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Systems of Equations
and Inequalities

10.1 Systems of Linear Throughout the preceding chapters we modeled real-world situations by
Equations in Two equations. But many real-world situations involve too many variables to be
Variables modeled by a single equation. For example, weather depends on the

10.2 Systems of Linear relationships among many variables, including temperature, wind speed, air
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10.9 Systems of Inequalities

FOCUS ON MODELING
Linear Programming

pressure, and humidity. So to model the weather (and forecast a snowstorm
like the one pictured above), scientists use many equations, each having
many variables. Such collections of equations, called systems of equations,
work together to describe the weather. Systems of equations with hundreds
of variables are used by airlines to establish consistent flight schedules and
by telecommunications companies to find efficient routings for telephone
calls. In this chapter we learn how to solve systems of equations that consist
of several equations in several variables.
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IEET KM SYSTEMS OF LINEAR EQUATIONS IN TWO VARIABLES

Systems of Linear Equations and Their Solutions Substitution Method Elimination
Method Graphical Method ' The Number of Solutions of a Linear System in Two
Variables Modeling with Linear Systems

A linear equation in two variables is an
equation of the form

ax + by = ¢

The graph of a linear equation is a line
(see Section 1.10).

Systems of Linear Equations and Their Solutions

A system of equations is a set of equations that involve the same variables. A system
of linear equations is a system of equations in which each equation is linear. A solu-
tion of a system is an assignment of values for the variables that makes each equation
in the system true. To solve a system means to find all solutions of the system.

Here is an example of a system of linear equations in two variables:

2x — y=35 Equation 1
x+4y=7 Equation 2

We can check that x = 3 and y = 1 is a solution of this system.

Equation 1 Equation 2
2x —y =15 x+4y=7
23)—-1=5 Vv 3+41)=7 V

The solution can also be written as the ordered pair (3, 1).

Note that the graphs of Equations 1 and 2 are lines (see Figure 1). Since the solution
(3,1) satisfies each equation, the point (3,1) lies on each line. So it is the point of in-
tersection of the two lines.

FIGURE 1

Substitution Method

To solve a system using the substitution method, we start with one equation in the
system and solve for one variable in terms of the other variable.

SUBSTITUTION METHOD

1. Solve for One Variable. Choose one equation, and solve for one variable in
terms of the other variable.

2. Substitute. Substitute the expression you found in Step 1 into the other
equation to get an equation in one variable, then solve for that variable.

3. Back-Substitute. Substitute the value you found in Step 2 back into the
expression found in Step 1 to solve for the remaining variable.
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EXAMPLE 1 = Substitution Method
Find all solutions of the system.
{Zx + y= 1  Equationl
3x+4y =14 Equation 2
SOLUTION Solve for one variable. We solve for y in the first equation.
y=1-—2x Solve for y in Equation 1
Substitute. Now we substitute for y in the second equation and solve for x.
3x + 4(1 —2x) = 14 Substitute y = 1 — 2x into Equation 2
3x +4 — 8

—5x + 4

14 Expand

14 Simplify
—5x = 10 Subtract 4
x= -2 Solve for x
Back-substitute. Next we back-substitute x = —2 into the equation y = 1 — 2x.
y=1-2(=-2)=5 Back-substitute

Thus x = —2 and y = 5, so the solution is the ordered pair (—2, 5). Figure 2 shows
that the graphs of the two equations intersect at the point (=2, 5).

CHECK YOUR ANSWER

x=-2,y=25:

{ 2(-2)+5=1
3(=2) +4(5) =14 V

FIGURE 2

®_ Now Try Exercise 5 |

Elimination Method

To solve a system using the elimination method, we try to combine the equations using
sums or differences so as to eliminate one of the variables.

ELIMINATION METHOD

1. Adjust the Coefficients. Multiply one or more of the equations by appropri-
ate numbers so that the coefficient of one variable in one equation is the neg-
ative of its coefficient in the other equation.

2. Add the Equations. Add the two equations to eliminate one variable, then
solve for the remaining variable.

3. Back-Substitute. Substitute the value that you found in Step 2 back into one
of the original equations, and solve for the remaining variable.
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EXAMPLE 2 = Elimination Method

Find all solutions of the system.
3x+2y=14 Equation 1
x—2y= 2 Equation 2

SOLUTION  Since the coefficients of the y-terms are negatives of each other, we can
add the equations to eliminate y.

3x+2y=14 S
st
=2y = 2 ystem
4x =16 Add
x=4 Solve for x

3x +2y=14
Now we back-substitute x = 4 into one of the original equations and solve for y. Let’s
choose the second equation because it looks simpler.

x—2y=2 Equation 2
4 —2y=2 Back-substitute x = 4 into Equation 2
-2y = -2 Subtract 4

y=1 Solve for y
The solution is (4,1). Figure 3 shows that the graphs of the equations in the system
FIGURE 3 intersect at the point (4,1).
®. Now Try Exercise 9 |

Graphical Method

In the graphical method we use a graphing device to solve the system of equations.

GRAPHICAL METHOD

1. Graph Each Equation. Express each equation in a form suitable for the
graphing calculator by solving for y as a function of x. Graph the equations
on the same screen.

2. Find the Intersection Point(s). The solutions are the x- and y-coordinates of
the point(s) of intersection.

EXAMPLE 3 = Graphical Method

See Appendix C, Graphing with a Find all solutions of the system

Graphing Calculator, for guidelines

on using a graphing calculator. See { 1.35x = 2.13y = —2.36
Appendix D, Using the TI-83/84 2.16x + 032y = 1.06

Graphing Calculator, for specific
graphing instructions. Go to
www.stewartmath.com. { y= 0.63x+ 1.11

y = —6.75x + 3.31

SOLUTION  Solving for y in terms of x, we get the equivalent system
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SECTION 10.1 = Systems of Linear Equations in Two Variables 683

where we have rounded the coefficients to two decimals. Figure 4 shows that the two
lines intersect. Zooming in, we see that the solution is approximately (0.30, 1.30).

—-1.5° 1.5

FIGURE 4 -5

®. Now Try Exercises 13 and 51 u

The Number of Solutions of a Linear System
in Two Variables

The graph of a linear system in two variables is a pair of lines, so to solve the system
graphically, we must find the intersection point(s) of the lines. Two lines may intersect
in a single point, they may be parallel, or they may coincide, as shown in Figure 5. So
there are three possible outcomes in solving such a system.

NUMBER OF SOLUTIONS OF A LINEAR SYSTEM IN TWO VARIABLES

For a system of linear equations in two variables, exactly one of the following
is true. (See Figure 5.)

1. The system has exactly one solution.

2. The system has no solution.

3. The system has infinitely many solutions.

A system that has no solution is said to be inconsistent. A system with infinitely
many solutions is called dependent.

y V J/
0 X 0 x 0 ;

(a) Lines intersect at a (b) Lines are parallel and (c) Lines coincide—equations
single point. The system do not intersect. The are for the same line. The system
FIGURE 5 has one solution. system has no solution. has infinitely many solutions.

EXAMPLE 4 = A Linear System with One Solution
Solve the system and graph the lines.

3x— y= 0 Equation 1
S5x + 2y =22 Equation 2
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YA 3x—y=0
/
\
\
\/
6 (2,6)
/1\
\
\
/
2 \ X
Sx +2y=22
FIGURE 6
x=2,y=06:
32) - (6)= 0
5(2) +2(6) =22 V
y

—12x +3y=7

FIGURE 7

SOLUTION We eliminate y from the equations and solve for x.

6x —2y= 0 2 X Equation 1
S5x + 2y =22
11x =22 Add

x =2 Solve for x

Now we back-substitute into the first equation and solve for y:

6(2) —2y=0 Back-substitute x = 2
—2y=—12 Subtract 12
y=26 Solve for y

The solution of the system is the ordered pair (2, 6), that is,
x=2 y=06
The graph in Figure 6 shows that the lines in the system intersect at the point (2, 6).

. Now Try Exercise 23

EXAMPLE 5

Solve the system.

A Linear System with No Solution

{ 8&x —2y=5 Equation 1

—12x + 3y =7 Equation 2

SOLUTION This time we try to find a suitable combination of the two equations to
eliminate the variable y. Multiplying the first equation by 3 and the second equation
by 2 gives

3 X Equation 1

24x — 6y = 15
2 X Equation 2

—24x + 6y = 14
0=29 Add

Adding the two equations eliminates both x and y in this case, and we end up with

0 = 29, which is obviously false. No matter what values we assign to x and y, we can-
not make this statement true, so the system has no solution. Figure 7 shows that the
lines in the system are parallel so do not intersect. The system is inconsistent.

® . Now Try Exercise 37

EXAMPLE 6 = A Linear System with Infinitely Many Solutions
Solve the system.

3x — 6y = 12 Equation 1

4x — 8y =16 Equation 2

SOLUTION We multiply the first equation by 4 and the second equation by 3 to pre-
pare for subtracting the equations to eliminate x. The new equations are
12x — 24y = 48
12x — 24y = 48

4 X Equation 1
3 X Equation 2

We see that the two equations in the original system are simply different ways of
expressing the equation of one single line. The coordinates of any point on this line
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FIGURE 8

SECTION 10.1 = Systems of Linear Equations in Two Variables 685

give a solution of the system. Writing the equation in slope-intercept form, we have
y = 3x — 2. So if we let ¢ represent any real number, we can write the solution as

X =1
_1
y=2t—2
We can also write the solution in ordered-pair form as
(t,5t —2)
where ¢ is any real number. The system has infinitely many solutions (see Figure 8).

®. Now Try Exercise 39 |

In Example 3, to get specific solutions we have to assign values to ¢. For instance, if
t = 1, we get the solution (1, —%) If r = 4, we get the solution (4, 0). For every value
of t we get a different solution. (See Figure 8.)

Modeling with Linear Systems

Frequently, when we use equations to solve problems in the sciences or in other
areas, we obtain systems like the ones we’ve been considering. When modeling with
systems of equations, we use the following guidelines, which are similar to those in
Section 1.7.

GUIDELINES FOR MODELING WITH SYSTEMS OF EQUATIONS

1. Identify the Variables. Identify the quantities that the problem asks you to
find. These are usually determined by a careful reading of the question posed
at the end of the problem. Introduce notation for the variables (call them x
and y or some other letters).

2. Express All Unknown Quantities in Terms of the Variables. Read the problem
again, and express all the quantities mentioned in the problem in terms of the
variables you defined in Step 1.

3. Set Up a System of Equations. Find the crucial facts in the problem that give
the relationships between the expressions you found in Step 2. Set up a sys-
tem of equations (or a model) that expresses these relationships.

4. Solve the System and Interpret the Results. Solve the system you found in
Step 3, check your solutions, and state your final answer as a sentence that
answers the question posed in the problem.

The next two examples illustrate how to model with systems of equations.

EXAMPLE 7 = A Distance-Speed-Time Problem

A woman rows a boat upstream from one point on a river to another point 4 mi away
in 13 hours. The return trip, traveling with the current, takes only 45 min. How fast
does she row relative to the water, and at what speed is the current flowing?

SOLUTION Identify the variables. We are asked to find the rowing speed and the
speed of the current, so we let

x = rowing speed (mi/h)

y = current speed (mi/h)
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Mathematics in the Modern World

Rachel Epstein/PhotoEdit

Weather Prediction

Modern meteorologists do much more
than predict tomorrow’s weather. They
research long-term weather patterns,
depletion of the ozone layer, global
warming, and other effects of human
activity on the weather. But daily
weather prediction is still a major part of
meteorology; its value is measured by
the innumerable human lives that are
saved each year through accurate predic-
tion of hurricanes, blizzards, and other
catastrophic weather phenomena. Early
in the 20th century mathematicians pro-
posed to model weather with equations
that used the current values of hundreds
of atmospheric variables. Although this
model worked in principle, it was impos-
sible to predict future weather patterns
with it because of the difficulty of mea-
suring all the variables accurately and
solving all the equations. Today, new
mathematical models combined with
high-speed computer simulations and
better data have vastly improved
weather prediction. As a result, many
human as well as economic disasters
have been averted. Mathematicians at
the National Oceanographic and Atmos-
pheric Administration (NOAA) are contin-
ually researching better methods of
weather prediction.

Systems of Equations and Inequalities

Express unknown quantities in terms of the variable. The woman’s speed when
she rows upstream is her rowing speed minus the speed of the current; her speed
downstream is her rowing speed plus the speed of the current. Now we translate this
information into the language of algebra.

In Words In Algebra
Rowing speed X
Current speed y
Speed upstream xX—y
Speed downstream x+y

Set up a system of equations. The distance upstream and downstream is 4 mi, so
using the fact that speed X time = distance for both legs of the trip, we get

speed upstream X time upstream = distance traveled

speed downstream X time downstream = distance traveled

In algebraic notation this translates into the following equations.
(x—y);=4
(x+y)i=4

Equation 1
Equation 2

(The times have been converted to hours, since we are expressing the speeds in miles
per hour.)

Solve the system. We multiply the equations by 2 and 4, respectively, to clear the
denominators.

3x —3y= 8 2 X Equation 1
3x + 3y =16 4 X Equation 2
6x =24 Add

X =4 Solve for x

Back-substituting this value of x into the first equation (the second works just as well)
and solving for y, we get

3(4) — 3y =38 Back-substitute x = 4
—3y=8—-12 Subtract 12
y = % Solve for y

The woman rows at 4 mi/h, and the current flows at 15 mi/h.

CHECK YOUR ANSWER

Speed upstream is Speed downstream is

dist 4mi
= 22 mi/h S _ 2T = 5L mih
time b

distance _ 4 mi

time 1ih
and this should equal and this should equal
rowing speed + current flow

=4 mi/h + § mi/h = 5} mi/h

rowing speed — current flow
= 4 mi/h — § mi/h = 23 mi/h

®. Now Try Exercise 65 |
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EXAMPLE 8 = A Mixture Problem

A vintner fortifies wine that contains 10% alcohol by adding a 70% alcohol solution
to it. The resulting mixture has an alcoholic strength of 16% and fills 1000 one-liter
bottles. How many liters (L) of the wine and of the alcohol solution does the vint-
ner use?

SOLUTION Identify the variables. Since we are asked for the amounts of wine and
alcohol, we let

x = amount of wine used (L)
y = amount of alcohol solution used (L)
Express all unknown quantities in terms of the variable. From the fact that the

wine contains 10% alcohol and the solution contains 70% alcohol, we get the
following.

In Words In Algebra
Amount of wine used (L) X
Amount of alcohol solution used (L) y
Amount of alcohol in wine (L) 0.10x
Amount of alcohol in solution (L) 0.70y

Set up a system of equations. The volume of the mixture must be the total of the
two volumes the vintner is adding together, so

x +y = 1000

Also, the amount of alcohol in the mixture must be the total of the alcohol contributed
by the wine and by the alcohol solution, that is,

0.10x + 0.70y = (0.16)1000
0.10x + 0.70y = 160 Simplify
x + 7y = 1600 Multiply by 10 to clear decimals
Thus we get the system
{x + y = 1000 Equation 1
x + 7y = 1600 Equation 2
Solve the system. Subtracting the first equation from the second eliminates the vari-
able x, and we get
6y = 600 Subtract Equation 1 from Equation 2
y =100 Solve for y
We now back-substitute y = 100 into the first equation and solve for x.
x + 100 = 1000 Back-substitute y = 100
x =900 Solve for x
The vintner uses 900 L of wine and 100 L of the alcohol solution.

®. Now Try Exercise 67 |
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10.1 EXERCISES

CONCEPTS
1. The system of equations
2x+3y=17
S5x— y=9

is a system of two equations in the two variables

and . To determine whether (5, —1) is a solution of
this system, we check whether x = 5 and y = —1 satisty
each in the system. Which of the following are

solutions of this system?

(5.-1). (-1.3), (2.1)
2. A system of equations in two variables can be solved by the
method, the
or the method.

3. A system of two linear equations in two variables can have
one solution, solution, or
solutions.

4. The following is a system of two linear equations in two

variables.
x+ y=1
2x + 2y =2

The graph of the first equation is the same as the graph of the

second equation, so the system has

method,

solutions. We express these solutions by writing

X =1t
y =
where ¢ is any real number. Some of the solutions of this

system are (1, __), (=3, __), and (5, ).

SKILLS

5-8 m Substitution Method Use the substitution method to find

all solutions of the system of equations.

5 x— y=1 6 3x+ y=1
T ldx + 3y =18 Tlsx+ 2y =1
7 x— y=2 8 2x+ y=17
“lax+3y=9 lx+2y=2

9-12 m Elimination Method Use the elimination method to find

all solutions of the system of equations.

a9 3x +4y = 10 10 2x + 5y =15
Tlx—dy=-— T4+ y=21

1. 3x —2y=-13 » 2x — 5y = —18
—6x + 5y = 28 3x+4y= 19

13-14 = Graphical Method Two equations and their graphs are
given. Find the intersection point(s) of the graphs by solving the
system.

x+y=2

& 2x + = —1 =
\13.{)‘ y 14.
x—2y=-8 2x+y =15

15-20 = Number of Solutions Determined Graphically Graph
each linear system, either by hand or using a graphing device.
Use the graph to determine whether the system has one solution,
no solution, or infinitely many solutions. If there is exactly one
solution, use the graph to find it.

o

17.

19.

21-50 m Solving a System of Equations

{
{

x—y=4 16 2x —y =4
2x +y=2 T Bx+y=6
2x — 3y =12 18 2x +6y= 0
_x+%y:4 ) —3x—9y=18
—x+3y=-5 12x + 15y = —18
2x— y= 10 "lx+ 3y=-3

Solve the system, or

show that it has no solution. If the system has infinitely many solu-
tions, express them in the ordered-pair form given in Example 6.

21.

® 23,

? 4

25.

27.

29.

31.

33.

35.

-37.

{
{
{
{
{
L
i
{
¢

+y=4 -
Y 2. "
—x+y=0

2x — 3y =9

24.
4x + 3y =9

+3y=5
e 26.
2x — y=3

-x+ y= 2

4x — 3y = -3

4x — 3y = 28
28. 4T

x+2y=17 30, —4x+ 12y = 0
S5x— y=2 12x + 4y—l60
32{

02x — 02y =—1.8
—03x + 0.5y = 33
4x + 2y = 16
x — 5y =170

34.

36.

+
* 38.
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2x — = 1 2x — = -
& 39, x — 6y = 10 40. X 3y 8
—3x+9y=-15 14x — 21y = 3
+ — — p—
AL 6x + 4y = 12 0. 25x — 75y = 100
9x + 6y = 18 —10x + 30y = —40
8s — 3r= -3 - 30v= -5
43. 12 4. MV
S5s — 2t = —3u+8w= 5
45. 2x+5y— 46 %x—%y= %
3x+2y—10 : 2x—%y=—%
04x + 1.2y = 14 26x — 10y = —4
a7, 3T 48. Y
12x — 5y =10 —0.6x +12y= 3
49 Wy = 2 50 —x+ gy= 4
" -8+ 6y =10 ) 2x — 10y = —80

51-54 m Solving a System of Equations Graphically Use a

" graphing device to graph both lines in the same viewing rectan-
gle. (Note that you must solve for y in terms of x before graphing
if you are using a graphing calculator.) Solve the system either by
zooming in and using or by using Intersect. Round
your answers to two decimals.

0.21x + 3.17y = 9.51
2.35x — 1.17y = 5.89

5 18.72x — 14.91y = 12.33
T 6.21x — 1292y = 17.82

® 51

53, {2371x = 6552y = 13,591
©|9815x + 992y = 618,555
gy {4 HOI2y= 0
) 132x + 455y = 994
SKILLS Plus

55-58 m Solving a General System of Equations
terms of a and b.

Find x and y in

+ y=0
55. {x 4 (a#1)
x+ay=1
+by=0
56. {“x 4 (a # b)
x+ y=1
ax + by =1 ) N
—b°#0
{bx+ay=1 (a )
ax+ by =20
#0,b#0,a#b
{a2x+b2y=1 (a “ )

APPLICATIONS

59. Number Problem Find two numbers whose sum is 34 and
whose difference is 10.

60. Number Problem The sum of two numbers is twice their
difference. The larger number is 6 more than twice the
smaller. Find the numbers.

61. Value of Coins A man has 14 coins in his pocket, all of which
are dimes and quarters. If the total value of his change is
$2.75, how many dimes and how many quarters does he have?

SECTION 10.1

62.

63.

64.

66.

Systems of Linear Equations in Two Variables 689

Admission Fees The admission fee at an amusement park is
$1.50 for children and $4.00 for adults. On a certain day,
2200 people entered the park, and the admission fees that
were collected totaled $5050. How many children and how
many adults were admitted?

Gas Station A gas station sells regular gas for $2.20 per gal-
lon and premium gas for $3.00 a gallon. At the end of a busi-
ness day 280 gallons of gas had been sold, and receipts totaled
$680. How many gallons of each type of gas had been sold?

Fruit Stand A fruit stand sells two varieties of strawberries:
standard and deluxe. A box of standard strawberries sells for
$7, and a box of deluxe strawberries sells for $10. In one day
the stand sold 135 boxes of strawberries for a total of $1110.
How many boxes of each type were sold?

. Airplane Speed A man flies a small airplane from Fargo to
Bismarck, North Dakota—a distance of 180 mi. Because he is
flying into a headwind, the trip takes him 2 h. On the way
back, the wind is still blowing at the same speed, so the return
trip takes only 1 h 12 min. What is his speed in still air, and
how fast is the wind blowing?

Boat Speed A boat on a river travels downstream between
two points, 20 mi apart, in 1 h. The return trip against the
current takes 21 h. What is the boat’s speed, and how fast
does the current in the river flow?

. Nutrition A researcher performs an experiment to test a

hypothesis that involves the nutrients niacin and retinol. She
feeds one group of laboratory rats a daily diet of precisely

32 units of niacin and 22,000 units of retinol. She uses two
types of commercial pellet foods. Food A contains 0.12 unit
of niacin and 100 units of retinol per gram. Food B contains
0.20 unit of niacin and 50 units of retinol per gram. How many
grams of each food does she feed this group of rats each day?
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68.

69.

70.

71.

72.

73.

74.

75.

Systems of Equations and Inequalities

Coffee Blends A customer in a coffee shop purchases a
blend of two coffees: Kenyan, costing $3.50 a pound, and

Sri Lankan, costing $5.60 a pound. He buys 3 Ib of the blend,
which costs him $11.55. How many pounds of each kind
went into the mixture?

Mixture Problem A chemist has two large containers of sul-
furic acid solution, with different concentrations of acid in
each container. Blending 300 mL of the first solution and

600 mL of the second gives a mixture that is 15% acid,
whereas blending 100 mL of the first with 500 mL of the sec-
ond gives a 123% acid mixture. What are the concentrations
of sulfuric acid in the original containers?

Mixture Problem A biologist has two brine solutions, one
containing 5% salt and another containing 20% salt. How
many milliliters of each solution should she mix to obtain
1 L of a solution that contains 14% salt?

Investments A woman invests a total of $20,000 in two
accounts, one paying 5% and the other paying 8% simple
interest per year. Her annual interest is $1180. How much did
she invest at each rate?

Investments A man invests his savings in two accounts, one
paying 6% and the other paying 10% simple interest per year.
He puts twice as much in the lower-yielding account because
it is less risky. His annual interest is $3520. How much did
he invest at each rate?

Distance, Speed, and Time John and Mary leave their house
at the same time and drive in opposite directions. John drives
at 60 mi/h and travels 35 mi farther than Mary, who

drives at 40 mi/h. Mary’s trip takes 15 min longer than
John’s. For what length of time does each of them drive?

Aerobic Exercise A woman keeps fit by bicycling and
running every day. On Monday she spends 2 h at each
activity, covering a total of 124 mi. On Tuesday she runs for
12 min and cycles for 45 min, covering a total of 16 mi.
Assuming that her running and cycling speeds don’t change
from day to day, find these speeds.

Number Problem The sum of the digits of a two-digit
number is 7. When the digits are reversed, the number is
increased by 27. Find the number.

76. Area of aTriangle Find the area of the triangle that lies in

the first quadrant (with its base on the x-axis) and that is
bounded by the lines y = 2x — 4 and y = —4x + 20.

YA
y=2x—4
0 x
y=—4x + 20
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77. DISCUSS: The Least Squares Line The least squares line

or regression line is the line that best fits a set of points in

the plane. We studied this line in the Focus on Modeling

that follows Chapter 1 (see page 139). By using calculus, it
can be shown that the line that best fits the n data points

(X1 1)s (25 ¥2)5 « « « 5 (%, ) is the line y = ax + b, where
the coefficients a and b satisfy the following pair of linear
equations. (The notation 3, _, x, stands for the sum of all the
x’s. See Section 12.1 for a complete description of sigma (X))
notation.)

(Exk)a + nb = Eyk

k=1 =1

(B)er ($)o= o
=1 =1

k=1

Use these equations to find the least squares line for the fol-
lowing data points.

(1,3), (2,5), (3,6), (5,6), (7,9)

Sketch the points and your line to confirm that the line fits
these points well. If your calculator computes regression
lines, see whether it gives you the same line as the formulas.

T %M SYSTEMS OF LINEAR EQUATIONS IN SEVERAL VARIABLES

Solving a Linear System
Using Linear Systems

The Number of Solutions of a Linear System

Modeling

A linear equation in n variables is an equation that can be put in the form

where a,, a, . . .,

a, and c are real numbers, and x,, x,, . .

ax; +ax, +---+ax,=c

., X, are the variables. If we

have only three or four variables, we generally use x, y, z, and w instead of x, x,, x5, and
x4. Such equations are called linear because if we have just two variables, the equation
is a;x + a,y = ¢, which is the equation of a line. Here are some examples of equations
in three variables that illustrate the difference between linear and nonlinear equations.
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