0.12 Solving Systems of Equations with Matrices
To solve a system of linear equations using matrices on the calculator, we must

e Enter the augmented matrix.

e Specify the elementary row operations we wish to perform, one operation at a time.
- or, if allowed by your instructor -

We can go directly to row-echelon or reduced row-echelon form.

Let’s solve this system with the augmented matrix shown:

3r+6y+52 = —13 3 6 5H —13
dr+8y —4z = 4 4 8 —4 4
—2x+y+122 = —17 -2 1 12 -17

Note: If it is possible the matrices will involve fractions, be sure to indicate in the Mode
Setting for Float the number of decimal places you wish to display.

TI-83 (see page 164), TI-89 (see page 172), TI-86 (see page 181).



TI-83: Matrices

In the directions given, TI-83 Plus users press and as shown, but the TI-83
users press only .

Enter the augmented matrix

Press and , where Matrx is the second operation on the key, to see the

left screen shown. If you see something like the right screen, you already have matrices

defined. MATH EOIT MATH EOIT
25
23

gt [m gl B
.&- - Em mm
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If you do not need to delete any matrices, continue on page 165.

Deleting matrices previously defined

To erase the matrices already defined, press [2nd] and [Mem], where Mem is the second
function on the key, to see the left screen shown. Then select 2: Mem Mgmt/Del. ..

to see the middle screen shown, and then select 5: Matrix... to see the right screen .
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With the arrow beside [A], press and an asterisk appears beside [A] (left screen).
Press . When asked Are you sure? (middle screen), choose 2:Yes. We now see that

matrix [A| has been deleted

EAM FREE 23371
AREC _FREE ga14
bk [A] B

[E] B3
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(right screen).
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Repeat the process for matrix [B], and any others you wish to delete.

To exit this part, press and

Enter the augmented matrix continued

If you need to get the left screen again, press and . With the right arrow,
move to the Edit option (middle screen). Select the matrix to define by using the arrow
key, or by entering the number beside the matrix name. To select matrix [A], press 1.
Result is shown on the right.
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We need to specify the dimensions of the matrix, MATRIX[A] 3 x4
and the value of each element in the matrix. [[( 1] -
We have a 3 x 4 matrix to enter, 3 rows and Lo i i -

4 columns. Type 3 and press , then Lo ! !

type 4 and press . Notice the row and

column designation in the bottom left corner. This

shows we are currently at row 1, column 1, and the 1,1=0
current value of that element is zero.

The rows and columns of the matrix are set up ready for us to enter the particular element
values. Type each value from the augmented matrix, pressing after each entry.

36 5 —13
48 -4 4 MATEIA[A] 3 x4
—2 1 12 17 _§ £ 13 ]

1

a4="17

Notice that only 3 columns are displayed at one time in the calculator window. We can
move from element to element, row to row, column to column with the arrow keys at any
time. We are currently seeing columns 2, 3, and 4 in the matrix shown above on the right.
Notice, the bottom left corner shows the cursor’s current position, 3, 4=-17, is row 3,
column 4, with a value of —17.

We need to exit the Edit mode in order to perform our matrix operations. Press

and .
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To see matrix [A] that we just entered, press and to see the named matrices

(left screen). Press to select matrix [A], and we get the middle screen showing only
the name [A]. Press again to see the right screen.

MATH EDIT [A] [A
Jxd [

MO

.E- - EE EE Em

et Lo Tl ) B )

Perform elementary row operations

We have four choices on the calculator, same as the rules we are given algebraically.

e Swap two rows, called rowSwap.
Example: rowSwap([A],2,3) swaps rows 2 and 3 in matrix [A].

e Add two rows, called row+(.
Example: row+([A],1,2) adds row 1 and 2, placing the result in row 2.

e Multiply one row by a nonzero constant, called *row(.
Example: *row(-5, [A],2) multiples row 2 by —5, placing the result in row 2.

e Multiply one row by a nonzero constant and add that result to another row,
called *row+(.
Example: *row+(-5, [A],3,2) multiplies row 3 by —5, adds the result to row 2,
placing the result in row 2.

None of these operations will save the resulting matrix. We have to save the new matrix by
using the Store command. Continue reading for directions.

To see how to use each of these elementary row operations, we will do the appropriate
steps to put the given augmented matrix into row-echelon form.

In the pictures on the next few pages, you will notice that as we do each operation on the
matrix, the calculator screen scrolls, showing a portion of the previous matrix, the
command given, and the new matrix. After a few screens, you will get used to finding the
new matrix and ignoring the old work.

When performing elementary row operations, it is possible that something like 1E-13 may
be used as an approximation for zero due to the way the calculator performs calculations.
If this occurs, the number should be treated as zero. It is strongly suggested that you
return to the Matrix Edit screen and replace the entry of 1E-13 with a 0.
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To see the augmented matrix we are using, look at the right screen below.

Let’s first multiply each element in row 2 by 1 sowe create a leading entry of 1 for row 2.

Press (2nd) and (Matrx). Use the right arrow key to highlight Math (see left screen).
Press the up arrow key once to see more operations available (see middle screen). Select

E:*xrow( by using the up arrow to highlight the entry E:*row( and press The
right screen shows the command written below matrix [A].

MAMES [N EDIT HAMES s EOIT [A]
et AT CLmSLIm [[3 &3 -13]
T H:ref [4 8 44 ]
avding B:rref [-2 1 12 -171]
diF111c CirowSwars Ol
gt ident.ityc O o
B randi E: o
Flaudment. . & Egul R

1
To multiply row 2 by 7 v need to enter *row(1/4, [A],2) so enter 1/4 followed by a

comma (see the left screen). Specify the matrix by pressing and 7 then select
matrix [A] by pressing 1 or , and we have the middle screen. Type ,2) to

1
finish the command. We are saying to multiply row 2 in matrix [A] by 7 and replace row 2
with the result. It should look like the right screen.

[A] [A] [A]

[[3 &5 -13] [[53 &5 -13] [[3 &5 -13]
[4 38 44 ] [4 3 44 ] [4 8 44 ]
[-2 1 12 -171] [-2 1 12 -171] [-2 1 12 -17]]

e AL P #row1-4. [A] ko144, [A].2)

Press to see the new matrix. As expected, we now have the left screen. However,
the calculator does not save this new matrix. Since we want to do more to it, we have to

save it for further use. Do so by pressing , then press and , and select

matrix [B] by pressing 2. Now, we see the middle screen, which says to store our answer in
matrix [B]. Press and we see matrix [B] repeated (not shown here). However, if we

now look at the list of matrices, press (2nd) and (Matrx)), we see that matrix [B] is
defined. To get rid of the list of matrices and return to our problem, press .

[[3 &3 -13] [[3 &3 -13] MATH EOIT

[4 & 44 ] [4 & 44 ] Jxd

[-2 112 -17]] [-2 1 12 -17]] P [B] 3xd
koW 1-4, [A].2) krow( -4, [A].2) ae [C]
[[3 &3 -13] [[3 &3 -13] 4: [0]
[1 2 -11_] (1 2 -11 ] ot [E]
[-2 112 -17]1] [-2 112 -17]1]  &i[F]
Ars+[E] 7k [5]
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(To see matrix [B] on this page, look at the middle screen below).

Since we have a 1 as the leading entry of row 2, let’s swap row 1 and row 2. Press
and , move to Math, hit the up arrow once to see the menu options (left screen).
Select  C:rowSwap( and we see the middle screen. To swap rows 1 and 2 in matrix [B],

we first tell what matrix to use, and then what rows to swap. Press and ,
and select 2 for matrix [B]. Finish typing the command ,1,2) so it looks like
rowSwap([B],1,2), but don’t hit yet! Let’s also save our new matrix and place it
back into matrix [B] to save a little time. Press , press [2nd] and [Matrx], and
choose matrix [B] again (or some other name of your choosing). Now we see the right
screen.

MAMES s EOIT [[3 &3 -13] (1 2 -11 1
5y el ¥ [1 2 -11 1] [-2 1 12 -171]
Hireft [-2 112 -1¥1]  HAns:(E]
Birrefl Az [EB] [[F &3 -13]
CirowSwars [[3 &3 -13] (1 2 -11 1
[0S ot [1 2 -11 1] [-2 1 12 -17]1]
E: ®pa [-2 112 -1¥]1]  rowSwarC[Bl.1.20
o+ gl MET +[E]
Press - and we have this screen. (1 2 -11 1
Notice the leading entry of row 1 is 1, [-2 1 12 -17]]
just as we wanted. rowswar (Bl 1,22
+[E]
[([1 2-11 1]
[3 & 5 -13]
[-2 1 12 -17]]

Now, let’s turn the 3 in row 2 into 0. Multiply row 1 by —3 and add it to row 2, creating a
new row 2. To do this, we need to give the command  F:*row+(—3,[B],1,2) and
store the result in [B]. Press @ and (Matrx), go to Math and use the up arrow to get
more options. This time select  F:*row+( and we have the left screen. We need to enter
—3,[B],1,2) sotype —3, then enter [B] by using and , and entering 2
to select [B]. Type the ,1,2)  to finish the expression. This says, in matrix [B],
multiply the first row specified (row 1) by —3, add the result to the second row specified
(row 2), and place the final result back in the second row specified (row 2). Now store this

answer in matrix [B] by using (Sto—), (2nd) and (Matrx)), choosing [B]. After we press
to execute the command, we see the right screen.

[1 2 -11 1 [Z &5 -13]

[-2 1 12 -17]] [-2 1 12 -171]
rawswar s [B]. 1,22 kot 3. [Bl2 1.2
+[E] 1+[E]

[[1 2 -11 1] (1 2 -11 1]
[3 &5 -13] [ B8 -16]
[-2 1 12 -1¥1] [-2 1 12 -171]

Fol+ o,
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(To see our current matrix, look at the matrix in the left screen below.)

To turn the —2 in row 3 into 0, we need to multiply row 1 by 2, add the result to row 3
and replace row 3. We need to enter  *row+(2, [B],1,3) and store the result in [B].

Press and , move to Math, go up once, and select F:*row+( to see the left
screen. Enter 2,[B],1,3) and store the matrix back into [B], to see the middle screen.

After pressing , we see the right screen.

[3 &5 -13] [-2 1 12 -171] B 88 -16]
[-2 1 12 -171]  #rowtd -3, [B1.1.2 [-2 1 12 -171]
kot 3. [Bla 1.2 13[Bl kot ds [B]a 1230

3 [[1 2 -11 1 +[E]

(1 2 -11 1] [ B8 -16] [[1 2 -11 1
B 88 -16] [-2 1 12 -17]] B 83 -1&]
[-2 1 17 -171]  #prowtiZ, [Bl. 1,30 (B3 18 -1511

Fol+ o, +[E1]

1
Next, multiply row 3 by = to get our leading entry of 1 in row 3. We need to enter
E:*row(1/5,[B],3) and store the result in [B].

Directions if needed: Press and , move to Math, go up once, and select

E:xrow(. Enter 1/5, and indicate matrix [B] by pressing (2nd) and {Matrx) and
selecting [B]. Finish typing ,3)  and store it in matrix [B] by pressing (Sto—) then
2nd' and (Matrx ), selecting [B], and we see the left screen. Press Enter' to see the right

Screen.

[-2 1 12 -17]] [A B8 -16]
koWt 2 [B]a 1230 [6 5 18 -15]1]
+[E] koWt 145, [B]. 30+

[[12-11 1 [E]

BB &8 -16] [[1 2 -11 1
(B 5 18 -1511 [ 88 -16]
TE?wiIHS,[E]=3b+ A1 2 -3 11

To finish placing the matrix into row-echelon form, we need to change the 8 in row 2 to a 1

1
by multiplying row 2 by 3
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We need to enter E:*row(1/8, [B],2)

Directions: Press and , move to Math, go up once, and select E: *row(.

Enter 1/8, and indicate matrix [B] by pressing (2nd) and (Matrx)), select [B], finish typing
,2) and store it in matrix [B] by pressing (Sto— ), then (2nd) and (Matrx), selecting [B],
and we see the left screen. Press Enter' to see the middle screen. An unnecessary step we

could add would be to swap rows 2 and 3. Do so by entering C:rowSwap([B],2,3), storing
it in matrix [B] if you wish, and we see the right screen.

(B 5 18 -1511 [ 88 -16] [
koWt 1<9, [B].30% 612 -311] [
[E] krowt 13, [B].20%  rowSw
[[12-11 1 [E] +[B]
B8 &8 -16] [[1 [[
12 -311 a1 -2] [
Wwil<8: [Bl 203 [A [

mMkJ—

2]
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[Bl.2,33

2 2
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H
H o1
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A A

—F0

3
2

[S | ]

* 0 ]
[E]

We have our row-echelon form of the matrix. The system of equations now looks like

lx +2y—12 = 1
ly+2z = -3
lz = =2

By using back substitution, we can now finish solving the system of equations.

If the instructor allows on some problems, you may go straight from the augmented matrix
to the row-echelon form of the matrix by doing the following.

After you have entered the augmented matrix [A] (see left screen), go to the matrix options
menu by pressing and , use the up arrow once. Select A:ref(  which stands
for row-echelon form. Enter matrix |A] and close the parentheses. Store the answer if you
wish in, say matrix [C], so it looks like the middle screen. Press to see the final
result (the right screen).
[A
[[F &3 -13]
i 844 ]

] ]
[ [
[ [
[-2 112 -17]1] [

f
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Another option we can use, if the instructor allows, is the reduced row-echelon form
command. This takes the augmented matrix and places it into reduced row-echelon form
immediately.

Again after you have entered the augmented matrix [A] (see left screen), go to the matrix
options menu by pressing and , use the up arrow once. Select B:rref (
which stands for reduced row-echelon form. Enter matrix [A] and close the parentheses.

There is probably no need to store this answer. So, our screen looks like the middle picture.
Press to see the final reduced row-echelon form of the matrix (the right screen).

[[3 &3 '13}

[A] [H
[[3 &3 -13] [l [4 & 44

[4 & 44 ]
[-2 112 -17]1] [

From this last form, we can read our final answer: =z =-3,y=1,2= —2.

Press | Clear ) to erase the screen.

These directions may look very complicated upon first reading. However, after you try
them a few times and get used to what needs to be done, they will flow much easier and
faster. Like most things, it does take practice to become fluent with the process.
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TI-89: Matrices

3r+6y+52 = —13
We are solving this system dr+8y—4z = 4
—2r4+y+12z = -—17
3 6 5 —13
with an augmented matrix of 4 8 —4 4
-2 1 12 —-17

The printing on the calculator screen pictures is often very small, but you should be able to
at least tell you are in the right place by what you see. (The printing is also very small on
the calculator itself.) These directions use uppercase letters for the matrices to make the
name more obvious. So you will see matrix A in the directions instead of matrix a which is
shown on the calculator.

Enter the augmented matrix

Press to see the applications available (left screen). Press 6:Data/Matrix Editor

to see the editor options (middle screen). We want to define a new matrix, so select 3
(right screen).

HFFLICATIONG . HFFLICATIONE S R N il . 15
1: Flaahﬁipa... = NEW .

sy= Bditor 2iY= Editor Tope: T

StWindow Editor Fthlindow Editor . ,

415raph 4105 b Folder: mdin#

SiTable Wariable:

%:EatafﬁatEégtEditm‘ : fote ntgion |

tProgram Editor L ki

GiText Bditor d \ CEnterzIk__» (ESCECANCEL 3

MAIN FADAFFROY  FUMC TYFE OF USE 314 + [ENTER] OF [E5C] U5E £ AND + TO OFEM CHOICES

To specify what type of data, press the right arrow to see the options (left screen). Select
Matrix (middle screen). With the arrow key, move down twice to the variable definition.

Hold down | Alpha | and press to name the matrix A (right screen).

Fi=] F2 F2| F4 |FE [FE{F? Fi=| F:2 Fi] F4 |FE |FEF? Fi=] F2 F2| F4 |FE [FE{F?
Tl HEW ) Tl WEW K. Tl HEW )
Tope: Topai Matriz# Tope: Matriz +
Fulde: tHatrix Fulder: Fdin + Fulde: tadin
Bariahle: Jilist variable L | Wikl 0|
B i Row dimenzions L] Fiou dimension;
Lol Btz Col dimension: L Col dimension:
k!‘:[nttﬂﬂl{  EESC=CANCEL :.'-‘___. k!‘:EhttﬂﬂH 7 EESCECAMCEL :‘-‘__,. k!‘:[nttﬂﬂl{ 71 EESC=CANCEL :'-‘___.
TYPE OF USE 314 + [ENTER] OF, [E%C] MAIN  EGERAD AFFROY  FUNC MAIN FAD AFFROY  FUNC
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The row and column dimensions specify the size of the matrix we want to define.

Arrow down once more and enter the number of rows, which is 3. Arrow down once more
and enter the number of columns, which is 4.(See left screen.) Press W twice to move
to the editor so we can enter the elements of the matrix. If you already have a matrix
named A, then you will get the message shown on the right screen.

Fi=| F2 F@| F4 |FE [FEqFF
4

Tl WEW
Topai Matriz#
Fulder: Fdin + . o
Varible: I:I Yariable o Flash aeeTication in wss
o difnenzion:
Col dimension: [1_|

.\_{Enttﬂﬂl{ 1 EESCZCAMEEL :.‘-!__,.

HMAIN FAD AFFROY  FUMC MAIN RADAFFROY  FUMC

For those who have matrix A defined, press and either choose another name for the

matrix, or in our case, let’s see how to delete the previous version of matrix A. Press
again to get back to the Home screen. If you do not have a matrix already defined,
continue on page 174.

Deleting previously defined matrices

To erase the matrices already defined, press [Qnd] and [Var—Link], where Var-Link is the
second function on the key to see the left screen shown. Arrow down to highlight the
item you wish to delete (middle screen). Press to start the delete process and see the
right screen.

: __ \nR-LINK IR | ; __ VAR-LIME [811] | : __ VnR-LINK IR |
Fi= |Fi |Fir[F% [FE4_ B F7 Fi= | FZ |Fie[F4 [F5_ F& Fr Fi= |Fi |Fan[F4 [F54 FB ] F7 |
Manads|VicwLink| « [RT1|Conkents|FlashAre Manade|Yicw|Link| ~ [A11|Contents|Flashaee mnu"-. Yigw|Link] + |A11 [Contenks]F lashare
) FRIH> - LI
T I =
a DeTike:

.,ﬁ{Enttr:'u'Es} {ESC=ND }__,

/ J , /
1SE € 10 COLLAFSE MAN  WEWRAD AFFRDR  FUNC 0730 MAIN  WEWFAD AFFRDR  FUNC 0730
Press | Enter ) to say yes delete the matrix shown, 4 URR-LINK. CATT] N
it ] Fir |F2 |FonPq [F5n FB | F7
and it is gone. If you have any others to delete, repeat WL RN oY o T o
the process. [ MHIN |

To exit this part, press . )

MilN  EEMRAD AFFROY  FUNC (]
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Enter the augmented matrix continued

If needed, press again, select 6 to get the Matrix Editor, and select 3 to start a new

matrix.

To specify what type of data, press the right arrow to see choices. Select Matrix. With the

arrow key, move down twice to the variable definition. Hold down | Alpha | and press
to name the matrix A.

Fi=] F2 F2| F4 |FE [FE{F? Fi=| F:2 Fi] F4 |FE |FEF? Fi=] F2 F2| F4 |FE [FE{F?
Tl HEW ) Tl WEW K. Tl HEW )
Tope: Topai Matriz# Tope: Matriz +
Fulde: tHatrix Fulder: Fdin + Fulde: tadin
Bariahle: Jilist variable L | Wikl 0|
B i Row dimenzions L] Fiou dimension;
fod s [ Col dimension: L Col dimension:
k!‘:[nttﬂﬂl{  EESC=CANCEL :.'-‘___. k!‘:EhttﬂﬂH 7 EESCECAMCEL :.'-‘__,. k!‘:[nttﬂﬂl{ 71 EESC=CANCEL :'-‘___.
TYPE OF USE 314 + [ENTER] OF, [E%C] MAIN  EGERAD AFFROY  FUNC MAIN FAD AFFROY  FUNC

Arrow down once more and enter the number of rows,

which is 3. Arrow down once more and enter the number ar
of columns, which is 4. Press twice to get ] E}-EE EE
to the matrix editor and the screen shown here. 2 [a . i,
3 |A . @,
4
ricl=d,
HAIN RAD RFFROS  FUNC

The rows and columns of the matrix are set up ready for us to enter the particular element
values. Type each value from the augmented matrix, pressing after each entry.

36 5 —13

4 8 —4 4 §1an

2 1 12 —17 S -
T 6. I5. 13
7 (8 |4, 4
1. 17, BR
4
ricd=-17.
MAIN FAD AFFROE  FUMC

Notice that only 3 columns are displayed at one time in the calculator window. We can
move from element to element, row to row, column to column with the arrow keys at any
time. We are currently seeing columns 2, 3, and 4 in the picture above. Notice, the bottom
left corner shows the cursor’s current position, r3c4= —17, which is row 3, column 4,
with a value of —17.

Now that the matrix is defined, we need to return to the Home screen to perform the
elementary row operations. To exit the Edit mode, press .
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Perform elementary row operations

We have four choices on the calculator, same as the rules we are given algebraically.

e Swap two rows, called rowSwap.
Example: rowSwap(A,2,3) swaps rows 2 and 3 in matrix A.

e Add two rows, called rowAdd(.
Example: rowAdd(A,1,2) adds row 1 and 2, placing the result in row 2.

e Multiply one row by a nonzero constant, called mRow (.
Example: mRow(-5,A,2) multiples row 2 by —5, placing the result in row 2.

e Multiply one row by a nonzero constant and add that result to another row,
called mRowAdd (.
Example: mRowAdd(-5,A,3,2) multiplies row 3 by —5, adds the result to row 2,
placing the result in row 2.

None of these operations will save the resulting matrix. We have to save the new matrix by
using the Store command. Continue reading for directions.

To see how to use each of these elementary row operations, we will do the appropriate
steps to put the given augmented matrix into row-echelon form.

In the pictures on the next few pages, you will notice that as we do each operation on the
matrix, the calculator screen scrolls, showing a portion of the previous matrix, the
command given, and the new matrix. After a few screens, you will get used to finding the
new matrix and ignoring the old work.

When performing elementary row operations, it is possible that something like 1E-13 may
be used as an approximation for zero due to the way the calculator performs calculations.
If this occurs, the number should be treated as zero. It is strongly suggested that you
return to the Matrix Edit screen and replace the entry of 1E-13 with a 0.

. . [Fivl Fir Irzvl rH—I F ] Fiie ] ]
To see matrix A that we just entered, Touls|fT3cbra|Cal[Dther|Pramil|Clean Up
press [ Alpha | and . Press | Enter ).

B. 530 13
L 4. 8. 4. 4.
=2, 1. 12, 17,

HMAIN FAD AFFROY  FUMC 1730
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1
Let’s first multiply each element in row 2 by 1 Sowe create a leading entry of 1 for row 2.

Press (2nd) and (Math), where Math is the second function on the key, to see the left
screen. Select 4:Matrix and look at the options available (middle screen). Use the up
arrow once to see more options (right screen).

Flrl Fir [Far[F4=1 FE | Fer Flel Fer [Fe=iFY=| FE | Fé Flel Fir [Far[F4=1 FE | Fér
Tol MATH P[Cean Ur T MATH P{CTean Ur To MAT PBfC1ean Ur
| 1:Hunber b
hngle EtrandHat.c 4
JiList Firewtlat. d
4iMatrix -13. -13, G zublfat -
SiComplex HiHarns k[
n| GiStatistics 4, 4, 4, [:0imensions ¢ M. 4,
fiProbability JiRow ops H
2 Test -17, -17. K:Elamant ops |/ * -17.
THFE OF USE #34 + [ENTER] OF [EC] THFE O USE £3t4 + LENTER] OF [ESC] THFE OF USE +3+4 + [ENTER] OF [EC]

Now select J:Row ops  to see the options available (left screen). Select — 3:mRow(

and the command appears below our matrix (middle screen). To multiply row 2 by 1 Ve

need to enter mRow(1/4,A,2) soenter 1/4 followed by a comma (right screen).

Fir] Fi» TFi~[FYy-| FE Far Fi=| Fér [Fie| Fy=| FE Fa- Fir] Fir [Fir| Fi=| FE Far
To MAT D|Cl%an e TooTs|A13cbrafCalc|0ther|Fr3mib)Clean Ue TooTs(A13cbralCalc|Other|Framid|Clean Ue

1t Humbet k

Etrandiat.¢ b

Firewtat.c k

gisubflatc R -3, A L6 5. Lk

brd, 4, LI 4, 8. -4. 4, LI 4. 8. -4, 4,

el b

T mRour 2. -17. 2. 1. 12,0 -17. -2, 1, 12, -17.
42 mRowHdd®, mRou mRow! 14,

THFE OF USE £+14 + [ENTER] OF [E5C] MAIN RADAFFROR  FUWL  L/30 MAIN RADAFFROT  FURC 1730

Now specify the matrix by pressing | Alpha| and , and finish typing ,2)  to finish

the command. We are saying to multiply row 2 in matrix A by T and replace row 2 with

the result. It should look like the left screen. Press to see the new matrix. As
expected, we now have the middle screen. However, the calculator does not save this new
matrix. Since we want to do more to it, we have to save it for further use. Do so by pressing

, then press | Alpha | and to say store our answer in matrix B (right screen).

Fir| Fex |Fav| Fiv| FE | Fbe Fir| Fer |Fae| F4=| FE | Fe Fir| Fex |Fav| Fdv| FE | Fbe
Toals|i13ebra|CalcIther [PramiDlean U ToaTs{A13chral Cate|Ither|Feamin|iTean Ue ToaTs|i13ebralCalcIther [PramimCTean U
| -2, 1. 12, -17. ] |_'E. 1. 12, -17.]
mpRowi 14, 3,2 rRowlsd, a3,
T T EF- T T 3 B O30 (13
LI 4, 8. 4, 4, 1. 2 -1. 1. . 2. -1. 1.
2. 1. 120 -17. | -2, 1. 12, -17. ) -2 1. 120 17
mRowel 4, 8,20 mRow; 4,8, 20 ahstlish

HMAIN FAD AFFROS  FUNC i/ HMAIN Al AFFROY  FUMC HAEL HMAIN FAD AFFROS  FUNC HE]
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Press to execute the command and we have the left screen below. Since we have a
1 as the leading entry of row 2, let’s swap row 1 and row 2. We need to enter
rowSwap(B,1,2) as our command. Press [ﬁ) and (Math )|, select 4:Matrix, hit
the up arrow once and select J:Row ops. Now select 1:rowSwap( and we see the
middle screen. To swap rows 1 and 2 in matrix B, we first tell what matrix to use, and

then what rows to swap. Press [ Alpha) and , then finish typing the command ,1,2)
but don’t hit (Enter) yet! Let’s also save our new matrix and place it back into matrix B

to save a little time. Press |Sto— ', press | Alpha | and (or some other name of your

choosing). Now we see the right screen.

FIr| Fir |Fi=| Fu=| FE | Fir FI=| Fer |Fo=| Fur| FE | Fir Fir| Fir |Fi=| Fur| FE | Fir
T 15|AT3ebra|Calc| Ot bk |Fr-AmID)Clean Ur Ton 1|1 3cbra|Calc Dbk |FrAmi0)CTean Up T 15| ATAebra|Ca 1| Ot hoer |FrAmID)Clean Ur
lll. 2. 1. 1. |+h lll. P P |+h lll. 2. 1. 1. |+h
-2, 1. 12, 17, -2, 1. 120 -1, -2, 1. 12, 17,
5. -13. 3. B 3. -3 3. 6. 9. 13,
-1, 1, 1. 2. -1. 1. 1. 2. -1. 1,
12, -1I7. 2. 1. 12,0 -17. -2, 1, 12, -17.
anz( 114k FowSuap rowswapih, 1, 21+h
HHIR FADAFFROT  FURC 3030 MAIN RADAFFROR  FUNC 3730 HAIN RADAFFROT  FURC 3030
Press and we have this screen. ThiTAtSebyaltate nthar Fy in|claan U
Notice the leading entry of row 1 is 1, T
just as we wanted, and our new matrix is . r*u:uSuap;:h, 1,714k ’
stored in matrix B. . 2. -1. 1.
3. 6. 9. 13,
-2, 1. 12, -17.]

Fowswapih, 1,234k
MAIN FAD AFFROY  FUNC 4730

Now, let’s turn the 3 in row 2 into 0. Multiply row 1 by —3 and add it to row 2, creating a
new row 2. To do this, we need to give the command mRowAdd(—3,B,1,2) and store
the result in B. Press and , select 4:Matrix, hit the up arrow once and select
J:Row ops. Now select 4:mRowAdd( and we see the left screen. We need to enter

-3,B,1,2) sotype —3, [Alpha] and . Type the ,1,2) to finish the

expression. This says, in matrix B, multiply the first row specified (row 1) by —3, add the
result to the second row specified (row 2), and place the final result back in the second row

specified (row 2). Now store this answer in matrix B by using [Sto—>], [Alpha] and ,

and we see the middle screen. Press to execute the command, and we see the right
screen.

[Fi- Fer |Fie| Fi=| FE Far | [Fi Fer |F'-| | FE Fa- [Fi- Fer |Fie| Fi=| FE Far |
Tools(A13ebra[Calc|Obher|Fr amI0|Clean Up mﬂmuwmmkmmwﬁmuhmw Tools(A13ebra[Calc|Obher|Fr amI0|Clean Up
['E. 1. 12, -17.] lE . -17. ] ['E. 1. 12, -17.]
roySyaplb, 1,20+ b B rowSapih, 1,2) 4 h " RowfAddd -3, b, 1,2 +b
L. 2. -1, 1. ] . 2. -1, 1. ] . 2. -1. 1.
P T T ST T T K P T T -
-2, 1. 12, 17, ] 2. 10 120 17 -2, 1. 12, -17.]
mRowAddE rRowAdd: -3, b, 1,234k mRowAdd: -3, b, 1,214k

HMAIN FAD AFFROY  FUMC /30 MAIN RADAFFROY  FUMC 430 HMAIN FAD AFFROY  FUMC B30
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(To see our current matrix, look at the matrix in the left screen below.)

To turn the —2 in row 3 into 0, we need to multiply row 1 by 2, add the result to row 3
and replace row 3. We need to enter mRowAdd(2,B,1,3) and store the result in B.

Press (2nd) and (Math)), select ~4:Matrix, hit the up arrow once and select J:Row ops.
Now select  4:mRowAdd( and we see the left screen. Enter 2,B,1,3) and store the
matrix back into B, to see the middle screen. After pressing , we see the right

Screen.

Fir] Fir [Fie| Fi=| FE Far Fl=| Fér [Fie| Fy=| FE Fa- [Fiv Fer [Fir| Fi=| FE Far
Tools(A13ebra[Calc|Obher|Framid|Clean Ur TooTs|A13cbrafCale|0ther|Fr3mi0| Clean Ue TooTs(A13cbralCalc|Other|Framid|Clean Ue
-2, 1. 12, -17.] | -2, 1. 120 -17. ) ['2. 1. 12, -17.]
"rRowAddl -3, b, 1,2+ b lmanHdd( 3.b, 1,24k "nRowAddlZ , b, 1, 31+ b
. 2. -1, 1. ] 1. 2. -1, 1. ] . 2. 1. 1.
. @, 8 -le, . o, & -le. . O. 8. -l
-2, 1. 12, -17.] | -2, 1. 12, -17.) EI 5 1EI. 13
mRowAddE rRowAddEZ, b, 1, 33+k

HMAIN FAD AFFROY  FUNC B30 MAIN RADAFFROY  FUMC 30 HHIH FIFI[I HPPFII]H FIJHI: G730

1
Next, multiply row 3 by R to get our leading entry of 1 in row 3. We need to enter
mRow(1/5,B,3) and store the result in B.

Directions if needed: Press and , select  4:Matrix, hit the up arrow once
and select J:Row ops. Now select 3:mRow( and we see the left screen. Enter 1/5,

and press Alphal and . Finish typing ,3) and store it in matrix B by pressing

Sto— ', then Alpha' and E . We see the middle screen. Press to see the right

screen.
Fi=| Fir Foe | FE | F&e Fiv| Fir Foe | FE | F&e Fi=| Fer |Fa=| Far| FE | F&e
TooTs|fdebea c-nc|utr.-zr|r-r-3mm CTean U Toa Ts|f19ebea c-nc|utr.-zr|r-r-3mm CTean U Toa Ts|fdebea c.:1.:|utr..zr PramiD|c1ean U
[ 2 1, -17. ] [ 2 1, -17. ] o, 5. 18, -15.)
lmEuqud(E,h,1,3)+h lmEuqud(E,h,1,3)+h ®nRow1<3, b, 3 %h
1. 2. -1. 1. ] 1. 2. -1. 1. ] 1. 2. -1. 1.
B, B, 8. -16. B, B, 8. -16. B, B, 8. -16.
B, 9. 18, -15.) B, 9. 18, -15.) EI. 1. 2. -3
mRaw g mRawi <3, b, 314k mRowe oS, b, 3
HAIN FAD AFFROR  FUNL  Era0 HAIN FAD AFFROR  FUNL  Erai HAIN "RAD nr-nm: FINL  7es0

To finish placing the matrix into row-echelon form, we need to change the 8 in row 2 to a 1

1
by multiplying row 2 by 3 We need to enter mRow(1/8,B,2)
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Directions if needed: Press and , select  4:Matrix, hit the up arrow once
and select J:Row ops. Select 3:mRow( and enter 1/8,B,2) and store it in

matrix B by pressing m then Alpha and , and we see the left screen. Press

to see the middle screen. An unnecessary step we could add would be to swap
rows 2 and 3. Do so by entering rowSwap(B,2,3), storing it in matrix B if you wish, and
we see the right screen.

[Fi— Fer |Fir| Fi=| FE Far [Fiv Fer F3—| F'-|—| FE Fa- [Fiv Fer [Fir| Fi=| FE Far
Tools(A13ebra[Calc|Obher|Framid|Clean Ur TooTs|A13cbrafCalc|0ther|Fr3mib)Clean Ue TooTs(A13cbralCalc|Other|Framid|Clean Ue
8. 5. 10, -13,] [EI. . 2. -3, | 8. 1. 20 5]
oWl ls5,b, 30 +b mnRowi <3, b, 2 b " roySyaplh, 2, 3)+h
M. 2. -1, 1. ] . 2. -1, 1. ] M1, 1.1
. O. 8. -l @ o 1. -2 . 1. 2
8. 1. 2. -3, ] @ 1. 2 -3, ) _EI. EI 1 -2
mRowt /8, b, 21+ rRawi1<8,b, 2+ FowSlap b, 2
MAIN FAD AFFRO%  FUMC Rl MAIN HHIII AFFROR  FUMC Biz0 MAIN F:Fl[l HPPF:I]H FUMNC 8430

We have our row-echelon form of the matrix. The system of equations now looks like

le+2y—1z = 1
ly+22z = -3
lz = =2

By using back substitution, we can now finish solving the system of equations.

If the instructor allows on some problems, you may go straight from the augmented matrix
to the row-echelon form of the matrix by doing the following.

After you have entered the augmented matrix A (see left screen), go to the matrix options

menu by pressing and , select  4:Matrix, select 3:ref(  which stands
for row-echelon form. Enter matrix A by pressing Alpha' and , and close the

parentheses. We see the middle screen. Press | Enter ' to see the final result (the right
screen).

Fir] Fir [Fie| Fi=| FE Far Fi=| Fér [Fie| Fy=| FE Fa- Fir] Fir [Fir| Fi=| FE Far
Tools(A13ebra[Calc|Obher|Framid|Clean Ur TooTs|A13cbrafCalc|0ther|Fr3mib)Clean Ue TooTs(A13cbralCalc|Other|Framid|Clean Ue
" [4. 3, -4, 4,
-2, 1. 12, -7
T T T ST T T K . 2. -1, 1]
L] 4. 8. -4, 4, L 4, 8. 4. 4, " refia) g. 1. 4. A
-2, 1. 12, -7, 2. 10 120 -7, g. 0. 1. -2.]
refial efla)
MHAIN FAD APEROY  FUMC 130 MAIN FEAD AFFROY  FUMC 1430 MW FAD APEROY  FUMC 20
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Another option we can use, if the instructor allows, is the reduced row-echelon form

command. This takes the augmented matrix and places it into reduced row-echelon form
immediately.

Again after you have entered the augmented matrix A (see left screen), go to the matrix

options menu by pressing and , select  4:Matrix, select 4:rref(
which stands for reduced row-echelon form. Enter matrix A by pressing | Alpha] and

and close the parentheses. There is probably no need to store this answer. S0, our screen

looks like the middle picture. Press to see the final reduced row-echelon form of
the matrix (the right screen).

[rivl Fir Irzvl ruvl FE l Fi ] ] [Fiv] Fir lrzvl Fuvl FE l Fhe l i [rivl Fir lrzv] ruvl FE l Fi ] ’
T 15|AT3ebra|Calc| Ot bk |Fr-AmID)Clean Ur Ton 1|1 3cbra|Calc Dbk |FrAmi0)CTean Up T 15| ATAebra|Ca 1| Ot hoer |FrAmID)Clean Ur
"y l4. 2, 4. 4. " [4. 8. 4. 4.
20 10 120 -7, -2 1. 120 17
T 1. 2. -1. 1.7 1, 0, 8. -3]
L 4, 8. 4. 4. Bref(a) oo 1. 2, -G Brrefia) 2R R R
-2 1. 120 -1F. 2 O O g, @, 1. -2
Fref{a)
HAIN RO AFFRDE  FUNC  1/%0 HAIN RAD AFFROS  FUNC Y] HiIN RO AFFROE  FUNC  2/a0
From this last form, we can read our final answer: =z =-3,y=1,2= —2.

Press and to clear most of the screen, and to erase the command line

portion.

These directions may look very complicated upon first reading. However, after you try
them a few times and get used to what needs to be done, they will low much easier and
faster. Like most things, it does take practice to become fluent with the process.
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TI-86: Matrices

3r+6y+52 = —13
We are solving this system dr+8y—4z = 4
—2r4+y+12z = -—17
3 6 5 —13
with an augmented matrix of 4 8 —4 4
-2 1 12 -17

Enter the augmented matrix

Press [ﬂ) and { Matrx )|, where Matrx is the second function on the key, to see
options of Names, Edit, Math, Ops, Cplx. Press . If you see anything
in the lower row, that means you already have some matrices defined. My calculator has
three matrices defined, called A, B, Matl. Let’s delete these previously defined matrixes
before we continue.

If you do not need to delete any matrices, continue after the Delete section.

Deleting matrices previously defined

To erase the matrices already defined, press [2nd] and [Mem], where Mem is the second
function on the key, to see options Ram, Delet, Reset, Tol, ClrEnt. Press

F2 Delet )| to see options All, Real, Cplx, List, Vectr». Press W to see
options Matrx, Strng, Equ, Cons, Prgmp. We want the Matrix option, so press

(FL )

With the arrow beside the first matrix (mine is A), press and matrix A is deleted.
Delete the rest of the matrices defined.

To exit this part, press and

Enter the augmented matrix continued

If needed, press [2nd) and [Matrx] again. We want to enter our matrix, so we need the
Edit option. Press F2 Edit' and you are asked for the name of the matrix. Suppose we

name it A by pressing (notice we do not press | Alpha], just the ) Press .

We need to specify the dimensions of the matrix, and the value of each element in the
matrix. We have a 3 x 4 matrix to enter, 3 rows and 4 columns. Type 3 and press ,
and 3 rows are created. Type 4 and press , and 4 columns are created. Notice the
row and column designation in the bottom left corner, 1,1=0. This shows we are currently
at row 1, column 1, and the current value of that element is zero.
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36 o5 —13
4 8 —4 4
-2 1 12 -17

Type each value from the augmented matrix,
pressing % after each entry.

Notice that only 3 columns are displayed at one time in the calculator window. We can
move from element to element, row to row, column to column with the arrow keys at any
time. After we finish entering the numbers for the elements of the matrix, we are seeing
columns 2, 3, and 4 of the matrix. Notice, the bottom left corner shows the cursor’s
current position, 3, 4=-17, which is row 3, column 4, with a value of —17.

We need to exit the Edit mode in order to perform our matrix operations. Press

and .
To see matrix A that we just entered, press [Qnd] and [Matrx], then . Select

matrix A by pressing . Then press | Enter ' to see the matrix itself.

Perform elementary row operations

We have four choices on the calculator, same as the rules we are given algebraically.

e Swap two rows, called rSwap.
Example: rSwap(A,2,3) swaps rows 2 and 3 in matrix A.

e Add two rows, called rAdd.
Example: rAdd(A,1,2) adds row 1 and 2, placing the result in row 2.

e Multiply one row by a nonzero constant, called multR.
Example: multR(-5,A,2) multiples row 2 by —5, placing the result in row 2.

e Multiply one row by a nonzero constant and add that result to another row,
called mRAdd.
Example: mRAdd(-5,4A,3,2) multiplies row 3 by —5, adds the result to row 2, placing
the result in row 2.

None of these operations will save the resulting matrix. We have to save the new matrix by
using the Store command. Continue reading for directions.

To see how to use each of these elementary row operations, we will do the appropriate
steps to put the given augmented matrix into row-echelon form.

As we go through the next directions, you will notice that as each operation is performed
on the matrix, the calculator screen scrolls, showing a portion of the previous matrix, the
command given, and the new matrix. After a few screens, you will get used to finding the
new matrix and ignoring the old work.

When performing elementary row operations, it is possible that something like 1E-13 may
be used as an approximation for zero due to the way the calculator performs calculations.
If this occurs, the number should be treated as zero. It is strongly suggested that you
return to the Matrix Edit screen and replace the entry of 1E-13 with a 0.
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0 d .. 3 6 5 —13
ur augmented matrix 1s 48 —4 A

-2 1 12 17

1
Let’s first multiply each element in row 2 by 1 Sowe create a leading entry of 1 for row 2.
We need to enter multR(1/4,A,2).

Press 2nd| and (F4 Opsl to see options dim, Fill, ident, ref, rrefp.

Press to see aug, rSwap, rAdd, multR, mRAddp.

We need multR, so press (F4 multR ) to see the command appear on the screen below the
matrix. Type 1/4, and press Alpha' and to indicate matrix A. Type ,2) to

finish the command. We are saying to multiply row 2 in matrix A by 7 and replace row 2
with the result.

Press to see the new matrix. i’ g _? _1?

-2 1 12 -17

However, the calculator does not save this new matrix. Since we want to do more to it, we
have to save it for further use. Press , then press . Press and we have
said to store our answer in matrix B. (We want to keep matrix A unchanged in case we
need it again.)

Since we have a 1 as the leading entry of row 2, let’s swap row 1 and row 2.

Press [F2 rSwap ||. To swap rows 1 and 2 in matrix B, we first tell what matrix to use, and

then what rows to swap, so we need to say rSwap(B,1,2).

Press [ Alpha | and , then finish typing the command ,1,2) but don’t hit

yet! Let’s also save our new matrix and place it back into matrix B to save a little time.

Press , press (or some other name of your choosing).

Press to see the new matrix. 1 2 -1 1
Notice the leading entry of row 1 is 1, 3 6 o5 —13
just as we wanted. -2 1 12 -17

Now, let’s turn the 3 in row 2 into 0. Multiply row 1 by —3 and add the result to row 2,
creating a new row 2. To do this, we need to give the command mRAdd(—3,B,1,2)
and store the result in B.
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Press ([F5 mRAdd ). Type —3, then enter B by using [ Alpha | and . Type ,1,2)

to finish the expression. This says, in matrix B, multiply the first row specified (row 1) by
—3, add the result to the second row specified (row 2), and place the final result back in
the second row specified (row 2).

Now store this answer in matrix B

byusing and' 1 2 -1 1

00 8 —16
After we press | Enter ) to execute
) -2 1 12 -17
the command, we see the new matrix.

To turn the —2 in row 3 into 0, we need to multiply row 1 by 2, add the result to row 3
and replace row 3. We need to enter mRAdd(2,B,1,3) and store the result in B.

Press (F5 mRAdd ) and type 2,B,1,3).

Remember to use Alpha' and . 1 2 —1 1
Store the matrix back into B (don’t use here). | 0 0 8 —16
After pressing , we see the new matrix. 05 10 =15

1
Next, multiply row 3 by R to get our leading entry of 1 in row 3. We need to enter
multR(1/5,B,3) and store the result in B.

Directions if needed: Press (F4 multR ) and enter 1/5,
and indicate matrix B by pressing | Alpha] and . 1 1
Finish typing ,3) and store it in matrix B by

pressmg Sto then . Press @ to see

the new matrix.

To finish placing the matrix into row-echelon form, we need to change the 8 in row 2 to a 1

1
by multiplying row 2 by 3 We need to enter multR(1/8,B,2)

Directions: Press (F4 multR ), and enter 1/8,
then press Alpha' and @ Finish typing ,2) and 12 -1 1

0
store the result in matrix B by pressing m then .

Press to see the new matrix. L 01 2 =3 -

=)

[
|

O

12 -1 1
An unnecessary step we could add would be to swap 01 2 -3
rows 2 and 3. Do so by entering rSwap(B,2,3), storing 00 1 -9

the result in matrix B if you wish. - -
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We have our row-echelon form of the matrix. The system of equations now looks like

lx +2y—12 = 1
ly+22z = -3
lz = =2

By using back substitution, we can now finish solving the system of equations.

If the instructor allows on some problems, you may go straight from the augmented matrix
to the row-echelon form of the matrix by doing the following.

After you have entered the augmented matrix A, and have it on the screen if you wish, go

to the matrix options menu by pressing and |F4 Ops| to see the options dim,

Fill, ident, ref, rrefp.

Press which stands for row-echelon form. 1 2 -1 1
Enter matrix A (using [ Alpha) and ) Press to 01 2 -3
00

see the final result. 1 -2

Another option we can use, if the instructor allows, is the reduced row-echelon form
command. This takes the augmented matrix and places it into reduced row-echelon form
immediately.

Again after you have entered the augmented matrix A, and have it on the screen if you
wish, go to the matrix options menu by pressing [2nd] and [F4 Ops].

Press , which stands for reduced row-echelon form. 1 00 =3
Enter matrix A (using [ Alpha) and ) Press to 010 1
see the final reduced row-echelon form of the matrix. 001 =2

From this last form, we can read our final answer: = =-3,y=1,2= —2.

Press (2nd) and Quitl to exit the matrix operations, and to erase the screen.

These directions may look very complicated upon first reading. However, after you try
them a few times and get used to what needs to be done, they will flow much easier and
faster. Like most things, it does take practice to become fluent with the process.
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