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Graphical Solution of Linear Equations in One Variable Suppose
that v, and y, are linear expressions in x. We can solve the equation y, = y,
graphically as follows (assuming it has a unique solution).

1. Rewrite the equation as y, — v, = 0.
2. Graph the linear function y; = y; — y,.

3. Find the x-intercept of the graph of the function y;. This x-value is the solu-
tion of ¥, = y,.

Some calculators use the term zero to identify the x-value of an x-intercept.
In general, if f(a) = 0, then a is a zero of f.

yi=——4(2-x)-3x—4 _.Solving an Equation with a Graphing Calculator

m Use a graphing calculator to solve —2x — 4(2 — x) = 3x + 4.

T | SOLUTION We write an equivalent equation with 0 on one side.

-2x—4(2-x)—-3x—4=0
Then we graph y = —2v — 4(2 — x) — 3x — 4 to find the x-intercept. The stan-

4 dard viewing window cannot be used because the x-intercept does not lie in the

Yot interval [—10, 10]. As seen in Figure 51, the solution of the equation is —12,
Figure 51 and the solution set is {—12}.
¥ Now Try Exercise 69,
Exercises

CONCEPT PREVIEW Fill in the blank(s) to correctly complete each sentence.

1. The graph of the line ¥y — 3 = 4(x — 8) has slope and passes through the

point (8, ).
2. The graph of the line y = —2x + 7 has slope ____ and y-intercept 2
3. The vertical line through the point (—4, 8) has equation =—4,
4. The horizontal line through the point (—4, 8) has equation =8

5. Any line parallel to the graph of 6x + 7y = 9 must have slope

6. Any line perpendicular to the graph of 6x + 7y = 9 must have slope

CONCEPT PREVIEW Match each equation with its graph in A-D.

1 A. ‘ B. :
T oy=x+2 ] A
4 — ©.4)
=10,
8. 4xr+3y=12 o 3.0)
af =t 0 =
3 T
9. y—(=1)=30-1) I

10. y=4
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Write an equation for each line described. Give answers in standard form for Ex-
ercises 11-20 and in slope-intercept form (if possible) for Exercises 21-32. See
Examples 1-4.

11. through (1,3),m= -2 12. through (2,4), m = —1

H

13. through (—5.4),m = -} 14. through (—=4,3).m =1

15. through (—8, 4), undefined slope 16. through (5, 1), undefined slope

17. through (5, —-8),m =0 18. through (—3,12),m =0

19. through (—1,3) and (3, 4) 20. through (2, 3) and (-1, 2)

21. x-intercept (3,0), y-intercept (0, =2) 22, x-intercept (—4, 0), y-intercept (0, 3)

23. vertical, through (—6, 4) 24. vertical, through (2, 7)

25. horizontal, through (=7, 4) 26. horizontal, through (—8, —2)
27. m=5,b=15 28. m=-2,b=12

29. through (—2, 5) having slope —4 30. through (4, —7) having slope —2
31. slope O, y-intercept (0. ;) 32. slope 0, y-intercept {0, —2)

33. Concept Check Fill in each blank with the appropriate response:
The line x + 2 = 0 has x-intercept LIt have a
(does/does not)

y-intercept. The slope of this lineis — |
(0/undefined)
The line 4y = 2 has y-intercept LIt have an
(does/does not)

x-intercepl. The slope of this lineis |
(0fundefined)

34. Concept Check Match each equation with the line that would most closely resem-
ble its graph. (Hint: Consider the signs of m and b in the slope-intercept form.)

@ y=3x+2 (b) y==3x+2 (¢)y=3x—-2 (d) y=-3x-2

V20 W
/A A S

Find the slope and y-intercept of each line, and graph it. See Example 3.

3. y=3x—1 36. y=-2x+7 37. 4x—y=7
38. 2x+3v=16 39. 4y=—-3x 40. 2y =x

3
41. x+2y=—4 42 x+3y=-9 43. }‘-Ex—1=0

44. Concept Check The table represents a linear function f.
(a) Find the slope of the graph of y = f(x).
(b) Find the y-intercept of the line.

(¢) Write an equation for this line in slope-intercept form.
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J Equations of Lines and Linear Models

LOOKING AHEAD TO CALCULUS

Point-Slope Form Point-Slope Form  The graph of a linear function is a straight line. We
Slope-Intercept Form now develop various forms for the equation of a line.
Verticaland Figure 43 shows the line passing through the ¥
Horizontal Lines fixed point (x,y,) having slope m. (Assuming
Faralleland that the line has a slope guarantees that it is not
RarpandicularLings vertical.) Let {x. ¥) be any other point on the line. ;.. other
Modeling Data Because the line is not vertical, x — x, # 0. Now ml:l on
5 ; o ; ine Ty
fir:z:::; ::tl;::riu:f use the definition of slope. "‘j’/ s S
One Variable v= / 0 .
m==—=—
x—x

m(x —x)=y-y

- y=—n=mx—-x)

A standard problem in calculus is to
find the equation of the line tangent to

acurve at a given point. The derivative Point-Slope Form
(see Loeking Ahead to Calculus earlier

in this chapter) is used to find the slope

of the desired line, and then the slope through the point (x,, y,) is given as follows.
and the given point are used in the
point-slope form to solve the problem. yY=—wn= m(.r = x,)

Figure 43

This result is the point-siope form of the equation of a line.

The point-slope form of the equation of the line with slope m passing

F | Using the Point-Slope Form (Given a Point and

the Slope)

[

Write an equation of the line through the point (—4, 1) having slope —3.

SOLUTION Herex, =—4,y, =1,andm = —3.

=y =mix—x)

y=1=-3[x~(-3)] n==3
y—1=—3(x+4) \Becarefulwithsigns )
y=1=-3x-12
y=-3x—11 # Now Try Exercise 29.
! KAM | Using the Point-Slope Form (Given Two Points)

Write an equation of the line through the points (=3,

result in standard form Ax + By = C.

SOLUTION Find the slope first.

-2 _ 6
- (-3) 5

2) and (2, —4). Write the

The slope m is — g Either the point (—3, 2} or the point (2, —4) can be used for

(x1, ¥1)- We choose (-3, 2).
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y—y =m(x—x)

y—2= *g[x* (-3)] m=-3y=2m= —_2
5(y—2)=—-6(x+3)
S5y —10=—6x— 18
6x+5v=-8

Verify that we obtain the same equation if we use (2, —4) instead of (=3, 2) in
the point-slope form.
¥ Now Try Exercise 19.

NOTE The lines in Examples 1 and 2 both have negative slopes. Keep
in mind that a slope of the form —% may be interpreted as either :,,ﬂ or :’i,;.

Slope-Intercept Form As a special case of the point-slope form of the
equation of a line, suppose that a line has y-intercept (0, &). If the line has slope
m, then using the point-slope form with x; = 0 and y, = b gives the following.

y=yn=mx- )
y—b=m(x—") ¥ =b
y—b=mx

y=mx+b

| (I The y-intercept is (0, &).

Because this result shows the slope of the line and indicates the y-intercept, it is
known as the slope-intercept form of the equation of the line.

Slope-Intercept Form

The slope-intercept form of the equation of the line with slope m and
y-intercept (0, b) is given as follows.

y=mx+5b

l XAMPLE: ) Finding Slope and y-Intercept from an Equation of a Line
Find the slope and y-intercept of the line with equation 4x + Sy = —10.

SOLUTION Write the equation in slope-intercept form.

4x + 5y =—10
S5y=—4x—-10
y=-——x—2
t 1

b

The slope is —;1, and the y-interceptis (0, —2).  |# Now Try Exercise 37.
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2.4

(Ln

; changes 1 unit.

Figure 44

X
i y changes 3 units.

NOTE Generalizing from Example 3, we see that the slope m of the graph
of the equation

Ax+ By =C

is =4 and the y-intercept is (0. f—;)

[ usingtheSlope-Intercept Form (Given Two Points)

Write an equation of the line through the points (1, 1) and (2, 4). Then graph the
line using the slope-intercept form.

SOLUTION In Example 2, we used the poini-slope form in a similar problem.
Here we show an alternative method using the slope-intercept form. First, find
the slope.

m=3—1_3_
2-1 1

Now substitute 3 for m in y = mx + b and choose one of the given points, say
(1, 1), to find the value of b.

=mx+b

= (1)+b x=1y=1

The y-intercept is (0, b). — b = =2

—_

The slope-intercept form is

y='x—-2.
The graph is shown in Figure 44. We can plot (0, —2) and then use the definition
of slope to arrive at (1, 1). Verify that (2, 4) also lies on the line.

# Now Try Exercise 19.

r ' 1. "~ Finding an Equation from a Graph

Use the graph of the linear function f shown in
Figure 45 to complete the following.

(a) Identify the slope, y-intercept, and x-intercept.
(b) Write an equation that defines f.
SOLUTION

(a) The line falls 1 unit each time the x-value increases
3 units. Therefore, the slope is "Tl = -.The graph

Figure 45

intersects the y-axis at the y-intercept (0, —1) and
the x-axis at the x-intercept (—3, 0).

(b) The slope ism = —%, and the y-intercept is (0, —1).
y=f(x)=mx+b
flx)= —x—1 - b=-1

& Now Try Exercise 45.




