Use of MATLAB to Solve
Systems of Linear Equations
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Part 1 : Basics




Basics

«» Matrices

|

0
6
1

“A Matrix is a set of numbers.”

Examples

5 2 3
613],[

4 11 9

‘,[12 4 -100] ,

1 2 3
6 5 4
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Basics Cont.

+» Size of Matrices

The size of a Matrix is defined by the number of rows and the
number of columns.

Exercises (use the Matlab function “size”)

0

a) size( 6]) =?? b) size([12 4 -100])=7??
11
5 2 3

C) size( 6 1 3])2?? d) size(é : Z) =7?
4 11 9
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Basics Cont.

< Matrices Operations: Addition/Subtraction A + B

a bl alibl
az|+ |by|=|a; £ b,
as b3 agibg
Exercises
11 [-3
a)lz]+] 4 =22 0[5 3 —2]—[0
7 5

-1

99| =?7?
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Basics Cont.

<+ Matrices Operations: Scalar Multiplication/Division A X ¢, A/c

|

1
a)4x[2]:??
7

1
C) [2] /3 =77
7

aq Cc aq
azl)(c:[(:az]
as cas
a b d _[a/c b/c dJjc
I VI
Exercises
b)[5 3 -2]x(-2)=??
oft 8 w7
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| Basics Cont.

“» Determinant of a Matrix

a b\ _|a b
det(c )_c d
=ad — bc

a b c a b c
det| |d e f =|d e f
g h i g h i

=a|z {|—b‘z ﬂ+c‘z Z‘=a(ei—fh)—b(di—fg)+c(dh—eg)

Qatar University EE Department



Basics Cont.

“» Determinant of a Matrix

Exercises (use the Matlab function “det”)
1 4
=77
Q) |3 5| =7
1 2 3
b)|4 5 6/=??
7 8 9
1 2 -3 1
5 6 11 3
6 -1 12 4
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Basics Cont.

“» Inverse of a Matrix

For a Matrix 4 = Ccl Z] the inverse can be found as:

1 _
A = det(A) l—dc ab]

Exercises (use the Matlab function “inv”)
a) Inv(l; ‘21 ) =77

1 2 511
b)[—z 5 7] =77

3 8 9
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= Basics Cont.

<+ Matrices Multiplication and Division

Multiplication (dot product) between two matrices has the condition that:

columns of the 15t matrix must equal the rows of the 2" matrix, and the result
will have the same number of rows as the 1t matrix, and the same number of
columns as the 2" matrix

bi1 b1y

a1 ag2 a13]
X b b 2 ==
azq1 Qzz AQpzs b21 bz
31 32

[a11b11 + aj3by1 + ag3b3y  ag1bqy + agabyy + a13b32]
az1b11 + azybyq + az3bsy  azi1byy + azybyy + azsbs;
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% Matrices Multiplication and Division

Exercises
7 8
a)[}l § 2>< 9 1o]=??
11 12
13 9 7 15
b)[3 4 2]><[8 7 4 6\|=7?
6 4 0 3
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— Basics Cont.

%+ Eigenvalues and Eigenvectors

The basic equation is Av = Av

The eigenvalue A tells whether the eigenvector v is stretched or shrunk or
reversed or left unchanged when it is multiplied by A. A can be found to be 2,
0.5, 1, or -1. The eigenvalue could be zero, then Av = 0 means that this
eigenvector v is in the null-space.

A is found by solving the equation det(A- A4 1) = 0, then v is found by solving
the basic equation.
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% Eigenvalues and Eigenvectors

Exercises (use the Matlab function “[V, L] = eig(A)”)

2 -1

= = 77

a) A [_1 2] 2%
2 2 1

b)A= |1 3 1|=7??
1 2 2
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Systems of Linear Equations

This title consists of two parts:

a) Linear Equations

b) System of Equations
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Systems of Linear Equations Cont.

Linear equations are represented by

y=ax+bhb

For example: y =3x+ 2
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Systems of Linear Equations Cont.
y=3x+2

yd

6 /7

|

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
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Systems of Linear Equations Cont.

System of three linear equations is represented by:

Y1 = Qq1X1 + aq2X5 + ay3x3 + by
Y2 = Qz1X1 + Az2X5 + Az3X3 + b,
Y3 = Q31X; + A32X5 + az3x3 + b

The matrix notation is:

Y=AX+B
Y1 a1 a2 aq3)[X1 b,
For example: Y2| =|Qz21 Q22 az3||X2|+ |b;
Y3 az; Qazz AazzllXx3 b3
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Systems of Linear Equations Cont.

Solving a system of linear equations can be basically done by:
X1 a1 a2 a3 /ya] (b1
X2| = (A1 Q22 a3z b,
X3 az; 4aszz AQasz b;

Y2
Y3
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Bungee Jumpers Problem

Problem Statement:

Suppose that three jumpers are connected by bungee cords.
Figure a shows them being held in place vertically so that
each cord is fully extended but un-stretched. We can define
three distances, x1, x2, and x3, as measured downward from
each of their un-stretched positions.

After they are released, gravity takes hold and the jumpers
will eventually come to the equilibrium positions shown in
Figure b.

Suppose that you are asked to compute the displacement of
each of the jumpers, assuming that each cord behaves as a
linear spring and follows Hooke’s law.
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- Bungee Jumpers Problem Cont.

Using Newton’s second law, a steady-state force
balances can be written for each jumper as: kyx, ko, — Xy) ka(t; — x,)

(kqy + ky)xq —kyx; =myg ‘ ‘ ‘

—kyxq +(ky + k3)x, —k3xs =myg
—k3x; +ksx; =mgg

Where m; = the mass of jumper i (kg)
k;=the spring constant for cord j (N/m) me k(n—x) Mg k(h-x) Mg

x;= the displacement of jumper i
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- Bungee Jumpers Problem Cont.

s k| sorscorsan ) | G

Top (1) 60 50
Middle (2) 70 100 20
Bottom (3) 80 50 20
m;g (kq + k) —k, 0 |rx1 0
m,g | = —kz (kz + k3) —k3 X21410
mszg 0 —k3 k3 X3 0
588.6 150 -100 0 X1 0
686.7| =|—100 150 -—-50||X2|+ 10
784.8 0 —50 50 11X3 0
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- Bungee Jumpers Problem Cont.

X1 150 —-100 O 1°'[588.6
X2 =(-100 150 -50| [686.7
X 784.8

0 -50 50

X1 41.2020
|- [s5.9170

X3 71.6130
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~ Currents and Voltages in Circuits

Problem Statement:
Find the values of all currents running through this circuit

, R=50
AMN——CO V, = 200 V

R =10

Qatar University EE Department 25



Currents and Voltages in Circuits

By applying the voltage and current rules: = - 5 ]
i12+i52+i3220 r T
le5s — 52 — 154 = 0 t _ f ]
{43 —i32 =0 L B T
i54 - i43 &S 0 ~— ~f—
_15i54 — 51 43 — 10i32 +10l52 =0 —,*v* :Ar‘ O
—20igc — 10ig, + 5i;, = 200 E : -
01 1 1 1 0 0 0 1|12
0 0o -1 0 1 -1 0 ||!s2
O | _10 0 -1 0 0 1 ||l32
o] |0 o 0 0 1 —1]|ies
0 0 10 —-10 0 -15 -5||ig,
200/ 15 -10 0 -20 O 0 i,5
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Currents and Voltages in Circuits

Li2] 1 1 1 0 0 o7'ro
L52 0 -1 0 1 -1 0 0
iz2] 10 0 -1 0 0 1 0
iegs|] |10 O 0 0 1 -1 0
i,/ |0 10 -10 0 -15 -5 0
i;s) 15 -10 0 -20 0 0 200

l12] 1 6.1538 ]

l52 —4.6154

321 |[—1.5385

i¢s| |—6.1538

ic,| |—1.5385

i4a —1.5385.
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Thank you for your attention ...

Any Questions ?
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