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King Saud University 22 SOLUTION
1- Find a linear system in the unknownsx1, x2, X3, . . ., that corresponds
to the given augmented matrix.
a_
2 0 0
i —4 0
0 | I
(a) 2x; =
3,\'] — 4.‘('_1 =10
X2 = |
b-
30 =2 5
(b) | 7 1 4 -3
0o -2 |
(h] 3,\'] — 11'3 — 5
?I] + Xa +4.1'3 = =3
— 24 = 7

2- Find the augmented matrix for the linear system.

(a) —2x;, = 6 (b) 6x; — xy + 3x; =4
3.1'] = 8 5.1'1 — X3 = I
9.1'] = -3
(c) 2,‘{3 — 3.1'_1_ + x5 = 0
—3.1'] — X3+ X3 = —1
ﬁ.l'] —+ 213 — X3 + 2_1'_1_ — 3,‘[5 — 6
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6 —1 3 4
@1 3 f “”[o 5 -1 1}
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|

For the following augmented matrix perform the indicated elementary row operations.
4 -1 3! 5]
0 2 519
-6 1 -3}10|
(a) 8R, (b) R, &R, (¢) R,+3R, >R,
(a) 8R,

This operation is telling us to multiply all the entries in Row 1 of the augmented matrix by 8 so let’s do
that.

4 -1 315 32 -8 24140
| S8R, |

0 2 519 0 2 519
: — :

-6 1 =310 -6 1 —3.:10

(b) R, < R,
This operation is telling us to interchange Row 2 and Row 3 of the augmented matrix. Here is that work.

4 -1 3! 4 -1 3!5
a R, &R, a

0 2 5:09 : -6 1 —-3:10
| — |

6 1 -3{10 0 2 59

(©) R,+3R, >R,

For this operation we are going to replace Row 2 with the results of taking the original enfries from Row
2 and add to them 3 times the entries in Row 1.

4 -1 31 c 4 -1 35
: R, +3R, >R, !

0 2 519 ’ 2 -1 14124
| — 1

6 1 -3{10 -6 1 -3i10
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For the following augmented matrix perform the indicated elementary row operations.

1 -6 210
!
2 -8 104
|
3 -4 —1;2
1
(a) ERJ (b) R, < R, (c) R,—6R, >R,
1
(a) — R,
P
This operation 1s telling us to multiply all the entries in Row 2 of the augmented matrix by ¥: so let’s do
that.
-6 210 1 1 6 2!0
i —R, i
2 -8 10:4 2 1 4 v 2
3 -4 -1,2 — 3 -4 -142
(b) R, <> R,

This operation is telling us to interchange Row 1 and Row 3 of the augmented matrix. Here is that work.

1 -6 210 -4 -112
; R, <R, ;

2 -8 1014 2 -8 1014
i - [

3 -4 -1;2 1 -6 2,0

(c) R, —6R, = R,
For this operation we are going to replace Row 1 with the results of taking the original entries from Row
1 and subtract from them 6 times the entries in Row 3.

1 -6 2!0 -17 18 8!-12
i R,—6R, — R, i

2 -8 1014 l -8 10" 4
! - |

3 4 -1;2 3 4 -1 2
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5- For the following system of equations convert the system into an
augmented matrix and use the augmented matrix techniques to determine the
solution to the system or to determine if the system is inconsistent or
dependent

x—Ty=-11
Sx+2y=-18
Step 1
The first step is to write down the augmented matrix for the system of equations.
1 -7|-11]
5 2i-18]
Step 2

We need to malke the omumber i the vpper left corner a one. In this case it already is and so there really
isn’t anything to do in this step for this particnlar problem

Step 3
Wext, we need to convert the 5 below the 1 into a zero and we can do that with the following elementary
oW operation.
1 -7} -11] R,-5R, =R, [1 —7!-11]
|
5 21-18] — 10 37} 37]
Step 4

The next step is to furn the number at the bottom of the second column (37 in this case) into a one. The
following elementary row operation will do that for us.

1 —7]-11] LR, 1 -7|-11
0 371 37 > 0 1 1
Step 3

Finally we need to convert the number above the cne we got in Step 4 into a zere. To do that we can use
the following elementary row operation.

"1 -7!-111 R +TR, >R [1 :}:—4}

o 1! 1] > 01! 1

Step 6
From the final angmented matrix we found in Step 5 we get the solution to the system is
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6- For the following system of equations convert the system into an
augmented matrix and use the augmented matrix techniques to determine the
solution to the system or to determine if the system is inconsistent or
dependent.

Tx—-8y=-12
—Ax+2y=3

Step 1
The first step i3 to write down the angmented matrx for the system of equations.

7 -8|-12
-4 2 3
Step 2

‘e need to make the mumber in the upper left corner a one. There are several ways to do this. One way
would be to use the elementary row operation + R, . However. this would put fractions into the other two
entries in the first row and it might be nice to avoid them

So, instead let’s do the following elementary row operation.

r7 -8
|4 2@ 3 4 2 3

1127 R,+2R, >R, 1 4!-6
1 |
i —

Now, this isn’t quite what we want since the mmiber in the upper left is a mins one and not a pesttive
one. However, we can easily fix that by omiltiplying the first row by -1.

-1 4i{-6 -R, 1 446
-4 213 — 4 213

Note that as this step has shown there are several different paths to do these problems. Some will result in
“messier” intermediate steps, but the solution we get in the end will be the same regardless of the path we
chose to follow in the solution process.

Step 3
Wext, we need to convert the -4 below the 1 inte a zero and we can do that with the following elementary

TOW operation.
1 4)6] R,+4R, =R, 1 4] 6]
|
4 243 . 0 18:27]
Step 4

The next step 15 to turn the mumber at the bottom of the second column (18 in this case) into a one. The
following elementary row opetation will do that for us.
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[1 4} 6] 4R, 1 4]6] [1 4]6]
lo 18]27] — 0 11Z o 113

In the first step we chose to avoid the step that put fractions into the angmented matrix, but sometimes, as
in this step, they can’t be avoided.

Step 5
Finally we need to convert the number above the one we got in Step 4 into a zero. To do that we can use
the following elementary row operation.

1 4/6] R,—4R, >R, 1070
0 1!3 - 0 113

Step 6
From the final gmented matrix we found in Step 5 we get the schution to the systemis

7- For the following system of equations convert the system into an
augmented matrix and use the augmented matrix techniques to determine the
solution to the system or to determine if the system is inconsistent or
dependent.

Ix+9y=-06
—4x—-12y =8

Step 1
The first step is to write down the sugmented matrix for the system of equations.
3 9] -6
I
-4 -12] 8]
Step 2

We need to make the number in the upper left corner a one. In this case we can quickly do that by
dividing the top row by 3.

3 oi-6] iR, 1 3i-2
i [
-4 12 §] — -4 -12: 8
Step 3

Next, we need to convert the -4 below the 1 into a zero and we can do that with the following elementary
ToW operation.
[1 3!—2] R,+4R, =R, [1 3!—2}

|4 -121! 8 - 00! 0
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Step 4
The nunute we see the bottom row of all zerees we know that the system if dependent. We can convert
the top row into an equation and solve for x as follows,

x+3y=-2 — x=—3y-2

w

From this we can write the solution as,

f 1s any oumber

8- For the following system of equations convert the system into an
augmented matrix and use the augmented matrix techniques to determine the
solution to the system or to determine if the system is inconsistent or
dependent.

2x+5y+2z=-38
3x—2y+4=z=17
—b6x+y—Tz=-12

Step 1
The first step 1s to wnte down the angmented matnx for the system of equations.
T2 5 2 I —38 ]
32 40 17
|6 1 -7:-12|
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Step 2

'e need to make the mumber in the upper left corner a one. Much like with the previous problems (ie
solving systems with two variables) we can quickly do it with the elementary row operation %Rl but that

will put fractions into the augmented matrix and they wounld probably be around for quite a few steps and
it would be really nice to avoid them for as long as possible when the augmented matrix starts getting this
size.

So, let’s start with the following elementary row operation.

2 s 2038 o -1 7 -2{-55
32 4w =82 32 4l
6 1 -7 -12 - 6 1 -7}-12

/ith this operation we got a negative one in the spot where we needed a plus one. but we can easily fix
that with the next elementary row operation.

-1 7 2155 : 1 -7 2} 55

32 4 17 o 3 2 4! 17
! - !

%6 1 -7.-12 6 1 -7;-12

Now, a quick note before we really jump into the rest of this problem. Using angmented matrices to solve
systems with three variables can be a very tedious process and there are a great mumber of possible paths
to take in the solution process so your solution may well vary from this solution depending on the path
vou took. The final answers however will the same regardless of the path we take provided we did all the
arithmetic correctly.

Step 3
Wext, we need to convert the 3 and the -6 below the 1 in the first colunm into zeroes and we can do that
with the following elementary row cperations.

1 -7 2! 55] R,-3R—R, 1 -7 2! 55
3 -2 41 17  R+6R, >R, 0 19 -2i-148
6 1 -7;-12 - 0 41 5 318

Step 4
'e now need to turn the 19 in the second row inte a one and it seems like the only easy way to do that is
the following elementary row operation.

1 -7 2! 55 - 1 -7 2! 55
0 19 2i-148| F° 0 1 -3
_}

0 -41 51! 318 0 —41 51 318
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Step 5
Next we need to turn the -41 in the third row into a zero. The following elementary row operation will do
that for us.

1 —? 2! 55 _]‘ jl 55
0 1 __gi__? R,+41R, > R, _%:_%_
1 = . = _} 1

|0 41 5;318 0 0 Bi-_xm|

Again we had to put more fraction into the augmented matrix. This is just a fact of life with these types
of problems. However, as we'll see in the next step they do often disappear as well.

Step 6
Oleay. we need to turn the % in the third row into a one and we can do that as follows,

=

RS

_>

1}

Step 7
Next we need to turn the _% and the 2 in the third colunm into zeroes. The following elementary row
operations will do that for us.

1 -7 21 55] R -2R, >R 1 -7 01509
0 1 -3i-8| R+iR >R, 0 10;-8
0 0 1; -2| — 0 0 1;-2|

Note that the fractions are now completely gone! This won't always happen but it also will happen fairly
regularly that fractions get introduced in intermediate steps and then go away in later steps.

Step 8
For the final operation we need to turn the -7 in the second colummn into a zero and we can do that as
follows,

170l 100} 3

lo 1 0l-g HTRTA 0108
! - !

lo 0 1]-2| 00 1;-2

Step 9
From the final augmented matrix we found in Step 8 we get the solution to the system is :

r=3 y=-8 z=-2[.




