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Technology

Most graphing utilities can convert a
matrix to reduced row-echelon form.
Enter the system’s augmented matrix
and name it A. Then use the
(reduced row-echelon form) com-
mand on matrix A.

[A]
5 1.2 511
1.1 2 13]
1.3 2 2511
3
/
| This is the
| augmented matrix |
| for the system
| in Example 4.
rref C [H]2
[[1 & ]
818 3]
y B a1 311

| This is the matrix |
| in reduced row- |
 echelon form we i
| obtained in i
| Example 4. '
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Exercise Set 9.1

Using Gauss-Jordan Elimination

Use Gauss-Jordan elimination to solve the system:
3x by +22—31
X2y 2z="19
X3y E D= 05

Solution In Example 2, we used Gaussian elimination to obtain the following

We want {_ 10 %119
0s iflrfhese | U 21 13
positions. 6. 0 1 5

To use Gauss-Jordan elimination, we need Os both above and below the 1s
main diagonal. We use the 1 in the second row, second column to get a 0 abo!

Replace row 1

in the previous 10 & 6—| We want
matrix by 0= 157 l 13 | 0s in these
—1R, + R,. 00 1 5% positions.

We use the 1 in the third column to get Os above it.

1107 0156

Replace row 2 in the previ
R R matrix by —2R; + R,
15=5

{1
05 =0
This last matrix corresponds to
x=6, y=3, z=25.
As we found in Example 2, the solution setis {(6,3,5)}.

Check Point 4 Solve the system in Check Point 2 using Gauss-Jordan eliminati
Begin by working with the matrix that you obtained in Check Point 2.

Practice Exercises

In Exercises 1-8, write the augmented matrix for each system of

linear equations.
JxFoy t2az— 9
L3 — oy =7 - 2.
x=2y=32=—-06

x =yt z—8
¥ — 12z — =15 4,
z=1

Sx =2y =08z=0
5 XA =y.=5 6.
2x —3z=4

2WwE Sy =3yt 7=2
3x+ y=4

w— x+5y=9
MO =2y — |

In Exercises 9-12, write the system of linear equations re
by the augmented matrix. Use x, y, and z, or, if necessary,
and z, for the variables.

3x — 2y +5z= 31 50 3j-u 7508
Yot o T A 1.0 1 -5
—2x -5y +3z= 11 272 0 3 221 0
&= 2yt Y ey it a3 [ 54
y =5 SRy SR D) T il
252 i o 9. 5 e oo
X —2y-tia=—d40 00 42 4|5 L0 0=t}
3x+ y=5
T Edr=) In Exercises 13-18, perform each matrix row operation

the new matrix.
4w +7x —8y+ z=3

Sx¥ y=5 2 -6 4|10] 3R,
Wiy ayedy AL TS 0500 s
2w —2x + 11y = 4 3.0 419




Bk e
2x—y+ i 5
B -2y +27= 1

X + 3y = 0
- y+z:1
Sr— y— =11
2x* Y& =4
X + y~52:—4
—y—z=0
R t2=2

53 -12 6]9] i
1 -4 4]0
3 0 7|4
F1 -3 - 2]0
3 1 _1 7 _3R1+R2
2 -2 1f3
Bl -1 5]-6]
i3 o1 5
=1 <1 1}l 3
121t
e 1.2 4| 6| “5R, +R,
f = S oy
9 F =3 gl %
S 2 -~1L 61 3R+ R
By - 4 2l 4R, + R,

Exercises 19-20, a few steps in the process of simplifying the
ven matrix to row-echelon form, with Is down the diagonal from
upper left to lower right, and 0s below the Is, are shown. Fill in the

1e- —1 1528 3 i e B
2 S =0 =i S RS
5 =2 9] 9 0 1E5ELEE
o sl 128
—1 0 1= 5.0
0 = FEER]
ks —2 3| 4 ]
2 1 -4 3|—>]0 S EfJE
=5 qs Dl O =25 R 1
iee=d = 3
=10 L SEN
SR SRR

1 Exercises 21-38, solve each system of equations using matrices.
Se Gaussian elimination with back-substitution or Gauss-Jordan

Xi= Oy a1

22. § 2x— y+ z 4
SXebay =27 — -
y— z==-1

24.{ X 5y~ z—=d
=3x + 6y F2z=11

3L -y— 7= 0
By 272 = 6
2x+2y+3z=

Section 9.1 Matrix Solution

Xty —7—1
2. {x=4+y—z
Xihky = 3z =3
Sue—=b—de—23
3. {\2a— b+ 2c= -8
a+2b—3= 9
22y g — =]
30yt yitoa—
drtibyit s ——15
e VR S N s e
3s, 2wt oy Dyt =)
We=2% iy D7 — -9
Jw+2x+ y+37= 4
Wi ey
36. Wk 2y — 97 = —
R=0x= =3y =]
2 —= b0y St
3Jw—4x+ y+ z=9
Wit e n e
il 2w+ x+4y—2z=3
=Wk 2xhuy—37 =3
2w + Y=z =- 8
38, Wik 4z = —-10
Swe ey —z2= 70
U e e e T

Practice Plus

39. Find the quadratic function f(
k=

40.

41. Find the cubic function f(;
which f(-1) =0, f(1) = 2, f
Find the cubic function f(x
which f(—1) = 3, f(1) = 1, f(

Solve the system:

f(=1) =5,f(1) = 3,and f(2)
(

42.

43.

2lnw+ Inx + 3
4lnw + 3lnx +
Inw+ Inx+

Inw+ Inx-

(Hint: Let A=lnw. B =1In e G
the system for A4, B,C, and D.
equations to find w, x, y, and z.)

44. Solve the system:

)
—4,f(1) = 2,and f(2)
Find the quadratic function f(x)

s to Linear Systems 831

2x+y=2+'1
2x=11+3y —7
x+y+z=4

30.

Satb——c—210
2a-3b—5c =1
as2b 3 = =/
3x+2y+3z=3
Ay =5y + 7z =1
2xsb3y— 02 =6

32.

34.

x) = ax* + bx + ¢ for which
0.

ax? + bx + ¢ for which

Il

5
) =ax’ + bx* + cx + d for
2) =3,and f(3) = 12.

) =ax’ + bx’> + cx + d for
2) =6,and f(3) = 7.

Iny—2lnz=-6
Infy=lnz =—2
Iny+ Inz=-5
Inpe—vilna—0p5

=Iny, and D = In z Solve
Then use the logarithmic

Inw+ Inx+klhy+ Inz=-1
“lnw+4lnx+Iny—- Inz= 0
Inw—-2lnx+Iny —2lnz= 11
“lnw—-2Inx+Iny+2lnz= -3

(Hint: Let A =In w,B=Inx,C =Iny, and
the system for A, B,C, and D. Then use

equations to find an v v and =)\

D = Inz. Solve
the logarithmic
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Application Exercises
45. A ball is thrown straight upward. A position function

s(t) = %atz + ygt + 5

can be used to describe the ball’s height, s(¢), in feet, after ¢
seconds.

If a meal consisting of the three foods allows
660 calories, 25 grams of protein, and 425 milligr. -
min C, how many ounces of each kind of food shoul

48. A furniture company produces three types of des
dren’s model, an office model, and a deluxe mode

desk is manufactured in three stages: cutting, constr

s(®) and finishing. The time requirements for each moy
< 60 - manufacturing stage are given in the following tablg
> sol (2,48) .
G} (1,40) Children’s Office
cg) fg\ 40 model model
22 30k 2
= A (3,24) Cutting 2hr 3hr
5 ar Construction 2hr 1 hr
o
L | Finishing 1hr 1 hr
e S sl By : A G it
: : Siahe e Each week the company has available a maximum
Sipe (seonds) hours for cutting, 100 hours for construction, and 65 ho

finishing. If all available time must be used, how man

a. Use the points labeled in the graph to find the values of
each type of desk should be produced each week?

a, vy, and s;. Solve the system of linear equations involving
a, vy, and s, using matrices. 49.

Imagine the entire global population as a village of prec
200 people. The bar graph shows some numeric observati
based on this scenario.

b. Find and interpret s(3.5). Identify your solution as a
point on the graph shown.

¢. After how many seconds does the ball reach its maximum : 5
height? What is its maximum height? Earth’s Population as a Village of 200 People

46. A football is kicked straight upward. A position function 150 -

Combined, there are 183 Asians, Africans, Europealiéx
Americans in the village. The number of Asians exceé’?’sr
number of Africans and Europeans by 70. The differen
between the number of Europeans and Americans
the number of Africans is doubled, their population
the number of Europeans and Americans by 23. Dete
the number of Asians, Africans, Europeans, and Americ:
the global village. -

100

Tk : 7 Asian
s(t) = 2at” + Ut + S o 125F s W
_ : ; Z Usdet Unable
can be used to describe the ball’s height, s(¢), in feet, after ¢ é 100 * to read
seconds. = ; European e
s(t) = 75 60 Ove: African -
X age 65 American
001 E Sof : wsl 5 8
3 =
E Z 5t 14 4
8 25 -
O
°T 200 Source: Gary Rimmer, Number Freaking, The Disinformation Company Ltd.,
52
2£€ 150
=
o
Q
ani

W
o

Time (seconds)

a. Use the points labeled in the graph to find the values of
a, vy, and sp. Solve the system of linear equations involving
a, vy, and s, using matrices.

b. Find and interpret s(7). Identify your solution as a point
on the graph shown.

¢. After how many seconds does the ball reach its maximum

50. The bar graph shows the number of rooms, bathr

fireplaces, and elevators in the U.S. White House.

The U.S. White House by the Numbers

height? What is its maximum height? 150
Write a system of linear equations in three or four variables to 125k -
solve Exercises 47-50. Then use matrices to solve the system.
47. Three foods have the following nutritional content per ounce. 100+
5= W I
Protein Vitamin C Bihaons . =
Calories (in grams) (in milligrams) 50+ Fireplaces 7
2 E
Food A 40 > 30 251 2 Elevators
Food B 200 2 10 2
L Food C 400 4 = 300 ST Source: The White House
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