[07-02-25-T-8]
Study Guide Equation of Line

Information
B You will be expected to do the following
e 1. Find the slope of a line given two points on the line.
e 2. Find the slope of a line given the equation of the line.
e 3. Graph a line given the equation of the line.
e 4. Graph a line given its slope and a point on the line.
e 5. Use slope to decide whether two lines are parallel or perpendicular.
e 6. Use slope to decide whether three points lie on a line.
e 7. Find the slope and y-intercept of a line given its equation.
e 8. Know and apply the three forms of the linear equation.
e 9. Write the equation of a line given its slope and y-intercept.
e 10. Write the equation of a line given its slope and a point on the line.
e 11. Write the equations of lines that are horizontal or vertical.
e 12. Write the equation of a line given two points on the line.
e 13. Write the equation of a line through a given point and parallel or perpendicular to a given line.
e 14. Determine the point of intersection of two lines given the equation for each of the lines.

e 15. Find the slope, the x-intercept, and the y-intercept of a line given whose equation is given in any of the
three forms. This includes the special cases of a vertical or a horizontal line.

e 16. Determine the midpoint a line segment.
e 17. Determine the length a line segment.

e 18. Find the perpendicular bisector of a line segment.
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e Famous formulae

Standard form ax+by+c=0
Slope-intercept form y=mx+b
Point-slope form y—y1 =m(x—xy)
Slope of line %

Slopes of perpendicular lines mymy = —1
Midpoint x=Zandy= 2222
Length \/(xz —-x1)’ + (02—

Note: this reference section will not appear on the exam.

Please note

The only way to master this material is to understand the basic ideas and apply them to specific problems.
Typically, a sketch will help you see which ideas apply and how they might be used. The habit of sketching
functions (and the ability to do so) will benefit you greatly at higher course levels in mathematics.
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Typical problems and their solutions

e 1. Find the slope of a line through P(-1, 3), 04, 7).

Solution:
_ Ay _ w»m-w» 73 _ 4
m = AX T x—x 441 T 5

e 2. Find the slope of the line whose equationis3x+2y=7.

Solution:
_ _ 3,1
3x+2y=l=Sy=>5+3

From which we see the slope is _73 :

e 3a. Graph a line whose equationis 3x+2y=7.
Solution:

Substitute x = 0 to obtain point P(0, %) and substitute y = 0 to obtain point Q(%, 0). Plot points P and O,
then draw a line through them.

e 3b. Graph a line whose equation is y = —% X+ % .

Solution:

Note that the slope is _73 and that the y-intercept is % (hence the point (0, %) is on the line. Then proceed as
in #4 below.

e 4. Graph a line whose slope is _73 that passes through the point P(0, %).

Solution:

Plot the point P(0, %). Use the slope to plot a second point 3 units down from point P and 2 units to the right
of point P.

07-02-25-T-8 Study Guide EQN line.nb R. Tenebruso  Page 3



e Sa. Let line /; be givenby y =3 x —2 and line /, be given by y = _Tl x+1.1Is/; parallel to /,?.

Solution:

No, because m; =3, m, = —le my £ my.

e 5b. Let line /; be given by y =3 x — 2 and line /; be givenby y = _Tl x + 1. Is /; perpendicular to /,?.

Solution:

Yes, because my = 3, n = —le mimy =—1.

e 6. Do the points P(—2, —3), 0(2, 3), R(14, 21) lie on a single line?.
Solution:

Yes. The line through points P and Q has slope npq = 43 - % and the line through points O and R has slope

242
mQRr = % = % = % . Since both lines pass through O and have the same slope, they are the same line.

e 7. Find the slope and y-intercept of the line —-5x+3 y +2 =0.

Solution:

—-Sx+3y+2=0=y= % xX— % . Thus the line's slope is % and its y-intercept is "TZ .
e 8a. Write in point-slope form the equation of a line that includes points P(0, 3), O(5, 7).

Solution:

Given two points, we typically use the point-slope form of the linear equation to find the equation of the line
through the points. Thus,

y=y1=m(x—xp)

y—3=m(x-0)
_7-3 _ 4
m=s35=73

" y—3:%(x—0)
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e 8b. Write in slope-intercept form the equation of a line that includes points P(-1, 3), O(5, 7).
Solution:

Given two points, we typically use the point-slope form of the linear equation to find the equation of the line
through the points. Thus,

y=y1=mx—xp)
y=3=mx+1)
7-3

_ 13 _4_2
m=s3=%=3

y—3= % (x + 1) (The equation in point-slope form.)

y:%x+%+3

Loy = % X+ 13—1 (The equation in slope-intercept form.)

e 8c. Write in standard form the equation of a line that includes points P(—1, 3), O(5, 7).

Solution:

Given two points, we typically use the point-slope form of the linear equation to find the equation of the line
through the points. Thus,

Yy=y1=mx-xy)
y=3=mx+1)
7-3

— 13 _ 4 _ 2
m=<s1=%~3

y—3= % (x + 1) (The equation in point-slope form.)
3y-9=2(x+1)

—-2x+3y=11 (The equation in standard form.)
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e 9. Write the equation of a line whose slope is 2 and which crosses the y-axis at y = — % . Answer in slope-
intercept form.

Solution:

Given a slope and an intercept, we typically use the slope-intercept form of the linear equation to find the
equation of the line. Thus,

y=mx+b
" y:2x—%

e 10. Write the equation of a line whose slope is 2 and which passes through P(-2, _77). Answer in slope-
intercept form.

Solution:

Given a slope and a point, we typically use the point-slope form of the linear equation to find the equation of
the line. Thus,

Y=y =mx=x1)
y=(=3)=2(-(-2)

y+ % =2(x +2) (The equation in point-slope form.)
y+ % =2x+4

3

s y=2x+ 5 (The equation in slope-intercept form.)

e 11la. Write the equation of the line through P(—4, 2) parallel to the y-axis.

Solution:
The x-coordinate of every point on this line is —4. The y-coordinate takes all values. Therefore,

x = —4 is the equation of this line.

e 11b. Write the equation of the line through P(—4, 2) parallel to the x-axis.

Solution:
The y-coordinate of every point on this line is 2. The x-coordinate takes all values. Therefore,

y =2 is the equation of this line.
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e 12. Write the equation of the through P(2, 3), O(5, 11). Answer in slope-intercept form

Solution:

Given two points, we typically use the point-slope form of the linear equation to find the equation of the line
through the points. Thus,

y=y1=m(x—xp)

y=3=m(x-2)

_ 8 o :
y=3=3(x-2) (The equation in point-slope form.)

y-3= % X+ = (The equation in slope-intercept form.)

e 13. Write the equation of a line /, through point (-7, 3) and parallelto /; : 3x+ 11 y =4. Answer in
standard form.

We are given a point. The slope must match that of /;, since the lines are parallel. Our initial equation for /,
will be in point-intercept form. Then we will rewrite the equation in standard form.

Y=y =m(x—xp)

y—=3=mx+T7)

3

so the slope is —57 .

4

3x+11y:4(:>y:1—f’x+ 1T

y=3= I—f(x+7)
11y-33==-3(x+7)
3x+11y=12

e 14a. Determine the point of intersection lines /; and /, whose equations are respectively y = 2x — 4 and
y=10x-12.

Solution:

The point of intersection is a point common to both lines. The coordinates of the point of intersection must
satisfy both equations. Finding these coordinates amounts to solving the pair of simultaneous equations

—2x+y=-4
(—10x+y:—12)

The solution of this pair of equations is (1, —2). Therefore, the lines intersect at the point P(1, —2).
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e 14b. Determine the point of intersection lines /; and /, whose equations are respectively y =2 x —4 and
y=2x-12.

Solution:

It is obvious from the equations that the lines are parallel. Thus, they do not intersect. The answer to this
question is "The point of intersection does not exist".

e 15a. Find the slope, the x-intercept, and the y-intercept of a line whose equationis y =2x—7.

Solution:

The slope is obviously 2.

Since the line crosses the x-axis at y = 0, the x-intercept is found by substituting 0 for y in the equation. Doing

this, we find that 0 =2 x - 7—=x = % . Hence, the x-intercept is % .

Since the line crosses the y-axis at x = 0, the y-intercept is found by substituting O for x in the equation. Doing
this, we find that y =2 (0) - 7=y = —7. Hence, the y-intercept is —7.

e 15b. Find the slope, the x-intercept, and the y-intercept of a line whose equationis y = —2.

Solution:

The line is horizontal, thus it has a slope equal to zero..

Since the line is horizontal, it is parallel to the x-axis. Hence, it never crosses the x-axis. Therefore, the x-
intercept does not exist.

Since the y-coordinate of the line is a constant, 2, the line crosses the y-axis at y = 2. Therefore, the y-inter-
cept is 2.

e 15c. Find the slope, the x-intercept, and the y-intercept of a line whose equationis x = =7,

Solution:

The line is vertical, thus its slope is undefined.

Since the line is vertical, it is parallel to the y-axis. Hence, it never crosses the y-axis. Therefore, the y-inter-
cept does not exist.

Since the x-coordinate of the line is a constant, —7, the line crosses the x-axis at x = —7. Therefore, the x-
intercept is —7.
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e 16. Determine the midpoint, M, a the line segment PQ, P(=3, 5), O(8, —12).

Solution:

The coordinates at the midpoint of line segment P(x, y;), O(x, y») are

- X1t+X - _ Y1t
Xx=-"=andy= -5+,
e =348 _ 5 _ 5212 _ -7
Y=—7H =5 V=73 T3

e 17. Determine the length a line segment PQ, P(-3, 5), O(8, —12).

Solution:

The length ¢ of line segment P(x;, y;), O(xz y») 1s

[ = \/(xz —x1)* + (- »)* . So,

[ = \/(8 —3P +(=12-5)? =v25+289 = (W) This is approximately 17.75.
e 18. Find the perpendicular bisector of a line segment PQ, P(-3, 5), O(9, —13).
Solution:
The form y — y; = m(x —x;) is handy.
The perpendicular bisector of PQ must go through the midpoint M(x;, y;) of PQ.
=2 =3 y=238 =4 5o M(x, 1) = MG, -4).

The slope mpg of PQ is

-13-5

_ 3
meQ= "3 =32

so the slope m of the line perpendicular to PQ is

m(_T3):—1=>m: %

Thus, the point-slope equation of the perpendicular bisector of PQ is

y+4= %(x—3)
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References and resources
e Your textbook.
e Your class notes including worked examples.
e Problem sets that consist of many problems and include the answers to the problems.
e This study guide is also on-line at http://math.mnrt.net/mathO8/handouts/
e The class syllabus, handed out the first week of classes, with ideas on how to learn mathematics.
e What is Problem Solving? http://www.artofproblemsolving.com/Resources/AoPS R A Prob_Solv.php
e The URL http://euler.slu.edu/Dept/SuccessinMath.html, from Saint Louis University Dept. of Mathematics &
Computer Sciences containing helpful suggestions about how to learn mathematics, get the most from

homework and class, and prepare for an exam in mathematics. Although written for college students, the
advice 1s excellent for MS and US students.
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