(0.7 GAUSS-ELIMINATION METHOD

(tis a direct method for finding the solution o

i based on the principle of elimination of unknowns in successive steps. In this
method, the uqknowns are eliminated successively and the system is r;educed
to an upper triangular system from which the unknowns are found by back
substitution. J

Now we consider a system of 3-equations with 3-unknowns as:

f'a system of linear equations and

ax+by+coz=d |

azx + b2y ~+ sz T dz

.
.

P
Pk

p —

| a3x+b3y+C32=d3J

where a, b,, ¢, d, (i = 1, 2, 3) are known constants.
Step I: To eliminate x from 2" and 3™ equations
Let us assume a, # 0, then multiplying the first equation of (1) successively by

a2 a3 . Y ' 4 ]
T and ~ p and adding respectively with 2" and 3" equations of (1), then
1 1

the system (1) become as :

ax+by+ez= A
byy+cyz+d, r * ~(2)
b3y+C3Z+d3)
a, aa; a,d,
where b, = b, —ﬁ—z—,cz =Cp —-Ll,dz =dy -
aq a a
] C' a3 ' d] 3
and b3 — b _._a.:i £n = Ca — 1 d = d =
5 3 s 43 3
3 a 3 a a
s called the first

Here the first equation is called the pivotal equation and a, 1
Pivot,
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Step 11: To eliminate y from 3" equation in (2)

B

Let us assume b2 #0 . Multiplying the second equation of (2) by _;3_ o~
2
adding with the 3™ equation of (2), then the system (2) become as:
ax+by+cz=4d
byy+cyz = d, w(3)
c;z = d;
n ' e " ' d' :
where €3 =03 —-b3—?2 and dj = dj ~2—,b3
b, 2

Here the second equation is called the pivotal equation of b2 is the new
pivot. ’
Step III: To evaluate the unknowns

The values of x, y, z are found from the reduced system (3) by back
substitution.

Note : The method will fail if any one of the pivots a,, bé : c; becomes zero.

In such a case; we rewrite the equations in a different order so that the pivots
are non-zero.

Example 1: Solve the following system by Gauss elimination method,

x+3y+2z=5)
2x—y+z=-1} G kD)
x+2y+3z=2

Solution: Step 1: To eliminate x from 2™ and 3¢ equations, we multiply
successively the first equation by

—-% and it

1 1



o

yarriv ! W07
gihen addc.d to the second and third €quations of the systems, Then we get
?hc gystem 88 ' o
x+3y+2z=5] [ ~2x-6y~4z=-10]
2x-y+z=-1
~Ty-3z=-11;..(2) Ty-3z=-11
~y+z=-3] -x=3y~2z=-5
x+2y+43z=2
; -y+z=-3

step II: To eliminate from third equation of (2), we multiply second equation
-1 1

N1 T and then be added to the third equation of (2). We get the

system of equations as follows:

: i a3 1 i
3y+2z=5 Y¥a2=%
Ty-3z=-11| (3 ' —y+z=-3

[ oil(3) 2(3 )_2_3__!9

10007 A 7 7
7 7) | [10) 10

z| = |=——=>z=-1

b 7 7 -

Thus z=-1 ‘
_11—3z_\11+3_ '

y=— g 2 £ 4
\%, ™

andx=5-3y-2z=5-6+2=1 | \a

. Thus, the solution of the system is: x = l,y=2,z=-1

Example 2: Solve, by Gauss-elimination method, the system of linear equations

2 AP LiE =5
x+y-6z=-12¢ =)
3x-y-z=4 |

s; we multiply

Solution: Step I: To eliminate x from 2" and 3" equation

1 3
Successively the first equation by g and - 1 and then add to the second and

third equations of the system. Then we get the system as
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x+dy-2=5 | —x-4y+z=-5 “Ix-12y43,
~3y-5z=-17 L (2) x+y-6z=-12 3x-yﬁ2“i |
Y =y2 =~ - \ |
13y +2z=-11] 3y~Sg =1 13y+22= 57| |

Step I1: To eliminate y from third equation of (2), we multiply second equat;
On

of (2) by _:? = ,133 and then add to the third equation of (2), we get th
- e

system as follows:

65  17x3
x+4y—2=5 13yo4et =
~3y-sSz=-17 ~13y+2z=-11
71 188 S——
—tg = — [§§+2jz=17x13—11=]88
37 3 \3 3 3
188

=
71

1 I 5x188
B e S % W1 O B
o4 d 3{ 7 ]

1[1207x940} 267 89
3

2 - | 3wl Tl

4x89 188 _543-356 187,
il T 71 6]

Thus, the solution of the syst '-x-@ s z=1—2§
us, the solution of the system 1s: 71,y 1 7

x=5-4y+z=5—-

Example 3: Solve the following system of equations by Gauss elimination method:
2x-y+3z=4
x+tz=2
y+z= 3 |
Solution: Step I: To eliminate x from 2" equation, we multiply the first equatio”

by ——;- and then add to the 2™ equation of the system. Then W¢ get ¢

e

system as:
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2x-y-3z=4 r_x+1y_§.z__2-
F L 4
5}"52-0?.,“(2) x+42=2
2y+z=3) ;y—-%z=0
Step {1: To eliminate y from the 3+ equation, we multi;)ly the 2™ equation (;f
2 .
by _.1_/5 = —4 and then be added to the 3+ equation of the system (2). We
et the system of equation as follows:
2x—y+3z=4) 2y42z=0
ol §
Ey——2-2=OL....(3) 2y+z=3
o 3) 3z=3

step I11: We find x, y, z from (3) by back substitution
cz=1
y=z=1 A
w=4-3z+y=4-3+1l=2=mx=1
Thus. the solution of the system is:x=1,y=1,z=1.
Example 4: Solve by Gauss-elimination method, the following system
x+2y+32=10 |
x+3y-2z=17
2 —-ptz=3
Solution: Step I: To eliminate x from 2 and 3" equations, we multiply the

first equation by —1, —% respectively and then add to the 2™ and 3* equations
of the system. Then we get the system as:

—x-2y-3z=-10 —2x-4y-6z=-20

x+2y+3z=10
y—52=—3 ..(2) x+3y_22=7 2x——y+z=5
—5y-5z=-15 y-5z=-3 -5y-5z=-15

Step I1: To eliminate y from 3% equation of (2), we multiply the 2™ equation of
(2) by —_TS — 5 and then add to the 3" equation of (2), we get the system of

“quations as follows :
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x4 2v432=10 Sy~ 255 . 15
- §z=-3}..03) _ i'!—:—}—{-:i ”
~30z = -3 ” -30?': . 301
Step H11: We find x, y, 2 from (3) by back substitution
« o= '

‘.H_34-52=‘3+5 2
r=10-2y-32=10-4-3~< 3
3

. y=2
. Thus, the solution of the system I3 20l

i
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