Essentials for the T1-83+

Special Keys.

2nd Press and release, then press the appropriate key to access the 2nd
(yellow) operation.

ALPHA Press and release to access characters and letters indicated above the
keys. The sequence sets the ALPHA-lock.

STO» Stores answers, matrices, quantities, etc. into variable names

(2nd] [ENTRY] The calculator will display your last entry. To recall the last entry
you press (2ad] [ENTRY], tO recall the second to last entry press: [ENTRY]
[ENTRY], and so on.

(2nd] [ANS] The calculator will display the last answer.

Displays the last answer in fractions, if possible.

Entering Matrices. There are several ways to enter matrices in the TI1-83+. One method consists of
entering the matrix directly as an expression, while another method is through the use of the matrix editor
found in the [EDIT] menu. Below are examples that illustrate the creation of matrices and
vectors using these methods. On the T1-83+, a (column) vector is simply an nx1 column matrix. For
additional information, consult the T1-83+ Guidebook.

Direct Entry. Begin a matrix with a square bracket, and each row of the matrix with a matching pair of
square brackets; separate the entries in the rows with commas. Figure 1 below shows how you can enter

. 1 2 3
the matrix
4 5 6

symbol > appears after pressing the 5Tos] key.

}directly and assign to it the name [A] from the [EDIT] menu. The

Figure 1: [A] entered directly.

The Matrix Editor. Press (nd [EDIT]. The editor allows you to create a matrix by specifying a
variable name, a size—row size and column size—and the entries of the matrix. After choosing [EDIT],

a screen such as Figure 2 (on the following page) will appear. Select a name by pressing on a
particular matrix, input rows, columns, and entries, your screen should be similar to Figure 3 (on the
following page). To view the matrix from the home screen, press [auiT] to return home, and then
choose [2nd) and select the matrix. You can create vectorsin a similar fashion. Simply enter vectors
in as nx1 column matrices.
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Figure 2: Matrix, edit menu Figure 3: Matrix editor

Commands and Operations. The TI-83+ calculator contains powerful built-in commands for linear
algebra. Before you use them, however, you need to understand how and why they work. These
commands and operations will be introduced in the projects as they are needed. The TI-83+ Guidebook
describes each of these commands.

You will use the (1], (5], [x], and [5] keys to perform the algebraic operations of addition, subtraction,
multiplication and division, on numbers. Some of these operations can also be done on matrices, but
remember that the size of matrices play a major role in the definition of these operations. To add (or
subtract) two matrices of the same size, A and B, you enter A + B (or A — B) followed by the [ExTer] key.
To multiply two matrices, C and D, that are compatible for multiplication (the number of columnsin C
should equal the number of rows in D), you enter CxD then press the [Enter] key (in general it is not true
that C x D =D x C, so you need to be careful). Division is not defined for matrices.

Scalar multiplication, that is, the product of a number times a matrix or vector is performed by entering a
number and then multiplying it by a matrix in the usual way.

Data Files. The data sets for problems from the text and for the projects, are available through the Web
site www.laylinalgebra.com that accompanies Lay's Linear Algebra and its Applications, Third Edition.
Instructions for downloading and transferring the data are in a ReadMe file on the Web, specifically for
the Tl Calculators.

Programs. At first, you will work with more elementary programs that will not only save you
computational time but also help you to learn fundamental concepts. These "teaching programs' are
located on the Web site. By the end of the course, you will be able to use your T1-83+ to solve interesting
problems that are completely impractical for hand calculations.

Transferring Data and Programs. Y ou will need to transfer the data and programsto your T1-83+. You
can do this transfer in the computer lab or from another T1-83+ which has the data and programs already.
To transfer data and programs from one T1-83+ to another, you use a calcul ator-to-calculator cable. The
directions for transferring data and programs this way is in the TI-83+ Guidebook (Both the cable and
Guidebook came with your calculator.) You can also transfer data and programs from your computer to
your TI-83+. (Visit www.education.ti.com for details.)

Running a Program: The button displays a menu containing the names of the programs that are
stored in the T1-83+'s memory (in alphabetical order); you can scroll down using the down arrow to see
al of the programs. The programs that were written for this text are all embedded in the program called
[ALINEAR]. Press on the [ALINEAR] program, and again on the desired program to begin
execution of the program. All of the programs will prompt the user for input, such as a matrix, or areal
number. At the prompt, a data item can be entered directly, or by name if the item has been stored into
memory; press the key after each input item to resume execution of the program. (Figure 4 on the
following page.)
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Figure 4: Program prompts.

The output of a program is automatically displayed on the output screen, where scrolling is not possible,
and it is aso stored in the system variable Ans. This variable is useful if the output from a program is too
big to fit in the output screen, or if you want to store the output in a variable name of your choice. Use
the sequence [ans] to recall Ans to the home screen immediately after the program stops execution,
then use the cursor keys to scroll and view the entire object, or use the key to save the output as a
named variable of your choice.

Plotting Statistical Data. You can plot statistical data on your T1-83+ and use the calculator to analyze
the data graphically and numerically. The following directions describe methods for inputting lists of
data into the calculator, and how to plot those data values. Y our Guidebook will describe how to utilize
the numeric capabilities of the T1-83+.

Entering Data. The datafor a statistical plot isentered in alist. There are two main methods for entering
datainto alist. For additional information consult the T1-83+ Guidebook.

Entering Lists Directly. Each list must be contained inside a pair of opening and closing “curly braces”.
A comma separates the numbersin alist. Pressznd [0 and for the curly braces. To store alist under
aparticular name, choose a name under the 2nd [LisT] [NAMES] -

Entering Listsin the STAT menu. Select (STAT] [EDIT] to enter alist. If alist is not empty, put
your cursor on alist name such as L1, and press[cLeAr]. Pressing the down arrow will delete entriesin the
list.

Selecting the Plot. To plot statistical data you need to enter the data into two lists. Once the data has
been input, press (2nd [sTAT PLOT] @nd press [ENTER] on the plot you want to access (Figure 5, on the following
page). Press to turn the plot on. Scroll down (with the cursor keys) to select type (scatterplot,
histogram, box plot, etc.) by pressing [Enxter], set Xlist and Ylist and choose a mark. Lists 1 through 6 can
be accessed by pressing znd) and the numbers 1 through 6 respectively. Press znd [ouiT] to leave the stat plot

menu.
Flokz Flotz
o
I H Hﬂ L=~ dhn

Figure5: Plot 1.
Plotting Data. Before viewing the data, go to the 9 menu and turn off all functions by pressing on

any equals sign that is currently highlighted. Then select [@ to plot all the data in an appropriate
window.
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Essentialsfor the T1-86

Special Keys.
2nd

ALPHA

(2nd] [ENTRY]

(2nd) [ANg]

(F1) (F2) (F3) (4] (73]
MORE

] [m2] [m3] [w4] [m5]

[MATH] [MISC] [Frac]

Press and release, then press the appropriate key to access the 2nd
(yellow) operation.

Press and release to access characters and letters (blue) indicated to
the right of the keys. The sequence is needed for lower-case
characters.

Sets the keyboard automatically to ALPHA-lock. Is used for naming
objects to be stored in memory.

The calculator will display your last entry. To recall the last entry you
press [EnTRY], to recall the second to last entry press: [ENTRY]
[ENTRY], and SO on.

The calculator will display the last answer.

Menu keys, used to access the items in a displayed menu.

This key is used to revea other items in the same menu. | have
chosen not to include all the applications of this key throughout this
document. Y ou must be aware that the menu item referenced may not
show in the first page of the menu, if thisis the case press the
key as many times as necessary until the item shows in the menu.

Second menu keys, used to access the items in a menu displayed in
the seventh line—above the menu items.

Displays the last answer in fractions, if possible.

Entering Matrices. There are several ways to enter matrices and vectors into the TI-86. One method
consists of entering the matrix directly as an expression, another method is through the use of the matrix
(vector, respectively) editor found in the [MATRX] ([VECTRI, respectively) menu. Below are examples
that illustrate the creation of matrices and vectors using these methods. The entries in a matrix or vector
can be either real or complex (pairs of real numbers). For additional information, consult the TI1-86

Guidebook.

Direct Entry. Begin a matrix with a square bracket, and each row of the matrix with a matching pair of
square brackets; separate the entries in the rows with commas. Figure 1 (on the following page) shows

1 2 3

how you can enter the matrix {4 5 6| directly and assign to it the name MAT1 (case sensitive)—the

7 8 9

symbol > appears after pressing the key—press to display the matrix MAT1 on the screen.
For complex numbers, follow the same procedure, only enter the entries as pairs of real numbers (i.e.

(real, imaginary)).
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Figure 1: MAT1 entered directly.

The Matrix Editor. Press 2nd (yellow key), [MATRX] (7 key), to see [EDIT] in the menu. The editor
allows you to create a matrix by specifying a variable name, a size—row size and column size—and the
entries of the matrix. The editor, Figure 2, is accessed by pressing the [F2 menu key. Select from the

. . . -1 0 4
matrix names shown or enter a new name for the matrix. For example to enter the matrix Q = { _— 3} ,
press Q and ; your screen should be similar to Figure 3.

[FRTRS

Hame=

g 1 B 1 ¢ Iremil & M
Figure 2: The matrix editor Figure 3: Matrix editor, ready
to receive the matrix Q.

The cursor is blinking at the top right, ready for you to enter the number of rows, press (@ and [EnTer]; for
the number of columns, press(3] and . Type in the entries as prompted by rows. With the T1-86 use
the cursor arrows to move up or down in a column, or left and right in a row. Press the key to exit
the editor. To view the matrix Q on the screen, press (blue key), [Q] (@ key) and :

Y ou can create vectorsin asimilar fashion. If using direct entry, avector is entered as arow vector: [1, 2,
3, 4]. If using the vector editor, the procedure is similar to the matrix editor described above.

WARNING: Vectors and matrices are different objects on the TI-86. Operations in the [MATRX] menu
are only for matrices, and operations in the [VECTR] menu are only for vectors. Vectors can also be
entered as nx1 matrices; it will be impossible to use the operationsin the [VECTR] menu on these. In the
following notes the term vector is never used for an nx1 matrix. The programs [MtoV] and [VtoM]
convert an nx1 matrix into a vector, or avector into a matrix respectively.

Commands and Operations. The TI-86 calculator contains powerful built-in commands for linear
algebra. Before you use them, however, you need to understand how and why they work. These
commands and operations will be introduced in the projects as they are needed. The TI-86 Guidebook
describes of each of these commands.

Using the menu feature will save you many repeated keystrokes. You can load and delete
operations and commands on the menu as required throughout the term. See your Guidebook for details.

You will use the @, (@, &, and @ keys to perform the algebraic operations of addition, subtraction,
multiplication and division, on numbers. Some of these operations can also be done on vectors and
matrices, but remember that the size of matrices and vectors play a mgjor role in the definition of these
operations. To add (or subtract) two matrices or vectors of the same size, A and B, you enter A + B (or A
— B) followed by the EnTer] key. To multiply two matrices, C and D, that are compatible for multiplication
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(the number of columnsin C should equal the number of rowsin D), you enter CxD then press the [ENTER]

key (in general it is not true that C x D = D x C, so you need to be careful). This multiplication is not
defined for vectors. Division is not defined for vectors or matrices.

Scalar multiplication, that is, the product of a number times a matrix or vector is performed by entering a
number and then multiplying it by a matrix in the usual way.

Data Files. The data sets for problems from the text and for the projects, are available through the Web
site www.laylinalgebra.com that accompanies Lay's Linear Algebra and its Applications, Third Edition.
Instructions for downloading and transferring the data are in a ReadMe file on the Web, specifically for
the TI Calculators.

Programs. At first, you will work with more elementary programs that will not only save you
computational time but also help you to learn fundamental concepts. These "teaching programs' are
located on the Web site. By the end of the course, you will be able to use your TI-86 to solve interesting
problems that are completely impractical for hand calculations.

Transferring Data and Programs. Y ou will need to transfer the data and programs to your T1-86. You
can do this transfer in the computer lab or from another T1-86 which has the data and programs already.
To transfer data and programs from one T1-86 to another, you use a calculator-to-calculator cable. The
directions for transferring data and programs this way is in the TI-86 Guidebook (Both the cable and
Guidebook came with your calculator.) You can also transfer data and programs from your computer to
your TI-86. (Visit www.education.ti.com for details.)

Running a Program. The sequence [NAMES] displays a menu containing the names of the
programs that are stored in the T1-86's memory (in alphabetical order); you can use the Worg) key to move
around the menu. Press the corresponding menu key (F11-{f5)) to copy the name of the program to the
cursor location, press to begin execution of the program. All the programs described below will
prompt the user for input, such as a matrix, a vector, or areal number. At the prompt, a data item can be
entered directly, or by name if the item has been stored into memory; press the EnTer] key after each input
item to resume execution of the program. (See Figure 4.)

7
?

R
Figure 4: Program prompts.

The output of a program is automatically displayed on the output screen, where scrolling is not possible,
and it is also stored in the system variable Ans. This variable is useful if the output from a program is too
big to fit in the output screen, or if you want to store the output in a variable name of your choice. Use
the sequence [ang] to recall Ans, to the home screen immediately after the program stops execution,
then use the cursor keys to scroll and view the entire object, or use the key to save the output as a
named variable of your choice.

Plotting Statistical Data Y ou can plot statistical data on your T1-86 and use the calculator to analyze the
data graphically and numerically. The following directions describe methods for inputting lists of data
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into the calculator, and how to plot those data values. Y our Guidebook will describe how to utilize the
numeric capabilities of the TI-86.

Entering Data. The datafor a statistical plot isentered in alist. There are two main methods for entering
datainto alist. For additional information consult the T1-86 Guidebook.

Entering Lists Directly. Each list must be contained inside a pair of opening and closing “curly braces’.
A comma separates the numbers in a list. Press the [0 keys to access the [LisT] menu, the [F] and
keys give you the curly braces. To store a list under a particular name, choose a name under the [LisT]
[NAMES] menu.

Entering Lists in the STAT menu. Access the statistical list editor by pressing the [sTaT] [EDIT]
keys. You can choose to edit any of the lists that appear in the menu, or you can name your own. (See
Figure 5.) Enter the data into the list, pressing after each entry, then [Exm], to exit the editor. To
remove alist, move the cursor to the name of the list and press BeD.

ikt L £
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Figure5: The STAT EDIT menu .

Selecting the Plot: To plot statistical data you need to enter the data into two lists; the first list, L1, will
contain the data for the x-axis, the second list, L2 = {1, 3, 1, 2, 4}, will be the data for the y-axis. To
access the [sTar] menu press the 2nd (1] keys, then select the [PLOT] menu (73] key). Select one of the plots,
for example PLOT1 (Figure 6), (press the (1) key).

oy

#wlist. Hame=L1
Y1ist, Hame=L2
Matk=n

FLOT1 MW 0 I I

Figure 6: Plot 1.

Press the EnTER] key to turn the plot on. Scroll down (with the cursor keys) to Xlist, and typein L1, scroll
down to Ylist and typein L2. Scroll down to Mark and select a mark. Press the [Exm) key twice.

Plotting Data. Before viewing the data, go to the menu and turn off all functions by pressing
[SELECT] on any function that is currently in use. Then select [ZDATA] from the [Z00M] menu to
plot all the datain an appropriate window.
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Essentialsfor the T1-89

Special Keys.

2nd Press and release, then press the appropriate key to access
the 2nd (yellow) operation.

Press and release to access characters and letters indicated
above the keys. The sequence sets the ALPHA-
lock.

Stores answers, matrices, quantities, etc. into variable names

(2nd)[MATH][ENTER](ENTER](val ue) Displaysthe value in fractions, if possible.

Backspace key deletes mistakes on agiven line.

Entering Matrices. There are several ways to enter matrices into the TI-89. One method consists of
entering the matrix directly as an expression, another method is through the use of the matrix editor
found in the DatalMatrix Editor in the menu. Below are examples that illustrate the creation of
matrices using these methods. On the TI1-89, a (column) vector is simply an nx1 column matrix. For
additional information, consult the T1-89 Guidebook.

Direct Entry. Begin a matrix with a square bracket, and each row of the matrix with a matching pair of
square brackets; separate the entries in the rows with commas. Figure 1 below shows how you can enter

.12 3] . . . .
the matrix L c 6} directly and assign to it the name aa—the symbol > appears after pressing the

key, press to display the matrix aa on the screen. Matrices can be denoted by nearly any
combination of letters and numbers, but double lower-case letters will be used to denote matrices in this
text. Entries can either be real or complex. To input complex entries, ssimply input them in with the form

athi.
Fir Fir [Fie| Flr Ft Fi~
TooTs|A13cbr ajCalc|Okher |FrAml0{Clsan Ue

1 2 3 [1 2. 3.]
456 3. 6.

MRIN RAD RPPRIJ!G FUNII FYED]

Figure 1. aaentered directly.

The Matrix Editor. Press [apps], scroll down to the Data/lMatrix Editor and press [ENTER]. See Figure 2.
You will be asked whether you want to work on the current data item, open a data item, or make a new
dataitem. Choose [New] to construct a new matrix. See Figure 3.

Fir AFFLICATIONS Fir AFFLICATIONS
T T
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giy= Editar 2i%= Editor
Ztllindow Editor Ztllindow Editor
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1 5:Table

£l |= ..a.- 'a r'1 o -+
) B
- 8¢«Te>< Edlt,-:-r* b

123][456][?89]]633 | 123][456][?89]]+aa

MRIN EAD AFFEON  FUNC FYED] HAIN EAD AFFROE  FLMC 130

Figure 2: Choose data/matrix editor Figure 3: Choose new
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Use the right arrow to select either Data, Matrix, or List. Choose [Matrix] by pressing [ENTER). Scroll
down to Variable, type in the name of the matrix, input number of rows and columns in the appropriate
places, and press [ENTER) twice. See Figure 4. If the variable name is not being used for anything else, the
T1-89 will allow you to start inputting entries directly into the matrix. See Figure 5.
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Figure 4: Choose name, rows and columns Figure 5: Input the matrix

If you want to change a matrix, ssimply select [open] instead of [New], and open an existing matrix.

Commands and Operations. The TI-89 calculator contains powerful built-in commands for linear
algebra. Before you use them, however, you need to understand how and why they work. These
commands and operations will be introduced in the projects as they are needed. The TI-89 Guidebook
describes each of these commands.

You will use the [, [@, ], and [@ keys to perform the algebraic operations of addition, subtraction,
multiplication and division, on numbers. Some of these operations can also be done on matrices, but
remember that the size of matrices play a major role in the definition of these operations. To add (or
subtract) two matrices of the same size, A and B, you enter A + B (or A —B) followed by the key.
To multiply two matrices, C and D, that are compatible for multiplication (the number of columnsin C
should equal the number of rows in D), you enter CxD then press the key (in genera it is not true
that C x D =D x C, so you need to be careful). Division is not defined for matrices.

Scalar multiplication, that is, the product of a number times a matrix or vector is performed by entering a
number and then multiplying it by a matrix in the usual way.

Data Files. The data sets for problems from the text and for the projects, are available through the Web
site www.laylinalgebra.com that accompanies Linear Algebra and Its Applications, Third Edition.
Instructions for downloading and transferring the data are in a ReadMe file on the Web, specifically for
the TI Calculators.

Programs. At first, you will work with more elementary programs that will not only save you
computational time but also help you to learn fundamental concepts. These "teaching programs' are
located on the Web site. By the end of the course, you will be able to use your TI-89 to solve interesting
problems that are completely impractical for hand calculations.

Transferring Data and Programs. Y ou will need to transfer the data and programs to your T1-89. You
can do this transfer in the computer lab or from another T1-89 which has the data and programs already.
To transfer data and programs from one T1-89 to another, you use a calculator-to-calculator cable. The
directions for transferring data and programs this way is in the TI-89 Guidebook (Both the cable and
Guidebook came with your calculator.) You can also transfer data and programs from your computer to
your TI-89. (Visit www.education.ti.com for details.)

Running a Program: The [2nd] [var-LINK] button displays a menu containing the names of the programs that

are stored in the T1-89's memory (in aphabetical order); you can scroll down using the down arrow to see
all of the programs. The programs that were written for this text are all embedded in the program called
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[alinear]. Press on the [alinear] program, the right parentheses and again to begin
execution of the program. Then select the desired program from the menu. All of the programs will
prompt the user for input, such as a matrix, or areal number. At the prompt, a data item can be entered
directly, or by name if the item has been stored into memory; press the key after each input item to
resume execution of the program. (Figure 6)

i B A R i
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Figure 6: Program prompts.

The output of a program is automatically displayed on the program output screen, where scrolling isn't
always possible. To perform other functions, press the [rove] key to exit to the home page.

Plotting Statistical Data. You can plot statistical data on your TI-89 and use the calculator to analyze
the data graphically and numerically. The following directions describe methods for inputting lists of
data into the calculator, and how to plot those data values. Y our Guidebook will describe how to utilize
the numeric capabilities of the T1-89.

Entering Data. The datafor a statistical plot isentered in alist. There are two main methods for entering
datainto alist. For additional information consult either the T1-89 Guidebook.

Entering Lists Directly. Each list must be contained inside a pair of opening and closing “curly braces”.
A comma separates the numbers in a list. Press and for the curly braces. You can choose
practically any name for your list. If a variable name is aready in use, you can delete the variable by
pressing [2nd [vAR-LINK], scrolling down to the variable and pressing [F] to manage the variable.

Entering Lists in the List menu. Select (6) 3] to define a new list. When asked for type, choose
[List], and select the variable name. Input the values in the list. Do the same procedure to define
another list.

Selecting the Plot. To plot statistical data you need to enter the data into two lists. Once the data has
been input, and you are still in the List editor, press F2) for Plot Setup and [F1) to define the plot. Choose
the plot type, choose the mark, and set listsin x and y. See Figure 7.
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Figure 7: Plot 1.

Plotting Data. Before viewing the data, go to the Y5 menu and turn off all functions by pressing [F4 on
any function that is currently marked. Then select [F2) (9] to plot al the datain an appropriate window
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