Basic Matrix Manipulation with a Graphing Calculator

Often, a matrix may be too large or too complex to manipulate by hand. For these types of matrices, we
can employ the help of graphing calculators to solve them.

We will cover a few of the most common graphing calculators used in education today. Throughout the
directions, words appearing in bold indicate calculator buttons. To learn more, or if your calculator is
not demonstrated, consult the manufacturer’s product manual.

TI-83 Plus/84 Plus:

| will be using the TI-83 Plus graphing calculator for these directions. The TI-84 Plus family of graphing
calculators is the upgraded version of the TI-83 Plus, with possible extra features in the menus
demonstrated below. However, the older TI-83 and TI-82 graphing calculators have slightly different
keyboard layouts than the TI-83 Plus, so these directions will not be entirely accurate for those
calculators. For example, instead of pressing 2" = MATRIX to access the matrix menu, just press the
dedicated MATRIX button.

Inputting/Editing Matrices:

MATH EDIT
Before we can work with matrices, we must first input them into the = B
calculator. To enter the Matrix Editor, press 2" > MATRIX (above the x™ 0]
key). The TI-83/84 calculators contain predefined matrix variables labeled [A] % EE}
through [J]. & [F]
T IE]
The “NAMES” column in the Matrix Editor is where we will choose a matrix HHEEE':W EDIT
after it has been created. The “EDIT” column looks just like the “NAMES” ET ]
column, except this is where we input or edit a matrix. The “MATH” column E Ei'ﬁ ¢
contains special commands that only work with matrices, some of which we 28 identital
- &1 rand
will discuss later. Tlaudment.|
HHTE? MATH =kl
Inputting matrices into the TI-83/84 is easy. Press the right arrow key twice : [B]
over to the “EDIT” column. Use the UP and DOWN arrow keys to select a E EE}
matrix name. Let’s use [A] since it is already selected, so press ENTER. E EE}
T IE]
MATRIXIA] 1 =1
Since we are creating a new matrix, the calculator displays a default 1x1 L !
matrix. Let’s say we want a 3x2 matrix instead. Type: 3 > ENTER> 2 >
ENTER.
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You should now have this screen. As you can see, we have a 3x2 matrix filled

. . . . . MATREIXIA]l 3 =2
with zeros. To input your own matrix, type in each element of the matrix [ (o 1
4 2 [ : 1
row-by-row. That s, to enterthe matrix | 1 3|, type: 4 > ENTER > 2 >
8 7 5
ENTER - 1 2ENTER - 3 - ENTER > 8 > ENTER > 7 - ENTER. te1=
MATRIXIA] 3 =2
And this is what you should have. Before we can use this matrix, we need to [y z 1
) . s ) ) [i I 1
first exit the Matrix Editor. To do this, do not press CLEAR! Pressing CLEAR LB 1

will remove the selected number. Instead, press 2" > QUIT (above MODE)
to return to the Home screen.

Taz=r

Return to the Matrix Editor (2™ = MATRIX). Notice that [A] now has the
dimension of our matrix beside it. This is how we know that a matrix has
already been entered into the calculator. To edit this matrix, right-arrow-key
over to “EDIT”, select the matrix name ([A] in this case) and press ENTER. The
stored matrix will be displayed for editing. Remember to always press 2" >
QUIT to exit the Editor!

Adding and Subtracting Matrices:

MAT
3x2

EEE

s R
mTmoom

H EDIT

Enter two matrices into the calculator as shown above, one in [A] and one in
4 2 1 2

[B]. Forthisexample, [A]=|1 3|and[B]=|3 4. Inordertousea
8 7 5 6

matrix in a computation, select the name in the “NAMES” column and press
ENTER. This will paste the name onto the Home screen where we can use it.

HMAT
Sxa
Fua

EQ%

s R
mImMoom

H EDIT

To add these two matrices together, do the following:
“NAMES” = select [A] = ENTER = + = “NAMES” = select [B] = ENTER
- ENTER

If done correctly, you should see this screen.

[F|]+[EH[

—r—r—

a4
4 7
13 1

—taa

3 1311

Subtracting matrices is similar, except type a subtraction sign instead of an
addition sign.

(Remember, matrices must be the same dimension in order to add or
subtract them. The calculator will return an error if the dimensions are not
the same.)

[A1-I[E]
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Multiplying Matrices:

3#*[A]
Matrix multiplication is easy on the TI-83/84. For scalar multiplication, [

multiply the number times the matrix just like multiplying two numbers
together. For example, to multiply 3 times the matrix [A], type: 3 = multiply
key 2 “NAMES” - select [A] > ENTER > ENTER.

el L
E N
kN alny]

Multiplying two matrices together is just as easy. However, remember to
have the correct matrix dimensions, otherwise the calculator will give a [A]*I[
4 2 [

“Dimension Mismatch” error. For this example, [A]=|1 3 |and[B]=

8 7

—r——
Pl
pialunlun]
oy e
EOE b
Fod N

B 421 2} . Try duplicating my screen by multiplying [A] and [B] together.

Notice that sometimes with scalar multiplication, if the scalar is a fraction, we
may get decimals in our answer. But what if we wanted fractions instead? At
the top of the general MATH menu (press the MATH button under ALPHA),
you will find the “Frac” command. Press ENTER to paste it to the Home
screen. The calculator will place “Ans” before the command, indicating that
the most recent answer will be converted to a fraction. Press ENTER to run
the command. Or, we can compress this to one step by adding the “Frac”
command at the end before pressing ENTER on the multiplication.

Note that fractional scalars must be multiplied to matrices, not divided. That | EER: E'ETF' TYFE
is, (1/2)[B] is correct, but [B]/2 will return a “Data Type” error. This is correct tGoto
since there is no matrix division.

Calculating the Inverse:

lcul - first i 5 1 . . h MATEIXIC] 2 =2
To calculate a matrix inverse, first input 3 g as matrix [C] into the TI- E g 1 }

83/84. (Of course the matrix must be square, otherwise the calculator will
return an “Invalid Dimension” error). Don’t forget to 2™ > QUIT out of the
Matrix Editor. zaz=8

Select matrix [C] from the “NAMES” column and press ENTER to paste it onto [C11 &
the Home screen. Press the x* key (under the MATH button) for the inverse [-.BS1B51aS
command. Press ENTER. Since the answer contains decimal numbers, [T8-37 -1-
choosing “Frac” from the MATH menu and pressing ENTER will convert the . [ 3737 273
decimals to fractions.
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Gaussian and Gauss-Jordan Elimination:

Let’s use these two methods to solve the following system of equations:

MATREIXIA] 3 =4

4x+8y+z=2 4 8 1 2 : . . .
x+7y-3z=-14y > | 1 7 -3 -14 2L F kel
2x—-3y+2z=3 2 -3 2 3
Zau=3
Enter the augmented matrix into matrix [A].
4 HAMES i EDIT
Press 2" - QUIT to exit the Editor. Let’s first try solving the system using ETMEQH% =L
the Gaussian Elimination method. Enter into the matrix menu, right-arrow- =: Eﬂgmenu
key over to “MATH”, and scroll down and select the “ref(“ command (“Row- g E?EE:%;EH
Echelon Form”). Press ENTER to paste the command to the Home screen. ?]:!c,urqSum'i
(=]
Select matrix [A] from the “NAMES” column and press ENTER to paste itinto | It t [Al 3 kFrac
P e . ) [[1 2 1-4 1-2.
the “ref(“ command. Add the “Frac” command at the end to display possible B 1 -3-14 -2-.
fractions in the answer and press ENTER. The “...” in the answer means that B g a1 =

the matrix extends beyond the calculator’s screen; use the LEFT and RIGHT
arrow keys to scroll the matrix.

ref C[A] 2 rFrac

w 2174 142 1
w 1 3514 -2-7]
Note that if you swap rows, the matrix given by the “ref(“ command may not | j a1 & 1
match the matrix obtained by performing the Gaussian elimination by hand.
That is fine; the final solution will be the same.
Now let’s try the Gauss-Jordan elimination method. If you have calculated
this method by hand, then you know that the answer will be obtained at the
end. The same applies to the TI-83/84.
HAMES i EDIT
. . L Etran
Return to the “MATH” column in the matrix menu, but this time scroll down T8 augment
to the “rref(“ command (“Reduced Row-Echelon Form”), directly below g E?EE:%;%H
“ref(“. Press ENTER to paste the command to the Home screen. E ﬁg?%um
j}r‘r‘eﬁ
rref  [H] JrFrac
Select matrix [A] as before, with “Frac” for good measure, and press ENTER. [ Eé ? % 1'3}
There we go! The solution to our system of equations is (-3, 1, 6). . Balegll
Now what if we have a dependent or inconsistent system? The “rref(“ PPEF'E ET] %H;P‘?E]
command will still work on the augmented matrices of these systems, but ES é é EI-S} ]
with different results than above. For a dependent system, a matrix with the
last row all zeros would be returned (first picture on the right). For an rrefc [A] 2 e Frac
inconsistent system, a matrix would be returned where the last row contains [ Eé ? % S%
all zeros except for a final element of “1” (second picture on the right). (B8 8@ 11]
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Determinants:

4 2 1
Enter this matrix as matrix [A] in the calculator: | 5 7 2
1 -3 5

To calculate the determinant of [A], enter the matrix menu and RIGHT arrow
key over to “MATH". Select the first command, “det(“, and press ENTER to
paste it to the Home screen. Select matrix [A] from “NAMES”, press ENTER
to paste it to the screen, and ENTER again to run the command. That’s it!
The determinant of this matrix is 96.

HAMES li[illi EDIT
de

—

3

d: 1

S 1dentit5i
% o

Jaugment.

=1

Transpose:
HAMES [§EMls EDIT
1: -%iet':
4 2 1 L sdimi
Let’s calculate the transpose of | 5 7 2 |. Ifitis not there already, diFille
1 -3 5 Stidentital
i randf
input this matrix as [A] in the calculator. After pasting [A] to the Home rhaugment. {
screen from the “NAMES” column, go back to the “MATH” column in the [AIT
matrix menu and select the second command. Press ENTER to paste the [f4 3 11
. [2 7 -3]
command to the screen, and then ENTER again to run the command. [1 25 11
|

Deleting Matrices from the Calculator:

Deleting matrices from the TI-83/84 is not too hard, but we must be careful.
We will be entering an area of the calculator where we could possibly delete
something that we did not intend to. First, press 2" > MEM (above the “+”
key). Choose the second item in the list, which stands for “Memory
Management and Delete”. Press ENTER. Arrow-key down to “Matrix...” and
press ENTER. You should now see a list of all of the matrices stored on your
calculator. Use the UP and DOWN arrow keys to move the little triangle to
the matrix you want to delete, and then press the DEL key. Make sure to
press 2" > QUIT to return to the Home screen.
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TI-86:
Inputting/Editing Matrices:

Before we can work with matrices, we must first input them into the
calculator. To enter the Matrix Editor, press 2" > MATRIX (above the
7 key). Unlike the TI-83/84 calculators, the TI-86 does not contain any
predefined matrix variables. Instead, it allows you to name the
matrices yourself, limited to eight characters.

TRAFET EOIT TERTAT OF: T CFLE 1

The “NAMES” submenu in the Matrix Editor is where we will choose a
matrix after it has been created. The “EDIT” submenu is similar to the
“NAMES” submenu, except this is where we input or edit a matrix. The
“MATH” and “OPS” submenus contain special commands that work
with matrices, some of which we will discuss later.

ITEE  EDIT

MATH OFF CFLH

Inputting matrices into the TI-86 is relatively easy. Press the F2 key to Hglgﬁlﬂ

enter the “EDIT” submenu. We first need to enter a name for the

matrix. For simplicity, let's name this matrix “A”. Since the calculator

is already in ALPHA lock, pressing the LOG key will type “A”. Press
MATR=: A 1 =1
Lo 1

Since we are creating a new matrix, the calculator displays a default
1x1 matrix. Let’s say we want a 3x2 matrix instead. Type: 3 2 ENTER
- 2 > ENTER.

FRzr ToELr TIHSC T OEL: TRREALT

You should now have this screen. As you can see, we have a 3x2 matrix

filled with zeros. To input your own matrix, type in each element of MATRE=:A 2
[ (. 1
42 I a
the matrix row-by-row. That is, to enter the matrix | 1 3 |, type:
8 7 5
17 1=
4 - ENTER 2 2 - ENTER - 1 2ENTER 2 3 - ENTER - 8 - ENTER IMzF T OELF T INSc T DEL: TFREAL
- 7 2 ENTER.
MATRE:=EA i
And this is what you should have. Before we can use this matrix, we Ly £ 1
need to first exit the Matrix Editor. To do this, do not press CLEAR! La F— 1
Pressing CLEAR will remove the selected number. Instead, press 2>
QUIT (above EXIT) to return to the Home screen. a2 g=T
IMzr T DELF T INSc T DEL: TFREAL
Return to the Matrix Editor (2" > MATRIX) and press F1. Notice that B

matrix “A” is now listed in the “NAMES” submenu. To edit this matrix,
press EXIT to leave the “NAMES” submenu, then press F2 to enter the
“EDIT” submenu. Press the key underneath “A” (in this case, F1) and
then ENTER. The stored matrix will be displayed for editing.
Remember to always press 2" > QUIT to exit the Editor!
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Adding and Subtracting Matrices:

Enter two matrices into the calculator as shown above, one as “A” and

4 2 1 2
one as “B”. Forthisexample, A=|1 3|andB=|3 4/|. Inorderto
8 7 5 6

use a matrix in a computation, press the key underneath the matrix
name in the “NAMES” submenu. This will paste the name onto the
Home screen where we can use it.

[MAFE:]
A

EDIT

FMATH

OF =

To add these two matrices together, do the following:
“NAMES” submenu = F1 2> + > F2 - ENTER

If done correctly, you should see this screen.

A+E

[MAFE:]

EDIT

FMATH

OF =

Subtracting matrices is similar, except type a subtraction sign instead of
an addition sign.

(Remember, matrices must be the same dimension in order to add or

subtract them. The calculator will return an error if the dimensions are
not the same.)

Multiplying Matrices:

EDIT

FMATH

OF =

Matrix multiplication is easy on the TI-86. For scalar multiplication,
multiply the number times the matrix just like multiplying two numbers
together. For example, to multiply 3 times the matrix “A”, type:

3 2 multiply key 2> “NAMES” submenu = F1 - ENTER.

F+A

IR ENT  HMATH  OFS
A E
Multiplying two matrices together is just as easy. However, remember
to have the correct matrix dimensions, otherwise the calculator will 4
*
2 e e 3
give a “Dimension Mismatch” error. For this example, A = glg ; and [39 44 2571

B= B i 2} . Try duplicating my screen by multiplying “A” and “B”

together.

[MAFE:]

EDIT

Department of Mathematics, Sinclair Community College, Dayton, OH

MATH

OF =

Page 7 of 21



Notice that sometimes with scalar multiplication, if the scalaris a
fraction, we may get decimals in our answer. But what if we wanted
fractions instead? Enter the general MATH menu (2nd - MATH above
the multiply key), press F5 for “MISC”, and press the MORE key once.
The command above the F1 key will be the “Frac” command; press F1
to paste it to the Home screen. The calculator will place “Ans” before
the command, indicating that the most recent answer will be
converted to a fraction. Press ENTER to run the command. Or, we can
compress this to one step by adding the “Frac” command at the end
before pressing ENTER on the multiplication.

Note that fractional scalars must be multiplied to matrices, not divided.
That is, (1/2)B is correct, but B/2 will return a “Data Type” error. This is
correct since there is no matrix division.

11-22B
[E 3
AnzskFrac : )
[

[[1-
&

[ ] R ) |
| R Lo e ]

i
1
3
C1-20BrFrac
[[1~2 1
[Z2

]
-
]

rFrac b FEu] =r ]

EREOR 18 OATA TYFE

MGoto 1 | I T oo 1
Calculating the Inverse:
MATREX:C 22

o _ 5 1 . .
To calculate a matrix inverse, first input [ as matrix “C” into the

3 8

TI-86. (Of course the matrix must be square, otherwise the calculator
will return a “Dimension” error). Don’t forget to 2™ > QUIT out of the
Matrix Editor.

E Fr—

e

1 z=o
FiMzr ToeELr T IM2c T DEL< TeREALT

Press F3 in the “NAMES” submenu to paste matrix “C” onto the Home '%[1 216216216216 -. @
screen. Press 2™ - x™ (above the EE key) for the inverse command. [- 851851631631 .13
Press ENTER. Since the answer contains decimal numbers, choosing HHEFFP?%EKEF -1-37]
“Frac” from the MATH menu and pressing ENTER will convert the . [-3-37 2737 1]
decimals to fractions.
Gaussian and Gauss-Jordan Elimination:
Let’s use these two methods to solve the following system of
equations: MATREH: A T3
4x+8y+z=2 4 8 1 2 - 1 £ 1
-7 2 ri—
x+7y-3z=-14;, —> 1 7 -3 -14
2x-3y+2z=3 2 =3 2 3 32 4=3
IMzr T DELF T INSc T DEL: TFREAL
Input the augmented matrix as matrix “A”.
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Press 2" = QUIT to exit the Editor. Let’s first try solving the system
using the Gaussian Elimination method. Enter into the Matrix menu
and press F4 to enter the “OPS” submenu. Press F4 again to paste the
“ref” command (“Row-Echelon Form”) onto the Home screen.

dim Fill Ridenk b ref Frsf F

Press EXIT then F1 to switch to the “NAMES” submenu. Press F1 to
paste matrix “A” into the “ref” command. Before pressing ENTER to
perform the computation, add the “Frac” command at the end to ref AFFrac
display possible fractions in the answer. If a “...” appears in the [ Eé % 1_£i14 1_55?}
answer, this means that the matrix extends beyond the calculator’s (B & 1 g
screen; use the LEFT and RIGHT arrow keys to scroll the matrix. L

kFFac it rFEwal = gl

Note that if you swap rows, the matrix given by the “ref“ command
may not match the matrix obtained by performing the Gaussian
elimination by hand. That is fine; the final solution will be the same.

Now let’s try the Gauss-Jordan elimination method. If you have
calculated this method by hand, then you know that the answer will be
obtained at the end. The same applies to the TI-86.

[ |
Return to the “OPS” submenu in the Matrix menu, but this time press
F5 to paste the “rref command (“Reduced Row-Echelon Form”) onto
the Home screen.

dim 1 Fill Dident I ref 0 Fref b
rref ArFrac
) ) [[1 B8 -3]

Select matrix “A” as before, with “Frac” for good measure, and press B 18 1]
ENTER. There we go! The solution to our system of equations is B e @161l
(-3, 1, 6).

FFrac b FEUa] =I ]

Now what if we have a dependent or inconsistent system? The “rref”
command will still work on the augmented matrices of these systems,
but with different results than above. For a dependent system, a
matrix with the last row all zeros would be returned (first picture on
the right). For an inconsistent system, a matrix would be returned
where the last row contains all zeros except for a final element of “1”
(second picture on the right).
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Determinants:

4 2 1
Input this matrix as matrix “A” in the calculator: | 5 7 2
1 -3 5

To calculate the determinant of “A”, enter the Matrix menu and
press F3 for the “MATH” submenu. Press F1 to paste the “det”
command onto the Home screen. Next, press EXIT then F1 to enter
the “NAMES” submenu. Finally, press F1 to paste matrix “A” to the
screen, and then ENTER to run the command. That’s it! The
determinant of this matrix is 96.

WAMES EOIT NETATE OFS LY
it T Trorm Deiant Teiawe v
det. A

=l

EDT MATH OFF CFLW

Transpose:
|

4 2 1
Let’s calculate the transpose of | 5 7 2 |. Ifitis not there

1 -3 5 EnT IETATE OFs  CRLY

det b7 Dnorm Leidwt [eiave b

already, input this matrix as “A” in the calculator. After pasting AT
matrix “A” to the Home screen from the “NAMES” submenu, go [[4 5 1]
back to the “MATH” submenu and press F2 for the “Transpose” ﬁ E 5'3} ]

command. Press ENTER to compute the answer.

Deleting Matrices from the Calculator:

L F1ATH B L
nokn | eidn

CFLY
idfc b

EDIT
gt T

Deleting matrices from the TI-86 is not too hard, but we must be
careful. We will be entering an area of the calculator where we
could possibly delete something that we did not intend to. First,
press 2" > MEM (above the “3” key). Press F2 for “Delete”, press
MORE once, and then F1 for “Matrix”. You should now see a list of
all of the matrices stored on your calculator. Use the UP and
DOWN arrow keys to move the little triangle to the matrix you want
to delete, and then press the ENTER key. Make sure to press 2™ >
QUIT to return to the Home screen.
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TI-89/TI-92 /Voyage 200:

| will be using the TI-89 graphing calculator for these directions. The TI-92 and Voyage 200 are virtually

the same, yet the menus may be slightly different due to their wider displays. | will be utilizing the Apps

Desktop available in the latest firmware for these three calculators. If it is not turned on by default,
press [MODE| and scroll all the way down to the last setting. Turn on the Apps Desktop and press [ENTER

to save the change.

Inputting/Editing Matrices:

Before we can work with matrices, we must first input them into the
calculator. To enter the Matrix Editor, scroll over to the “Data/Matrix
Editor” icon on the Apps Desktop and press [ENTER].

F1 DataMatrix Editor I
Mznu

Calculus To... DRLGRH

Homg Hurgric Zo... Folenoemial ... "W

GFarh

HMAIN FAD AUTO FUMNC

Since we want to enter a new matrix, scroll down to “New...” and press

ENTER].

Tata/Matrix Editor
1t Current

s Upeh...
St Hew...

TYFE OR USE €314 + [ENTERI OF [E=C]

The Data/Matrix Editor allows us to input into the TI-89 more than just
matrices. We can also enter lists and data (essentially a matrix without
fixed dimensions).

Fir Fz Fz ] £ [FeqF?
LB MEL

Tepe: [akak
Foldir: Mdin ¥

Variable:
RO

UZE # AMD * TO OFEM CHOICES

Let’s say we want a 3x2 matrix. We first need to tell the Editor that we
want to input a matrix. At the “Type” option, press the RIGHT arrow key,
select “Matrix” and press [ENTER]. Press the DOWN arrow key twice to
“Variable” and press [=] to type an “a”. Press the DOWN arrow key to
“Row dimension”. Since, the calculator is still in alpha lock from the
“Variable” box, press once to exit that lock. Now press[3] 2 @ =
to enter the matrix dimensions. Press once to confirm the
column dimension, then again to create the matrix.

Fir Fe (] i JFe{F7
T WEK

Teps: Matrix*
Foldgr: mdin ¥
Variabl: | O |
Fatal difiensinn:

Col dirension: [

MAIN ERD AUTO FUNC

You should now have this screen. As you can see, we have a 3x2 matrix
filled with zeros. To input your own matrix, type in each element of the

4 2
matrix row-by-row. That is, to enter the matrix | 1 3 |, type: >
8 7

ENTER] > (2] = [ENTER] > (1] S{ENTER] = (3] > (ENTER] = (8] > [ENTER] >
- [ENTER).
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And this is what you should have. Before we can use this matrix, we need
to first exit the Data/Matrix Editor. To do this, do not press [CLEAR]!
Pressing will remove the selected number. Instead, press the
button to exit to the Home screen, or the button to return to
the Apps Desktop.

To edit the matrix, return to the Data/Matrix Editor, but this time select
“Open”. Change the type to “Matrix”, make sure “a” is the selected
variable, and press [ENTER]. The matrix “a” will now be displayed for
editing. Remember to always press or to exit the Editor!

I OFEM -

Folder:
Wariable: a*

main ¥

€ Enter=0K A € ESCSCAMCEL 2

UZE AWM OFEM CHOICES

What if we need to change the matrix dimensions? After opening the
matrix, press > to display the “Utilities” menu and scroll down to
“Resize Matrix”; press [ENTER]. Type in the new dimensions and press

to apply them.

Adding and Subtracting Matrices:

1: Insert

Z2ilelete

Ji5ort Column |

4:5ort Col, adjust all

ror

Enter two matrices into the calculator as shown above, one as “a” and the

4 2 1 2
other as “b”. Forthisexample,a=|1 3|andb=|3 4/|. Makesure
8 7 5 6

you are at the Home screen while using matrices in computations.

Fle| Fir [Fie| Fir [ FE [
Tools)A13cbra|Calc|Other [FEAMIOICTcan Ur

|
HMAIN FAD AUTO FUMNC [T

To add these two matrices together, do the following:

> [ (for “A") > [H] > = [J (for “B”) >

If done correctly, you should see this screen.

Fir Fer |F3=] Flr FE Fa~
T-:u:-1s|ﬁ1s-zbru Calc|Okher |Frarml0)CTean Uk

5 4]
Es+h 4 7
13 13]
a+h
MAIN ERD AUTO FUNC 120

Subtracting matrices is similar, except type a subtraction sign instead of an
addition sign.

(Remember, matrices must be the same dimension in order to add or
subtract them. The calculator will return an error if the dimensions are
not the same.)
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Multiplying Matrices:

Matrix multiplication is easy on the TI-89. For scalar multiplication,
multiply the number times the matrix just like multiplying two numbers

Fir| F&r [F2-| Fir [ FE Fa-
Tools)A13cbra|Calc|Other [FEAmID)Clean Uk

12 &
together. For example, to multiply 3 times the matrix “a”, type: > "3 g [3 5 }
> - “A” - [ENTER]. 24 21
FAD AUTO FUNC 130
Multiplying two matrices together is just as easy. However, remember to A 5 A o

have the correct matrix dimensions, otherwise the calculator will give a =3 [3 =
24 21
e - . _42 125 10 16 30
Dimension” error. For thisexample,a=|1 3|andb= 3 4 5| _— [1:3 14 20
8 7 29 44 75

Etdal

MAIN RAD AUTO FLMNC FRED]

Try duplicating my screen by multiplying “a” and “b” together.

Notice that if the scalar is a fraction, the TI-89 will return fractions in the
answer. If decimals are desired, press [¢] = [ENTER] after the initial
multiplication.

Unlike some other Tl graphing calculators with matrices, the TI-89
understands “b/2” to be the same as “(1/2)b”.

Calculating the Inverse:

Fir Fer |F3=] Flr FE Fa~
T-:u:-1s|ﬁ1s-zbru Calc|Okher |Frarml0)CTean Uk

1.2 1 3S-2

L B
L2k [3/2 2 5/2]
=] 1. 2.5

| B
Lrzb [1.5 2. 2.5]
HI - RAD AUTO FLMNC FRED]

o _ 5 1 . .
To calculate a matrix inverse, first input [3 g as matrix “c” into the TI-

89. (Of course the matrix must be square, otherwise the calculator will
return a “Dimension” error). Press [HOME] to exit to the Home screen.

151 cd c3
1 = 1

z 3 ElN
3

4

r2c2=g

AN FAD AUTO FUNE

Press [alpha] = “C” = [~] = ()] = [1] = [ENTER].
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Fir Fer |F3=] Flr FE Fa~
T-:u:-1s|ﬁ1s-zbru Calc|Okher |Frarml0)CTean Uk

-1 [3/3? - 1/3?]
L)

3037 5037
-1
MAIN ERD AUTO FUNC 120
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Gaussian and Gauss-Jordan Elimination:

Let’s use these two methods to solve the following system of equations:

4x+8y+z=2 4 8 1 2
x+7y-3z=-14;, —> 1 7 -3 -14
2x—-3y+2z=3 2 -3 2 3
. . [SGILT FEaD AlUTO FUMEC
Input the augmented matrix as matrix “a”.
Fi- Fa~
Press to exit the Editor. Let’s first try solving the system using the L SN : 11 Clean e

Gaussian Elimination method. Press - [5] to enter the calculator’s
Math menu. Scroll down to “Matrix”, press the RIGHT arrow key, and
select the “ref(“ command (“Row-Echelon Form”). Press to paste
the command to the Home screen.

L3
L3
L3
*

T
Sld
AN FAD AUTD FUNC [l

Type >N >0D]=> to run the command on matrix “a”. If a
“»” appears in the answer, this means that the matrix extends beyond the
calculator’s screen; select the answer and use the LEFT and RIGHT arrow
keys to scroll the matrix.

Note that if you swap rows, the matrix given by the “ref(“ command may
not match the matrix obtained by performing the Gaussian elimination by

Fle| Fir [Fie| Fir [ FE [
Tools)A13cbra|Calc|Other [FEAMIOICTcan Ur

uefla)

a1 -3s14 -2-7

2 14 1.2 }
oo 1 [

EAD AUTO FLUMC 1420

hand. That is fine; the final solution will be the same.
Now let’s try the Gauss-Jordan elimination method. If you have calculated
this method by hand, then you know that the answer will be obtained at
the end. The same applies to the TI-89.

Fir Fa~

T MATH C1xan U

I 1t Humber
Press - (5] to return to the Math menu, but this time scroll down to IO
et

the “rref(“ command (“Reduced Row-Echelon Form”), directly below
“ref(“. Press[ENTER] to paste the command to the Home screen.

vwwrwhdr v r

fsimu
6=identit%(
T

f augrent.
diagt
AN EAD AUTO FLUMC [T
Fir [ FZ=| Fur FE Fa~
T-:u:-1s|ﬁ1s-zbru Calc|Okher|Frami0{Clean U
Type [alpha] = “A” > D] > [ENTER] to run the command on matrix “a”. T
There we go! The solution to our system of equations is (-3, 1, 6). " rref(a) [E, 181 }
B a1 &
[SETL] EAD AUTO FUMC 1430
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Now what if we have a dependent or inconsistent system? The “rref(“

command will still work on the augmented matrices of these systems, but . rrefa) l; T 1 §
with different results than above. For a dependent system, a matrix with 0o oa @
the last row all zeros would be returned (first picture on the right). For an
inconsistent system, a matrix would be returned where the last row 1 B 3@
contains all zeros except for a final element of “1” (second picture on the " rrefia) E I; z T
right).
Determinants:
T: = MATH C1-zFuEn'IJp
4 2 1 : v
Input this matrix as matrix “a” in the calculator: | 5 7 2 '
1 -3 5 b
3
3
3

To calculate the determinant of “a”, press - (5] to enter the
calculator’s Math menu, scroll down to “Matrix”, press the RIGHT arrow
key and select the “det(“ command. Press to paste the command
to the Home screen. Type 2>“N">0D]~> to run the

command on matrix “a”. That’s it! The determinant of this matrix is 96.

MAIN ERD AUTO FUNC 0Az0

)

FUMNC 1730

Transpose:
Fir Fa~
T MATH C1an U,
4 2 1
Let’s calculate the transpose of | 5 7 2 |. Ifitis not there already,
1 -3 5

input this matrix as “a” in the calculator. Press - “A” to type “a” on
the Home screen, then go back to the Math menu, enter the “Matrix”
submenu and select the first command. Press to paste the
command to the screen, and then again to run the command.

Department of Mathematics, Sinclair Community College, Dayton, OH

TYFE OF UZE 3t} + [EMTER] OF [EZC]

4 05 1
nal 2 7 -3
1 = 5
FAIN KAD AUTO FUML 1430
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Deleting Matrices from the Calculator:

Deleting matrices from the TI-89 is not too hard, but we must be careful.

We will be entering an area of the calculator where we could possibly

delete something that we did not intend to. First, press - VAR-LINK
(above the [-] key). Use the UP and DOWN arrow keys to select the matrix
you want to delete, and then press the [<] key. Press to confirm or
to cancel. Make sure to press to return to the Home screen.

TI-Nspire:

‘- VAR-LINE [A11]

Fir T [FErfFuFEq FE | F7. T
rManads Link| Contents|FlashAre

MAT 26
. MAT_ 52
listl LIST 4
listz LIST 4
- list3 LIST 4
USE + 70 COLLAFSE
r VAE-LINE [R11]

VAR-LIME

D leke: ©
1=
list2 LIST 4
"y li=t3 LI
MAIN __ WCERAD ADTO FONC (75D

| will be using a TI-Nspire CAS with Clickpad running software version 2.1 for these directions. The

menus and buttons may differ slightly between the Clickpad, Touchpad, and different software versions.

Inputting/Editing Matrices:

The TI-Nspire family of calculators provides a very easy way to input
matrices directly onto the Calculator screen. This gives the advantage
of not having to navigate through menus to enter and edit a matrix.

Begin by adding a calculator page to an existing document, or by
creating a new document and choosing “Add Calculator”.

di1a |k Matrices w m

~

0589

Press @ > to display the Template window. If necessary,
move the selection to the 3x3 matrix symbol and press Gae). This
template will allow us to create a matrix of any size.

111 |k Matrices w @m
Iy

o |+

= |de

oo | (28]

Hy

[gen | foan

™

0/99 |
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Since we are creating a new matrix, the calculator displays a default
setting of three rows and three columns. Let’s say we want a 3x2
matrix instead. Press to switch to the “Number of columns” box

and type a “2”. Press Gaw).

df1a |k Matrices W

Create a hatrix

Matrix

Murnber of rows
Mumber of columns

As you can see, we now have a 3x2 empty matrix waiting on the
screen. Use a combination of numbers and arrow keys to fill the
4 2

template with the matrix [ 1 3
8 7

Hlatrices w

~

0589

And this is what you should have. Now we can use this matrix as is, or
we can store it for repeated use. To store it, move the cursor out all
the way to the right side of the matrix, then press (1) > &, Type

the letter “a” and press Gaw).

Hlatrices w

F=
=

[ x]

.—.
0 —
P P )
|

What we just did is to store the matrix into a variable titled “a”. When
we need to use this matrix, we can now just use the variable “a”
instead of having to retype the matrix again.

To edit this matrix, press the UP arrow key twice until the matrix with
the arrow is selected, and then press to paste it to the next line.
Edit the values in the matrix and press to store it as variable “a”.
If a whole new matrix with a different dimension is needed, then
create the matrix as shown above and store is as variable “a”.

Department of Mathematics, Sinclair Community College, Dayton, OH
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Matrices w

1
bS]

-1t b

Ry P—
EIES

159

df1a |k Matrices w

[l
13

o

11
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Adding and Subtracting Matrices:

Enter two matrices into the calculator as shown above, one as “a” and

4 2 1 2
the other as “b”. For thisexample,a=|1 3|andb=|3 4].
8 7 5 6

Matrices w

o
B

&
13 [ x|

-
1
<)
—
[T - T
3]

[ TN S IS S I Y
o b | N1t b
[ Y i

—
P
1
=3
—

—
LI =S

2099

To add these two matrices together, do the following:

®>D>® >

111 |k Mlatrices w @m
T’:‘J ls ol

Subtracting matrices is similar, except type a subtraction sign instead o F ;}
of an addition sign. Lo
a-b o0
-2 -1
(Remember, matrices must be the same dimension in order to add or L 1}
subtract them. The calculator will return an error if the dimensions 4;99E|
are not the same.)
Multiplying Matrices:
af11 e Matrices w il x|
42 4 2|8
Matrix multiplication is easy on the TI-Nspire. For scalar h i}qa [; i}
multiplication, multiply the number times the matrix just like ia 12 6
multiplying two numbers together. For example, to multiply 3 times Li 291}
the matrix “a”, type: (3> > > ® > Giw.
®
2049

Multiplying two matrices together is just as easy. However, remember
to have the correct matrix dimensions, otherwise the calculator will

4 2
give a “Dimension” error. For thisexample,a=|1 3 |andb=
8 7

3 4 5
together.

[1 2 5} . Try duplicating my screen by multiplying “a” and “b”

di1a |k latrices w m
S EI
13|77 13
8 7 37

12 5|5 125
345 345
ab 10 16 30
10 14 20
20 44 75

~

3499 |
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111 |k Mlatrices w @m
Notice that if the scalar is a fraction, the TI-Nspire will return fractions 5 4 5] [z ¢ s] &
in the answer. If decimals are desired, press () > after the Ly S s
initial multiplication. 3,5
2 2
Unlike some other Tl graphing calculators with matrices, the TI-Nspire é-b Ez y iz]
understands “b/2” to be the same as “(1/2)b”. | 1
4199|
Calculating the Inverse:
111 |k Mlatrices w @m
A
5 1], 5 1] &
5 1 L 8] [3 8]
To calculate a matrix inverse, first input 38 as matrix “c” into the |
TI-Nspire. (Of course the matrix must be square, otherwise the
calculator will return a “Dimension” error).
=
1/99
111 |k Mlatrices w @m
A
5 1], 5 1] &
L 8] [3 8]
P R
3737
Press@%@%%@%. 5
3737
=
2049
Gaussian and Gauss-Jordan Elimination:
Let’s use these two methods to solve the following system of T P —— P x|

equations:

4x+8y+z=2 4 8 1 2
x+7y-3z=-14;, —> | 1 7 =3 -14
2x—-3y+2z=3 2 -3 2 3

Store the augmented matrix as matrix “a”.

Department of Mathematics, Sinclair Community College, Dayton, OH

4.8 1 2
—a 1 7 -3 -14
2 3 2 3

13

o

159

Page 19 of 21



+ 11 Actions ¥
gﬂ 2: Number l%lgl
(= 3t Algeb
) o . . . L. . }; 4 Ca?l?:uiu 1: Create : : d
Let’s first try solving the system using the Gaussian Elimination § 5 Probabi2 Transpose
% 5 Statistid=:
«“ . ” X I eterml g
method. Press the button, scroll down to “Matrix & Vector”, £ 7: Matrix & e TP E G
$¢ 8 Financg > Reduced Row-Echelon Form
press (or RIGHT arrow key), and scroll down to “Row-Echelon #4)9: Functio)©t Simultancous |
” @ AHints ;Dimensions M
Form”. Press ' 9 Roww Operations »
A Element Cperations ¥
B: Advanced »
CiWector M
di1a |k latrices w m
“+ o py k3 o L |
17 -3 -14)7¢ 17 -3 -14
Press the (A) button and then Gae. S s 5 3 J L L. s
ref(a) 101
. . . ]' 2 - -
Note that if you swap rows, the matrix given by the “ref(“ command 42
i i ; . =B =B
may not match the matrix obtained by performing the Gaussian U
elimination by hand. That is fine; the final solution will be the same. DO 1 €
|
ptiziz)
Now let’s try the Gauss-Jordan elimination method. If you have
calculated this method by hand, then you know that the answer will
be obtained at the end. The same applies to the TI-Nspire.
+ 10 Actions ¥ ¥
géz: MNumber 1 x]
:f;: 3 Algebr, T » 1 519
4: Caleuly) ¥
.d S P?o(t;:éjzi Transpose
“ i 44 < 5 Statistid3: Determinant
Press the button, scroll down to “Matrix & Vector”, press (or X & Statisti Do o
RIGHT arrow key), and scroll down to “Reduced Row-Echelon Form”. $¢ 8 Financ 42l
1 9: Functio g Emuttaneous
T s Morms »
Press . @AHNs |5 nore ’
9 Row Operations ¥
Al Element Cperations »
E: Advanced M
CWector »
ar1a e Hlatrices w m
48 1 2 48 1 2]7
17 -3 -14|7% 17 -3 -14
2 -3 2 3 2 -3 2 3
Press the @ button and then . There we go! The solution to our me{a) 100 -3
system of equations is (-3, 1, 6). e
=
ptiziz)
Now what if we have a dependent or inconsistent system? The “rref(“ | - | =
command will still work on the augmented matrices of these systems, = F 0l :i} I
but with different results than above. For a dependent system, a 600 o
matrix with the last row all zeros would be returned (first picture on
. . . . ol L s
the right). For an inconsistent system, a matrix would be returned refla) 10308
where the last row contains all zeros except for a final element of “1” g é é ‘;

(second picture on the right).
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Determinants:

4 2 1 111 |k Mlatrices w @m
=
Store this matrix as matrix “a” in the calculator: | 5 7 2 F : ;}Aa F : ;}
1 -3 5 135 1 -3 5
detla) 96
To calculate the determinant of “a”, press the button, scroll down | |;
to “Matrix & Vector”, press (or RIGHT arrow key), and scroll down
to “Determinant”; press Ga=). Press the (A) button and then G, i
That's it! The determinant of this matrix is 96. a0
Transpose:
4 2 1 di1a |k Hlatrices w m
=
Let’s calculate the transposeof | 5 7 2 |. Ifitis not there F : l}ﬁa F : ;}
1 -3 5 135 1 -3 5
a’ 45 1
already, input this matrix as “a” in the calculator. Press (), then , [2 7 -3}
scroll down to “Matrix & Vector”, press (or RIGHT arrow key), and L2 s
scroll down to “Transpose”; press ). Press to run the i
command. 7
Deleting Matrices from the Calculator:
hiatrices w ] x]
=
Deleting matrices is easy on the TI-Nspire. Press to display the
list of variables stored in the document. Notice that the TI-Nspire
indentifies the matrix variables by displaying a little matrix icon =
. . 0589
beside the name. To delete one of these variables, press ,
select “Actions”, then press (or RIGHT arrow key), and scroll TS Do
down to “Delete Variable”; press Ga). Press to display the B2 Aabra 2L palBeEon
variable list and select the matrix you want to delete; press to E’éj Brababity Ee
paste the name to the screen. Press to run the command. N e avector B Insert Comment
$¢ & Finance é tgzw
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