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Abstract

One of the important subjects discussed in linear algebra is applications of matrices in some of the above fields so that
the matrix, its properties and operations. Matrices have students are more interested in learning this area of
many applications in scientific fields, in different branches knowledge.

of mathematics and in real life. In this article, | present some
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1. Introduction
This article is divided into two parts. First, recall some knowledge about matrices. In the second part, the article will introduce
some applications of matrices in practical life and in some other fields.

2. Content

2.1 Some knowledge about matrices

2.1.1 Diagonal the square matrix n

Definition 1.2: A square matrix A of order n is called diagonalizable if there exists an invertible matrix P such n that P~* AP it
is diagonal.

Theorem 1.1: A diagonal n square matrix A is diagonalizable if and only if A there are enough = linearly independent
eigenvectors. Furthermore, the P diagonalized matrix A is a matrix whose columns are n linearly independent eigenvectors of
A

2.1.2 Powers of diagonalizable square matrices
Given A a square matrix of order n, if 4 diagonalizable then there exist two matrices I and P such that A = P=*DF. Then,

A¥ =P-lDkp;wk e N

i, 0 0
Which D = D ‘1 U , Where 4;:i = 1:n are the eigenvalues of the matrix A.
0 0 Ay
(A% 0 0
So D¥ = D ‘ih U , from that it can be inferred A*.
00 e 2R

2.2 Some applications of matrices

2.2.1 Application to find the general term of a sequence

Given a series of numbers in recurring form, determining the general term sometimes causes many difficulties. Here the article
presents how to find the general term of a series of numbers through knowledge of matrices.
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Method:

- From the recurrence relation, determine the matrix A and the matrix X, so that the relation is written in matrix form
X, = AX,_,, and then deduce X, = A™Xj.

- Calculate A™, from there we can conclude u,.

. i . fug=1Liu, =1 )
Example: Find the general term of the sequence given by: Iuﬂ —u,_, +6uy_, wn = 2.
Prize.

_f0 1y ., _ [ Un
Putd=(g )% = (um)
Then, X, = AX,_, = A"X,
— _ -4 1 ]_ .2 _ A=13
B () = det(4 — A1) = | ; 1_A|—J-l —ﬂ—ﬁ—ﬂc&[ﬁz_z
R
= A diagonalizable and4 = ; _E'i [3 _[]2] [; _Lz]
5 5
2 1
u 5 5 |3 0 1 171
X, =A'X, =P D'PX, | " |=[> ° n
U, 3 1jo0 (_1) 2" 3 2|1
But 5 5
3n+1+(_1)n 2n+l
u
| = 5
un+l 3n+2+(_1)n+12n+2
5

g#l [ g an+l

S0, uy = —————

5

2.2.2 Application in Leontief open economic model

Suppose an economy consists of . production. It is called x; the total demand value of the industry's product :'{:' = H} I; the
final demand value, x;; and the intermediate demand value.

Then, the total demand for the industry's products i is

xp=xp +xpte.trg+ b (first)
and the industry's share of input costs & for products i is
=) < gy < 1)

i

Xk
‘ay Gzt g Xy
@z Gz ' Oap . . . .. . X2 |
LetA=| : : : - |be the input cost matrix (or technical coefficient matrix); X =| .~ [is the aggregate demand
Bpy Gpz 7 Opp -
b,

matrix; B = b is the final spherical matrix.
By,

Then, from equation (1), if x5 = ag x; we substitute:
Xi=apx; + apxato. Fapiy {f = H}
Or expressed as a matrix: X = AX + E (2)

The problem here is how to find the aggregate demand matrix ? (when the input coefficient matrix and final spherical matrix
are known).
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From (2), we have: (I — A}X = B, where I is the level unit matrix n.

If the matrix (I — AJis non-degenerate then X = (I — A)~*E (3)

+ The matrix (I — A) is called the Leontief matrix.

+ The matrix C = (I —4)7t = {c,-_i-} n is called the total cost matrix. The meaningful j coefficient is: to produce a unit of

!

value of the industry's final demand ¢;;, the industry i needs to produce a quantity of products with a value of ;.

Example 1: Suppose in an economy there are two manufacturing industries: industry 1 and industry 2 with input cost matrix
as:

4= o)

Indicate that the final value for the products of industry 1 and industry 2 is 10 and 20 billion VND, respectively. Determine the
value of aggregate demand for each industry.
Prize.

Called X = {iljl the aggregate demand matrix, where x, is the aggregate demand value of industry 1, x. is the aggregate
demand value of industry 2.

By assumption, we have the final matrix & = (10)

20

- 25
T 1 109 0.3y 10y _
Then, we have: ¥ ={J — Al *E = _ns([]& U.B) (20) = (mn]

So, the total demand value of industry 1 is x,= 25 billion VND and the total demand value of industry 2 is x,= Lgﬂ billion
VND.

Example 2: In the open economic model Leontief knows the input cost matrix is

0.2 m 0.3
A= (EI.S 0.1 [].2)
0.2 0.3 0.2

a) State the meaning of the element located in row 2, column 1 of the matrix A.

b) Find m that when the output of three industries is 400, 400, 300, the first economic industry's supply to the open economic
industry is 130.

c¢) With the value m found in part b), find the total cost coefficient matrix and state the meaning of the element located in row
3, column 2 of this matrix.

Prize.

a) a; = 0.3: means that to produce a unit of value in industry 1, industry 2 must directly provide this industry with a quantity
of products with a value of 0.3.

b) Called ¥the output value matrix of the three industries

400 Xy
¥ = (400) = (k':)
300 X
By assumption, we have:
Xy=apX +a,.X tapX; +5
= 400 = 0.2 =« 400 + 400m + 0.3 = 300 + 130
= m=10.23

¢) With m = 0.25, we have:
0.2 025 0.3
A=(D.3 0.1 0.2)
0.2 03 0.2
Then, the total cost matrix is:
1.751 0.769 0.849)

C=0U—-Art= (u.na 1.538 0.563
0.716 0.769 1.711
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£z = 0.769 This means that to produce one unit of final demand value of industry 2, industry 3 needs to produce a quantity of
products with a value of 0.769.

2.2.3 Application to solve systems of differential equations

Consider a system of differential equations i—i = AX + F(t) (1), where 4 is a square matrix of order .

If a matrix 4 is diagonalizable, then there exists an P invertible matrix and a diagonal matrix D such that 4 = P~*DF
Then, (1) & 5= P~*DPX + F(t) & P5- = DPX + PF(t) (2)

PULY = PX = V' =P

Substituting into (2) we get: ¥' = D¥ + FF(t)

X, =3x, +x.+ef

Example: Solve the system of equations: { .
X, = 2%, + 2x. 4+ ¢

Putﬂz(g é):X={ii):F{ﬂ=(f)
&{A]:det{A—M:J=|3;A 2i1|=‘1:_51+4=0ﬁ[i:1
2 1
= Adiagonalizableand 4 = |7 *, [3 [E] [t _LE]
& 3

PUtY = PX = ¥'= P X Then, we have: ¥’ = DV + PF(t)

2)=G D6+ DI

: Vo =y +ef -2t

4

1 t 1
o {_Tl.{t] = _;E't —-——+ 'f-'J."f"_tr
v (t) =te' + 2t + 2 + C.8t

The solution of the given system is:

()=P(2) =

L
2

i _T_ L poga Lot et i B e et
( 2 4 16 L J: gr =
SN tet + 2t +24 Clet S

[FERN S L I

-3 _ = 4t t
4t 4B+I_’.’Le +C.e

L+]
|
W
-]

2.2.4 Application to balance chemical equations

A chemical equation (or equation representing a chemical reaction) is an equation consisting of two sides connected by an
arrow from left to right, the left side represents the substances participating in the reaction, the right side represents the
reactants. Substances obtained after the reaction, all substances are written by their chemical formula and have appropriate
coefficients placed before that chemical formula to ensure the law of mass conservation. Finding the coefficients given to the
substances before and after that reaction is called balancing the chemical equation.

What should we do with the problem of balancing a chemical equation? There are many ways to balance chemical equations,
one of which is the law of conservation of mass, which means that the mass of substances before and after the reaction remains
unchanged, this means the number of moles of each element The chemistry involved in the reaction is conserved.

Sticking to this, we see that if we put the coefficients in front of the substances before and after reacting with unknowns, then
for each chemical element we will obtain an equation.

For example: Balancing a chemical equation:Al + HCI — AICI; + H,

We will set the variables Y z,t as coefficients first Al; HCI: AlC 151 H,
Now the equation after balancing will have the form:

xAl + yHCI — zAICI; + tH,

With element Al:x = z
With element H:y = 2t
With element Ci:y = 3z
x4+ 0y —=z+ =10
We have a system of equations: 40x +y + 0z — 2¢ = 0
Ox+yv—3z+0t=10
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_ 1 0 -1 0 dodyd, (1 0 -1 0 4y,
Consider|o 1 0 —2|—|(0 1 0 -2 |—
01 -3 0 g o -3 2

Lo T e T T

x4+ 0y +0z-2¢=10
At this point, the system of equations is rewritten: Iﬂx +y+0z-2t=10
Ox+y—3z4+0=10

wa |ra

Putt=a=x=-a;y=2a:z a

6l | b

Selecta=3=2x=Z)y=Giz=2:t =3
We get the equation after balancing:
2Al + 6HCI — 24IC1, + 3H.

2.2.5 Application in life and practice

The matrix is widely used in everyday life more than we think. With sports statistics, we use two matrix multiplication to
calculate the total points scored after matches. Let's consider the following example in sports:

Example 1: In a group of 4 competing teams, the points scored for each position are as follows: 5 points for the team in 1st
place, 3 points for 2nd place, and 1 point for the team in 2nd place. 3. Find the total score for each school? Which school won
the award?

School Location 1st Monday Tuesday
Nguyen Du 8 4 5
Nguyen Trai 6 3 7
Nguyen Hien 5 7 3
Nguyen Thi Minh Khai 7 5 4

Prize:
First, we write the results of the competition and the scores in matrix form. Set the matrix so that the number of columns of the
resulting matrix is equal to the number of rows of the dot matrix.

Result matrix Point matrix
3

P = (3)
1

Performing multiplication of two matrices we get

R =

=1 LN o 0
o= d o
W L =] LN

37

(g) _[46
; 40

o4

RP =

=1 Lo o
[ES RS [y FE I
W= 3 =] Ln

So, the scores of the corresponding schools are:

Nguyen Du: 57; Nguyen Trai: 46; Nguyen Hien: 49; Nguyen Thi Minh Khai: 54
Therefore, Nguyen Du is the winning school with 57 points.

Let's consider an example with football.

Example 2: In the 2018 AFC U-23 Championship, Vietnam is in Group D with the following results:

Group D MP w D L

. Korea Republic U23 3 2 1 0
2 Ea Vietnam U23 3 1 1 1
3 ol Australia U23 3 1 ] 2
4 i Syria U23 3 0 2 1
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In there:
MP: number of matches (played)
W: number of wins (win)
D: number of draws (draw)
L: number of lost matches (lose)
P: score (point)

Calculate each team's points after the end of the group stage?

Solution: We know that each team gets 3 points for a win, 1 point for a draw, and 0 points for a loss. Set up the match result
matrix and score matrix, multiply the two matrices to get the corresponding total score matrix for each team:

0

= = O

e
=
I\-"‘--_--""‘.’
Il
[TV S

Lo B S R R ]
a O =

This is the P score calculated in the table below:

Group D MP W D L GF GA GD P

. Korez Republic U23 3 2 1 0 5 3 2 7
2 [ + | Vietnam U23 3 1 1 1 2 2 0 4
3 2| Australiz U23 3 1 0 2 5 5 0 3
4 = Syria U23 3 0 2 1 1 3 2 2

Consider another example in the business field, we use a matrix to calculate the total value.

Example 3: Mr. A has 3 fruit farms including apples, peaches and apricots. He sells $22 a crate of apples, $25 a crate of
peaches and $18 a crate of apricots.

Number of Boxes Each Type of Fruit
Farm Apple Dig Dream
first 280 170 210
2 185 240 190
3 110 90 0

Calculate the total amount he earned from each farm and the total amount Mr. A sold?
Solution: Similar to Example 2, we can calculate the revenue of each farm as the product of two matrices, the inventory matrix
and the price per barrel matrix:

280 170 210% /22 14190
(185 240 'L'BEI) (25) = (13490)
110 90 0 18 4570

The amount of money Mr. A earned from farm 1 is: 14,190 USD
The amount of money Mr. A earned from farm 2 is: 13,390 USD
The amount of money Mr. A earned from farm 3 is: 4,670 USD
We get the total amount Mr. A sold for 32,350 USD.

3. Conclusion

Through this article, the author has presented some knowledge about matrices and some examples of matrix applications to
solve problems in practice, in other fields and in mathematics. From there, We can see some applications of matrices. Thereby,
creating more interest for students in learning mathematics, helping them see more clearly the role of studying advanced
mathematics in the University program.
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