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Introduction 

The past two decades have been marked by rapid advancements in 

technology, more so than at any other time in history. These 

advancements have allowed the public to work more efficiently and more 

accurately. Todays calculators enable mathematicians and others in the 

workplace to be more productive on the job. 

Many historians recognize the abacus that dates back to 600 B.C. as the 

first calculating device. This counting device, which consisted of movable 

counters held on parallel rods, was popular until the middle of the 

twentieth-century. Although further advancements, such as Blaise 

Pascal's first calculating machine in 1642 and Charles Babbage's 

Difference Engine in 1822, existed, the popular pocket calculator of today 

was not developed untiJ the early 1970s. After the invention of the 

Electronic Numerical Integrator and Calculator (ENIAC) in 1946 by Drs. J. 

Presper Eckert and John Mauchly, that weighed 30 tons and occupied 1800 

square feet, two important inventions permitted the pocket sized 

calculator to become a reality. These inventions were the transistor in 

1948 and the integrated circuit in 1950. The first pocket sized calculator 

was marketed in 1971 and sold for $300. 

Today almost all students, businessmen, mathematicians, and everyone 
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else who engages in mathematical calculation carry a calculator in their 

back-pack or brief case. The development of the calculator continues to 

reach new heights every year. One of the most recent and most efficient 

calculators has been developed by Texas Instruments. The TI-81 

calculator was designed for educational purposes and empowers students 

to explore and understand a wider range of mathematical topics. 

Like many other calculators, the TI-81 has graphing features and 

programming abilities. Supplementary materials have been developed that 

describe how these features can be used in a typical secondary 

mathematics classroom. Franklin Demana and Bert Waits have developed a 

manual for using the IBM, Macintosh, Apple II, Casio, and Sharp Graphing 

features, as well as a precalculus textbook, that incorporates graphing 

calculators and computer graphing technology as an integral part of 

classroom instruction. It is their belief that modern technology, such as 

the graphing features on calculators, should be routinely used by 

mathematics students at all levels. They claim that because of this 

graphing capability, students can involve themselves with more 

interesting and stimulating applications of mathematical topics (Damana 

and Waits, Graphing Calculator and Computer Graphing Laboratory Manual). 

Advanced calculator technology in the classroom does not stop with 
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the use of graphing features. With the TI-81 , students can carry out 

matrix operations. By performing matrix operations on the TI-81 , 

students can avoid the tedious pencil and paper computations and are left 

with time to investigate more inspiring applications. In order to explore 

these applications in detail, it is necessary to introduce the matrix 

features of the TI-81 calculator and the basic operations of matrices that 

can be accomplished with it. 
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Matrix Features of the TI-81 Calculator 

The TI-81 calculator is designed to handle any matrix with dimensions 

6x6 or less. Pressing the (M AT R XI key will display the matrix operations 

that are divided into two menus. The first menu that is titled MATRIX 

displays all the functions that the TI-81 is capable of completing on a 

matrix. The second menu titled EDIT allows the user to define up to three 

matrices at a time. The 0 and [iJ keys allow one to go from one menu to 

the next. Before elaborating on the specific function of matrices found in 

the MATRIX menu, we will first discuss how a matrix can be entered into 

the calculator using the EDIT menu illustrated below. 

EDIT menu 
1: [A] 6x6· 
2: [B] 6x6 
3: [C] 6x6 

Once in the EDIT menu, the user can choose which matrix ([A], [B], or 

[CD that he/she wants to define by selecting 1, 2, or 3. If [A] is chosen, 

the EDIT screen for matrix A similar to the one below will appear. The 

dimensions that are shown to the right of [A] can be changed to any size up 

to 6x6 by using the GJ and @ keys to place the cursor over the dimension 

needing the change and entering the dimension wanted. The individual 

entries of the matrix that are displayed in the following lines can then be 
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entered in the same manner using the [!1 and (!l keys to place the cursor 

over each entry and entering the desired value. The matrix entries are 

listed in order with the first number representing the row entry and the 

second number representing the column entry. 

[A] 3x3 
1,1 = 0 
1,2 = 0 
1,3 = 0 
2,1 = 0 
2,2 .. 0 
2,3 ... 0 
3,1 = 0 

To demonstrate this technique further, the following algorithm 

5 

demonstrates how to enter the matrix ~ ~ ~ into the TI-81 calculator. 

keystrokes 

IMATRXI @ 

m 
[[] IENTERI [[J lENTER 

[2] tENTERI rn IENTERI 
[5] IENTER rn tENTERI 
[l] IENTERl (2) IENTER 

8x,piaoa tion 

Displays the EDIT menu for matrices 

Displays the EDIT screen for matrix A 

Defines the dimensions of the matrix 

Defines each individual row and column 
entry 

After successfully entering a matrix into the TI-81 calculator, 

pressing the ~ and IC LEARI keys will allow the user to clear the screen. 

Pressing the f2liaI and IT] keys will allow the user to view matrix A 
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without going into the EDIT menu. It will also help the user perform the 

various operations on Matrix A that are found in the MATRIX menu. Using 

the TI-81 to perform these operations will save valuable time for any 

teacher or student when working with matrices. This will enable students 

to learn more about matrix theory in less time so that the mathematics 

curriculum can be filled with more meaningful examples of the uses of 

matrices. 

The MATRIX menu allows the user to perform six different operations 

on any defined matrix. These six operations include: swapping two rows 

of the matrix, adding two rows of the matrix, multiplying a row of the 

matrix by a scalar, multiplying a row by a scalar and adding that result to 

a second row, calculating the determinant, and transposing the matrix. 

The calculator also has the capability of adding and multiplying two 

matrices together, multiplying a matrix by a scalar, finding the inverse of 

a matrix, and squaring a matrix. These five operations are accomplished 

outside of the MATRIX menu by using other features of the calculator. 

Although these operations on the calculator can be learned in a short time 

without outside help, the following paragraphs will demonstrate how each 

operation of the options menu is performed with the TI-81. 
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Matrix Options Menu 

First Option, swapping two rows of the matrix. 

After selecting number one, Row S W 8 P ( will appear on the screen. At 

this point, the matrix, the number of the first row to be swapped, and 

the number of the second row to be swapped should be entered in 

order and separated by commas. 

Second Option. adding two rows together. 

After making this selection, Row + ( will appear on the screen. The 

matrix, the number of the row to be added, and the number of the 

second row to be added in which the sums will be stored should then 

be entered in order and separated by commas. 

Third Option. multiplying a row of a matrix by a scalar. 

After making this selection, • Row ( will appear on the screen. The 

scalar, the matrix, and the number of the row to be multiplied should 

be entered in order and separated by commas. 

Fourth Option. multiplying a row by a scalar and adding the 
result to a second row. 

The choice of this option will display • Row + ( on the screen and 

require the scalar multiple, the matrix, the number of the row to be 

multiplied, and the number of the row that this result will be added to 



-

-

and stored in should be entered in order and separated by commas. 

Fifth Option, calculating the determinant of a matrix. 

After making this selection, de t will appear on the screen and the 

matrix should be entered. 

Sixth Option, transposing the matrix. 

Before making this selection, the matrix that must be transposed is 

entered. After selecting the matrix, the user will then go into the 

MATRIX menu and make this selection. 

The other operations that are possible using the TI-81 are 
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accomplished outside of the MATRIX menu. Adding two matrices 

together can be carried out simply by entering the first matrix, pressing 

the W key, entering the second matrix, and pressing the lENTERI key. 

Multiplying two matrices together is done by entering the first 

matrix, the second matrix right next to the first matrix, and pressing the 

IENTE Rt key. Multiplying a matrix by a scalar is accomplished by 

entering the scalar, the matrix that is going to be multiplied, and pressing 

the IENTERlkey. The inverse of a matrix can be found by entering the 

matrix, the ~ key, and pressing the IENTERl key. The square of a 

matrix can be found by entering the matrix followed by the [ill key or by 

entering the matrix that you want to square two times and pressing the 
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(ENTERl key. Using the TI-81 calculator to perform operations like these 

will enable teachers and students to solve the following application 

problems with greater ease and speed. 

9 
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Applications 
Age Specific Population Growth 

There are many mathematical models that are used to predict 

population growths. However, one of the most popular population growth 

models especially important to the field of demography, known as the 

Leslie matrix model, partitions a population into separate age categories. 

Although the TI-81 calculator is not capable of solving every problem 

associated with this model, it will solve those that have six age 

categories or less. The Leslie Matrix model examines the population by 

looking at these age categories, the surVival rates from each category to 

the next, and the offspring of each category. Because this model assumes 

that the members of each age category are able to produce offspring, only 

the female population is considered. The female population is divided into 

n number of categories, each having a length of k years. The catagories 

are defined as follows: 

Cl III: [O,k), C2 - [k,2k), C3 III: [2k,3k), ... , Cn -[(n-1)k,nk). 

Because these age categories are defined in such a way I every female in 

the population is accounted for. 

We can now let Xj be the population in each Cj so that the vector X is 

[Xl, X2, X3, .•. , Xn] and represents the population distribution in each age 
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category. The purpose of the Leslie model is to relate the vector X with 

the vector Y where Y is the age distribution k years later. This can be 

done by finding an n x n matrix A such that AX = Y. 

The matrix A is called the Leslie matrix and is found using survival and 

reproduction rates. Let: 81 = the percent of females that survive from 
age category Cl to age category C2 in k 
years. 

82 = the percent of females that survive from 
C2 to C3 in k years. 

8n-l = the percent of females that survive from 
Cn-l to Cn in k years. 

Also let Ri = the average number of offspring that survive k years and that 

are born in each age category, Ci. The following Leslie Matrix Model shown 

below helps demonstrate the elements in the model and their 

relationships. 
r---- -, 
I • 

R,L_- - G 
81 / .. ~ .............. 

..... 
/ I \ ..... 

/ \ '" I '" Rn 
/ I R3 \R4 

..... ..... 
/R2 \ '" I '" / \ '" ..... 

/ I \ """ G S2~G S3~G S4 Sn-' 8 -.- -- .~ 
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If the vector Y = [Y" Y2, Y3, ... , Yn], we can now define each entry in the 

matrix as shown below. 

Y1 - R,X1 + R2X2 + R3X3 + ... +Rnxn 

Y2 - S1X1 
Y3 - S2X2 

Yn = Snxn 

We can now define the Leslie Matrix to be: 

A -

Rn 
o 
o 

o 0 0 5 n-, 0 

If we wanted to calculate the population in (a)(k) years, we would find 
AaX. 

after k years 
after 2k years 
after 3k years 

after ak years 

Y1 -= AX 
Y2 - AY, = A(AX) = (AA)X = A2X 
Y3 -= AY2 - A(A2X) = (AA2)X - A3X 

12 

Now that a basic foundation for the Leslie matrix has been set, it is 

time to examine a specific example. This example was taken from Michael 

Cullen's book Mathematics for the Bjoscjences. After the example is 

given, an algorithm for the TI-81 calculator will be presented to find the 

solution. 
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Example #1; In a 1971 paper, A.L. Jensen applied the Leslie matrix model 
to a population of brook trout in Hunt Creek, Michigan. The population was 
divided into five-year classes (fingerlings, yearlings, etc.). The Leslie 
matrix A, with entries rounded off to two significant digits, is given on 
the following page. Approximate the female population distribution one, 
two, and three years later. 

o 37 
0.06 0 0 

A = 0 0.34 0 
o 0 0.16 
o 0 0 

64 82 
o 0 
o 0 
o 0 
0.08 a 

x -

0,000 
583 
200 

34 

Solution using the TI-81 calculator 

keystrokes 

NAT8xl@ 

m [5] IENTERI [ID IENTERI 

[Q] IENTERl (]] lENTERl 
rn [l] IENTERl rID rn IENTERl 
(]] [2] IENTER] 0 lID [[J IENTERI 
l]] ENTER ([J ENTERl [Q] IENTER! 
[[) IENTERli]] IENTERJ c:J rn 
rn IENTER1 mJ tENTER' ([) (ENTER! 
[Q] ENTeRl [OJ IENTERI [[) lENTERI 
EJ m rm (ENTERI [[] IENTERl 
[Q] IENTER] ([1IENTERt (]] IENTER 
([) IENTER 0 [[) [[IIENTEFJ 
rID IENTER 

~tcLEAFJ 

explanation 

Displays the EDIT menu for matrices 

Chooses to define matrix A as the 
Leslie matrix and sets the 
dimensions 

Enters every value 0 f matrix A into the 
calculator in the proper order 

Clears the screen 
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IMATRXl@ 

[2] I]) IENTER' m IENTERI 

ill [[] [[] [[] [[] IENTERI 
[]J[]] rn IENTeRI 
(2] [[J {]] IENTERI m rn IENTERI 
{]] IENTERJ 

I2!ia ICLEARI 

14 

Displays the EDIT menu for matrices 

Chooses to define matrix 8 as the 
matrix X and sets its dimensions 

Enters every value of matrix B into the 
calculator in the proper order 

Clears the screen 

At this point, both matrices are defined in the calculator. Although many 
buttons need to be pressed to accomplish this task, it takes a short 
amount of time and allows the following calculations to be carried out 
more accurately and more rapidly. 

keystrokes eXDlanation 

tanaJ OJ I2ndl [2J IE NT E AI Multiplies (AH8) 

answer: Y 1 = [9822, 600, 198, 32, 3] 

keystrokes explanation 

Multiplies (A)2 (8) 

answer: Y2 = [9605, 589, 204, 32, 3] rounded to the nearest whole 
number 

keystrokes explanation 

Multiplies (A)3 (8) 

answer: Y3 = [9788, 576, 200, 33, 3] 
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Example #2 Hunters in a certain area are interested in the number of 
female wood ducks three years of age or older that will exist in the 

15 

future. They have estimated that currently there are 22,000 one year old 
female wood ducks, 1050 two year olds, 250 three year olds, 30 four year 
olds, and 4 female wood ducks that are five of more years old. They know 
that about 50/0 of the one year old female ducks will live at least one year, 
22% of the two year olds will live to be three years old, 13% of the three 
year olds will live to be four years old, and 9% of the four year olds will 
live to be five years old. The hunters also know that wood ducks do not 
reproduce until they are two years of age and stop reproducing when they 
are five years of age. Usually 15 of the offspring of the two year old wood 
ducks live at least one year, 23 of the offspring of the three year old wood 
ducks live at least one year, and 12 of the offspring of the four year old 
wood ducks live at least one year. Help the hunters with their problem 
using the Leslie Matrix model to determine. approximately how many 
female wood ducks will exist from each age category in their area 5, 10 
and 15 years from now. 

Solution using the TI-81 calcylator 

The first step in solving this problem is to find the Leslie Matrix A and 
the matrix X. These matrices are given below. 

A= 

o 15 
0.05 0 
o 0.22 
o 0 
o 0 

keystrokes 

lMATRXlGJ 

23 12 
o 0 
o 0 
0.13 0 
o 0.09 

m []] IENTESl (]] IENTERI 

rID IENTERlrnrnIENTEA1 
[2J []] IENTERI OJ [[]IENTESI 

o 
o 
o 
o 
o 

x = 

22000 
1050 

250 
30 

explanation 

Displays the EDIT menu for matrices 
Chooses to define matrix A of the 

calculator as the Leslie Matrix 
and sets the dimensions 

Enters every value of matrix A 
into the calculator in the 
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[OJ IENTERI El ([1 rn IENTERf 
rm ENTERI rm IENTERl rm IENTER 
lID ENTER rm IENTERJ 
El [2] ~ IENTERI rID IENTERI 
rn:r ENTER rm IENTERt 
Im IENTERI em IENTERI 
EJ En raJ IENTERI lID IENTERI 
[Q] ENTERl rID rENTERJ 
([J ENTEBI m:J IENTERJ 
r::J [OJ lID [ENTER) (Q] IENTER 

I2DaJ ICLEARI 

IMATRXJ@ 

~ [5] leNTe8J OJ tENTERJ 

[2] (]] []] f]] I]] IE N TE AI 
CD em [5] lID IENTER' 
(2] lID ([] IENTERI [II [[J IENTERI 
(DIENTER 

r2Da ICLEAR) 

16 

proper order 

Clears the screen 

Displays the EDIT menu for matrices 

Chooses to define matrix B of the 
calculator as matrix X of the 
problem and sets the dimensions 

Enters every value of matrix B into the 
calculator in the proper order 

Clears the screen 

Multiplies (A)S (9) 

answer: Ys = [22733 1128 245 31 3] 

keYstrokes explanation 

Multiplies (A) 1 0 (9) 
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answer: Y10 = [23761 1178 257 33 3] 

keYstrokes explanation 

Multiplies (A}15 (8) 

answer: Y 15 ,. [24822 1230 268 35 3] 

-
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Leontief Economic Model 

Another interesting application of matrix theory that can be introduced 

to a typical student with the help of the TI-81 calculator was developed 

by Wassily Leontief. The Leontief model allows the industries of an 

economy to produce the most desirable quantity of goods for that economy. 

In order to describe this model, the following pioneer economy will be 

considered. The village consists of three major industries: carpenters, 

hunters, and blacksmiths. In order for the carpenters to produce $1 worth 

of goods, they will use 20 cents worth of their own goods, 20 cents worth 

of the hunters' goods, and 50 cents worth of the blacksmiths' goods. In 

order for the hunters to produce $1 worth of goods, they will use 30 cents 

worth of the carpenters' goods, 30 cents worth of their own goods, and 20 

cents worth of the blacksmiths' goods. In order for the blacksmiths to 

produce $1 worth of goods, they will use 40 cents worth of the carpenters' 

goods, 30 cents worth of the hunters' goods, and 10 cents worth of their own 

goods. From this information, the following Leontief matrix can be 

formed. 

carpenters 
L == hunters 

blacksmiths ~~2 0.2 
0.5 

h 
0.3 
0.3 
0.2 

b 

o.~ 0.3 
0.1 
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Each entry in the matrix represents the cost of the output of the row 

industry that is used by the column industry to produce one dollar's worth 

of goods. If in one months time, the carpenters' produce $400 worth of 

goods, the hunters produce $300 worth of goods, and the blacksmiths 

produce $350 worth of goods, we can set up the following total production 

vector. 

r!O~l 
p - ~~~J 

While producing these amounts, the value of the carpenter's goods that 

were used by the three industries was 

(.2)(400)+(.3)(300)+(.4)(350) = $310. 

The value of the hunters' goods that were used was 

(.2)(400)+(.3)(300)+(.3)(350) - $275 

and the value of the blacksmiths' goods that were used was 

(.5)(400)+(.2)(300)+(.1 )(350) = 295. 

Therefore, by multiplying (L)(P) we develop the total consumption vector 

below. 

~
0.2 0.3 O.~ 
0.2 0.3 0.3 
0.5 0.2 0.1 ~OO~ 300 

350 
= ~310~ 275 -

295 
c 

In this example, more was produced by each industry than the economy 
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needed. The economy of this village, like economies of many different 

countries that trade with one another, is an open economy. That is, it 

must produce enough goods not only to fulfill its needs but also the 

demands of other economies from outside their economic system. This 

demand from other economic systems is described by the demand vector 

(P - C). In our example, the demand vector Dis: 

[40~ ~31 0] 300 - 275 
350 295 

- [~~] - 0 

Many times, however, the demands of the industries within an economy 

by consumers outside of the economy are known. This will force the 

industries within the economy to change their production levels not only 

to meet the needs of industries in their economy, but also the needs of other 

industries outside their economy. For example, assume that next month 

the carpenters were asked to build sixteen wagon wheels costing a total 

of $150 for a stage coach company that is stationed outside of their 

village and that the hunters were asked to supply a certain textile 

industry with furs valued at a total of $90. The new demand vector 

is: 
D -

-
The industries within the economy must now determine how much each 



industry should produce. A formula for P can be found by looking at the 

two equations LP = C and (P - C) = 0 and making a substitution. 

(P - LP) .. 0 
(I - L)P .. 0 

(I - L)-1 (I - L)P = (I - L)-1 D 
P .. (I - L)-1D 

Therefore P - [~:] t
o.S -0.3 -0.4J 

_ -0.2 0.7 -0.3 
-0.5 -0.2 0.9 

-
This means that the carpenters will produce $5S2 worth of goods; 
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hunters will produce $479 worth of goods; and blacksmiths will produce 

$430 worth e)f goods. The following examples will be followed by an 

algorithm for using the TI-81 calculator to develop the solution. 

Example 1 A small industrial nation has three major industries 
(automobile production, steel manufacturing, and textile productions). In 
order for the automobile industry to produce $1 worth of goods it uses 10 
cents worth of its own cars for transportation, 30 cents worth of steel, 
and 30 cents worth of fabric from the textile industry. In order for the 
steel industry to produce $1 worth of steel it uses 30 cents worth of 
automobiles for its transportation, 40 cents worth of its own steel for tools, 
and 10 cents worth of the textiles, ropes, and belts. In order for the textile 
industry to produce $1 worth of goods, it uses 30 cents worth in 
automobiles for transportation, 20 cents worth of steel for its machines, 
and 20 cents of its own fabrics. In a certain week, the demand from 
outside countries for automobile parts is $205,000. The demand from 
other countriies for steel is $100,000, and the demand from outside 
countries fOI" textile material is $115,000. Set up the Leontief matrix for 

~.,- this economic system and find the optimal production levels of each 
industry. 
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Solution using the TI-81 calculator 

After finding the Leontief matrix listed below, the rest of the solution 
can easily be done with the TI-81 calculator. 

~
.1 0.3 o.~ 

L - 0.3 0.4 0.2 
0.5 0.2 0.1 

keYstrokes 

IMATRXJ @ IENTERI 

rn IENTERJ [ID IENTER 

explanation 

Enters the matrix EDIT menu and 
selects matrix A 

Defines the dimensions of the matrix 
as 3x3 

m IENTERI [Q) IENTER [Q] [ENTERI Defines matrix A on the calculator as the 
.- (]] IENTEFJ rn IENTERlIID IENTERI identity matrix 

1]] 'ENTER [Q] IENTERf ill IENTERf 

f2lia ICLEAR 

IMATRXJ [i] [2] IENTERl 

rn IENTERJ raJ IENTERl 

c:J m IENTE81 [!] rn IENTERl 
EJ rn IENTERI [!J rnJ IENTERI 
r::J ill IENTERI EJ [2] IENTERI 
c:J [5] [ENTER El [2] [ENTER) 
EJ[flIENTER 

20a lCLEARl 

Clears the screen 

Enters the matrix EDIT menu and 
selects matrix B 

Defines the dimensions of the matrix 
as 3x3 

Defines matrix B on the calculator as 
the Leontief matrix L from 
the problem 

Clears the screen. 
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IMATRXl @ m [ENTEFj 

~ IENTEfj m IENTERI 

[2] [ID [[J IENTE AI 
ill rID [0] fENTERI 
rn m [5] IENTERl 

rn f2ruI rn Q r2lid1 [2] ill [iI] 
~([J 

Enters the matrix EDIT menu and 
selects matrix C 

Defines the dimensions of the matrix 
as 3x1 

Enters the elements of the demand 
vector in thousands 

Calculates (I - L)-10 to find the 
vector P 

23 

500 The automobile industry should produce $500,000 worth 
of goods. 

answer P·, 550 The steel industry should produce $550,000 worth 
of goods. 

400 The textile industry should produce $400,000 worth 
of goods. 
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Markov Chains 

One of the most widely used applications of matrices is the Markov 

chain. Markov chains are often used by people like scientists and 

economists to determine the future state of a certain event. Suppose, for 

example, that there exist three grocery stores in a particular town. Store 

1 controls 55% of the town business. Store 2 controls 300/0 and store 3 

controls 15% of the town business. Because these stores are always 

competing, they often hold certain advertising campaigns to win over the 

customers. On a certain week, store 3 decides to hold a drawing for a free 

shopping spree at the end of the week and store 2 opens three new check-

out lanes to make shopping more pleasant for the customers. During this 

week, store 1 keeps 40% of its business and loses 35% to store 2 and 25% 

to store 3. Store 2 keeps 600/0 of its business and loses 15% to store 1 and 

25% to store 3. Store 3 keeps 55% of its business and loses 20% to store 

1 and 25% to store 2. The following transition diagram will help visualize 

the movement of customers. 

.55 
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This diagram can be written in the form of a transition matrix like the 

one shown below. 

During this particular week, 

the market share of store 1 will be: (.4)(55)+(.15)(30)+{.2)(15) = 29.5% 

the market share of store 2 will be: (.35)(55)+(.6)(30)+(.25)(15) - 410/0 

the market share of store 3 will be: (.25)(55)+(.25)(30)+(.55)(15) = 29.5% 

Therefore, if we let So be a vector representing the beginning state (in our 

example So = [55 30 15] and represents the beginning market shares of 

the three stores), we can find Sl which represents the state after one 

period (in our example Sl = [29.5 41 29.5] where one period is equivalent 

to one week) can be found by multiplying So and T. 

[

0.40 
[0.55 0.30 0.15] 0.15 

0.20 

0.35 0.25] 
0.60 0.25 = [0.295 0.410 0.295] 
0.25 0.55 

If we assume that the change in the market share continues, that is the 

transition matrix remains the same, we can find S2, which represents the 

market share after 2 weeks, by multiplying Sl and T. 



-
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~
.40 0.35 0 .2~ 

[0.295 0.410 0.295] 0.15 0.60 0.25 = [0.2385 0.4230 0.3385] 
0.20 0.25 0.55 

This can also be done by multiplying So and the square of T. 

Sl - So T and S2 == S1 T 
so S2 == (So T) T 

S2 - So( T T ) 
S2 == So T2 

~
0.40 0.35 0.2~ 

S2 = [0.55 0.30 0.15] 0.15 0.60 0.25 == [0.2385 0.4230 0.3385] 
0.20 0.25 0.55 

Using the same reasoning, S3 == So T3 and Sn = So Tn. Eventually, after 
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calculating Tn where n approaches infinity, the rows of T will approach 

the same values causing Sn to reach a point of stability. If we let 

Sa == [Xl X2 X3] represent this point of stability, Sa can be found in the 

following manner. 

Sa T == Sa 

[0.40 0.35 0.2~ 
[Xl X2 X3] 0.15 0.60 0.25 == [Xl X2 X3] 

0.20 0.25 0.55 

(1 ) 0.40Xl + 0.15x2 + 0.20X3 = Xl 
(2) 0.35xl + 0.60X2 + 0.25x3 = X2 
(3) 0.25xl + 0.25x2 + 0.55x3 = X3 
where Xl + X2 + X3 = 1 
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(1) - 60x" + 15x2 + 20X3 = 0 
(2) 35x 1 40X2 + 25x3 = 0 
(3) 25x1 + 25x2 - 45x3 = 0 

(1 ) 300 X 1 - 75x2 - 1 OOX3 = 0 
+ (2) 140X1 - 160X2 + 100X3" 0 

440X1- 235x2 = 0 
X2 = (88/47)X1 

(1) 300X1 - 75x2 - 100X3 .. 0 
+ (3) 75x1 + 75x2 - 135x3 .. 0 

375x1 - 235x3 .. 0 
X3 .. (75/47) X 1 

because x 1 + X2 + X3 = 1, 
we have X1 + (88/47)X1 + (75/47}X1 .. 1 

(210/47)X1 .. 1 

- X1 = .2238 X2 = .419 X3 = .3575 

Therefore, Sa = [.2238 .419 .3575] which means that store 1 will only 

have 22.38% of the market share, store 2 will have 41.90/0 of the market 

share, and store 3 will have 35.75% of the market share, if consumers 

continue to act in a way that the transition matrix shows. With the TI-81 

calculator, these equilibrium values can be approximated rather easily 

without going through the many calculations above. Because Sa = lim So Tn, 

the values for Sa can be approximated by multiplying So with the nth 

power of the matrix T. This can be done using several methods on the TI-

81 calculator. After entering in the two matrices, So as matrix 8 of the 
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calculator and T as matrix A of the calculator, the user can find Sa by first 

pressing the ~ [2] keys and then pressing the 2lid m keys a repeated 

number of times. Below is the algorithm for finding Sa in the problem 

above using the TI-81 calculator. 

keystrokes 

IMATRXJ@ 

m rn IENTEBJ rn (ENTER 

explanation 

Enters the matrix EDIT menu. 

Chooses to define matrix A and 
sets the dimensions. 

[J m ENTER] E1 m [[) IENTER) Enters the values of the matrix T 
G rn [5] (ENTERI E] ill [5] lEN I ERI from the example in proper order. 
EJ mJ IENTERJ El [2l [5] IENTERJ 
EJ 12] IENTERI El I2J IENTERl 
EJ ~ rn ENTE AI Qaa;;rn~rn~ -IENP"'!"::T=-=E"='RI 

2n:a ICLEAR 

fV1ATRXlGJ 

[2J ill IENTERJ rID IENTERI 

[:] [[] [5] ENTERI G rn IENTERJ 
El ill rnJ (ENTER 

2n:a CLEARr 

~[[]I21iaJIA1~lAl~ 
[A]~IAJ~[A]f2jid)[A] 
f2IidJ[A]f2!idJ[A]2iialAJJ21laJ 
[AJ 

Clears the screen. 

Enters the matrix EDIT menu. 

Chooses to define matrix Band 
sets the dimensions. 

Enters the values of the matrix So 
from the example in proper 
order. 

Clears the screen. 

Estimates the values for Sa by 
multiplying So T1 0 

answer: Sa = [.2238 .419 .3571] 
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Example A country is divided into 3 regions (50% live in the eastern 
regions, 30/0 live in the central region, and 20% live in the western region). 
After one year, 50% of the people who lived in the eastern region still live 
there, 30% move to the central region, and 200/0 moved to the western 
region. 60°Ic, of those people who lived in the central region still live 
there, 15% moved to the eastern region, and 25% moved to the western 
region. 700/0.of those who livea in the western region still live there, 10% 
moved to the eastern region, and 20% moved to the central region. Find 
the transition matrix, the initial population distribution, the population 
distribution after 2 years, the population distribution after 5 years, and 
estimate the equilibrium population distribution using the TI-81 
calculator. 

Solution using the TI-81 calculator 

T -

e 

e ~0.50 
c 0.25 
w 0.10 

keystrokes 

c 
0.30 
0.60 
0.20 

IMATRXJ [i] IENTERI 

w 

0.2~ 
0.25 
0.70 

raJ IENTER! rID IENTERJ 

OmlENTEBJD rnJlENTERJ 
0[2] IENTERJ 0 (2) [[] IENTERJ 
Q lID IENTERJ r:::J [2] rID IENTERI 
c:J (j] IENTERJD [2] IENTER 
GJ tzJ ENTER) 

J2!idJtLEARI 

IMATRxJti) [ENTERJ 

So = [50 30 20] 

explanation 

Enters into the matrix EDIT menu and 
selects the matrix A 

Defines the dimensions of the matrix 

Defines the matrix A of the calculator 
as the T matrix of the problem 

Clears the screen 

Enters into the matrix EDIT menu and 
selects the matrix B 
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m tENTERJ ([] IENTERI 

lID lID IENTERI (II [W reNTER 
(2] 1m ENtEBJ 

f2DaI CLEARI 

f2ruj] rn 12iia ill IE NT E AI 

(2illj m~ rn IENTERJ 

ISTo>l~ [[] 

~ t:2J rznaJ rn IENIE AI 

~m[[Qam~m~ ml2iiaJrn 

STO» I2ruD (3] 

~ [[) 2Qa ([) IENTER 

I21iaJ lID I2iidJ IAJ ~ (A] 
~[A]~[A]~rn 
~[A)IZiiaJ[A]I2illiJ[AJ 
2iidJ £A] 12liaJ (A] 
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Defines the dimensions of the matrix 

Defines the matrix B of the calculator 
as the So matrix from the 
problem 

Clears the screen 

Calculates S 1 = [34.5 37 31.5] 

Squares the transition matrix 

~O.345 0.370 O.315~ 
T2 -= 0.300 0.485 0.375 

0.170 0.290 0.560 

Stores T2 as matrix C of the calculator 

Calculates S2 = [29.65 38.85 38.2] 

Finds T5 

~
0.2838 0.4089 0.4530~ 

T5 -= 0.3188 0.4641 0.5168 
0.2595 0.3870 0.4728 

Stores IS as matrix C of the calculator 

Calculates S5 = [29.94 42.10 46.60] 

Estimates Se by multiplying So with T10 
Se = [33.99 49.80 57.38] 



-
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example #2 A certain dairy farmer knows that 55% of his herd is 
dominant, 350/0 is hybrid, and 10% is recessive for a certain Mendelian 
trait. His prize winning bull is hybrid for this particular trait. Find the 
proportion of his herd that will be dominant, hybrid, and recessive in the 
next five generations. 

Solution using the TI-81 calculator 

The first step in solving this problem is finding the matrix T and the 
matrix So. Lets first look at the following crosses that will exist 
between the bull and the three different kinds of cows. 

bull 
A a 

AIAAIAaI A AA Aa 

bull 
A a 

AIAAIAaj a Aa aa 

bull 
A a 

alAalaal a Aa aa 

From these tables the following matrix T can be developed. The rows 
represent the types of cows and the columns represent the types of 
offspring that are possible in each row. The matrix So is also shown. 

d h 

d ~.5 0.5 
T = h 0.25 0.5 

r a 0.5 

r 

~.25J 
0.5 

So - [0.55 0.35 0.1] 

The rest of the problem can quickly be done using the TI-81. 

keystrokes 

IMATRXI@ 

rn rn lEmeED rn IENTER) 

[[] El []] IENTER' 
([) [J rn ENTERJ rnJlENTERI 
[[I E1 [2] [5] (ENTER) 

explanation 

Enters into the matrix EDIT menu 

Chooses to define Matrix A and defines 
its dimensions 

Defines matrix T and enters in all the 
values for matrix T in order 
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rID 0 [[] (ENTER 
[[] 0 [2] rn IENTERI 
[]] IENTER ([] 0 rn 
IENTERl (Q] 0 [[] IENTERI 

I2Da CLEARI 

JMATRXJ@ 

rn m IENTER] rn IENTERJ 
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Clears the screen 

Enters the matrix EDIT menu 

Defines the dimensions of matrix B 

[Q] 0 lID [ID IE NTE RI [0] 0 raJ 
rn IENTERI [li] 0 m ENTER 

Defines matrix So and enters in all the 
values for matrix So in order 

12lliD ICLEARJ 

~[w2naJ[A] 

answer 

keystrokes 

answer 

answer 

keystrokes 

answer 

Clears the screen 

Multiplies (B)(A) 

Sl = [0.3625 0.5000 0.1375] 

explanation 

Multiplies (B)(A)2 

S2 .. [0.30625 0.50000 .19375] 

explanation 
Multiplies (B)(A}3 

S3 = [0.27812 0.50000 0.22188] 

explanation 

Multiplies (8}(A}4 

S4 = [0.26406 0.50000 0.23594] 
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keystrokes explanation 

2naJ [B] I2iia [A] 12Da [A] l2:ill3I Multi pi ies (8}(A)5 

rA12runlAJr2ndIOO 

answer S5 - [0.257 0.500 0.243] 

-

-
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Area of a Triangle 

Another interesting application of matrix theory involves the area of 
any given triangle. If the vertices of a triangle are known, the area of 
that triangle can be found by substituting those values into the following 
formula. 

X 1 Y1 111 I area ABC = 1'2 X2 Y2 

X3 Y3 

Notice that the coordinates of the triangle are traced in a 
counterclockwise direction. If the coordinates were traced in a clockwise 
direction, the result would be the negative of the area. The determinant 
of this matrix can quickly and accurately be found using the TI-81 
calculator. 

Example #1 Find the area of the following triangle. 

~C (5,3) 



-
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Solution using the TI-81 calculator 

keYstrokes 

IMAJRXJ Gl ENTERl 

1]] IENTER! rn lENTERJ 

G [!] ENTeRl m ENTERI 
IT] IENTERI [2J IENTERJ 
Q rn IENTERI IT] ENTERI 
I]] IENTERll]] IENTEFI 
[I] IENTERI 

~lClead 

o [5] 1M AT B xl rn I2lidJ OJ 
IENTER 

answer: area ABC = 24 

explanation 

Selects matrix A from the matrix EDIT 
menu 

Defines the dimensions of the matrix 

Enters the matrix from the formula 

Clears the screen 

Finds the area of the triangle using the 
formula 

Example #2 Find the area of the following parallelogram. 

A (-4,1) 

C (4,-1) 

B (-2,-3) 
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Solution using the TI-81 calculator 
If we focus on the triangle with coordinates (-4,1), (-2,-3), and (4,-1) 

we can solve the following formula 
4 1 1 

area ABCD = (2)(area ABC) - -2 -3 1 

keystrokes 

IMATRXI G] reNTER) 

Oil IENTE®UilIENTEB 

Q ~ tENTERJ rn tENTERI m IENTER) Q [2] IENTERJ 
Q 1]] IENTERJ m IENTERJ 
[!] IENTER1G [j] IENTERl 

I2QaJICLEASI 

IMATSXJ rID ~ m 

answer: area ABCD -= 28 

4 -1 1 

explanation 

Enters the matrix EDIT menu and 
selects matrix A 

Defines the dimensions of the matrix 

Enters the matrix from the formula 
above 

Clears the screen 

Finds the determinant of the matrix 
and the area of the parallelog ram 
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The use of matrices as a tool used for solving application problems in 

the social, management, and engineering sciences is becoming 

increasingly more popular. With the accessibility of the TI-81 calculator 

in the secondary mathematics classroom, students are abte to investi gate 

these application problems with ease. Consequently, teachers of 

mathematics should make every effort to provide their students with 

opportunities to apply matrix operations to the solution of real world 

problems witt, the aid of a calculator. Further advancements in calculator 

technology can be expected in the future. Teachers of mathematics must 

be aware of these advances and continue to introduce them to their 

students as a problem solving tool. 
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