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DATA HANDLING AND ANALYSIS...
We have included basic information on the use of the calculator and some trouble shooting hints.
A short tutorial isgiveninthelast section. Keystrokesfor the calcul ator are denoted in bold brackets
([ 1) such as[ON]. Keystrokes areidentical on the T1-83 and TI-83 Plus.

GENERAL OPERATIONS

= TheTI-82 and TI-83 use full-screen menus to access their data analysis operations. To accessa
menu, press the appropriate key.

Use the arrow keys to move the cursor through the menu options. The current menu option is
highlighted by the cursor.

" Press[ENTER] to select a highlighted menu item.

To leave amenu, you can usualy pressthe key of the next menu you wish to access. Otherwise,
you can leave a menu item by pressing [2nd] [QUIT].

To change the display contrast (display brightness), press [2nd] [>] (up arrow) to increase the
contrast or [2nd] [?] (down arrow) to decrease the contrast.

" Press[CLEAR] to clear the display.

To access keyboard operationsin blue onthe TI-82 or yellow onthe TI-83 to the | eft above akey,
press [2nd] and then the key.

To access a phabet charactersin grey on the TI-82 or green on the T1-83 to the right above akey,
press [ALPHA] and then the key.

If no action occurs after akeystroke, press[ENTER].

= Press[MODE] and select FLOAT for the maximum precision in a calculation.
= Press[MODE] and select DEGREE to interpret and display anglesin degrees.

TRANSFERRING INFORMATION FROM CALCULATOR TO CALCULATOR

Plug thelink cablethat comeswith your calculator into the two cal culators. To receive information,
press[2"] [LINK], cursor right to RECEIVE and press[ENTER]. Calculator will go to the home
screen and display “Waiting ...” onthe screen. To send information, press[2™] [LINK] and select
the option you want to send. Then movethe cursor to the selection wanted, press[ENTER] to select
(box appears next to selected item). Cursor to TRANSMIT when ready. Both calculatorswill list
what istransferred and display “Done” on completion.

ENTERING DATA FOR ANALYSIS

Before data can be analyzed or plotted, it must be entered into lists (by hand or from a CBL viaa
program). The lists are comparable to data tables or columnsin a spreadsheet.
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5.

Press[STAT] [ENTER] to access the list editor.

There are 6 lists (columns L,, L, Lg ..
accommodate 6 setsof dataor 3 setsof x, y datapairs. Note
that when a CBL is used it stores commands in one of the
lists. TheTI-83 can have morethan six listsif thelistsare
named through the “ SetupEditor” under [STAT] EDIT.

To clear old datafrom alist, move the cursor to the header
or list name (see highlighted L, on screen to theright) at the L
top of the column and press [CLEAR] [ENTER].

, L) to [H Lz L 1
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Enter the data into one column or, if paired, two columns; x-data column and y-data column.
Place the cursor at the appropriate place and type the data. It is entered by pressing either

[ENTER] or [?] ( the down arrow key).

Press[2nd] [QUIT] or anew menu key to leave the lists screen.

The TI1-83 will allow you to name your lists. See your manual for directionson how to do thisinthe
SetupEditor .

PLOTTING THE DATA

You must "tell" the calculator how to plot and display the data. In the following procedure, select
means to move the cursor to the appropriate item and press [ENTER].

1.
2.

Press[2nd] [STAT PLOT] to access the plot menus.

Select Plotl, Plot2, or Plot3 as the plot for your data.

ON OFF
Type:

Xlist:
Ylist:
Mark:

Set up the plot by selecting:

turns plot on or off; on displays the plot

points plotted without line (preferred) or
points plotted with line

column ng, L,, L, ; containing x-data

column (L,, L,, L, ...) containing y-data

appearance of plotted points

Press[ZOOM] [9] to view your graphed data. The calculator automatically scalesthe axesusing

this feature.

To scale the axes yourself, press [WINDOW] and enter values for:

Xmin, Xmax
Xscd
Y min, Y max
Y scd

min and max values for the x-axis.
interval between tick marks on x-axis.
min and max values for the y-axis.
interval between tick marks on y-axis.

Thisisuseful when you want to look closely at aregion of the graph or explore beyond the range

of your data.
Press[GRAPH] to view graph.



DATA TRANSFORMATIONS

Y ou can do spreadsheet-like calculations on the datain liststo transform the data beforeit is plotted.
For example, you can multiply each data point by a constant or subtract a constant value from each
point. Indataanalysis, datais often transformed so that the resulting plot islinear. If the datais of
the formy=a/x, then aplot of y vs. 1/x will belinear with lopea. Or, if the dataisof theformy=a
e, thenaplot of Iny vs. t will belinear with slope -k and y-intercept Ina. Totransform adatalist:

1. Press[STAT] [ENTER] to access the list editor.

2. Movethe cursor to thetop of thelist to highlight thelist name. In thissituation the bottom of the
screen showsthelist asafunction. Press[ENTER] and the cursor movesto the function. Press
[CLEAR] and any previous function is cleared. For example, if you selected L,, the bottom of
the screen will show L ,= with the cursor just after the = sign waiting for you to enter a new
function.

3. Now enter thetransformation cal cul ation using the operation keyson the keyboard. For example,
to multiply each datanumber in List 2 by aconstant C, typein[2nd] [2] [X] [C]. The bottomline
will show L,=L,*C. TotransformthelisttoIny, typein[In] [2nd] [2]. If you want to retain the
original data enter the transformation calculation in a different list.

4. Press [ENTER] and the transformed data will replace the old datain thelist. To plot the new
data, press[ZOOM] [9] or scalethe axesin [WINDOW!] and press [GRAPH].

REGRESSION ANALYSISOF DATA

The T1-82 will do eight types of regression analysis of datain lists. The TI-83 will do ten types.
Data for the regression analyses comes from lists. Note that the list names, L, through L, can be
accessed viathe keypad (in blue to the left above keys 1 through 6 for the TI-82; in yellow for the
T1-83). Press[2nd] and the appropriate key to name or designate agiven list.

1. Press[STAT] [<] to display the STAT CALC menu. The available types of analysis are:

OnTI-82 On T1-83 (see Appendix A for details)
*5: LinReg (ax+h) *4: LinReg (ax+b) Fitsdatato y=ax+b.
6: QuadReg **5: QuadReg Fits data to y=ax’+bx+c.
7. CubicReg **6: CubicReg Fits data to y=ax®+ bx*+cx+d.
8: QuartR **7: QuartR Fits data to y=ax*+ bx*+ cx?+dx+e.
*9: LinReg (at+bx) *8: LinReg (atbx) Fitsdatato y=a+bx.
*0: LnReg *9: LnReg Fits datato y=a+b In(x).
*A: ExpReg *0: ExpReg Fits datato y=ab*. Power of baseeisInb.
*B: PwrReg *A: PwrReg Fits data to y=ax’.
B: Logistic Fits datato y=c/(1 + ae"™)
C: SinReg Fits data to y=asin(bx+c) +d

* The regression analysis returns a correlation coefficient (r), ameasure of the goodness of fit.
The closer the values approach +1 or -1, the better thefit is.

**The value of r?, the coefficient of determination, is given for these regressions.

Onthe TI-83 to get r or r? use [2"] [CATAL OG] and cursor down to Diagnostic ON. Press
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[ENTER] and then [ENTER] again. DONE should appear on the home screen. (Some
programs turn the Diagnostics off, so if you do aregression and do not get an r or r? value check
to be sure you have DiagnosticsOn.)

The coefficient of determination, r? isthe proportion of the TOTAL variability of the y-data that
can be explained by the x-variable. The limits of the coefficient of determination are O#r#1. A
value of 1 means all or 100% of the variation of y is explained by x.

2. Move the cursor to the desired regression command and press [ENTER] or press the number of
the command.

3. Theregression command istransferred to the home screen of the cal culator and the prompt waits
for you to enter the list names. Enter thelist of the x-data, [,], and the list containing the y-data.
For example to enter List 2 as“x “and List 4 as“y” you would key in [2nd] [2] [,] [2nd] [4].
Press[ENTER] todo theanalysis. The coefficients, constants, and regression values are printed
on the home screen.

GRAPHING THE REGRESSION FUNCTION

The equation editor of the calculator can be used to graph the regression function displayed on the
home screen. The equation editor isaccessed by the[Y =] key. Equations are automatically plotted
if they are selected. You select or deselect (“turn on” or "turn off") functions by placing the cursor
over the = sign and pressing [ENTER] to either highlight the = sign (select) or to remove the
highlight (deselect). On the T1-83 if you move the cursor to the left again you can select the style
of the line plotted- thin, thick, shaded above, shaded below, or animated. The function can be
cleared by placing the cursor anywhere on the function and pressing [CLEAR].

1. Press[Y=] to display the equation editor. Clear or deselect unwanted functions and move the
cursor to the first available function.

2. To select the regression line as the function for graphing, press [VARS] [5] (which selects
Statistics as the source of the function) and then press [<] [<] to move cursor to the VARS EQ
menul.

3. Press[7] onthe TI1-82 or [1] on the TI-83 to select RegEQ. This copies the regression equation
to the Y= function.

4. Press[GRAPH] to display the regression line.

5. If the data were plotted with aline connecting the points, you can go to the STAT PLOT menu
and change to plotting points only. Then the only line through the data points will be the
regression line.

On the TI-83 you can take a shortcut to graphing the regression equation, When you select the
regression function and put in the lists, you can enter the location for the regression equation. To
do this:

1 Enter the regression type and the two lists as above in the section on Regression
Analysis of Data (Steps 1 - 3).
Enter a[,] after the second list.
Press[VARS] and arrow over to Y-VARS and select 1: FUNCTION
Select the Y function where you want the regression equation to go (Y,=, Y,=, Y;= ...)

ApWN
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and press[ENTER]. You should now seea Y after thetwo list entries. \WWhen you press
[ENTER] the calculator will compute the regression equation and paste the function
into Y= for you. Press[Y=] to seethe equation or [GRAPH] to seeit graphed.

GRAPHING A FUNCTION

Either before or after collecting data, you can become familiar with the shape of a function by
graphing it. The TI-82 or T1-83 alows you to quickly enter and graph any function.

1. If youwishto turn off your dataplots, press[2nd] [STAT PLOT] and determinewhich plotsare
still on. To turn off a plot, select the plot that is ON, move the cursor to OFF, and press
[ENTER]. Press[CLEAR] to return to the home screen.

2. Press [Y=] and clear or deselect unwanted functions (see Graphing the Regression Function,
above). Selected functions have the = sign highlighted.

3. Movethe cursor to thefirst available function and type in the function using the operation keys.
The independent variable must be entered as X using the [X,T,0] key on the TI-82 or [X,T,8,n]
on the T1-83 (next to the [ALPHA] key). Press [ENTER] when the function is complete.

4. Try pressing[ZOOM] [6] to seeif the function will graph on the Standard scale axes. OntheTI-
83, [Z00M] [Q] will fit thefunctionto awindow. If not, press[WINDOW!] and adjust the axes
to your preference and press [GRAPH)] to see the graphed function.

5. TheTI-82or TI-83 displaysthe graphsof al functionsthat are selected which meansthat you can
graph several functions together for comparison. Enter each function as above and select those
you wish to view.

EXPLORING A FUNCTION

Using [2"] [TABL E] you may explore the values of afunction or regression equation for any x,y
points. Thisisuseful for interpolation and extrapolation. The [2"Y] [TBL SET] will allow you to
set-up the table's starting point, ThlStart=, and the change from point-to-point Thl=. Any
functions in [Y=] that are plotted will be evaluated in the table; use the right cursor to move to
functions not shown.

EXPLORING A GRAPH

Y ou can explore and analyze your graphed functions (and plotted data) using the [TRACE] and
[CALC] keys. TRACE movesthe cursor from point to point along your current graph and displays
the coordinates of the point at the bottom of the screen. If the current graph isagraphed function,
the function number appears in the upper right hand corner of the screen. If the current graphisa
dataplot (fromdatainlists), aP, followed by the plot number, appearsin the upper right hand corner
of the screen. If severa graphs are displayed ssmultaneously, TRACE can be used to distinguish
between the graphs. CAL C operationswork only on graphed functions. The directionsbelow only
refer to some of the operations available with TRACE and CALC. Refer to your guidebook for
more information.
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Exploring a Graph with TRACE

1. Press[TRACE]. If your graphs are not yet displayed, the calculator displays them with an X
marking the current displayed point. [<] and[=] (right and |eft arrows) move the cursor from one
point to the next point. If the graph is a graphed function, [2nd] [<] and [2nd] [=] move the
cursor 5 points at atime.

2. With plotsoff ([STAT PLOT]), if you trace afunction off the left or right edge of the screen, the
viewing window automatically pans to the left or right. The values of Xmin and Xmax are
updated to correspond the new viewing window. Thevaluesof Y min and Y max arenot changed.
If you wish to store the current viewing window, beforetracing off the screen, press[ZOOM] [<]
to display theZOOM MEMORY menu. Select 2:ZoomSto to store the current window values.
Returning to this menu later, you can select 3:ZoomRcl to restore the original window values.

3. If more than one function or plot appears on the screen, you can select which one to trace by
pressing [>] or [?] (up or down arrows). The number of the selected function or plot appearsin
the upper right hand corner of the screen.

4. Toleave TRACE, press[CLEAR].
Exploring a Function with CALC

CALC, accessed by pressing [2nd] [CAL C] (above the TRACE key), allows you to perform some
simple analysis on graphed functions. Only two of the seven possible operations on the CALC
menu are described here.

1. Press[2nd] [CALC] to access the CAL C menu.

2. Tofind the value of your function at a specific value of x, select 1:value. The present graph is
displayed with a prompt for you to enter X. Enter avalue for X between Xmin and Xmax and
press[ENTER]. The cursor goes to the point on the first selected graph and the coordinates of
the point are displayed under the graph.

3. To find the numerical derivative at a point of afunction, select 6:dy/dx. Thisisthe slope of a
tangent line on the curve at this selected point. The current graph is displayed and the cursor is
visible at a point on the graph. Use the arrow keys to move the cursor to the X value of your
choice and press [ENTER] to display the derivative.

SOME TROUBLE SHOOTING TIPS

Sometimes you are sure that you entered all your data correctly and pressed the correct keys but you
get an error message. Although we cannot anticipate all the creative ways in which errors are
generated, we can list some common errorsthat you may encounter. In some caseswe haveincluded
the error screen that is generated and the possible cause. For any error screen, ERR:, you must press
[ENTER] to acknowledge the error and move on.

1. Negative number verses subtraction

[(-)] isthe negativekey (gray key below the[3]) to be used when you want to enter anegativesign
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in front of afunction or number such as-log: [(-)] [log] or -3: [(-)] [3]

[-] is the subtraction key (blue key, along right side of calculator with the other arithmetic
operations) used for operations such as 5-2: [5] [-] [2]

2. Parenthesis (they travel in pairs!)

TG -
4x5 AT C 2HT D i
2 X5 4525

Thefirst line above shows the error asthe calculator usesits order of operation. The second and
third lines show two ways to correct the problem.

3. Axes appear with NO data

Check to see if the plot is turned on by pressing [2nd] [STAT PLOT]. If the plot is on try
[ZOOM][9] to scale axes to data.

4. ERR: INVALID DIM

ERRE: IMWALID DIM
=it

A plotison but thereisNO datainthelist editor under [STAT] EDIT. Thisusualy occursif you
have a second plot that you are not working with at the moment turned on. Goto[STAT PLOT]
and check.

5. ERR: DIM MISMATCH

EER:DIM MISMATCH
=it

All lists to be plotted must have same number of items (number of x points must equal number
of y points) in them to plot or do regressions.

6. ERR: SYNTAX

EREE: SYHTHA 1-Yar Stats LinRE LinkReacax+br 1
Fuit edlax+hn
I Hoto
Error Incorrect Correct
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If you transfer an operation to the home screen, it must be on aclear line without any other entry.
The example above shows a error when doing alinear regression.

Thissame error occursif you paste afunction into the function editor, [ Y =], and there is already
oneintheY, or wherever you selected.

7. Multiple plots

The calculator will plot up to three sets of data; however, al sets will show up only if the x-y
scales are all comparable. |If the scales are not comparable, data is usually hidden on the axes
lines. In[STAT PLOT], turn plots off and plot individually, scaling each with [ZOOM][9].

8. Stray lines appear on a plot with data points

Y ou need to turn off or clear functionsin the function editor, [Y=].

9. Curve that misses the data points

lower degree

/

When determining and graphing regression equations, set [M ODE] tofloat, otherwise somesmall
coefficients (a, b) may be rounded to zero. Thislowers the degree of the equation and changes
the form of the function, usually generating a curve of very poor fit (but the r* looks good!).

10. ERR: DOMAIN

ERFR:DOMAIH
Buit
tGoto

The regressions ExpReg, LnReg, and PwrReg cannot handle the origin (0,0) or s?ecifically
x =0inadataset. If you change the zero to avery small number, such as 1'x 10", it will work
and not significantly change the data set.

A QUICK TUTORIAL USING DATA

The data listed below are the measured heights of stacks of Oreo® cookies. Enter the datainto the
lists on the calculator - place the number of cookiesin the stack into L, and the heightintoL, To
get the lists or list editor, press[STAT] EDIT and select EDIT (just press[ENTER]).
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number of cookies | measured height
in a stack of stack (cm)
2 24
3 35
S 6.1
7 8.6
10 12.3
13 15.3
15 18.2
18 21.3
22 26.5

Flokz  Flok3
O f

Now we want to plot the graph of height (y-variable) against Fes E E ‘I__]EE'
the number of cookiesinthe stack (x-variable). To dothiswe w]ist. T ttagy P
press[ZOOM] [9] to have the calculator automatically scale 1=L=01

the axesto the x and y variables. Ylistilz
ey v Mark: B -+

After the data are entered, press [2"Y] [STAT PLOT] and
select Plot 1. Then set up the screen as shown to the right. E
d

A scatter plot of the data should look like the screen shown below.

Press[TRACE], watch for the flashing cursor, and use the right/left cursor keys([<] or [=]) to move
along each point to check that you entered them correctly (mistakesin data entry arevery common!).



Now goto [STAT] CALC and select linear regression and press[ENTER] or press[4]. Thisputs
you back onto the home screen showing what you selected. 'Y ou must now inform the cal culator of
the x and y data needed to perform the regression. Press [2nd] [L,][,] [2nd] [L,] to get the left
screen below and then press[ENTER] to get the linear regression results shown on the right screen
r and r? will be discussed by your instructor later).

LinFegia=+b? L1 LinEe=g
Lz g=5x+h
a=1.135322853
b=.B065254315
rE=, AYFIZELS
=, 999565259

3
k!
JE
1

Now we want to graph this regression equation with the data points. To paste the regression
equation into the function editor: Press[Y =] and movethecursortoY,, then press[VARS] [5] [<]
[<] EQ, select RegEq[ENTER]. The regression equation should bein the function editor, [Y=], as
shown below.

AME Flatz Flots
=181 . 195982585355
2t . BEE234 31533685

~Ne=
W=
~Ny=
~Ne=

Press[GRAPH] and the regression line will be shown with the data points.

Here are the dataand theregression linewhich fitsthe datanicely (r?isvery closeto one). Thesope
of theline, asgiven by “a” intheregressionis 1.196 or 1.2.

€ What are the units of the slope?

€ What does the slope in this example mean or represent?
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€ What should the intercept value be?

The slope or rate of change of the lineis given by:
Dy V,-Yy, Dheight
DX X,- X, Dnumber of cookies

The slope in this example is the height per cookie or thickness with units of cm/cookie. Theline
should go through zero or the intercept should be zero; however, due to experimental error, the
intercept is dightly greater than zero.

Y ou can go back to your graph with the regression line, press[TRACE] then use the up and down
cursor keys ([>] or [?]) to switch from the data points to the line, select two points on the line and
calculate the slope using the formula given above. We illustrate this below.

Fi This screen shows the trace function working along the
datapointsthat arein Plot 1 - notice the P1 in the upper
right corner of the screen.

Hereyou can only hop from one datum point to another.

:':=13 _|_|_|_|III=15.3 el

1 This screen shows the trace function working along the
regression line in the function editor in Y, - notice the
1 in the upper right corner of the screen.

Here you can move aong the line to any values which
are displayed at the bottom of the screen. This allows
you to interpol ate data.

n=ll.exb0yz L= Eanes .

Isyour calculated slope close to the value from the linear regression? It should be! Y ou could also
use [TABLE] to get the two points on the regression line (see Exploring a Function, p.5).

The graphing calculator is apowerful mathematical tool for handling and analyzing scientific data.
Have fun and remember to ask your instructor for help if you have problems.
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M anaging Memory on the TI1-83 Plus Graphing Calculator

ERF: MEMORY
Lgit
: Goto

Does this display to the left hgppen to you often? If you have
aTI-83 Plusyou have an option. The T1-83 Plus Grgphing
Cdculator has an active memory (RAM) and storage
memory (ARC). Archiveisthe transfer function thet alows
you to move items, such as programs, from RAM to ARC
memory. Programs such as Vernier's ChemBio or Physics,

or TI's Ranger software, require alarge portion of the RAM memory. Vernier's ChemBio or
Physics can be loaded as gpplications (under [APPS]), which are stored in ARC memory. TI
gives away and sdlls anumber of applicationstoo!  See http://education.ti.com for more

information.

To check the calculator’'s memory, press[2"9] [M EM] and then sdlect 22 Mem Mgmt/Del.... A
screen gppears Smilar to the one below at the left. The two numbers at the top right of this

FAM FREE

ARC FREE =
Al1l..
:keal..

SEComElex..

dilist..

S:Matrix..

&lY-Vars..

2692
1212

Fr3m...
sFic..
Qi G0E...
HiString..
H: AFF=..
BlAFFVars...

will increese. To unarchive a program, smply move the
cursor to that program and press [ENTER]. Archived

screen are the bytes free in each area of memory.

Since programs are usudly the most RAM memory
consuming, archiving them can free up RAM memory. To
archive programs, you cursor downto 7: Prgm... asshown
on the screen to the left and press[ENTER]. Then, ascreen
with your program names will gppear, such asthe one given
to theright below.

Inthisdisplay, the FAM FREE 56
cursor, b, ison ARC FREE =12
ABTITR and if you y BETITR =
press [ENTER] it will +BE0HO%
be archived. Asyou OECAHY o
archive, the RAM FREE OISTAH L
+HCARE
L OROTE

T [ T
ENEIR LA LA IE

programs are indicated by the asterisk, such as*BONDS.

Y ou can store data as named listsalso. Use [2"9] [QUIT] to exit. If you goto [PRGM] and
select an archived program (* precedes namein the list of programs), it will not function and
ERR: ARCHIVED gppears. Y ou would then need to unarchive the program to runit. For
goplication (under [APPS], stored in ARC memory), they are dways available.

Trandferring programs viathe TI-graph link software and cable to a computer is another way to

free up memory and have a backup!

To delete unwanted programs, move the cursor to that program and press[DEL]. You will be
prompted “Are you sure?’ with the NO selected and you will need to select YES.
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Updating your operating system

Press [2"% [MEM] and select 1: About to view which version of the operating system is on your
caculator. A screen Smilar to the one below gppears. The second line isthe version (in this
case 1.16, which isthe latest available).

Download free operating system updates and ingtructions

from http:/education.ti.com  If you have early versions of TIffEH"s
the operating system (older TI-83 Plus calculators), FROD $: 04-1-01-11
updating isagood move. Your caculator will run faster! ID: O40AY-EEOFY-Z018

Help: educatien.bi.com

Collecting Experimental Data Using Vernier’'s ChemBio with the CBL

Y our TI-83 Plus should be hooked up to a CBL viathe link cable with the appropriate probe
plugged into Channd 1 on the CBL. Turn the CBL on.

Press the [APPS] key and sdect ChemBio to Sart the program asan

application (stored in archived memory). On the TI-83 calculators EWMEE inance.
press[PRGM] to sdlect ChemBio. Instructionsfor Vernier's Physics : EEEM io

programs are the same and include different probes commonly used in =ERElE AN

physics experiments. It is assumed the programs are loaded on the calculator.

After you sdect ChemBio, this screen on the left below should appear (where the date is the
verson). AsVernier adds new probes you will want to update this gpplication from therr
website (http://www.vernier.com).

VERNIER SOFTWARE . m
BIOLOGY AND Press [ENTER] and the main menu appears as FCOLLECT DATA

OLLECT O
CHEMISTRY . I:UIEW GRAPH
WITH THE CEL shown to the right. :UIEW DAT
g L
E:RETRIEVE DATH
g8-11-8@ [EMTER] TIOUIT

Your first operation isto set up probes, so seect 1. SET UP PROBES. okl IMK _ ERROR Akt

I the screen to the right appears, check the link cable connection to el L BN

H MAKE
your caculator and the CBL. Thisisavery common problem. Press e LHECLIRK
[ENTER] after checking the connections. EEE“E% EﬁEHEE

[EMTERI]

Thefirgt step of SET UP PROBES is to sdlect the number of probes ENTER MUMEER OF
(see screen to the right) and which probes (for the complete list of FROBES: 1M
probes for ChemBio on four screens, see next page).
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: EAROMETER iL E i RETURH
BEL

iFH inly| OMG TE
3:PEESSURE F:LIGHT 3: THERHMAQCO
4:COLORIMETER 4:EEL HUM 4:REESFIF.
2+ WOL THEE 2:EBIO PEESSURE 2iEKG
g5 COMOUCT W TY &:HEARET EATE £:COZ2 SEMSOR
7:MORE PROEBES 7:MORE FROBES T:MORE FROBES

For each probe, you will need to inform the program where it is connected on the CBL. You can
have as many as three probes connected at once.

After the probe (probes) is (are) set up, you are ready to collect data. HoE CRuERT
Some probes have further menus to sdect their units of measurement CHAMMEL =
and other set-up requirements, such as calibration. EMEEEQTHHHEL

Select 22COLLECT DATA from the main menu. The data collection menu appears as shown
below. Choice of method will depend on the experiment being performed.

i Hereisan explanation of the data collection options. Monitor input isa
TIME GRAFH good way to check that the probe is functioning and ready for data
TRlaaER. ~oMeT collection. Time graph allows youto set up aperiod of data collection asa
RERBER FOINT  function of time. Thisis useful for warming water and wetching the

temperature profile as the water reaches the boiling point. Trigger/prompt

involvesthe trigger button on the CBL. When you press the trigger button on the CBL, it
records the probe reading as the y-variable and then prompts you for the x-variable asinput on
the calculator. It will then ask you if you want to collect more data. If you have two probes
collecting both the x and y-variables, trigger gets both readings recorded in appropriate lists
when you press the trigger button on the CBL. It asksif more datais to be collected.

The Vernier software actualy takes five readings on the CBL for each point and sends the
average vaue to be stored in the caculator lists. Hence, do not record the reading on the CBL as
thisisonly asnglevalue. This process helpsto minimize the noise in the CBL readings thet you
see in the monitor input.

After you finish collecting the data needed, select 3:VIEW GRAPH to view alabeed plot of the
data. If your datais acceptable, then select 7:QUIT to exit the program. Thedatais stored in

the gppropriate ligts of the calculator. Anadyssiseasier if you are not in the program. Please

note: If you restart ChemBio, thefirst thing it doesis clear all thelists If you want to save the
data from a previous run, store it in named lists on your caculator or transfer it to another
cdculator.

At this point you can dso transfer the data to Vernier's Graphical Analyss program for further
andyd's on a computer with printing of the resulting graphs.
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Appendix A - Types of Regressionson the T1-83/83 Plus'

[STAT] Type of General Equation Method of Fitting Statistic
CALC Regression
LinReg linear y=ax+b least-squares r,r?
QuadReg quadratic y=ax’+bx+c polynomial regression R?
4)
CubicReg cubic y=ax®+bx*+cx +d polynomial regression R?
(5)
QuartReg quartic y=ax*+bx*+cx*+dx +e | polynomial regression R?
(6)
LnReg logarithmic y=a+blnx least-squares on r,r?
transformed In x and y
ExpReg exponential y = ab* least-squares on r,r?
transformed x and Iny
PwrReg power y =ax’ least-squares on r, r?
transformed In x and
Iny
Logistic logistic y=c/(1+ae™) iterative least-squares -
SinReg sinusoidal y=asn(bx+c)+d iterative least-squares --

" minimum number of points needed for polynomial regression

! From Texas Instruments, TI-83 Graphing Calculator Guidebook, 1996 and T1-83 Plus
Graphing Calculator Guidebook, 1999.
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‘ QUICK GUIDE TO THE TI-82/83 GRAPHING CALCULATOR \

| KEYSTROKE

PURPOSE

[Y=]

to type in functions and to paste regression equations for graphing
into the function editor

[STAT] EDIT

to get to the list editor or lists (spreadsheet)

[STAT] CALC

to perform regression calculations

[TRACE]

to move point-to-point on data; to interpolate and extrapolate on
functions or regression equations

[STAT PLOT]

to set-up the graphing of data in lists; select lists and type of plot

[ZOOM] [9]

to automatically scale axes to data and then plot them

[WINDOW]

to manually set axes to minimum and maximum and scale (values
of tick marks on axes)

[GRAPH]

to scale graph to [WINDOW] settings; to display graph

[PRGM]

to run a stored program

[LINK]

to transfer or receive data or programs calculator-to-calculator or
calculator-to-computer with TI-Graph Link

[X,T,0,n]

to get the variable X into an equation

[ENTER]

to get action from a previous keystroke
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