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The left half of the augmented matrix in equation (11) is the identity matrix
So the Gauss-Jordan process is finished and
The solution can be read from the right half of the augmented matrix.

That is

[a11]>[1]4"]
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Now
The numbers in the first column to the right of the vertical bar give the value of X,u,a
The second column to the right of the bar gives the values of y,v,b

The third column to the right of the bar gives the value of z,w,c

That is
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2
First write the augmented matrix [ | /]
14 3|1 00
[411]=]1 200 1 0
25 4f001

Replace R by Ry +(~DRand Ry by Ry +(-D)R;
14 31 00
0 -7 5[-1 10
0 3 2201
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Replace

0 -4

Replace

0 -4

Ry by Ry — Ry

30100
Sl
2|20 1
RibyRi+Ry

o2 1 -1
S
2|20 1
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Replace R, by Ry — Ry

1o o2 1 -
0 -1 -3 1 2
03 2[20 1
Replace R, by (~1)R;

1o o2 1 -1
01 1|3 12
0 202 0 1
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Replace Ry by Ry +3Ry

Too|2 1 -l
01 1|3 -1 2
00 1|-11 -3 7

Replace R, by Ry +(~Rs

Toof2 1 -l

01 0[8 2 -5

00 1|11 -3 7
21 -l

Therefore, A= | 8 2 -5
-1 -3 07
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letA= |3 -1 2
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Replace R, by R, +(-3)R, and Ry by Ry +2R

12 0|1 00
0 -7 2310
07 2[2 01

Replace Ry by Ry + Ry
12 0[1 00
0 -7 2|3 10
00 0f-1 11

Here. all the elements of third row on the left side of the vertical bar are zero, so A~' does not
exist.
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Consider the following matrix

10 -5
-1 3
3-7 8

Our strategy is to find the inverse of the given matrix. If it exists.
To determine whether the given matrix has inverse or not, first of all evaluate its determinant. If
ts determinant is zero, then it is called singular matrix and inverse of it does not exists. If its
determinant is different from zero, then it is called non-singular matrix and inverse of it exists.
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Determinant of the given matrix

10 -5
det(A)=4 -7 3
3 -7 8
-7 3 [4 3| 4 -7
-1 -5
‘77 s‘ s g )‘3 7‘

=1[(-7)8-(=7):3]-0[4 8 -4:3]+ (=5)[4-(-7)~(-7):3]
=1[-56+21]-0[32-12]+(-5)[-28+21]
1(-35)-0(20)+(-5)(-7)
-35-0+35
=0
so, det(4)=0

since det(4)=

. 50 the matrix 4 is not invertible.
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Here, we have to find the inverse of a matrix by using graphing calculator.

Given matrix

123
A=|1 4 2
01 -

Now, we have to enter the matrix A into the calculator. Then use the 4! key to find the inverse
matrix. We get the result as follows:
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Find: Result:
AXA n w A
6
BxB 18l o B v =| -1
=
A+B A-B AxB BxA
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2 2 4
Consider the matrix | 2 6 0
-3

Find the inverse of the matrix using graphing utilty.
Let's use TI - 83 graphing calculator.

Go to 2" and matrix and move cursor to edit menu and then enter the dimension of the matrix
as well as enter the values in corresponding row with column

The display is as shown below.

MATRIXIAD 3 =3
H 1

I
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Come back to the home screen by pressing 2" and mode button

Go to 2™ and matrix menu and move cursor to names and then press enter on respective
matrix.

After. press on -1 button and press the enter button to get the final answer.

The display is as shown below.

Press on right arrow button to get the remaining numbers

The display is as shown below.

-3.75 025 -3
=[125 025 1
-1.5 0 -1

Hence, the answer is





image22.png
Consider the matrix
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Find the inverse of the matrix using graphing utiity.
Let's use TI - 83 graphing calculator.

Go to 2" and matrix and move cursor to edit menu and then enter the dimension of the matrix
as well as enter the values in corresponding row with column

The display is as shown below.

MATRIXIAD 4 x4

[1
[
[z
[

The remaining numbers are below.

MATRIXIAD 4 x4

-0 o}l
z 1

1
1
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Come back to the home screen by pressing 2" and mode button

Go to 2™ and matrix menu and move cursor to names and then press enter on respective
matrix.

After. press on -1 button and press the enter button to get the final answer.

The display is as shown below.

Press on right arrow button to get the remaining numbers

The display is as shown below.

05 -1 -05 05
05 4 25 -05
-025 -05 -025 025
05 -2 -15 05

Hence, the answer is | A
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110 2

2 -1 1 -l
Consider the matrix

33 22

1210

Find the inverse of the matrix using graphing utilty.
Let's use TI - 83 graphing calculator.

Go to 2" and matrix and move cursor to edit menu and then enter the dimension of the matrix
as well as enter the values in corresponding row with column

The display is as shown below.

MATRIXIA] 4 x4
o

o

The remaining numbers are below.

MATRIXIAD 4 x4
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Come back to the home screen by pressing 2" and mode button

Go to 2™ and matrix menu and move cursor to names and then press enter on respective
matrix.

After. press on -1 button and press the enter button to get the final answer.

The display is as shown below.

Press on right arrow button to get the remaining numbers

The display is as shown below.

5 0 05 -l

1 -04 03 -02
07 08 -L1 24
202 -04 06

Hence, the answer is | A4
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The number of managers and associates employed in restaurant are shown in the following
table:

Managers ~ Assocites
A=| Restaurant 5 25
Food truck 1 4
The annual cost of salary and benefits in thousands of dollars is shown below:
Salary  Benifits
B=|managers 41 6
Assocites 20 2
The objective is to find product, 4

First write the information in matrix form.
5 25 41 6
A= 8=
14 20 2
The product of matrices is,
5 2541 6
AB =
1420 2
_[5(41)+25(20) 5(6)+25(2)
TL(an)+4(20)  1(6)+4(2)

_[705 80
L2114
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(b)
The rows of matrix, 4 are restaurant, food truck and columns of B are salary and benefits
respectively.

So. the rows of product, 4B represents restaurant, food truck Column 1 of 4p gives
salaries of employs and column 2 gives benefits.
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The objective is to find total cost of salaries and benefits from matrix 4B

The total cost of salaries is sum of the values in first column of 4B

So. total cost of salaries is 705 +121 = [$826]

The total cost of benefits is sum of the values in second column of 4B

So. total cost of benefits is 80 +14 = [594]
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Population in millions for several countries is shown in the following table:

2010 | 2020
195 | 210
143 | 141
1225 [ 1387
1341 1388

af ~[=]=

The letters B,R,1,C in the table represents countries.

The birth and death rates for these countries are shown in the following table:

Births | Deaths
B 0.016 | 0.006
R 0011 [ 0014
110023 [ 0.008
¢ [0.013 [ 0.007

The objective is to write the information in first table as a 24 matrix
The matrix consists of 2 rows and 4 columns.

The first row entries correspond to the year 2010 and second row corresponds to the year
2020

The matrix is shown below:

195 143 1225 1341
210 141 1387 1388
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(b)
The objective is to write information in second table as a 4x2 matrix.
The first row consists of elements of country, B . The second row consists of elements of
region, R The third row consists of elements of region, . The fourth row consists of
elements of region. ¢
The matrix is shown below:

0016 0.006

0.011 0014

0.023 0008

0.013 0.007
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The product of matrices s,
0.016 0.006
195 143 1225 1341]/0.011 0014
[210 141 1387 1388[0.023 0.008
0013 0.007

The order of marix 4 i 24 and order of malrix 3 is 42 -So, the order of 4 will be
2x2

The 1-1 element of 4 is sum of the product of elements of first row of 4 and first column of
B

So. the 1-1 element of 4B is,

195(0.016)+143(0.011)+1225(0.023) +1341(0.013) = 50

12 element of 4 s,

195(0.006) +143(0.014) +1225(0.008) +1341(0.007) = 22

21 element of 4B s,

210(0.016)+141(0.011)+1387(0.023) +1388(0.013) =55

2.2 element of 4B s,

210(0.006) +141(0.014) +1387(0.008) + 1388(0.007) = 24

Therefore, the product of matrices is,

50 22
AB=
55 24
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The number of employees (in millions) in various sectors over 3 years is shown below:

2007 [ 2008 | 2009

Private 1140 11321069
Local government | 14.0 | 142 | 142
state government._| 4.6 | 4.6 | 46
Fedaral government | 2.7 | 28 | 28

The average weekly wage per employees (in dollars) is shown below:

2007 | 2008 | 2009
Private 853 | 873 | 868
Local government | 784 | 813 | 830
state government | 883 | 923 | 937
Fedaral government | 248 | 1275 | 1303

The objective is to write the information in first table as a4 3 matrix.
The matrix consists of 4 rows and 3 columns.

The first row entries correspond to private employees, second row corresponds to local
government employees, third row corresponds to state government employees, fourth row
corresponds to federal government employees

The matrix is shown below:

1140 1132 1069
140 142 142
Tl 46 46 46

27 28 28
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(b)
The objective is to write information in second table as a 3x 4 matrix.

The first row consists of wages in the year 2007. The first row consists of wages in the year
2008. The third row consists of wages in the year 2009.
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The matrix is shown below:
853 784 8§83 1248

B=|873 813 923 1275
868 830 937 1303
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The objective is to write about entries in product of matrices.

Row 1 0f 4 consists of employees in private sector and column 1 of g consists of wages of
private employees. So, row 1 and column 1 of 4 represents total wages in private sector.
Row 2 of 4 consists of employees in local government and column 2 of g consists of wages
of local government employees. So, row 2 and column 2 of 4B represents total wages in local
government

Row 3 of 4 consists of employees in state government and column 3 of g consists of wages.
of state government employees. So. row 3 and column3 of 4B represents total wages in state
government

Row 4 of 4 consists of employees in federal government and column 4 of g consists of
wages of federal government employees. So, row 4 and column4 of 4B represents total
wages in federal government

Other entries are not meaning full. For example. row 1 and column 2 of 4 denotes sum of
product of employees In private sector and wages of employees in local government. tis not
meaning full
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Consider the given matrix

1-1 4
A=[o 1 3
2 3 4

We have to find the inverse of the given matrix, if an inverse exists for that matrix.
Let the unknown inverse matrix be

Xy

a b
By the definition of matrix inverse,
At =1

11 4fx y 2] 1
=01 3w v ow|=

00
10
2 -3 4lla b ¢ 01

0
0
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The objective s to find total weekly payroll for the federal government

From part (c). row 4 and columnd of 4p represents total wages in federal government
So. total wages in federal government is,

2.7(1248) + 2.8(1275) + 2.8(1303) = 10588

Therefore. total weekly payroll for federal government is [$10,588)
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Here. two tables are given: the first table shows the four departments of Stagg Enterprises need
to order the following amounts of the same products.
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Paper | Tape | Ink Cartridges | Memo Pads | Pens
Department1(10 |4 |3 5 6
Department2|7 |2 |2 3 8
Department 3 | 4 5 |1 0 10
Department 4 | 0 a4 5 5
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And the second table gives the unit price (in dollars) of each product for two suppliers.
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Product Supplier A | Supplier B
Paper 9 12
Tape 6 6
Ink Cartridges | 24 18
Memo Pads | 4 4
Pens 8 12
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(a) Here, we have to use matrix multiplication to get a matrix showing the comparative costs for
each department for the products from the two suppliers.

The entries in first table are shown in matrix A and entries in second table are shown in matrix
B.

9 12
10435 6
6 6
72238
4 and B=[24 18
45101
4 4
03455
8 12
254290
199 240
AB=
170 216
174170

Where the first column represents total cost by supplier A to each department and second
column represents total cost by supplier B to each department.
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(b) The total cost (in dollars) to product from supplier A is 797 And the total cost (in dollars) to
product from supplier B is 916.

The company make a purchase from supplier A.
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The number of live births (in thousands) is shown below:

2008 [ 2009 [ 2010
Black | 671 | 658 | 636
white [ 3274 [ 3173 [ 3069

The infant mortality rate (deaths per 1000 live births) is shown in the following table:

2008 [ 2009 [ 2010
Black | 12.7 [ 12.6 [ 11.6
white [ 5.6 [ 53 [ 52

The objective is to write the information in first table as a 3x2 matrix.
The matrix consists of 3 rows and 2 columns.
The first row entries represent live births in the year 2008, second row represents live births in
the year 2009, and third row represents live births in the year 2010
The matrix is shown below:
671 3274
C=658 3173
6363069
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The objective is to write information in second table as a 2x 3 matrix.

The first row consists of elements of mortality rate of black. The second row consists of
elements of mortality rate of white.

The matrix is shown below:

127 126 116
56 53 52
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The product of matrices s,

671 3274
658 3173

C:[127 12,6 11.6}
6363069

56 53 52

The order of matrix P is 2x3 and order of matrix C is 3x2 -So, the order of DC will be.
2x2

The 1-1 element of D is sum of the product of elements of first row of 1 and first column of
C

So, the 1-1 element of DC s,
12.7(671)+12.6(638) +11.6(636) = 24190
The 1-2 element of pC s,

12.7(3274) +12.6(3173) +11.6(3069) = 117160
The 2-1 element of pC s,
5.6(671)+5.3(638)+5.2(636) =10552

The 2-2 element of pC s,
5.6(3274)+5.3(3173)+5.2(3069) = 51110
Therefore, the product of matrices is,

24190 117160
10552 51110.1
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By using matrix muttiplication, we get

x-u+da  y-vidbh  z-w+dc 100
u+3a v3b wide  |=[0 1 0
2x-3u+da 2y-3v+db 2z-3widc| [0 0 1

Setting corresponding element equal to each other gives the system of equation

x-usda=1 o ()
y-v+4b=0 @
Zowrde=0 . ()
u+da=0 . (@)
va3b=1 o (8)
wa3e=0 - (6)

20-3u+da=0 . (7)
2y-3v+4b=0 . (8)
2z-3w+de=1 ... (9)
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The first row of matrix [ represents elements of black and first column of ' represents years
from 2008 to 2010

So. row 1, column 1 of product of matrices, D( represents black infant deaths from 2008 to
2010.
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The second row of matrix ) represents elements of white and second column of C
represents years from 2008 to 2010

So. row 2, column 2 of product of matrices, D( represents white infant deaths from 2008 to
2010.
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The company produces three types of chocolates. The chocolates are Cheery cherry. Mucho
Mocha and Almond Delight

The chocolate Cheery Cherry requires 0.5 kg of sugarand 0.2 kg of chocolate.
The Mucho Mocha requires 0.4 kg of sugarand 0.3 kg of chocolate.

The chocolate Amond delight requires 0.3 kg of sugar and 0.3 kg of chocolate.
The objective is to put this information in 23 matrix.

The matrix is shown below:

Cheery Cherry  Mucho Mocha  Almond delight
Sugar in kg 05 04 03
Chocolate in kg 02 03 03
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The company produces its products in three cities, namely, SD, MC, M
The cost 1 kg of sugar in these cities is $3,52,1 respectively.

The cost 1 kg of Chocolate In these cities s $3,53,54 respectively.

The objective is to put this information in matrix form such that the product of this matrix with
matrix in part(a) is well defined

The matrix is shown below:
Costof sugar ~ Cost of Chocolate

SD 3 3

MC 2 3

M 1 4

B
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The order of matrix, 4 is 2x3 and the order of matrix, B is 3x2. That s number of columns
of matrix, 4 equals to number of rows of matrix, B So, the product 4 is well defined

The product of matrices is shown below:

3

3

3
_[05 04 03]
“lo2 03 03 |

06+0.6+03 0.6+0.9+12
26 39
s 27

Labeling is shown below:

_[1.5+o.s+c.s |.5+1.z+1.z}

Costof sugar  cost of chocolate
Sugar in kg 26 39
Chocolate in kg 15 27
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The objective is to find combined cost of sugar and chocolate to produce 1 kg Mucho mocha
nthecity pf

Find the product B to get the required value.

33

0.5 04 03
23

02 03 03
14
15406 12409 09+09
= 1406 08+09 0.6+09
05+0.8 04+12 03+12
21 21 18

=16 17 15
13 16 15

BA

The combined cost of sugar and chocolate to produce 1 kg Mucho mocha in the city A7 will
be obtained by finding sum of the products of third row of 3 with second column of 4

From the product, g4
The combined cost of sugar and chocolate to produce 1 kg Mucho mocha in the city A is
$1.6
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The objective is to find minimum value for total costs in three cities to produce all types of
chocolates.

From the product, g4 in part (d)

The total cost of sugar and chocolate in the city, SD Is,
2.1+2.1+1.8=86

The total cost of sugar and chocolate in the city. MC s,

1.641.7+1.5=%48
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The total cost of sugar and chocolate in the city . Af is.
1.3+41.6+1.5=84.4

Therefore, the total cost in city, )¢ is the smallest.
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(&)

The objective is to find minimum value for total costs in three cities to produce all types of
chocolates.

From the product, g4 in part (d)

The total cost of sugar and chocolate in the city, SD Is,
2.1+2.1+1.8=86

The total cost of sugar and chocolate in the city. MC s,

1.6+1.741.5=94.8
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The total cost of sugar and chocolate in the city . 7 Is,
1.3+41.6+1.5=84.4

Therefore, the total cost in city, ) is the smallest.
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Since, equations (1), (4) and (7) involve only x.u and a
While equations (2), (5) and (8) involve only ¥,vand b
While the equations (3). (6) and (9) involve only z,wand c

These nine equations lead to three systems of equations

u+da=1 —v+db=0 z-wtde=0
u+3a=0. v+3b=1 and w+3e=0
Yx—3u+da=0 2y-3v+db=0  2z-3w+d
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Population in milions for several regions is shown in the following table:

4 [EJL]N
2000 | 3719 [ 727 [ 521 313
2010 [ 4164 [ 738 [ 590 | 345
210 4566 | 744 [ 652 [374

The average birth and death rates per million people for those regions is shown below:

Births | Deaths
0.019 | 0.007
0.011 | 0.011
0.019 | 0.006
N[ 0.024 | 0.008

BIEIES

The objective is to write the information in first table as a 3x 4 matrix
The matrix consists of 3 rows and 4 columns.
The matrix is shown below:

3719 727 521 313
A=|4164 738 590 345
4566 744 652 374
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The objective is to write information in second table as a 4x2 matrix.
The first row consists of elements of region, 4 . The second row consists of elements of region
[ The third row consists of elements of region, 1, The fourth row consists of elements of
region, N
The matrix is shown below:
0019 0.007
0.011 0011
0019 0.006
0.024  0.008
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The product of matrices s,
0019 0.007
0011 0011
0019 0.006
0.0240.008

3719 727 521 313
AB=|4164 738 590 345
4566 744 652 374

The order of matrix 4 is 3x4 and order of matrix g is 4x2 -So. the order of 4p will be
3x2

The 1-1 element of 4p is sum of the product of elements of first row and first column of g
So, the 1-1 element of 4p is.

3719(0.019)+727(0.011)+521(0.019) + 313(0.024) = 96

The 1-2 element of AB is.

3719(0.007)+727(0.011)+521(0.006) + 313(0.008) = 40

The 2-1 element of 4p is,

4164(0.019)+738(0.011)+590(0.019) +345(0.024) =107

The 2-2 element of 4p is,

4164(0.007) +738(0.011)+590(0.006) +345(0.008) = 44

The 3-1 element of 4p is,

4566(0.019)+744(0.011)+652(0.019) +374(0.024) = 116

The 3-2 element of 4p is,

4566(0.007) +744(0.011) +652(0.006) + 374(0.008) = 47

Therefore, the product of matrices is,

9 40
AB=[107 44
116 47
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Writing the three systems or augmented matrices gives

=1 41] [1 -1 4|0 1 -1 4]0
0 1 3fo[. o 1 3|1fand |0 1 3|0
2 -3 4/0] [2 -3 4]0 2 -3 401

The row operations needed to transform all matrices are the same.
Because the first three columns of all matrices are identical
We can combine these matrices into the single matrix

-1 4[1 00
01 3010 (10)
2 -3 400 01
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Column 1,2,3,and 4 represent the first system columns 1,2,3,and 5 represent
The second system and columns 1,2,3,and 6 represent the third system.

Now use row operation as follows:

1 -1 4|1 0 0

o1 3010

2 3 4l0 01

1 -1 41 00

01 3]0 10 R >R -2R,
0 -1 4[2 0

1o 7)1 10

01 3]0 10 R >R +R,
0 -1 4201

1o 71 10

01 3/0 10 R >R +R,
00 -1|211
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