT] to return to the [QuIT]
Home screen, and clear the current | [CLEAR
line, if needed.
Tip: Pressing [auiT] always takes you back to
the Home screen, except in the Fundamental
Topics in Science application.
4. Calculate 1.479 + 2.897. 1479 1.479+2. 897
201897 4,38
ENTER
The calculator
rounds the result to
2 decimal places.
5. Change the decimal notation setting | [VioDE Sci Eng
back to Float. (~] until Float is Loot aiggﬁgg?ﬂ?
. . - highlighted sEll= Pt Pol Ses
Note: Float displays a number up to 10 digits. Dot
ENTER] to select Sirul
.:.-=| -E|+1.- re" gl
M Horiz G-T
6. Return to the Home screen. [QuIT]
7. Calculate 1.479 + 2.897 again. [ENTRY] to display 1.479+2. 597 4.8
the previous entry 1.47942.897
ENTER 4,375
The calculator
displays up to 10
digits.

Fundamental Topics in Science

© 2001 Texas Instruments

Tip 2-2



Tlp 2: Adjusting Your Calculator Settings

Try-It! ™ on Your T1 =83 Plus (continued)

Change a Window Format Setting

To display a grid on the graph screen, select GridOn from the window format screen.

To Do This Press Display
1. Display the window format screen. B FolarGC
play [2nd] [FORMAT] Coak-doee
GridOn
Axes0f
[ LabellOn

=FEOFE

2. Change the grid setting from GridOff
to GridOn.

[~] until GridOff is
highlighted

[»] until GridOn is
highlighted

ENTER] to select

FolariGEC
ﬁ% CoordOf
r

I[g HAxes
i LabelOn
. ofrf

3. Show the graph screen. Notice both
the grid and axes are on.

GRAPH

On Your Own

Change your mode setting ((MODE]) to scientific notation (Sci). Do some calculations on the
Home screen. Try 25*63. Notice how the calculator displays scientific notation. Is this the
way you write scientific notation? Explain how this setting affects your results.

Turn the grid off on the graph screen. Check this by pressing [GRAPH].
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Tlp 3: Graphing a Function in the Standard Window

Tlp™ 3: Graphing a Function in the Standard Window

You can graph a function on the graph screen. First, enter the function in the Y= editor, and then

you can graph the function in the standard graphing window.

Flotl Flotz Flot: WIHDO

N RZEAE Amin=-18

wNe= Amax=1A

wWas ®acl=1 Pl
wNy= Ymin=-1@

M= Ymax=18

wME= Ve l=1

WMas wres=1

Y1=2x+3 in the Y= editor Standard Graphing Window Graph of Y1=2x+3

Calculator Keys Used in This Tlp

. Y=
e |GRAPH
. TRACE

TIp Highlights

In the (g Try-It!™ example, you will graph a function following these main steps.
1. Enter the function in the Y= editor ([Yz]).

2. Graph the function on the graph screen ([GRAPH]).

Note: If you reset your calculator defaults (§ Tlp 1: Resetting Your Calculator), the graphing window sets up the following
boundaries for the X and Y values: -10< X <10 and-10 < Y < 10.

3. Press [TRACE]. Then press [*] or [«] to move the cursor from one plotted point to another.
Tracing the graph displays the (X,Y) values at the bottom of the screen.

For some functions, the graphing window has to be adjusted so that you can see your graph.
This [ TIp uses the standard window settings (-10 < X < 10 and -10 < Y < 10). The function
selected for the example on the next page displays the graph in this window. For more
information on adjusting window settings on the WINDOW menu, see [§ TIp 5: Adjusting the
Viewing Window.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 3: Graphing a Function in the Standard Window

Try-It! ™ on Your Tl =83 Plus
Enter the Function

Enter y = 2x + 3 as Y1=2X+3 in the Y= editor.

To Do This Press Display
1. Enter the Y= editor. Y= Flakl Flotz Flots
~N =l
~Me=
wNe=
~My=
~Ne=
~NE=
~Ne=
2. Clear Y1 and enter the function, 2X+3. | [CLEAR Flatl Flotz Flot®
>XT0O 3 R I = Pt K
Note: The equal sign next to the function is 19,0 “ﬁzf
highlighted. This means that the function is ::'-r'ﬁ;
selected or turned on and will be graphed. If other “Me=
functions are selected, press (] and [{] as ‘ﬁﬁf
necessary to position the cursor over the = sign nrEE
and press enter to turn off the function.

Display the Graph

Display the graph of Y1=2X+3 on the graph screen.

To Do This Press Display

1. Display the graph. GRAPH /
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Tlp 3: Graphing a Function in the Standard Window

Try-It! ™ on Your Tl =83 Plus (continued)
Trace the Graph

Trace the (X,Y) values for Y1=2X+3 on the graph screen.

To Do This Press Display
1. Enter trace mode. Vi=zHeE /
P
H=0 / Y=z
2. Trace the (X,Y) values along the 0] and (4] Tizzhes
graph. ) /‘/

X and Y values display at the bottom
of the screen.
n=l.foziz?? IV=R.MOMZEES

3. Quickly find Y when X=-4. 0] 4 Tizznes /
Pl
K= /
4. Notice that when X=-4 then Y=-5. ENTER VizZHeE /
Fd
=y /\‘/ v=-E
Cursor moves
to (-4, -5).

On Your Own

Display a grid on the graph screen by selecting GridOn in the window format screen

((2nd) [FORMAT)).

Define Y2=-X+6.

Graph Y1=2X+3 and Y2=-X+6 at the same time and compare. Now trace along each function
to find the point of intersection. Record the point of intersection.

Hint: Use [¥] and [4] to move between functions.

Graph Y2 only.

Hint: You must deselect Y1 so that the calculator does not graph it. To deselect Y1, highlight its equal sign (=) in the Y= editor with
the cursor, and then press [ENTER]. Notice the equal sign is no longer highlighted.
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Tlp 4: Creating a Table

TIp™ 4: Creating a Table

You can automatically create a table of values (X,Y) based on functions in the Y= editor. For
example, if Y=2X+3 is defined in the Y= editor, a corresponding table of (X,Y) values could look
like this:

Flokl Flotz Flokz u
~MNMiE2R+S
wNe=
wNe=
sMy=
“He=
M=
wNe= A=H

Y1=2x+3 in the Y= editor Table for Y1=2x+3

=

| =
i E
z 7
E g
q 11
L iz
[ iE

Calculator Keys Used in This Tlp

. [TABLE]
. [TBLSET]

TIp Highlights

In the (g Try-It!™ example, you will display the table values (X,Y) for a function defined in the
Y= editor following these main steps.

1. Define a function (Y1=2X+3) in the Y= editor ([Y9)).
2. Set up your table in the TABLE SETUP screen ([2nd] [TBLSET)).
3. Display the table ([2nd] [TABLE]).

The following settings in the table setup ([2nd] [TBLSET]) screen determine how the table is
displayed.
e ThiStart — First X value.

* ATbl — Amount by which X values increase and decrease (for example, if ATbhl=5, then X
values increase or decrease by 5).

e Auto or Ask — Allows you to choose whether or not to display automatically the
independent (X) or dependent (Y) variable values.

For more information about table settings, see the calculator guidebook.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 4: Creating a Table

Try-It! ™ on Your Tl -83 Plus

Enter the Function

Enter Y1=2X+3 in the Y= editor ([Yz)). See [§ TIp 3: Graphing a Function in the Standard
Window for step-by-step instructions for defining functions. Your Y= editor should look like this.

Flokl Flokz Flokz
wMiEZR+ES
M=

wMz=

wMy=

=Me=

“NE=

wMp=

Change the Table Settings

Define the following settings for your table: ThiStart=50 and AThI=5.

To Do This Press Display
1. Display the table setup screen. TRELE SETUF
play P [2nd) [TBLSET] ThIStart=n
aThl=1
Indrnt: [[Xs A=k
Oerend: [5FEe A=k
2. Change the following settings: CLEAR] 50 THELE SETUF
ThiStart=50 , ATbl=5. B Thlstart=58
Note: Indpnt:Auto and Depend:Auto are the CLEAR] 5 625225 H::’rE Ezﬁ
defaults.
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Tlp 4: Creating a Table

Try-It! ™ on Your T1 =83 Plus (continued)
Display the Table

Display the table for Y1=2X+3 on the graph screen.

To Do This Press Display
1. Display the table. [TABLE] FEET
T 103
EC iz
&l 1z
G5 13
] e
7c ic:
an i3
»=5a
2. Scroll through the table values with 1,0, =), or (& AT 1 ]
the arrow keys. as necessary i 11
&l 1%
Note: Notice that when you press (<] and move to g2 iz
the top of the Y1 column, the cursor moves to Y1 s 152
instead of displaying Y-values that are off the WY e
screen. The function is displayed on the edit line
and can be changed.

On Your Own

Try to display more (X,Y) values. Set ATbl=1 (pronounced “delta table”) and display the table
again. Then set ATbl=.1 and display the table. Notice how the table values differ.

Enter Y2=-X+6 in the Y= editor. Display the table of values for both Y1 and Y2. Is Y1 ever equal
to Y2?

Hint: Set TbiStart=0 and ATbl =1 and search through the table.

Change the mode ([MODE]) setting from Normal to Sci. Display the table. Notice how this
affects the table values.

Go to the table setup screen and figure out what the Depend: Ask setting does.

Hint: To reveal an invisible Y value in the table, place the cursor on that space and press [ENTER].
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Tlp 5: Adjusting the Viewing Window

Tlp™ 5: Adjusting the Viewing Window

You can adjust the viewing window for a specific graph. For example, with the ZStandard
viewing window default values of -10 < X < 10 and -10 < Y < 10, the graph of Y1=50X appears as
shown in the screen below on the left. Y increases so rapidly in relation to X that this line is not
easily seen in this window. You can adjust the window ((WINDOW]) values by scaling the

X axis and Y axis to see the graph in a better perspective.

N \

——  Y1=50X viewed \-— Y1=50X viewed with
with the default adjusted window
window values. values.

Calculator Keys Used in This TIp

e (WINDOW
e [ZOOM

TIp Highlights

Window values put specific boundaries on the graph screen. ZOOM ([Z00M)) functions
automatically adjust window values for you; however, you can manually set window values
using the window ([WINDOW]) menu. You can set minimum and maximum X and Y values (Xmin,
Xmax, Ymin , and Ymax ), and you can set the scale (distance between tick marks) of the X axis
and Y axis (Xscl and Yscl).

In the (g Try-It!™ example, you will adjust the viewing window values in two ways.
+ Automatically adjust them by selecting a zoom function from the ZOOM ([Z0OM]) menu.
e Manually adjust them using the window ((WINDOW]) menu.

In the example that follows, you see how to change window ((WINDOW]) values to see a different
perspective of the graph of Y1=50X.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
Tlp 1: Resetting Your Calculator.
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Tlp 5: Adjusting the Viewing Window

Try-It! ™ on Your Tl =83 Plus

Enter the Function

Enter Y1=50X in the Y= editor ([Y5]). See [§ TIp 3: Graphing a Function in the Standard Window

for step-by-step instructions for defining functions. Your Y= editor should look like this.

Flokl Flotz Flokz
=N BSEE

M=

wMz=

wMy=

=Me=

“NE=

wMp=

Display the Function on the Graph Screen

Note: The window values shown here are the default window values, also equivalent to ZStandard ([ZooM]) (-10 < X < 10; -10 < Y < 10).

To Do This Press Display
1. Graph Y1. GRAPH
2. Display the window settings menu. mg{HDDM 16
rMin=-
Note: This window shows (X,Y) values so that ﬁ“‘laﬁff % a
-10< X <10 and-10 < Y < 10. This is equivalent to '-r'ﬁ?r‘n; 1@
the default ZStandard setting. ‘max=14
“Y=zl=1
Ares=1

Define a Different Viewing Window for Your Graph

View the table of (X,Y) values created by Y1=50X to help you redefine window values. Start the

table at -3 and increment the values by 1. See [§ Tlp 4: Creating a Table for step-by-step

instructions for creating a table.

Tip: You can choose any X values for the table. For this exercise, you view a table of values when -3 < X < 3. When you set the table to
start at -3 with increments of 1, you can see the relationship between X and Y near the origin of the graph.

Your table should look like this:

[N Rl
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Tlp 5: Adjusting the Viewing Window

Try-It! ™ on Your Tl =83 Plus (continued)
Define a Different Viewing Window for Your Graph (continued)
Notice in the table that when -3 < X < 3, the Y values range from -150 < Y <150. Since Y increases

by 50 each time X increases by 1, you can set the Yscl to 50 and leave Xscl set at 1. Now, create a
window to see the graph for this domain and range by changing the window values.

To Do This Press Display
1. Display the window settings screen. [WINDOW] ldéHl;lDld 1
Mmin=-
Amax=18
Ascl=1
Ymin=-1#@
“max=1a
Yacl=1
Hres=1
2. Define the values so that Xmin = -3, 3 [ (to Xmax) WIHOON
émax = iég(scl :d 1\,(Yrr|1in 5:0 -150, 3 [ (to Ymin) Em;%;f
max = an SCI = . = sSCl=
) 150 [+] (to Ymax) g N
Note: This changes the settings so that: 150 (<] (to Yscl) 32?3’f2éga
-3< X <3and-150 <Y < 150. Since Xscl=1 and 50 Hres=1
Yscl=50, there is one unit between each tick mark
on the X axis and 50 units between each tick mark
on the Y axis.
3. Graph Y1=50X in this different GRAPH
window.
Note: Remember that each tick mark on the X axis
represents 1 unit, while each one on the Y axis
represents 50. It's always important to know the
scale of your graphs so that you understand the
graph you are viewing.
4. Trace the graph. TRACE VYizEan
Note: Each tick mark on the X axis is 1 and on the or m as necessary
Y axis is 50.
¥=.B2O7EFE: IY=4i.4A9z6Z
5. Display the Y value when X=2. 2 TI=E0n
Tip: You can go directly to any coordinate pair on
the graph by entering the value you want. ENTER
w=2
M=Eak r/
n=z y=100
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Tlp 5: Adjusting the Viewing Window

Try-It! ™ on Your T1 =83 Plus (continued)

Using ZDecimal—the Friendly Window

* Display and trace the graph Y2=2x, using ZDecimal window values. ZDecimal lets you trace
the X values by tenths (.1, .2, .3, ...).

e Multiply Xmin, Xmax, Xscl, Ymin, Ymax, and Yscl by 100 in the window menu, and trace the
function. This lets you trace the X values by tens.

To Do This Press Display
1. Turn off the graph and table of Y= EI;I-:-I::I.SEI;:!:E Flot®
;({1=5((;_)§ and enter Y2=2x in the ENTER :ﬁlﬁz.‘x{
= editor. wMNa=
(~J 0] [CLEAR whis
2X.1,0.n ~Me=
~MNe=
~Ne=
2. Graph Y2=2x using ZDecimal window | [Zo0M
values. [+]) until ZDecimal is
highlighted
ENTER
3. Trace the graph. TRACE Yezzd
Note: Notice that the window is set up so that the X or m as necessary
values are tracing by tenths.
H=7 Y=1M4
4. Multiply Xmin, Xmax , Xscl, Ymin, WINDOW W IHOIO
Ymax, and Yscl by 100. Repeat for each value: ﬁﬂé%%}géa
Tip: Press [*] to move the cursor to the end of E] ﬁ?n; -Z1@
a window setting line. 100 ﬁma::f=?é%
=cl=
Note: See the calculator guidebook for details ENTER Hres=1
about Xres. It is not discussed in this & Tlp.
5. Trace the graph. TRACE Vezzn
Note: Notice that the window is set up so that the X E or [I] as necessary
values are tracing by tens.
H=g0 y=180

On Your Own

Graph Y1=.1X. How can you set an appropriate viewing window for this graph?

Hint: Make a table of values for Y1=.1X and use the table information to change the window values. Try finding the best values to
choose when -5<X<5. If X=5, Y=.1(5)=.5. Therefore, the Y values need to be very small. Try changing Ymin, Ymax, and Yscl.
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Tlp 6: Using Lists

TIp™ 6: Using Lists

You can enter lists of different kinds of data into the list editor. For example, let’s look at two
students’ test scores.

« Jamal’s test scores are 80, 85, 90, 75, and 85.
« Jian’s test scores are 85, 70, 75, 95, and 100.

You can create two separate lists in the list editor containing these scores. Then, on the Home
screen, you can find the sum of the elements of both lists, and then divide by the number of
elements (5) to calculate each student’s test average or mean.

You can find the

L1 Lz Lz F meanilz i
i mean or median on
L1 lists Jamal's — B & | =3 the Home screen
scores. an o .
75 gE
BE

Calculator Keys Used in This TIp

. [CATALOG] (to access the ClearAllLists and SetUpEditor commands)
. [LIST], [STAT

TIp Highlights

The TI-83 has two menus—OPS and MATH—that contain various list commands that help you
find mean, median, and much more. For more information on all menu items, see the calculator
guidebook.

[LisT] NATES OPS WGME
imin
2imax
rmean
fmediant
Sizume
GiFrody
FlstdDew

In the (g Try-It! example, you will use the ClearAllLists and SetUpEditor commands, which are
located in the CATALOG ([2nd] [CATALOG]). These commands clear and set up the list editor as
described below.

* ClearAllLists erases all elements of all existing lists on your calculator. The list names are
still in memory, but the lists are empty. You cannot get the list elements back.

e SetUpEditor removes all list names from the list editor except the default list names, L1
through Le. It also creates one blank list after Le.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 6: Using Lists

Try-It! ™ on Your Tl =83 Plus
Set Up the List Editor

Use the commands ClearAllLists and SetUpEditor to reset the list editor.

To Do This Press Display
1. Display the list editor. STAT| 1:Edit [RED  [ELUE  [Wemmm 7]
iz
Note: Your list editor may vary. The following 25 é?

commands will clear and set up lists L1 throught6 | | | =mmeee] mmmeae
in your list editor.

Hame=
2. Return to the Home screen and clear [ouiT] [CLEAR CATALOS ]
: I : - HEcdfo
it. Then clear all lists in the list editor [CATALOG] Yipdfi
by selecting ClearAllLists . E?-T?E-*E'i
. . ircle .
Note: This command clears all elements from the [*) until ClrAllLIsts  is Clear Entries

. .
lists. The list names are still in memory, but the selected EHEHEISLS

lists are empty.

Hint: In the CATALOG, you can go to the first item ENTER ClrAllLists=s
starting with a particular letter:
ENTER
Press C ([PRGM]). Notice that you are already in
ALPHA mode since the [ displays in the upper
right corner.
3. Setup the list editor with SetUpEditor . [CATALOG] CATHLOE i
. A elec
Hint: You also can select SetUpEditor by pressing [+) until you highlight qug':
5. SetUpEditor S
=il
etUrEditar
ENTER Shadet
ENTER ClrAllList=
Tyl
SetlUrEditor
Oore
|
4. Display the list editor. STAT| 1:Edit K] Lz Lz 1
| -

Note: Lists L1 through Le appear and are clear,
and there is a blank list following L.

LIl =

Hamea=
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Tlp 6: Using Lists

Try-It! ™ on Your T1 =83 Plus (continued)
Enter the Lists

In the list editor, enter Jamal’s scores as L1={80,85,90,75,85} and Jian’s scores as
L2={85,70,75,95,100}.

To Do This Press Display

1. Enter data into L1. 80 (%] K] Lz Lz 1
857 g
90 E] e
75[+]
85 ] LilG1=

2. Enter data into L2. [I] (to place the cursor L1 Lz Lz z
under L2) E% EE """
85 g |2
e i
75 Lzig) =
95(+]
100 [+]
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Tlp 6: Using Lists

Try-It! ™ on Your T1 =83 Plus (continued)
Display the Sum and Average of All Elements in a List

On the Home screen, find the sum of Jian’s test scores (L2).

To Do This Press Display
1. Return to the Home screen and clear [QuiT] [CLEAR
the current line, if needed.
Tip: Once you exit the application, you can press
[quiT] to return to the Home screen from any
menu or command.
2. Select sum( from the MATH menu. (2nd) [LIST] [¥) ) THMESI:DF'S [FHTH
sMlR
5:sum( 2imaxt
Jimeant
4imediant
UM
TProdl
Tdstdbewy
SUM
3. Select the list (L2) you want, and 2nd) [LIST] sum{Lz
display the sum. 2:L2 423
ENTER
4. Divide L2 by 5 (the number of test 55 sumiLzD
scores) to find the average (or mean) | ENTER - 423
of the list of the scores. Ans =425 L a5
Note: Ans is the previous answer, 425.
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Tlp 6: Using Lists

Try-It! ™ on Your T1 =83 Plus (continued)

Find the Mean and Median of a Set of Data

On the Home screen, find the mean and median of Jamal’s test scores (L1).

To Do This Press Display
1. Return to the Home screen and clear [QuIT] [CLEAR
the current line, if needed.
2. Select mean( from the MATH menu. [LIST] HHMESiDF‘S FIHTH
M1
3:mean( 2imaxt
rMeamn
frediand
Sisumc
&2 Frodl
Fdstdbeur
3. Select the list (L1) that you want, and [LIST] 1:L1 mean(l1}
then calculate the mean. ENTER 83
4. Select median( from the MATH menu. [LIST] riIHMESiDF'S FIHTH
4:median( 21 Hé?c
Simeant
EHrmediant
fsumMl
&2 Frodl
Fdstdbeur
5. Select the list (L1) that you want, and | [2nd] [LIST] 1:L1 meantli )
then dlsplay the median. ENTER mediantll 53
25
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Tlp 6: Using Lists

Try-It! ™ on Your T1 =83 Plus (continued)
On Your Own

Calculate the 1-variable statistics analysis for L1 using the 1-Var Stats command on the Home
screen. Use the arrow keys ([+] and [4]) to view all of the information about L1.

Select the 1-Var Stats command from the [STAT] CALC menu.

Hint: Select the 1-Var Stats command first, and then select L1. For more information about 1-Var Stats , see the calculator
guidebook.

If you are already familiar with statistical plots, find the quartile statistics in the list of data
that was generated above, and draw a box plot of the data. For help, see [ TIp 7: Creating a
Statistical Plot.
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Tlp 7: Creating a Statistical Plot

TIp™ 7: Creating a Statistical Plot

Statistical plots are graphs of data values that have been stored in lists. You can create several
types of statistical plots, such as scatter plots, histograms, and box plots.

: 5 — 11

I Mink=Ez

Scatter Plot Histogram Box Plot

Calculator Keys Used in This Tlp
» [2nd] [STAT PLOT]

o Z00M]) ZoomStat

Tlp Highlights

In the (g Try-It!™ example, you will graph a statistical plot following these main steps.
1. Enter all necessary lists in the list editor.

2. Define your statistical plot in the stat plot editor.

3. Display the statistical plot by pressing (ZoomStat ).

Pressing allows you to move the cursor from one plotted point to another using ] and [].
It also displays the values (X,Y) at the bottom of the screen. For more information about
statistical plot options, see the calculator guidebook.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 7: Creating a Statistical Plot

Try-It! ™ on Your Tl =83 Plus

You have collected the measurements (in inches) of how far a boy from age 5 to age 14 could
throw a ball above his head. The following data was recorded. Create a scatter plot (l-») based

on these lists, where L1 = Age in years and L2 = Distance in inches.

Age inyears (L 1) | Distance in inches (L 2)
5 66.9
8 75.8
9 7.7
10 79.9
12 85.8
14 91.7

Enter the Lists in the List Editor

See [§ TIp 6: Using Lists for step-by-step instructions for entering lists of data (remember to use

ClearAllLists and SetUpEditor ). Your list editor should look like this:

L

-t
=
LU
s

M=
gL m
masJmwua

I

Define the Statistical Plot

Define Plotl as a scatter (l:») plot where Xlist=L 1 and Ylist=L 2.

To Do This Press Display
1. Display the STAT PLOTS screen. (2nd] [STAT PLOT] mF
IL-'DU Lz .
2iPlot2 0OFF
L~ Lz o«
JIPlotZ 0FF
L~ Lz o«
4LP1ots0ff
2. Display the Plotl settings screen. 1:Plotl amhﬂﬁ Floks
3]
Tare: L= dim
Hh- HIH
alistilq
Ylistilz
Mark: B -
3. Select On to turn on Plotl. ENTER Eﬂﬂgtz Flot:
. oy ! BN
Note: Scatter (::2), is already selected because HFe o E &
you reset the calculator for this § Tlp. Xlist and Wlistilq
Ylist do not have to be changed because, by Ylist:il:z
default, they already match our selected lists. Mark: B +
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Tlp 7: Creating a Statistical Plot

Try-It! ™ on Your T1 =83 Plus (continued)
Display the Statistical Plot on the Graph Screen

Display the statistical plot on the graph screen using the ZoomStat command and trace it.

To Do This Press Display
1. Select ZoomStat from the ZOOM Z700M %?EIB MEMORY
- ecimal
menu. 9:ZoomStat 51 2549uare
& 25t andard
riZTrig
g: 2Integer
ZoomStat.
fZoomFit
2. Trace along the statistical plot. TRACE L1 and L2 contain the
for thi h.
Note: P1:L1,L2 in the upper left corner shows that E] or E as necessary ’7 data for this grap
the lists L1 and L2 contain the data for the graph.
The data points are displayed at the bottom of the Ltz o
screen. o
o ®
=40 y=79.9

L (X,Y) coordinates of
the data point at the
cursor location.
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Tlp 7: Creating a Statistical Plot

Try-It! ™ on Your T1 =83 Plus (continued)

On Your Own

1. Enter the following math test scores in L1 and L2.

Scores (L 1) Frequency (L 2)
99 4
96
92
88
84
78
74
70
66
64

== = DNDNW DN W

Set up the histogram (dIs) where Xlist=L 1 and Freg=L 2 in the STAT PLOTS menu.

Graph the histogram using ZoomStat , and then trace ([TRACE]) the histogram. Letter grades
correspond to these test scores: A = 100-90; B = 89-80; C = 79-70; D = 69-60; F = 59-0. Did
the graph display the way you expected? Why is it necessary to change the window values
manually?

4. Change the window values manually to group the data in intervals of 10. Remember that you
want the data grouped in intervals of 10 so you can see how many test scores fall into the
grade categories given above. You can tell the calculator to do this by setting Xscl=10 on the
graphing window ((WINDOW]). Xmin should be a little less than the lowest score and Xmax
should be a little higher than the highest score to display a nice graph. Try setting the
window as Xmin=50, Xmax=100, Ymin= -4, Ymax=15, and Yscl=10.

5. Graph and trace the histogram again to see why these settings show the grades grouped by
scores that match the letter grades A, B, C, D, and F.

Hint: Remember that if you have functions defined and turned on in the Y= editor, the calculator graphs these at the same time as the
stat plot. To turn off a function, highlight the = sign next to it, and then press [ENTER].

You can also select FnOff to turn off all functions. To do this, press ] 4:0n/Off 2:FnOff.
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Tlp 8: Finding the Best Line of Fit for a Set of Data

TIp™ 8: Finding the Best Line of Fit for a Set of Data

The TI-83 Plus has regression commands that automatically find the closest equation to your
statistical plot data. The LinReg(ax+b) command finds the closest linear equation y=ax+b and
displays the values for a (slope) and b (y-intercept) on the Home screen.

You can save this equation in the Y= editor so that you can graph the regression equation and the
statistical plot data at the same time, and then compare the two.

1Lz

—— Statistical plot data points

Linear Regression line based
wEi0 y=ro.0 on statistical plot data

Calculator Keys Used in This TIp
[»] (CALC menu) LinReg(ax+b)

TIp Highlights

This [§ TIp shows you how to use LinReg(ax+b) on the Home screen to find the linear regression
of two list names, XList (L1) and YList (L2). You will use the same list values that you used to
define the statistical plot.

Note: For more information about statistical plots, see g Tlp 7: Creating a Statistical Plot.

In the (g Try-It!™ example, you will find a linear regression following these main steps.
1. Select LinReg(ax+b) from the CALC menu.

2. Enter the two list names that define the statistical plot.

3. Save the equation in the Y= editor.

4. Graph the statistical plot and the linear regression.

Note: The examples in the next section assume that the calculator has been reset to the default settings as described in
TIp 1: Resetting Your Calculator.
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Tlp 8: Finding the Best Line of Fit for a Set of Data

Try-It! ™ on Your Tl =83 Plus

You have collected the measurements (in inches) of how far a boy could throw a ball above his
head from age 5 to age 14. The following data was recorded. Create a scatter (l-»_) plot based on
these lists, where Xlist=L 1 and YList= L 2.

Age inyears (L 1) Distance in inches (L 2)
5 66.9
8 75.8
9 7.7
10 79.9
12 85.8
14 91.7

Enter the Lists for the Statistical Plot

See [§ TIp 6: Using Lists for step-by-step instructions for entering lists of data. Your list editor
should look like this:

Create a Scatter Statistical Plot for L1 and L2

See [§ TIp 7: Creating a Statistical Plot for step-by-step instructions for creating a scatter
statistical plot. Your statistical plot editor and scatter plot (using ZoomStat ) should look like

this:
Flotz  Flokz
Bor :
el B L dhy o

HE: HIH | a
“listild o ®
“Ylistil:z

Mark: B « - a

Stat Plot Editor Graph of Plot
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Tlp 8: Finding the Best Line of Fit for a Set of Data

Try-It! ™ on Your T1 =83 Plus (continued)

Find the Linear Regression for the Scatter Plot

Find the regression (the line which best fits the data) for L1 and L2 using LinReg(ax+b) .

To Do This Press Display
1. Return to the Home screen, and clear [QuIT] [CLEAR
it.
2. Select LinReg(ax+b) from the STAT STAT] 1) EDIT TESTS
CALC menu Li Lil-var Staks
. 4:LinReg(ax+b) Ziz-\ar Stats
ZiMed-Med
SHL inEeglax+h
Ay adRea
&iCubicEeg
7lHAuartReg
LinRe3lax+b

3. Select the lists L1 and L2.

2nd) [LIST] 1:L1 (5]
2nd) [LIST] 2:L2[5]

LinkEealax+bd L1
Lz

4. Display Y-VARS menu. Then select VARS] [] LinFegadax+bl L1,
the Y variable (Y1) from the 1:Function Lz,
FUNCTION menu. 1:Y1
. . ENTER :
5. Calculate the regression equation. L;ggigb
a=2. 713513514
b=53. 4B827VEZT
6. Display the Y= editor. Y= AMA Flotz Flots
~M1E2.F1E5135135
Note: Both Y1 and Plot1 are highlighted. This %%?H+53-492?52?E
means that both graph and the plot are turned on. M=
wNa=
~My=
~Ne=
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Tlp 8: Finding the Best Line of Fit for a Set of Data

Try-It! ™ on Your T1 =83 Plus (continued)
Graph the Statistical Plot and the Linear Regression

Graph and trace the statistical plot and linear regression at the same time and compare them.

To Do This Press Display
1. Select the ZoomStat function to Z00M %%JEIE MEMORY
display the statistical plot and the 9:ZoomStat =4 2535;&21
regression on the graph screen at the %: E%Lagdard
. 12Tri
same time. 2: ZInteder
ZoomStat.
fZoomFit
2. Trace the function or the statistical TRACE TR
plot. [ or D] to trace a
Notes : The function or plot being traced is function
displayed in the upper left corner of the screen. (4] and [+] to move
The X and Y coordinates display at the bottom of between functions ol y=ro.8
the screen. -
Tracing along the stat plot
V1=E.713E135135157ReE3 Y
WEB.E . . . ¥=7O.AL081
Tracing along the line

On Your Own

Use the function to predict approximately how far you think the boy can throw the ball
above his head at 18 years old. Do you think the line will give a good idea of how high this
person will be able to throw the ball when he is 35? Explain your thoughts.

Hint: Use the table to determine the value of Y1 when X=18.
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Tlp 9: Sending and Receiving Data between Calculators

TIp™ 9: Sending and Receiving Data between Calculators

You can send and receive data between calculators using the SEND and RECEIVE menus.

To connect two calculators using the unit-to-unit cable, which comes packaged with your
calculator, use the I/O (input/output) port located at the center of the bottom edge of the
calculator.

e Insert either end of the unit-to-unit cable into the I/O calculator port.
¢ Insert the other end of the cable into the I/O port of the other calculator.

Tip: The cable must be firmly inserted into the I/O port. If you receive a “link error,” make sure the cable is completely inserted.

Sending unit Receiving unit

I/O ports for cable

Calculator Keys Used in This Tlp
(2nd] [LINK]

Tlp Highlights

You can send or receive many types of data such as lists, programs, pictures, and applications
that can be shared.

To communicate between two calculators, you must set up one calculator to send the data and
the other calculator to receive the data.
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Tlp 9: Sending and Receiving Data between Calculators

Tlp Highlights (continued)

In the [§ Try-It!™ example, you will link two calculators and send lists of data from one
calculator to the other following these main steps.

Receiving Data

After you link the calculators using the unit-to-unit cable, set up one calculator to receive data by
following these steps:

1. Press [LINK] to display the link menu.
2. Press ] to display the RECEIVE menu.

3. Select 1:Receive . The message Waiting... and the busy indicator are displayed. The calculator
is ready to receive transmitted items.

Sending Data

After you link the calculators using the unit-to-unit cable and have one calculator waiting to
receive data, set up the other calculator to send data by following these steps:

1. Press [LINK] to display the link menu.

2. Select the type of data (for example, lists) that you want to send. The corresponding SELECT
screen is displayed. Each SELECT screen is displayed initially with no items selected.

Note: The All+ menu item selects all items on your calculator that can be transmitted. The All- menu item deselects all items that
you have selected to transmit.

EEEEIUE gg!am TRAHSMIT
Select the ?!H%Fll 1 2 L1 HE¥ All lists on the
- z
type of data. ot F'r*EIm O [IsT | — calculator are
5ﬂ Lu LIST 1 displayed.
L15t5 to TISZ.. Le LIST
Ls LIST
?¢P1c

3. Press[4] and [¥] to move the selection cursor (») to an item you want to select or deselect.

4. Press [ENTER] to select or deselect an item. Selected names are marked with a box (m). You
can select more than one if you want.
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Tlp 9: Sending and Receiving Data between Calculators

Try-It! ™ on Your Tl =83 Plus

Transfer L1 and L2 from one calculator to another one. Use L1 and L2 as defined in
TIp 6: Using Lists.

« L1={80,85,90,75,85}
L2={85,70,75,95,100}

To Do This Press Display
1. On the sending calculator, enter the 1:Edit X Lz Lz z
lists above in the list editor. B T e——

2. Link the two calculators using the
unit-to-unit cable.

Connect the calculators with
the cable using the I/O ports.

3. On the receiving calculator, select (2nd] [LINK] SIS FECE TV
Receive. (] 1:Receive iHReceive
Confirm that Waiting... is displayed
on the screen. Your calculator is now
ready to receive the lists.

4. On the sending calculator, display the | [2nd] [LINK] [A=33I RECEIVE
SEND menu, and then select List . 4: List I

SiPram...
gL i=t

fLiztz to TISZ.

&: G0E

FlLPic..
5. Select L1 and L2. Igggggl TRAHSHIT
STENRTER . L. SED
Note: The selected lists are marked with a box (m). . tg t%%¥
Ly LIST
Le LIST
Le LIST
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Tlp 9: Sending and Receiving Data between Calculators

Try-It! ™ on Your T1 =83 Plus (continued)

To Do This Press Display

6. Send the lists to the receiving SELECT
calculator using the TRANSMIT menu. | 1:Transmit I Transm1 :

7. If the lists have been previously 2:Overwrite %ma_mgm
defir}ed, the receiving calculator asks : Dﬂgﬁmﬁ ite
you if you want to: fT0mit.

4Gt

1: Rename
2: Overwrite L1 LIST
3: Omit
4: Quit
Select Overwrite for each list.
The name and type of each data L1 LIST
. . . . P Lz LIST
item are displayed line by line on Daote
the sending unit as the item is

transmitted, and then on the
receiving unit as each item is
accepted.

Sending calculator

Receiuving.

L1 LIST
After both lists are transmitted, Lz '-E.EL
the message, Done, is displayed

on both calculators.

]

Receiving calculator

On Your Own

Enter a function in the Y= editor and send it to another calculator.

Fundamental Topics in Science © 2001 Texas Instruments Tlp 9-4



Tlp 10: Managing Your Calculator's Memory

TIp™ 10: Managing Your Calculator’'s Memory

You can check available memory, manage memory, and get information about your calculator by
selecting items from the [MEM] MEMORY menu. For example, you can find your calculator ID
number, which is necessary for registering and installing some applications. A delete menu item
lets you delete any type of data (variables, lists, programs, applications, etc.) so that you can set
up your calculator with the information you need for your current classes. You can change the
data for future classes.

fMem Mamt-Del..

JiClear Entries
4iClrAllList=

SiArchive
6-
i

Calculator Keys Used in This Tlp
(2nd] [VEM]

Tlp Highlights

The About screen displays:

*  Your calculator operating system version number

*  Your calculator ID number, which is used to register and install or reinstall an application

. TI-B3Flus
The operating system — 11z

. b FROD. I0:04-0-01-08
version number ID:0NOEY-BC388-7ERL

Cert Revision #1

|H 1R ki comdcale

As new operating system versions become available, you can download them from the Texas
Instruments website. To obtain some applications from Texas Instruments, you must provide
your calculator ID number, which is unique to your calculator.

The Mem Mgmt/Del menu item lets you delete variables, lists, programs, applications, etc., so that
you can set up your calculator with the information you need for your current classes.

The Reset menu item lets you reset your calculator default settings. Resetting all RAM on your
calculator:

* Restores memory to the factory settings.
* Deletes all programs.

Note: Resetting RAM does NOT erase applications.

To find out more about resetting defaults, see [§ TIp 1: Resetting Your Calculator.
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Tlp 10: Managing Your Calculator's Memory

Try-1t' ™ on Your Tl -83 Plus
Displaying the About Screen

Display your calculator’s About screen and find the operating system version number and the ID

number.
To Do This Press Display
1. Select About from the MEMORY [MEN]
menu. 1:About ﬁ Hem- Hamt./De1 .
JiClear Entrie=s
4:C1rAllList=
S1Archiuve
& UnArchive
TiReset..
2. Notice the operating system version
number under the name of the TLBs Fus
FROD. ID:04-0-01-00C
calculator (1.12) and the ID number o v
composed of 14 numbers and letters. CorE.Revision 21
|H& TR i bi comd cale
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Tlp 10: Managing Your Calculator's Memory

Try-It! ™ on Your Tl =83 Plus (continued)

Deleting Items

Delete L4 from your calculator’s memory.

select Mem Mgmt/Del .

2:Mem Mgmt/Del

To Do This Press Display
1. Display the MEMORY menu and [MEM]

T:ggaut
Mem Mamt.-<Del..

iClear Entries

scroll through the lists.

Tip: See @ Tlp 6: Using Lists for information on
how to use the SetUpEditor to put L4 back into the
list editor.

4:C1rAllList=
S1Archiuve
& UnArchive
TiReset..
2. Select the category, List. -Li FAM FEEE 234899
gory 4:List ARC FREE 131872
All existing lists on your calculator é Eéé'i'...
display on this screen and the 3 Eu;-milex
number of bytes of RAM that they use Eﬁmﬁp'{x
(L1=66 bytes, etc.). et -Wars
EAM FEEE 234589
ARC FEREE 131672
P L (=]
Lz =1
Lz 12
Ly 12
Le 12
L& 12
3. Move the cursor so that it points to [+] to L4 EAM FEEE 23489
La ARC FEEE 131872
: |1 (=12)
| = (=13)
| 3 12
P Ly 12
| £ 12
|5 12
4. Delete La. DEL EAM FEEE 23371
ARC FEREE 131672
Note: Notice that no confirmation message L1 EE
displayed when you deleted this item. Confirmation -g 12
messages only display when you delete an item | © iz
from Flash ROM (an application) or when you P Le 1z
delete an archived item. If an item has an asterisk
(¥) next to it, it is archived.
5. L4no longer displays in the list STAT] 1:Edit [ L= Lt LE £
editor. Use the arrow key ®)to | | | |- —

LEC1=
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