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GC.73 Linear Systems of Equations. Gauss Elimination 29

Back Substitution. Determination of xg, xg, xy (in this order)

291

Solution by Gauss Elimination. This system could be solved rather quickly by noticing its particular ‘
form. But this is not the point. The point is that the Gauss elimination is systematic and will work in general,
also for large systems. We apply it to our system and then do back substitution. As indicated let us write the

augmented matrix of the system first and then the system itself:

Augmented Matrix A Equations .
Pivor l——[ (D -1 11 0 Pivor 1 —— (" x)~ xpt+ x5 = 0
][ 0 '—xl + X9 — Xg = 0
| ’ . .
Eliminate ——> l 90 , Eliminate ——> | .|  10xg + 25x3 = 90
i . ’
I 80 20x, | + 10xy = 80.

Step 1. Elimination of x; - .
Call the first row of A the pivot row and the first equation the pivot equation. Call the coefficient 1 of its
Xy-term the pivot in this step. Use this equation to eliminate x; (get rid of x;) in the other equations. For this, do:

Add 1 times the pivot equation to the second equation.
Add ~20 times the pivot equation to the fourth equation.

This corresponds to row operations on the augmented matrix as indicated in BLUE behind the rnew matrix in
(3). So the aperations are performed on the preceding matrix. The result is

T : X — xg+ x3= 0
0 0 o0} 0 Row 2 + Row 1 0= 0

@ 0 10 25 i 90 ' 10xy, + 25x3 = 90 ’
0 30 -20 | 80 Row 4 — 20 Row |  30x, — 20x3 = 80.

Step 2. Elimination of x5
The first equation remains as it is. We want the new second eguation to serve as the next pivot equation. But

since it has no xo-term (in fact, it is 0 = 0), we must first change the order of the equations and the corresponding
rows of the new matrix. We put 0 = 0 at the end and move the third equation and the fourth equation one place
up. This is called partial pivoting (as opposed to the rarely used fotal pivoting, in which also the order of the

unknowns is changed). It gives

-1 1 : 0 X~ x + x3 = 0
Pivot 10~——>|0 25 | 90 Pivot 10— (10x5) + 2555 = 90
1 .
Eliminate 30— | 0 -20 1 0 Eliminate 30x, —> ~ 2085 =80
! :
0 0 04+ O 0 =20

To eliminate xg, do:

Add —3 times the pivot equation to the third equation.

: The result is

1 -1 1.: ' 0 X3~ X+ xz= 0
0 10 25, 9 10y + 2555 = 90
'(4) 10 0. —95! —190 | Row 3 —3 Row2 — 95x3 = —190
0o 0 01 0 ' 0= 0

Working backward from the last to the first equation of this “tnangular system (4), we can now readily find
X3, then xg, and then xy:

_95}53 = —-190 . Xgq = f3 =2 [A]
105, + 25x3= 90 Xy = (90 — 25x3) = iy = 4 [A]
- xpt o= 0 C m=xpag =i =2[A]

where A stands for “amperes.” This is the answer 1o our problem. The solution is unique.
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