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Physical Problems
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Truss Problem
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Pressure vessel problem

a

b

a

b
c

4.2857ൈ 10଻ െ9.2307 ൈ 10ହ 0 0
4.2857ൈ 10଻ െ5.4619 ൈ 10ହ െ4.2857 ൈ 10଻ 5.4619 ൈ 10ହ

െ6.5 െ0.15384 6.5 0.15384
0 0 4.2857 ൈ 10଻ െ3.6057ൈ 10ହ

𝑐ଵ
𝑐ଶ
𝑐ଷ
𝑐ସ

ൌ
െ7.887 ൈ 10ଷ

0
0.007

0

𝑢ଵ ൌ 𝑐ଵ𝑟 ൅
𝑐ଶ
𝑟

𝑢ଶ ൌ 𝑐ଷ𝑟 ൅
𝑐ସ
𝑟
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𝑢ଵ ൌ 𝑐ଵ𝑟 ൅
𝑐ଶ
𝑟

Polynomial Regression
We are to fit the data 

ሺ𝑇ଵ,αଵሻ, ሺ𝑇ଶ,αଶሻ, . . . , ሺ𝑇௡ିଵ,α௡ିଵሻ, ሺ𝑇௡,α௡ሻ

to the second order polynomial regression model 
α ൌ 𝑎଴ ൅ 𝑎ଵ𝑇 ൅ 𝑎ଶ𝑇ଶ
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Inverse of a matrix
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Definition of Inverse
A matrix [B] is inverse of [A] if [B][A]=[I].  

Application of Inverse

ሾ𝐴ሿሾ𝑋ሿ ൌ ሾ𝐶ሿ

ሾ𝐴ሿିଵ 𝐴 𝑋 ൌ 𝐴 ିଵ 𝐶

ሾ𝐼ሿሾ𝑋ሿ ൌ 𝐴 ିଵሾ𝐶ሿ

𝑋 ൌ 𝐴 ିଵ 𝐶

Find Inverse of Matrix
Find inverse of

25 5 1
64 8 1

144 12 1
        𝐴 ିଵൌ

𝑎ଵଵᇱ 𝑎ଵଶᇱ 𝑎ଵଷᇱ

𝑎ଶଵᇱ 𝑎ଶଶᇱ 𝑎ଶଷᇱ

𝑎ଷଵᇱ 𝑎ଷଶᇱ 𝑎ଷଷᇱ

25 5 1
64 8 1

144 12 1
 
𝑎ଵଵᇱ 𝑎ଵଶᇱ 𝑎ଵଷᇱ

𝑎ଶଵᇱ 𝑎ଶଶᇱ 𝑎ଶଷᇱ

𝑎ଷଵᇱ 𝑎ଷଶᇱ 𝑎ଷଷᇱ
ൌ

1 0 0
0 1 0
0 0 1
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Setting up equations to find inverse

25 5 1
64 8 1

144 12 1
 
𝑎ଵଵᇱ

𝑎ଶଵᇱ
𝑎ଷଵᇱ

ൌ
1
0
0

25 5 1
64 8 1

144 12 1
 
𝑎ଵଶᇱ

𝑎ଶଶᇱ
𝑎ଷଶᇱ

ൌ
0
1
0

25 5 1
64 8 1

144 12 1
 
𝑎ଵଷᇱ

𝑎ଶଷᇱ

𝑎ଷଷᇱ
ൌ

0
0
1

 
𝑎ଵଵᇱ

𝑎ଶଵᇱ

𝑎ଷଵᇱ
ൌ

0.04762
െ0.9524

4.571

 
𝑎ଵଶᇱ

𝑎ଶଶᇱ

𝑎ଷଶᇱ
ൌ

െ0.08333
1.417
െ5.000

 
𝑎ଵଷᇱ

𝑎ଶଷᇱ

𝑎ଷଷᇱ
ൌ

0.03571
െ0.4643

1.429

25 5 1
64 8 1

144 12 1
 
𝑎ଵଵᇱ 𝑎ଵଶᇱ 𝑎ଵଷᇱ

𝑎ଶଵᇱ 𝑎ଶଶᇱ 𝑎ଶଷᇱ

𝑎ଷଵᇱ 𝑎ଷଶᇱ 𝑎ଷଷᇱ
ൌ

1 0 0
0 1 0
0 0 1

Putting the solutions in matrix

ሾ𝐴ሿିଵ ൌ
0.04762 െ0.08333 0.03571
െ0.9524 1.417 െ0.4643

4.571 െ5.000 1.429

 
𝑎ଵଵᇱ

𝑎ଶଵᇱ
𝑎ଷଵᇱ

ൌ
0.04762
െ0.9524

4.571
                      

𝑎ଵଶᇱ

𝑎ଶଶᇱ
𝑎ଷଶᇱ

ൌ
െ0.08333

1.417
െ5.000

𝑎ଵଷᇱ

𝑎ଶଷᇱ

𝑎ଷଷᇱ
ൌ

0.03571
െ0.4643

1.429

 

25 5 1
64 8 1

144 12 1

0.04762 െ0.08333 0.03571
െ0.9524 1.417 െ0.4643

4.571 െ5.000 1.429
=

1 0 0
0 1 0
0 0 1

END
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Solve a Set of Equations Using Inverse
ሾ𝐴ሿሾ𝑋ሿ ൌ ሾ𝐶ሿ 𝑋 ൌ 𝐴 ିଵ 𝐶

25 5 1
64 8 1

144 12 1
 
𝑎ଵ
𝑎ଶ
𝑎ଷ

ൌ
106.8
177.2
279.2

𝑎ଵ
𝑎ଶ
𝑎ଷ

=
0.04762 െ0.08333 0.03571
െ0.9524 1.417 െ0.4643

4.571 െ5.000 1.429

106.8
177.2
279.2

=
0.2917
19.67
1.15

Naive Gauss Elimination 
Synopsis

http://nm.mathforcollege.com

Naive Gaussian Elimination
A method to solve simultaneous linear 
equations of the form [A][X]=[C]

Two parts
1. Forward Elimination
2. Back Substitution

Forward Elimination Part

25 5 1
64 8 1

144 12 1
 
𝑥ଵ
𝑥ଶ
𝑥ଷ

ൌ
106.8
177.2
279.2

The goal of forward elimination is to transform the 
coefficient matrix into an upper triangular matrix

25 5 1
0 െ4.8 െ1.56
0 0 0.7

 
𝑥ଵ
𝑥ଶ
𝑥ଷ

ൌ
106.8
െ96.21
0.735

21 22
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Back Substitution
Solve each equation starting from the last equation

25 5 1
0 െ4.8 െ1.56
0 0 0.7

 
𝑥ଵ
𝑥ଶ
𝑥ଷ

ൌ
106.8
െ96.21
0.735

END
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Determinant of a Square 
Matrix Using Naïve Gauss 
Elimination
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Theorem of Determinants  

If a multiple of one row of ሾ𝐴ሿ௡ൈ௡ is added or 
subtracted to another row of ሾ𝐴ሿ௡ൈ௡ to result in 
ሾ𝐵ሿ௡ൈ௡ then det ሺ𝐴ሻ ൌ det ሺ𝐵ሻ

Theorem of Determinants  

The determinant of an upper triangular, lower 
triangular or diagonal matrix ሾ𝐴ሿ௡ൈ௡ is given by 

det A ൌ 𝑎ଵଵ ൈ 𝑎ଶଶ ൈ. . .ൈ 𝑎௜௜ ൈ. . .ൈ 𝑎௡௡

 ൌෑ𝑎௜௜

௡

௜ୀଵ

Forward Elimination of a Square Matrix

Use forward elimination part to transform ሾ𝐴ሿ௡ൈ௡ to an 
upper triangular matrix, ሾ𝑈ሿ௡ൈ௡ .

𝐴 ௡ൈ௡ → 𝑈 ௡ൈ௡

 det 𝐴 ൌ det 𝑈

25 5 1
64 8 1

144 12 1
 

Using Naive Gaussian Elimination method, find 
the determinant of the following square matrix.

29 30

31 32
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Finding the Determinant

.

25 5 1
64 8 1

144 12 1
→

25 5 1
0 െ4.8 െ1.56
0 0 0.7

 

After forward elimination part

det A ൌ 𝑢ଵଵ ൈ 𝑢ଶଶ ൈ 𝑢ଷଷ
ൌ 25 ൈ െ4.8 ൈ 0.7
ൌ െ84.00

What does det(A)=0 and det(A)≠0 mean 
for [A][X]=[C]

det 𝐴 ൌ 0 implies [A][X]=[C] has no 
solution or infinite solutions

det 𝐴 ് 0 implies [A][X]=[C] has a 
unique solution.
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