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Matrix Algebra Tutor - Worksheet 5 — Gaussian Elimination and Gauss-Jordan
Elimination

1. Use the Gaussian Elimination method to solve this system of equations.

—5x+8y—-4z=38
6y+3z=-9
-47 =20

2. Use the Gauss-Jordan Elimination method to solve this system of equations.

IX+3y—-3z=-4
—6y+2z=24
10z =30
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3. Use the Gaussian Elimination method to solve this system of equations.

4Xx+2y+32=5
—2y+5z2=-9
127 =-12

4. Use the Gauss-Jordan Elimination method to solve this system of equations.

5X+3y+2z=15

2y+4z=24
y—4z=-42
3
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5. Use the Gaussian Elimination method to solve this system of equations.

—2X—-y-z=-11
3X+4y+z=19
3X+6y+52=43

6. Use the Gauss-Jordan Elimination method to solve this system of equations.

2X+y+z=11
3X+5y+52=34
—5X—-6y—-3z=-42
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7. Use the Gauss-Jordan Elimination method to solve this system of equations.

2X+5y—-3z=-10
—2X—-2y+272=2
—X+-9y+z=17
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Answers — Matrix Algebra Tutor - Worksheet 5 — Gaussian Elimination and Gauss-
Jordan Elimination

As we go through the solutions to these problems, bear in mind that there are
multiple ways to solve each problem.

1. Use the Gaussian Elimination method to solve this system of equations.

—5x+8y—-4z=38
6y+3z=-9
—4z7=20

Write the system of equations as an augmented matrix:
-5 8 —4 : 38
0 6 3 : -9
0O 0 -4 : 20
The Gaussian Elimination method requires the matrix to be transformed into a
row equivalent matrix of this form in which all elements that are not specified as
1 or 0 can be any number which results from transforming the matrix:

1 5
fy ]
0 0 1 :

-5 8 —4 : 38]
0 6 3 : —9|-:&
0 0 —4 : 201--1z

Transform the matrix:

The symbol « %Rz means multiply Row 2 by % and put the result in Row 2. The

symbol « —iRg means multiply Row 3 by — i and put the result in Row 3.

The math for this manipulation and the resulting row equivalent matrix is:
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T =5 8 —4 38 T
Z.0 S — .- 1 3
6 6 6 3 6 ? = 0O 1 = ——
! 0 . 0 - . 0 0 21 52

4 s

Next:

0 1 - & -2
2 2
0o 0 1 ¢ =5

The symbol « —%Rl means multiply Row 1 by —%and put the result in Row 1.

The math for this manipulation and the resulting row equivalent matrix is:

I 1 1 1 171 71 8 4 387
—-5+—= 8"—= —4.-—— 1 38-—= 1 —= = -——
5 5 5 5 5 5 5
0 1 1.3 o 1 1, 3
2 2 2 2
0 0 1 : =5 1 Lo O 1 —5
Use this augmented matrix to rewrite the system of equations.
8 4 38
X—=y+—2=—"F
5° 5 5
y+iz=_3
2" 2
z=-5
We know that z = —5. Substitute this value into the second equation.
N 1 . 3 5 3 "
—_( — = —_——— —_——_—=——— =
y+5(=5) 57 Y5 57
Now we know that z = —5 and y = 1. Substitute these values into the first
equation.
8(1) +4( 5) 38 8 20 38 10 )
—_— —(— = —_—— —_—_———_— = —— = —-—= —
75 5 5 755 5 TS

Answer: x = -2, y=1,z=-5
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2. Use the Gauss-Jordan Elimination method to solve this system of equations.

7X+3y—-3z=—4
—6y+22=24
10z =30

Write the system of equations as an augmented matrix:
7 3 =3 : -4
0 -6 2 : 24
0O 0 10 : 30

The Gauss-Jordan Elimination method requires the matrix to be transformed into
a row equivalent matrix of this form in which all elements that are not specified
as 1 or 0 can be any number which results from transforming the matrix:

1 0 0 :
o1 |
0 0 1 :

7 3 -3 : —4
[o -6 2 24‘< 5k

0 0 10 : 30

Transform the matrix:

!y
TS

The symbol « — %RZ means multiply Row 2 by —% and put the result in Row 2.

The symbol « 1—10R3 means multiply Row 3 by 1—10 and put the result in Row 3. The
resulting row equivalent matrix is:

r 7 3 -3 : —4 1
1 1 1 1 7 3 -3 —4
0-—— —6-—— . : . 1
6 6 2 6 24 cl=lo 1 2 4
0 1 0 1 1 1 0 0 31 3
Y10 10 97 30°10
Next:
7 3 -3 i —4 ]« -3R;+R
1 1
0 1 -3 —4 <—§R3—|—R2
0 0 1 : 3
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The symbol « —3R, + R; means multiply Row 2 by —3, add Row 1, and put the
result in Row 1. The symbol « §R3 + R, means multiply Row 3 by g, add Row 2,

and put the result in Row 2. The resulting row equivalent matrix is:

_ 1 —_
—3:0+7 —-3-1+3 —3-—§+—3 : —3-—4+ —4
1 1 1 1 1
~.040 =-0+1 —14 = —.34—
3 3 5 1+ 2 2 3+ —4
0 0 1 3
7 0 -2 : 8
=[0 1 0 —3]
00 1 : 3
Next:
7 0 -2 : 8 12R;+R,;

01 0 : -3
0 0 1 3

The symbol « 2R; + R, means multiply Row 3 by 2, add Row 1, and put the
result in Row 1. The resulting row equivalent matrix is:

2:0+7 2:0+0 2-1+-2 ¢ 2-3+8 7 0 0 : 14
0 1 0 ¢ -3 =10 1 0 : -3
0 0 1 3 0 0 1 : 3

Next:

0 1 0 : -3

1
?00514}<—R1
7
o 0 1 : 3

The symbol « %Rl means multiply Row 1 by % and put the result in Row 1. The

resulting row equivalent matrix is:

1 1
7.2 0-= 1 : 14.1 1 0 0 2
o7 T I=fo 1 0o : -3
0 0 1 3
Answer: x =2,y =-3,z=3
9
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3. Use the Gaussian Elimination method to solve this system of equations.

4Xx+2y+32=5
—2y+5z2=-9
127 =-12

Write the system of equations as an augmented matrix:
4 2 3 ¢ 5
[0 -2 5 i =9 ]
0O 0 12 : -12

The Gaussian Elimination method requires the matrix to be transformed into a
row equivalent matrix of this form in which all elements that are not specified as
1 or 0 can be any number which results from transforming the matrix:

1 :
0 1 :
O 0 1 :
Transform the matrix:
4 2 3 ¢ 5
0 -2 5 —9‘ 1
0 0 - —
12 121 « 12 R,

The symbol « %Rg means multiply Row 3 by % and put the result in Row 3. The

resulting row equivalent matrix is:

4 2
305 4 2 3 i s
0 —2 5 -9
Next:
4 2 3 5 1< R, + R,
l{) -2 5 -9
0 0 1 -1

The symbol « R, + R; means add Row 2 and Row 1 and put the result in Row 1.

The resulting row equivalent matrix is:
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0+4 —-2+42 543 ¢ =945 4 0 8 : —4
0 —2 5 ¢ =9 =10 -2 5 ¢ =9
0 0 1 : -1 0 O 1 -1
Next,
4 0 8 i —4 ]
[{) -2 5 i -9 ]«}e
o 0 1 : -1

The symbol « iRl means multiply Row 1 by % and put the result in Row 1. The

symbol « —%Rz means multiply Row 2 by — % and put the result in Row 2. The

resulting row equivalent matrix is:

(42 0.1 gl - 10 2 1
4 4 4 4 5 9
1 1 1 1/=10 1 —— —
0r—= —2'—2 5-—= —9-—= 2 2
, , 2 2l o o 1 i -1
0 0 1 -1 -
Use this augmented matrix to rewrite the system of equations.
X+2z=-1
2" 2
z=-1
We know that z = —1. Substitute this value into the second equation.
5( D 9 +5 9 )
N — = —_- - —_——= —_—— =
) 2 YT 27
Now we know that z = —1 and y = 2. Substitute these values into the first

equation.

x+2(-1))=-1-x—-2=-1-x=1

Answer: x =1,y =2,z=-1
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4. Use the Gauss-Jordan Elimination method to solve this system of equations.

5X+3y+2z=15
2y+4z=24
y—4z=-42

Write the system of equations as an augmented matrix:
5 3 2 i 15
0 2 4 : 24
0 1 —4 : —42

The Gauss-Jordan Elimination method requires the matrix to be transformed into
a row equivalent matrix of this form in which all elements that are not specified
as 1 or 0 can be any number which results from transforming the matrix:

1 0 0 :
[0 1 0 : ]
0O 0 1 :

Transform the matrix:

0 2 4 : 24 |« —R;+R,

5 3 2 : 15 ‘9_3}?3"'31
0 1 —4 : —42

The symbol « —3R; + R; means multiply Row 3 by —3, add Row 1, and put the
result in Row 1. The symbol < —R; + R, means multiply Row 3 by —1, add Row
2, and put the result in Row 2. The resulting row equivalent matrix is:

—3:0+5 —3-1+3 —3-—4+42 : —3-—42+415
—0+0 —1+2 —(-4) +4 : —(—42)+24
0 1 —4 i —42

0 1 8 : 66

[5 0 14 : 141]
0 1 —4 : —42

Next,

5 0 14 : 141
01 8 i 66
0 1 —4 i —42l«-R;+R,
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The symbol « —R; + R, means multiply Row 3 by —1, add Row 2, and put the

result in Row 3. The resulting row equivalent matrix is:

5 0 14

0 1 8

—-04+0 -1+1 —(-4)+8
Next,

5 0 14

0 1 8

0 0 12

141 5 0 14 : 141
66 =[0 1 8 : 66]
—(—42) + 66 0 0 12 : 108
141':__R3 +R1
66 1R

{__
1081 5 R,

The symbol « —R; + R; means multiply Row 3 by —1, add Row 1, and put the

result in Row 1. The symbol « %R3 means multiply Row 3 by 1—12, and put the

result in Row 3. The resulting row equivalent matrix is:

—0+5 —-0+4+0 -12+ 14
0 1 8
! 0 0 1 12
12 12 12
Next,
5 0 2
0 1 8
0 0 1

—108 + 141
66

66 — _8R3 + RZ

33“ — _ZRE + Rl
9

The symbol « —2R; + R, means multiply Row 3 by —2, add Row 1, and put the

result in Row 1. The symbol < —8R; + R, means multiply Row 3 by —8, add Row

2 and put the result in Row 2. The resulting row equivalent matrix is:

-2-0+5 -2:-0+40 -2-1+4+2
-8-0+0 —-8-0+1 —-8-1+8
0 0 1

Next,
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—2-9+33 5 0 0 : 15
—-8:9+66[=[0 1 0 : -6
9 0 0 1 : 9
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0 o 15
1 0 ¢ —6
0 1 : 9

«=-R,

5

|

The symbol « %Rl means multiply Row 1 by %, and put the result in Row 1. The
resulting row equivalent matrix is:

o o wm

1 1 1
5° 3593

0 : =-15] 1 o o : 3
5 5 =[0 1 0 : —6]

0 0 9 ?

Answer: x =3,y =—-6,z=9

5. Use the Gauss-Jordan Elimination method to solve this system of equations.

—2X—-y-z=-11
3x+4y+z=19
3X+6y+52=43

Write the system of equations as an augmented matrix:
-2 -1 -1 : -11
3 4 1 : 19
3 6 5 1 43

The Gaussian Elimination method requires the matrix to be transformed into a
row equivalent matrix of this form in which all elements that are not specified as
1 or 0 can be any number which results from transforming the matrix:

1 0 0 :
[0 1 0 : ]
0 0 1 :

14
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Transform the matrix:

-2 -1 -1 : -11
3 4 1 : 19
3 6 5 i 43

<« R, + Ry
< Ry +(—R3)

The symbol « R, + R; means add Row 1 and Row 3 and put the result in Row 1.

The symbol « R, + (—R3) means multiply Row 3 by —1, add Row 2, and put the
result in Row 2. The resulting row equivalent matrix is:

—2+3 -1+6 —-1+5 : —11+443 1 5 4 + 32
3+-3 44+-6 1+-5 i 194+ —-43|=|0 -2 -4 : =24
3 6 5 ¢ 43 3 6 5 ¢ 43

Next,

1 5 4: 32
0 —2 —4 i —24 |- L
3 6 5 i 43 [-imoew

The symbol « —%Rz means multiply Row 1 by —%, and put the result in Row 2.

The symbol « —3R; + R; means multiply Row 1 by —3, add Row 3, and put the
result in Row 3. The resulting row equivalent matrix is:

1 5 = : 32
Lo L, L4 Ly
2 2 2 ' 2
—-3-1+3 —-3:-5+6 —-3-4+5 : —-3-32+43
1 5 4 : 32
= [0 1 2 12
0o 9 -7 : —53
Next,
1 5 4 : 32 « R, + (—ERZ)
I{) 1 2 12
0 —9 -7 : —53 1< 9R, + R4

15
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The symbol < R; + (—5R,) means multiply Row 2 by —5, add Row 1, and put the
result in Row 1. The symbol < 9R, + R3; means multiply Row 2 by 9, add Row 3,
and put the result in Row 3. The resulting row equivalent matrix is:

1+-5-0 5+-5-1 4+ -5-2 1 32+ -5-12
0 1 2 : 12
9:-0+0 9-1+ -9 9-2+-7 ¢ 9-12 + 53
1 0 -6 : -—-28
=I{) 1 2 12
0 0 11 ¢ 55

Next,

1 0 -6 : —28
01 2 : 12
0 0 11 : 55

R
MET R

The symbol « 1—11R3 means multiply Row 3 by 1—11, and put the result in Row 3. The

resulting row equivalent matrix is:

1 0 —6 —28 1 0 —6 : —28
0 1 2 12 _ )
1 1 1 ! =10 1 2 152
.0 . . . 0 0 :
11 0 11 0 11 1 11 55 1
Next,
1 0 —6 : —2871 6R;+R;
01 2 : 12 |-2R;+R,
00 1 : 5

The symbol « 6R; + R; means multiply Row 3 by 6, add Row 1, and put the
result in Row 1. The symbol < —2R; + R, means multiply Row 3 by —2, add Row
2, and put the result in Row 2. The resulting row equivalent matrix is:

16
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6-0+1 6-0+0 6-1+—-6 ! 6-5+ —28

—2:-04+0 —-2-0+1 —2-14+2 ¢ —-2-54+12
0 0 1 : 5
1 0 0 : 2
=10 1 O 2
0 0 1 5

Answer: x =2,y=2,z=5

6. Use the Gauss-Jordan Elimination method to solve this system of equations.

2X+y+z=11
3x+5y+52=34
—5X—-6y—-3z=-42

Write the system of equations as an augmented matrix:
2 1 1 : 11
3 5 5 ¢ 34
-5 -6 -3 i —42

The Gauss-Jordan Elimination method requires the matrix to be transformed into
a row equivalent matrix of this form in which all elements that are not specified
as 1 or 0 can be any number which results from transforming the matrix:

1 0 0 :

0 0 1

Transform the matrix:

2 1 1 i 11 |« R,+(-R,)
3 5 5 i 34
-5 —6 -3 i -42l< R,

17
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The symbol « R, + (—R;) means multiply Row 1 by —1, add Row 2, and put the
result in Row 1. The symbol < —R3; means multiply Row 3 by —1, and put the
result in Row 3. The resulting row equivalent matrix is:

1 4 4 : 23

3 5 5 ¢ 34

3+—-2 5+-1 54+-1 : 34+4+-11
3 5 5 ¢ 34

—(=5) —(-6) —(=3) i —(-42) 5 6 3 i 42
Next,
1 4 4 : 23
5 6 3 ! 42

The symbol « —3R; + R, means multiply Row 1 by —3, add Row 2, and put the
result in Row 2. The resulting row equivalent matrix is:

1 4 4 : 23
—3-1+3 —3-4+5 —3-4+5 : —3-23+34
5 6 3 : 42

1 4 4 : 23
=0 -7 -7 : =35
5 6 3 i 42

Next,
1 4 4 : 23

0o -7 -7 : =35
5 6 3 : 42

< —=R,

The symbol « — %Rz means multiply Row 2 by —%, and put the result in Row 2.

The resulting row equivalent matrix is:

1 4
) A §3 1 4 4 : 23
—50 -2 =7 —Z-—7 i —2--35|=|0 1 1 i 5
g 6 3 12 5 6 3 42
Next,
18
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1 4 4 231« R, + (—4R,)
01 1 : 5
5 6 3 421« Ry + (—5R,)

The symbol « R; + (—4R,) means multiply Row 2 by —4, add Row 1, and put the
result in Row 1. The symbol « R; + (—5R;) means multiply Row 1 by —5, add
Row 3, and put the result in Row 3. The resulting row equivalent matrix is:

1+—-4-0 4+—-4-1 44—-4-1 : 234+ —4-5
0 1 1 : 5 ]
5+-5-1 6+-5-4 3+-5-4 i 42+ —5-23
1 0 0 : 3
=10 1 1 : 5 ]
0 —-14 -17 : =73
Next,
1 0 0 i 3
0 1 1 : 5 ]
0 —14 —17 i -—731« 14R, +R,

The symbol « 14R, + R; means multiply Row 2 by 14, add Row 3, and put the
result in Row 3. The resulting row equivalent matrix is:

1 0 0 : 3
[ 0 1 1 : 5
14-0+0 14-1+-14 14-1+-17 : 14-5+-73

01 1 : 5

[10053
0 0 -3 : =3

Next,

1 0 0 : 3
0 1 1 : 5 1
0 0 -3 : -3 <——§R3

The symbol « —%Rg means multiply Row 3 by —i, and put the result in Row 3.

The resulting row equivalent matrix is:

19
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1 0 0 3
0 1 1 5 1 0 0 3
1 1 1 1 [T L1 5
- .0 -0 —-._ . _
3 3 3 3 3 3 0 0 1 1
Next,
1 0 0 : 3
0 0 1 : 1

The symbol « —R; + R, means multiply Row 3 by —1, add Row 2, and put the
result in Row 2. The resulting row equivalent matrix is:

1 0 0 i 3 100 : 3
—0+0 —0+1 —1+1s—1+5=[01os4]
0 0 11 00 1 : 1

Answer: x =3,y =4,z=1

7. Use the Gauss-Jordan Elimination method to solve this system of equations.

2X+5y—-3z=-10
—2X—-2y+22=2
—X+-by+z=17

Write the system of equations as an augmented matrix:

-2 =2 2 i 2

[2 5 -3 : —10]
-1 -5 1 : 17

The Gauss-Jordan Elimination method requires the matrix to be transformed into
a row equivalent matrix of this form in which all elements that are not specified
as 1 or 0 can be any number which results from transforming the matrix:

1 0 0 :
[O 1 0 : ]
0 0 1 :
20
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Transform the matrix:

2 5 =3 i —10]-~/"
—2 —2 2 1 2 ]“z"z
-1 -5 1 : 17

The symbol « R; + R; means add Row 1 to Row 3 and put the result in Row 1.
The symbol « %Rzmeans multiply Row 2 by — %, and put the result in Row 2. The

resulting row equivalent matrix is:

2;—1 51+—5 —31+1 5—1ci+17 L0 2 7
—— 2 ——._2 __.2 — 2 :[1 1 -1 : -1
2 2 2 2 1 -5 1 : 17
-1 -5 1 : 17
Next,

1 o -2 : 7

1 1 -1 ¢ —1|«< —R;,+Ry

-1 -5 1 17 ‘_R1+R3

The symbol « —R; + R, means multiply Row 1 by —1, add it to Row 2, and put
the result in Row 2. The symbol « R; + R;means add Row 1 and Row 3 and put
the result in Row 3. The resulting row equivalent matrix is:

1 0 —2 : 7
-1+1 -0+1 —-(-2)+-1 { =-7+-1
1+-1 0+-5 —2+1 o 7+17

1 0 -2 : 7
=0 1 1 5—8]
0 -5 -1 i 24

Next,

1 0 -2 : 7
0 1 1 : -8
0 -5 -1 : 24

< 5R, + R,

The symbol « 5R, + R; means multiply Row 2 by 5, add it to Row 3, and put the
result in Row 3. The resulting row equivalent matrix is:

21
© MathTutorDVD.com



0 1 1 : —8
5:.0+0 5-1+-5 5-1+—-1 { 5--8+24

1 0 -2 : 7
10115—8‘

0 0 4 : -16

[ 1 0 —2 : 7

Next,

The symbol « %R3 means multiply Row 3 by % and put the result in Row 3. The

resulting row equivalent matrix is:

Lo =7 10 -2 & 7
0 >0 -4 >-—16] lo o 1 -
20 7Y Tt g

Next,

0 1 1 —8 — _Rg + Rg

1 0 -2 : 7 ]<—2R3+R1
0o 0 1 : —4

The symbol « 2R; + R; means multiply Row 3 by 2, add Row 1, and put the
result in Row 1. The symbol < —R; + R, means multiply Row 3 by —1, add Row
2, and put the result in Row 2. The resulting row equivalent matrix is:

2:-0+1 2-0+0 2-1+-2 ¢ 2-—4+7
-0+0 —-0+1 -1+1 i —(—4)+ -8
0 0 1 P —4
1 0 0 : -1
I{) 1 0 : —4‘
0o 0o 1 : —4

Answer: x = —1,y=—4,z=—4
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