Solutions to systens of equations
Exampl e 1.

We first denonstrate the solution of a system of equations arising from a
popul ar el ectrical engineering problem Consider the electrical resistive
network given below Resistance values are in ohnms. 11, 12, 13, 14, and |5
are loop currents in anps.
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Fig 1

The problem matrix of figure 1 results in a banded matrix. O the right hand
side coefficients, only the first row has a non zero entry.

11 |2 I3 14 15 \Y,
Row_1 -12 11 0 0 0 = -16
Row_2 11 -19 7 0 0 = 0
Row_3 0 7 -12 4 0 = 0
Row_4 0 0 4 -7 2 = 0
Row_5 0 0 0 2 -4 = 0

W now forma five-conponent sol ution vector
G=(u v w x vy
When the solution process is conplete, uwill equal 11, v will equal 12, etc.

The basic idea developed belowis to find the values of vector G (u, v, w, X,
y) which make G orthogonal to Row 2 through Row 5.

By inspection, we see that we can nake vector G orthogonal to Row 5 by set-
ting the x conponent of G equal to +4 (the I5 coefficient of Row5 with it's
sign reversed) and by setting the y conponent of G equal to 2 (the 14 coeffi-
cient of Row 5 without it's sign reversed). Vector Gis now

G=(u v w 4 2)



W observe that vector Gis orthogonal to Row_5:

G * Row 5

(u v w 4 2)*(0 0 0 2 -4
Ou + Ov + Ow + 8 - 8

0

[cNeoNeoNe]

To find the w conponent of G we set the scalar product of G and Row 4 to
zero:

G * Row_ 4

(u v w 4 2)*(0 0 4 -7 2)
Ou + Ov + 4w - 28 + 4

w

[oNeolNeNe]

Vector Gis now
G=(u v 6 4 2
W observe that vector Gis orthogonal to Row_ 4:
G * Row 4
(u v 6 4 2)*(0 0 4 -7 2)

Ou + Ov + 24 - 28 + 4
0

[cNoNeoNe]

To find the v component of G we set the scalar product of G and Row 3 to
zero:

G * Row 3

(u v 6 4 2)*(0 7 -12 4 0)
Ou + 7v - 72 + 16 + 0

v

0O oo

Vector Gis now
G=(u 8 6 4 2
We observe that vector Gis orthogonal to Row 3:
G * Row 3
(u 8 6 4 2)*(0 7 - 12 4 0)

Ou + 56 - 72 + 16 + 0
0

nmmn
[cNoNeoNe]

To find the u component of G we set the scalar product of G and Row 2 to
zero:

G* Row2 =0

(u 8 6 4 2)*(11 -19 7 0 0) =0
11u - 152 + 42 + 0+ 0 =0

u =10

Vector Gis now

G=(10 8 6 4 2)



W observe that vector Gis orthogonal to

8
=
N

G * Row 2
(10 8 6 4 2)*(11 -19 7 0 0)
110 - 152 + 42 + 0 + O

0

[cNeoNeoNe]

The conponents of vector G differ fromthe solution vector of the system of
equations to within a scale factor, K This scale factor can be determn ned
by requiring that K tines the scalar product of vector G and Row_1 of the
system matri x equal the right hand side:

K(G* Row 1) = -16
K(10 8 6 4 2)*(-12 11 0 0 0) = -16
K(-120 + 88 + 0 + 0 + 0) = -16

K=1/2

The solution vector to the system of equations is therefore:

G=%10 8 6 4 2)

or

G=(5 4 3 2 1)
Ther ef or e,

I1 =5 anps

12 = 4 anps

I3 = 3 anps

4 = 2 anps

15 =1 anp



Exanmpl e 2.

G ven the foll ow ng system of equati ons:

X1 X2 X3 X4 X5
Row_1 1 1 1 1 1 = 15
Row_2 1 1 1 1 4 = 30
Row_3 4 2 2 4 3 = 45
Row_4 5 5 3 4 4 = 60
Row_5 7 4 5 5 5 = 75

Using row colum reduction, we set the right sub-diagonal equal to zero as
shown below. This |eaves, at npbst, two non-zero coefficients in Row 5.

X1 X2 X3 X4 X5

Row_1 1 1 1 1 1 = 15

Row_2 -1 -1 -1 -1 2 = 0

Row_3 1 -1 -1 1 0 = 0

Row 4 1 1 -1 0 0 = 0

Row_5 2 -1 0 0 0 = 0

We now forma five-conponent sol ution vector

G=(u v w x YY)
When the solution process is conplete, u will equal X1, v will equal X2, etc.

The basic idea devel oped belowis to find the values of vector G (u, v, w, X,
y) which nake G orthogonal to Row 2 through Row 5.

By inspection, we see that we can nmake vector G orthogonal to Row 5 by set-
ting the u conmponent of G equal to +1 (the X2 coefficient of Row5 with it's
signh reversed) and by setting the v conponent of G equal to 2 (the X1 coeffi-
cient of Row 5 without it's sign reversed). Vector Gis now

G=(1 2 w x vy

W observe that vector Gis orthogonal to Row_5:
G * Row 5

(1L 2 w x y)*(2 -1 0 0 0)

2 -2+ 0w+ Ox + Oy
0

[cNoNeNe]

To find the w component of G we set the scalar product of G and Row 4 to
zero:

G * Row_ 4

(1 2 w x y)*(1 1 -1 0 0)
1+2- w+ Ox + 0y

w

I mn
woOoo



Vector Gis now

G=(1 2 3 x vy

W observe that vector Gis orthogonal to Row_ 4:

G* Row4 =0

(1L 2 3 x y)*(1 1 -1 0 0 =0

1+2-3+0x +0y=0

0=0

To find the x conponent of G we set the
zero:

G* Row3 =0

(1L 2 3 x y)*(1 -1 -1 1 0 =0

1-2-3+x+0y =0

X =4

Vector Gis now

G=(1 2 3 4 vy

scal ar

W observe that vector Gis orthogonal to Row_3:

G* Row3 =0
(L 2 3 4 y*(1 -1 -1 1 0 =0
1-2-3+4+0 =0
0=0
To find the y component of G we set the scal ar
zero:
G* Row2 =0
(1L 2 3 4 y)*(-1 -1 -1 -1 2) =0
-1-2-3-4+2y =0
y =5
Vector Gis now
G=(1 2 3 4 5)
We observe that vector Gis orthogonal to Row 2
G* Row2 =0
(1L 2 3 4 5*-1 -1 -1 -1 2) =0
-1-2-3-4+10=0
0=0
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The conponents of vector G differ fromthe solution vector of the system of
equations to within a scale factor, K This scale factor can be detern ned
by requiring that K tines the scalar product of vector G and Row 1 of the
system matri x equal the right hand side:

K(G* Row 1) = 15

K(1 2 3 4 5*(1 1 1 1 1) =15
K(1 +2+3+4+5) =15

K= 1

The solution vector to the system of equations is therefore:
G=1(1 2 3 4 5)

or
G=(1 2 3 4 5)

Ther ef ore,

X1
X2
X3
X4
X5
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