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2.1


Graphing - Points and Lines


Objective: Graph points and lines using xy coordinates.


Often, to get an idea of the behavior of an equation we will make a picture that
represents the solutions to the equations. A graph is simply a picture of the solu-
tions to an equation. Before we spend much time on making a visual representa-
tion of an equation, we first have to understand the basis of graphing. Following
is an example of what is called the coordinate plane.


-4 -3 -2 -1 1 2 3


-2


-1


1


2
The plane is divided into four sections
by a horizontal number line (x-axis)
and a vertical number line (y-axis).
Where the two lines meet in the center
is called the origin. This center origin
is where x = 0 and y = 0. As we move
to the right the numbers count up
from zero, representing x = 1, 2, 3	 .


To the left the numbers count down from zero, representing x = − 1, − 2, − 3	 .
Similarly, as we move up the number count up from zero, y = 1, 2, 3	 ., and as we
move down count down from zero, y = − 1, − 2, − 3. We can put dots on the
graph which we will call points. Each point has an “address” that defines its loca-
tion. The first number will be the value on the x − axis or horizontal number line.
This is the distance the point moves left/right from the origin. The second
number will represent the value on the y − axis or vertical number line. This is
the distance the point moves up/down from the origin. The points are given as an
ordered pair (x, y).


World View Note: Locations on the globe are given in the same manner, each
number is a distance from a central point, the origin which is where the prime
meridian and the equator. This “origin is just off the western coast of Africa.


The following example finds the address or coordinate pair for each of several
points on the coordinate plane.


Example 119.


Give the coordinates of each point.


A
B


C
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Tracing from the origin, point A is
right 1, up 4. This becomes A(1, 4).
Point B is left 5, up 3. Left is back-
wards or negative so we have B( − 5,


3). C is straight down 2 units. There
is no left or right. This means we go
right zero so the point is C(0, − 2).


A(1, 4), B( − 5, 3), C(0, − 2) Our Solution


Just as we can give the coordinates for a set of points, we can take a set of points
and plot them on the plane.


Example 120.


Graph the points A(3, 2), B ( − 2, 1), C (3, − 4), D ( − 2, − 3), E ( − 3, 0), F (0, 2),
G(0, 0)


Right 3


Up 2


A


Left 2
Up 1


B


The first point, A is at (3, 2) this
means x = 3 (right 3) and y = 2 (up 2).
Following these instructions, starting
from the origin, we get our point.


The second point, B ( − 2, 1), is left 2
(negative moves backwards), up 1.
This is also illustrated on the graph.


A
B


D
C


Right 3Left 2


Down 3 Down 4


The third point, C (3, − 4) is right 3,
down 4 (negative moves backwards).


The fourth point, D ( − 2, − 3) is left
2, down 3 (both negative, both move
backwards)


The last three points have zeros in them. We still treat these points just like the
other points. If there is a zero there is just no movement.


Up 2


Left 3


D


A


C


B
F


GE


Next is E ( − 3, 0). This is left 3 (nega-
tive is backwards), and up zero, right
on the x − axis.
Then is F (0, 2). This is right zero,
and up two, right on the y − axis.
Finally is G (0, 0). This point has no
movement. Thus the point is right on
the origin.
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A


C


F


G


B


E


D


Our Solution


The main purpose of graphs is not to plot random points, but rather to give a
picture of the solutions to an equation. We may have an equation such as y =
2x − 3. We may be interested in what type of solution are possible in this equa-
tion. We can visualize the solution by making a graph of possible x and y combi-
nations that make this equation a true statement. We will have to start by
finding possible x and y combinations. We will do this using a table of values.


Example 121.


Graph y = 2x − 3 We make a table of values


x y


− 1
0


1


We will test three values for x. Any three can be used


x y


− 1 − 5
0 − 3
1 − 1


Evaluate each by replacing x with the given value
x = − 1; y = 2( − 1) − 3 = − 2 − 3 = − 5
x = 0; y = 2(0) − 3 = 0 − 3 = − 3
x = 1; y = 2(1) − 3 = 2 − 3 = − 1


( − 1, − 5), (0, − 3), (1, − 1) These then become the points to graph on our equation
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Plot each point.


Once the point are on the graph, con-


nect the dots to make a line.


The graph is our solution


What this line tells us is that any point on the line will work in the equation y =
2x − 3. For example, notice the graph also goes through the point (2, 1). If we use
x = 2, we should get y = 1. Sure enough, y = 2(2) − 3 = 4 − 3 = 1, just as the graph
suggests. Thus we have the line is a picture of all the solutions for y = 2x − 3. We
can use this table of values method to draw a graph of any linear equation.


Example 122.


Graph 2x − 3y = 6 We will use a table of values


x y


− 3
0


3


We will test three values for x. Any three can be used.


2( − 3) − 3y = 6 Substitute each value in for x and solve for y
− 6 − 3y = 6 Start with x = − 3, multiply first
+ 6 + 6 Add 6 to both sides


− 3y = 12 Divide both sides by − 3
− 3 − 3
y = − 4 Solution for y when x = − 3, add this to table


2(0) − 3y = 6 Next x = 0
− 3y = 6 Multiplying clears the constant term
− 3 − 3 Divide each side by − 3
y = − 2 Solution for y when x = 0, add this to table


2(3) − 3y = 6 Next x = 3
6 − 3y = 6 Multiply


− 6 − 6 Subtract 9 from both sides
− 3y = 0 Divide each side by − 3
− 3 − 3


y = 0 Solution for y when x = − 3, add this to table
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x y


− 3 − 4
0 − 2
3 0


Our completed table.


( − 3, − 4), (0, 2), (3, 0) Table becomes points to graph


Graph points and connect dots


Our Solution
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2.1 Practice - Points and Lines


State the coordinates of each point.


1)


G


CJ


D
K


E


I


H


F


B


Plot each point.


2) L( − 5, 5) K(1, 0) J( − 3, 4)


I( − 3, 0) H( − 4, 2) G(4, -2)


F ( − 2, − 2) E (3, − 2) D(0, 3)


C (0, 4)


Sketch the graph of each line.


3) y = − 1
4
x − 3


5) y = − 5
4
x − 4


7) y = − 4x + 2


9) y =
3


2
x − 5


11) y = − 4
5
x − 3


13) x + 5y = − 15


15) 4x + y = 5


17) 2x − y = 2


19) x + y = − 1


21) x − y = − 3


4) y = x − 1


6) y = − 3
5
x + 1


8) y =
5


3
x + 4


10) y = − x − 2


12) y =
1


2
x


14) 8x − y = 5


16) 3x + 4y = 16


18) 7x + 3y = − 12


20) 3x + 4y = 8


22) 9x − y = − 4
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2.2


Graphing - Slope


Objective: Find the slope of a line given a graph or two points.


As we graph lines, we will want to be able to identify different properties of the
lines we graph. One of the most important properties of a line is its slope. Slope
is a measure of steepness. A line with a large slope, such as 25, is very steep. A
line with a small slope, such as


1


10
is very flat. We will also use slope to describe


the direction of the line. A line that goes up from left to right will have a positive
slope and a line that goes down from left to right will have a negative slope.


As we measure steepness we are interested in how fast the line rises compared to


how far the line runs. For this reason we will describe slope as the fraction
rise


run
.


Rise would be a vertical change, or a change in the y-values. Run would be a hor-
izontal change, or a change in the x-values. So another way to describe slope


would be the fraction
changein y


changein x
. It turns out that if we have a graph we can draw


vertical and horiztonal lines from one point to another to make what is called a
slope triangle. The sides of the slope triangle give us our slope. The following
examples show graphs that we find the slope of using this idea.


Example 123.


Run 6


Rise − 4


To find the slope of this line we will
consider the rise, or verticle change
and the run or horizontal change.
Drawing these lines in makes a slope
triangle that we can use to count from
one point to the next the graph goes
down 4, right 6. This is rise − 4, run
6. As a fraction it would be,


− 4
6
.


Reduce the fraction to get − 2
3
.


− 2
3


Our Solution


World View Note: When French mathematicians Rene Descartes and Pierre de
Fermat first developed the coordinate plane and the idea of graphing lines (and
other functions) the y-axis was not a verticle line!


Example 124.
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Rise 6


Run 3
To find the slope of this line, the rise
is up 6, the run is right 3. Our slope is


then written as a fraction,
rise


run
or


6


3
.


This fraction reduces to 2. This will
be our slope.


2 Our Solution


There are two special lines that have unique slopes that we need to be aware of.
They are illustrated in the following example.


Example 125.


In this graph there is no rise, but the
run is 3 units. This slope becomes


0


3
= 0. This line,


and all horizontal lines have a zero slope.


This line has a rise of 5, but no run.
The slope becomes


5


0
=


undefined. This line,
and all vertical lines, have no slope.


As you can see there is a big difference between having a zero slope and having no
slope or undefined slope. Remember, slope is a measure of steepness. The first
slope is not steep at all, in fact it is flat. Therefore it has a zero slope. The
second slope can’t get any steeper. It is so steep that there is no number large
enough to express how steep it is. This is an undefined slope.


We can find the slope of a line through two points without seeing the points on a
graph. We can do this using a slope formula. If the rise is the change in y values,
we can calculate this by subtracting the y values of a point. Similarly, if run is a
change in the x values, we can calculate this by subtracting the x values of a
point. In this way we get the following equation for slope.


The slope of a line through (x1, y1) and (x2, y2) is
y2 − y1
x2 − x1


96








When mathematicians began working with slope, it was called the modular slope.
For this reason we often represent the slope with the variable m. Now we have
the following for slope.


Slope = m =
rise


run
=


change in y


change in x
=


y2 − y1
x2 − x1


As we subtract the y values and the x values when calculating slope it is impor-
tant we subtract them in the same order. This process is shown in the following
examples.


Example 126.


Find the slope between ( − 4, 3) and (2, − 9) Identify x1, y1, x2, y2
(x1, y1) and (x2, y2) Use slope formula, m =


y2 − y1
x2 − x1


m =
− 9 − 3


2 − ( − 4) Simplify


m =
− 12


6
Reduce


m = − 2 Our Solution


Example 127.


Find the slope between (4, 6) and (2, − 1) Identify x1, y1, x2, y2
(x1, y1) and (x2, y2) Use slope formula, m =


y2 − y1
x2 − x1


m =
− 1 − 6
2 − 4 Simplify


m =
− 7
− 2 Reduce, dividing by − 1


m =
7


2
Our Solution


We may come up against a problem that has a zero slope (horiztonal line) or no
slope (vertical line) just as with using the graphs.


Example 128.


Find the slope between ( − 4, − 1) and ( − 4, − 5) Identify x1, y1, x2, y2
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(x1 , y1) and (x2, y2) Use slope formula, m =
y2 − y1
x2 − x1


m =
− 5 − ( − 1)
− 4 − ( − 4) Simplify


m =
− 4
0


Can′t divide by zero, undefined


m = no slope Our Solution


Example 129.


Find the slope between (3, 1) and ( − 2, 1) Identify x1, y1, x2, y2
(x1, y1) and (x2, y2) Use slope formula, m =


y2 − y1
x2 − x1


m =
1 − 1
− 2 − 3 Simplify


m =
0


− 5 Reduce
m = 0 Our Solution


Again, there is a big difference between no slope and a zero slope. Zero is an
integer and it has a value, the slope of a flat horizontal line. No slope has no
value, it is undefined, the slope of a vertical line.


Using the slope formula we can also find missing points if we know what the slope
is. This is shown in the following two examples.


Example 130.


Find the value of y between the points (2, y) and (5, − 1) with slope − 3


m =
y2 − y1
x2 − x1


We will plug values into slope formula


− 3 = − 1 − y
5 − 2 Simplify


− 3 = − 1 − y
3


Multiply both sides by 3


− 3(3) = − 1 − y
3


(3) Simplify


− 9 = − 1 − y Add 1 to both sides
+ 1 + 1


− 8 = − y Divide both sides by − 1
− 1 − 1


8 = y Our Solution
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Example 131.


Find the value of x between the points ( − 3, 2) and (x, 6) with slope 2
5


m =
y2 − y1
x2 − x1


We will plug values into slope formula


2


5
=


6 − 2
x − ( − 3) Simplify
2


5
=


4


x + 3
Multiply both sides by (x + 3)


2


5
(x + 3) = 4 Multiply by 5 to clear fraction


(5)
2


5
(x + 3) = 4(5) Simplify


2(x + 3) = 20 Distribute


2x + 6 = 20 Solve.


− 6 − 6 Subtract 6 from both sides
2x = 14 Divide each side by 2


2 2


x = 7 Our Solution
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2.2 Practice - Slope


Find the slope of each line.


1)


3)


5)


7)


2)


4)


6)


8)
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9) 10)


Find the slope of the line through each pair of points.


11) ( − 2, 10), ( − 2, − 15)


13) ( − 15, 10), (16, − 7)


15) (10, 18), ( − 11, − 10)


17) ( − 16, − 14), (11, − 14)


19) ( − 4, 14), ( − 16, 8)


21) (12, − 19), (6, 14)


23) ( − 5, − 10), ( − 5, 20)


25) ( − 17, 19), (10, − 7)


27) (7, − 14), ( − 8, − 9)


29) ( − 5, 7), ( − 18, 14)


12) (1, 2), ( − 6, − 14)


14) (13, − 2), (7, 7)


16) ( − 3, 6), ( − 20, 13)


18) (13, 15), (2, 10)


20) (9, − 6), ( − 7, − 7)


22) ( − 16, 2), (15, − 10)


24) (8, 11), ( − 3, − 13)


26) (11, − 2), (1, 17)


28) ( − 18, − 5), (14, − 3)


30) (19, 15), (5, 11)


Find the value of x or y so that the line through the points has the
given slope.


31) (2, 6) and (x, 2); slope:
4


7


33) ( − 3, − 2) and (x, 6); slope: − 8
5


35) ( − 8, y) and ( − 1, 1); slope: 6
7


37) (x, − 7) and ( − 9, − 9); slope: 2
5


39) (x, 5) and (8, 0); slope: − 5
6


32) (8, y) and ( − 2, 4); slope: − 1
5


34) ( − 2, y) and (2, 4); slope: 1
4


36) (x, − 1) and ( − 4, 6); slope: − 7
10


38) (2, − 5) and (3, y); slope: 6


40) (6, 2) and (x, 6); slope: − 4
5
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2.3


Graphing - Slope-Intercept Form


Objective: Give the equation of a line with a known slope and y-inter-
cept.


When graphing a line we found one method we could use is to make a table of
values. However, if we can identify some properties of the line, we may be able to
make a graph much quicker and easier. One such method is finding the slope and
the y-intercept of the equation. The slope can be represented by m and the y-
intercept, where it crosses the axis and x = 0, can be represented by (0, b) where b
is the value where the graph crosses the vertical y-axis. Any other point on the
line can be represented by (x, y). Using this information we will look at the slope
formula and solve the formula for y.


Example 132.


m, (0, b), (x, y) Using the slope formula gives:
y − b
x − 0 = m Simplify
y − b


x
= m Multiply both sides by x


y − b = mx Add b to both sides
+ b + b


y = mx + b Our Solution


This equation, y = mx + b can be thought of as the equation of any line that as a
slope of m and a y-intercept of b. This formula is known as the slope-intercept
equation.


Slope − Intercept Equation: y = m x + b


If we know the slope and the y-intercept we can easily find the equation that rep-
resents the line.


Example 133.


Slope =
3


4
, y − intercept = − 3 Use the slope − intercept equation


y = mx + b m is the slope, b is the y − intercept
y =


3


4
x − 3 Our Solution


We can also find the equation by looking at a graph and finding the slope and y-
intercept.


Example 134.
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Identify the point where the graph
crosses the y-axis (0,3). This means
the y-intercept is 3.


Idenfity one other point and draw a
slope triangle to find the slope. The


slope is − 2
3


y = mx + b Slope-intercept equation


y = − 2
3
x + 3 Our Solution


We can also move the opposite direction, using the equation identify the slope
and y-intercept and graph the equation from this information. However, it will be
important for the equation to first be in slope intercept form. If it is not, we will
have to solve it for y so we can identify the slope and the y-intercept.


Example 135.


Write in slope − intercept form: 2x − 4y = 6 Solve for y
− 2x − 2x Subtract 2x from both sides


− 4y = − 2x + 6 Put x term first
− 4 − 4 − 4 Divide each term by − 4


y =
1


2
x − 3


2
Our Solution


Once we have an equation in slope-intercept form we can graph it by first plotting
the y-intercept, then using the slope, find a second point and connecting the dots.


Example 136.


Graph y =
1


2
x − 4 Recall the slope − intercept formula


y = mx + b Idenfity the slope, m, and the y − intercept, b
m =


1


2
, b = − 4 Make the graph


Starting with a point at the y-inter-
cept of − 4,


Then use the slope
rise


run
, so we will rise


1 unit and run 2 units to find the next
point.


Once we have both points, connect the
dots to get our graph.


World View Note: Before our current system of graphing, French Mathemati-
cian Nicole Oresme, in 1323 sugggested graphing lines that would look more like a
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bar graph with a constant slope!


Example 137.


Graph 3x + 4y = 12 Not in slope intercept form


− 3x − 3x Subtract 3x from both sides
4y = − 3x + 12 Put the x term first
4 4 4 Divide each term by 4


y = − 3
4
x + 3 Recall slope − intercept equation


y = mx + b Idenfity m and b


m = − 3
4
, b = 3 Make the graph


Starting with a point at the y-inter-
cept of 3,


Then use the slope
rise


run
, but its nega-


tive so it will go downhill, so we will
drop 3 units and run 4 units to find
the next point.


Once we have both points, connect the
dots to get our graph.


We want to be very careful not to confuse using slope to find the next point with
use a coordinate such as (4, − 2) to find an individule point. Coordinates such as
(4, − 2) start from the origin and move horizontally first, and vertically second.
Slope starts from a point on the line that could be anywhere on the graph. The
numerator is the vertical change and the denominator is the horizontal change.


Lines with zero slope or no slope can make a problem seem very different. Zero
slope, or horiztonal line, will simply have a slope of zero which when multiplied
by x gives zero. So the equation simply becomes y = b or y is equal to the y-coor-
dinate of the graph. If we have no slope, or a vertical line, the equation can’t be
written in slope intercept at all because the slope is undefined. There is no y in
these equations. We will simply make x equal to the x-coordinate of the graph.


Example 138.


Give the equation of the line in the
graph.


Because we have a vertical line and no
slope there is no slope-intercept equa-
tion we can use. Rather we make x
equal to the x-coordinate of − 4


x = − 4 Our Solution
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2.3 Practice - Slope-Intercept


Write the slope-intercept form of the equation of each line given the
slope and the y-intercept.


1) Slope = 2, y-intercept = 5


3) Slope = 1, y-intercept = − 4


5) Slope = − 3
4
, y-intercept = − 1


7) Slope =
1


3
, y-intercept = 1


2) Slope = − 6, y-intercept = 4


4) Slope = − 1, y-intercept = − 2


6) Slope = − 1
4
, y-intercept = 3


8) Slope =
2


5
, y-intercept = 5


Write the slope-intercept form of the equation of each line.


9)


11)


13)


10)


12)


14)
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15) x + 10y = − 37


17) 2x + y = − 1


19) 7x − 3y = 24


21) x = − 8


23) y − 4 = − (x + 5)


25) y − 4 = 4(x − 1)


27) y + 5 = − 4(x − 2)


29) y + 1 = − 1
2
(x − 4)


16) x − 10y = 3


18) 6x − 11y = − 70


20) 4x + 7y = 28


22) x − 7y = − 42


24) y − 5 = 5
2
(x − 2)


26) y − 3 = − 2
3
(x + 3)


28) 0 = x − 4


30) y + 2 =
6


5
(x + 5)


Sketch the graph of each line.


31) y =
1


3
x + 4


33) y =
6


5
x − 5


35) y =
3


2
x


37) x − y + 3 = 0


39) − y − 4 + 3x = 0


41) − 3y = − 5x + 9


32) y = − 1
5
x − 4


34) y = − 3
2
x − 1


36) y = − 3
4
x + 1


38) 4x + 5 = 5y


40) − 8 = 6x − 2y


42) − 3y = 3 − 3
2
x
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2.4


Graphing - Point-Slope Form


Objective: Give the equation of a line with a known slope and point.


The slope-intercept form has the advantage of being simple to remember and use,
however, it has one major disadvantage: we must know the y-intercept in order to
use it! Generally we do not know the y-intercept, we only know one or more
points (that are not the y-intercept). In these cases we can’t use the slope inter-
cept equation, so we will use a different more flexible formula. If we let the slope
of an equation be m, and a specific point on the line be (x1, y1), and any other
point on the line be (x, y). We can use the slope formula to make a second equa-
tion.


Example 139.


m, (x1, y1), (x, y) Recall slope formula
y2 − y1
x2 − x1


= m Plug in values


y − y1
x − x1


= m Multiply both sides by (x − x1)
y − y1 = m(x − x1) Our Solution


If we know the slope, m of an equation and any point on the line (x1, y1) we can
easily plug these values into the equation above which will be called the point-
slope formula.


Point − Slope Formula: y − y1 = m(x − x1)


Example 140.


Write the equation of the line through the point (3, − 4) with a slope of 3
5
.


y − y1 = m(x − x1) Plug values into point − slope formula
y − ( − 4) = 3


5
(x − 3) Simplify signs


y + 4 =
3


5
(x − 3) Our Solution


Often, we will prefer final answers be written in slope intercept form. If the direc-
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tions ask for the answer in slope-intercept form we will simply distribute the
slope, then solve for y.


Example 141.


Write the equation of the line through the point ( − 6, 2) with a slope of − 2
3
in


slope-intercept form.


y − y1 = m(x − x1) Plug values into point − slope formula
y − 2 = − 2


3
(x − ( − 6)) Simplify signs


y − 2 = − 2
3
(x + 6) Distribute slope


y − 2 = − 2
3
x − 4 Solve for y


+ 2 + 2


y = − 2
3
x − 2 Our Solution


An important thing to observe about the point slope formula is that the operation
between the x’s and y’s is subtraction. This means when you simplify the signs
you will have the opposite of the numbers in the point. We need to be very
careful with signs as we use the point-slope formula.


In order to find the equation of a line we will always need to know the slope. If
we don’t know the slope to begin with we will have to do some work to find it
first before we can get an equation.


Example 142.


Find the equation of the line through the points ( − 2, 5) and (4, − 3).


m =
y2 − y1
x2 − x1


First we must find the slope


m =
− 3 − 5


4 − ( − 2) =
− 8
6


= − 4
3


Plug values in slope formula and evaluate


y − y1 = m(x − x1) With slope and either point, use point − slope formula
y − 5 = − 4


3
(x − ( − 2)) Simplify signs


y − 5 = − 4
3
(x + 2) Our Solution


Example 143.
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Find the equation of the line through the points ( − 3, 4) and ( − 1, − 2) in slope-
intercept form.


m =
y2 − y1
x2 − x1


First we must find the slope


m =
− 2 − 4


− 1 − ( − 3) =
− 6
2


= − 3 Plug values in slope formula and evaluate


y − y1 = m(x − x1) With slope and either point, point − slope formula
y − 4 = − 3(x − ( − 3)) Simplify signs


y − 4 = − 3(x + 3) Distribute slope
y − 4 = − 3x − 9 Solve for y


+ 4 + 4 Add 4 to both sides


y = − 3x − 5 Our Solution


Example 144.


Find the equation of the line through the points (6, − 2) and ( − 4, 1) in slope-
intercept form.


m =
y2 − y1
x2 − x1


First we must find the slope


m =
1 − ( − 2)
− 4 − 6 =


3


− 10 = −
3


10
Plug values into slope formula and evaluate


y − y1 = m(x − x1) Use slope and either point, use point − slope formula
y − ( − 2) = − 3


10
(x − 6) Simplify signs


y + 2 = − 3
10


(x − 6) Distribute slope


y + 2 = − 3
10


x +
9


5
Solve for y. Subtract 2 from both sides


− 2 − 10
5


Using
10


5
on right so we have a common denominator


y = − 3
10


x − 1
5


Our Solution


World View Note: The city of Konigsberg (now Kaliningrad, Russia) had a
river that flowed through the city breaking it into several parts. There were 7
bridges that connected the parts of the city. In 1735 Leonhard Euler considered
the question of whether it was possible to cross each bridge exactly once and only
once. It turned out that this problem was impossible, but the work laid the foun-
dation of what would become graph theory.
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2.4 Practice - Point-Slope Form


Write the point-slope form of the equation of the line through the
given point with the given slope.


1) through (2, 3), slope = undefined


3) through (2, 2), slope =
1


2


5) through ( − 1, − 5), slope = 9


7) through ( − 4, 1), slope = 3
4


9) through (0, − 2), slope = − 3


11) through (0, − 5), slope = − 1
4


13) through ( − 5, − 3), slope = 1
5


15) through ( − 1, 4), slope = − 5
4


2) through (1, 2), slope = undefined


4) through (2, 1), slope = − 1
2


6) through (2, − 2), slope = − 2


8) through (4, − 3), slope = − 2


10) through ( − 1, 1), slope = 4


12) through (0, 2), slope = − 5
4


14) through ( − 1, − 4), slope = − 2
3


16) through (1, − 4), slope = − 3
2


Write the slope-intercept form of the equation of the line through the
given point with the given slope.


17) through: ( − 1, − 5), slope = 2


19) through: (5, − 1), slope = − 3
5


21) through: ( − 4, 1), slope = 1
2


23) through: (4, − 2), slope = − 3
2


25) through: ( − 5, − 3), slope = − 2
5


27) through: (2, − 2), slope = 1


29) through:( − 3, 4), slope=undefined


31) through: ( − 4, 2), slope = − 1
2


18) through: (2, − 2), slope = − 2


20) through: ( − 2, − 2), slope = − 2
3


22) through: (4, − 3), slope = − 7
4


24) through: ( − 2, 0), slope = − 5
2


26) through: (3, 3), slope =
7


3


28) through: ( − 4, − 3), slope = 0


30) through: ( − 2, − 5), slope = 2


32) through: (5, 3), slope =
6


5
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Write the point-slope form of the equation of the line through the
given points.


33) through: ( − 4, 3) and ( − 3, 1)


35) through: (5, 1) and ( − 3, 0)


37) through: ( − 4, − 2) and (0, 4)


39) through: (3, 5) and ( − 5, 3)


41) through: (3, − 3) and ( − 4, 5)


34) through: (1, 3) and ( − 3, 3)


36) through: ( − 4, 5) and (4, 4)


38) through: ( − 4, 1) and (4, 4)


40) through: ( − 1, − 4) and ( − 5, 0)


42) through: ( − 1, − 5) and ( − 5, − 4)


Write the slope-intercept form of the equation of the line through the
given points.


43) through: ( − 5, 1) and ( − 1, − 2)


45) through: ( − 5, 5) and (2, − 3)


47) through: (4, 1) and (1, 4)


49) through: (0, 2) and (5, − 3)


51) through: (0, 3) and ( − 1, − 1)


44) through: ( − 5, − 1) and (5, − 2)


46) through: (1, − 1) and ( − 5, − 4)


48) through: (0, 1) and ( − 3, 0)


50) through: (0, 2) and (2, 4)


52) through: ( − 2, 0) and (5, 3)
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2.5


Graphing - Parallel and Perpendicular Lines


Objective: Identify the equation of a line given a parallel or perpendic-
ular line.


There is an interesting connection between the slope of lines that are parallel and
the slope of lines that are perpendicular (meet at a right angle). This is shown in
the following example.


Example 145.


The above graph has two parallel
lines. The slope of the top line is
down 2, run 3, or − 2


3
. The slope of


the bottom line is down 2, run 3 as
well, or − 2


3
.


The above graph has two perpendic-
ular lines. The slope of the flatter line
is up 2, run 3 or
2


3
. The slope of the steeper line is down 3,


run 2 or − 3
2
.


World View Note: Greek Mathematician Euclid lived around 300 BC and pub-
lished a book titled, The Elements. In it is the famous parallel postulate which
mathematicians have tried for years to drop from the list of postulates. The
attempts have failed, yet all the work done has developed new types of geome-
tries!


As the above graphs illustrate, parallel lines have the same slope and perpendic-
ular lines have opposite (one positive, one negative) reciprocal (flipped fraction)
slopes. We can use these properties to make conclusions about parallel and per-
pendicular lines.


Example 146.


Find the slope of a line parallel to 5y − 2x = 7.


5y − 2x = 7 To find the slope we will put equation in slope − intercept form
+ 2x + 2x Add 2x to both sides


5y = 2x + 7 Put x term first


5 5 5 Divide each term by 5


y =
2


5
x +


7


5
The slope is the coefficient of x
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m =
2


5
Slope of first line. Parallel lines have the same slope


m =
2


5
Our Solution


Example 147.


Find the slope of a line perpendicular to 3x − 4y = 2


3x − 4y = 2 To find slope we will put equation in slope − intercept form
− 3x − 3x Subtract 3x from both sides


− 4y = − 3x + 2 Put x term first
− 4 − 4 − 4 Divide each term by − 4


y =
3


4
x − 1


2
The slope is the coefficient of x


m =
3


4
Slopeoffirstlines.Perpendicularlineshaveoppositereciprocalslopes


m = − 4
3


Our Solution


Once we have a slope, it is possible to find the complete equation of the second
line if we know one point on the second line.


Example 148.


Find the equation of a line through (4, − 5) and parallel to 2x − 3y = 6.


2x − 3y = 6 We first need slope of parallel line
− 2x − 2x Subtract 2x from each side


− 3y = − 2x + 6 Put x term first
− 3 − 3 − 3 Divide each term by − 3


y =
2


3
x − 2 Identify the slope, the coefficient of x


m =
2


3
Parallel lines have the same slope


m =
2


3
We will use this slope and our point (4, − 5)


y − y1 = m(x − x1) Plug this information into point slope formula
y − ( − 5) = 2


3
(x − 4) Simplify signs


y + 5 =
2


3
(x − 4) Our Solution
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Example 149.


Find the equation of the line through (6, − 9) perpendicular to y = − 3
5
x + 4 in


slope-intercept form.


y = − 3
5
x + 4 Identify the slope, coefficient of x


m = − 3
5


Perpendicular lines have opposite reciprocal slopes


m =
5


3
We will use this slope and our point (6, − 9)


y − y1 = m(x − x1) Plug this information into point − slope formula


y − ( − 9) = 5
3
(x − 6) Simplify signs


y + 9 =
5


3
(x − 6) Distribute slope


y + 9 =
5


3
x − 10 Solve for y


− 9 − 9 Subtract 9 from both sides
y =


5


3
x − 19 Our Solution


Zero slopes and no slopes may seem like opposites (one is a horizontal line, one is
a vertical line). Because a horizontal line is perpendicular to a vertical line we can
say that no slope and zero slope are actually perpendicular slopes!


Example 150.


Find the equation of the line through (3, 4) perpendicular to x = − 2


x = − 2 This equation has no slope, a vertical line
no slope Perpendicular line then would have a zero slope


m = 0 Use this and our point (3, 4)


y − y1 = m(x − x1) Plug this information into point − slope formula
y − 4 = 0(x − 3) Distribute slope


y − 4 = 0 Solve for y
+ 4 + 4 Add 4 to each side


y = 4 Our Solution


Being aware that to be perpendicular to a vertical line means we have a hori-
zontal line through a y value of 4, thus we could have jumped from this point
right to the solution, y = 4.
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2.5 Practice - Parallel and Perpendicular Lines


Find the slope of a line parallel to each given line.


1) y = 2x + 4


3) y = 4x − 5


5) x − y = 4


7) 7x + y = − 2


2) y = − 2
3
x + 5


4) y = − 10
3
x − 5


6) 6x − 5y = 20


8) 3x + 4y = − 8


Find the slope of a line perpendicular to each given line.


9) x = 3


11) y = − 1
3
x


13) x − 3y = − 6


15) x + 2y = 8


10) y = − 1
2
x − 1


12) y =
4


5
x


14) 3x − y = − 3


16) 8x − 3y = − 9


Write the point-slope form of the equation of the line described.


17) through: (2, 5), parallel to x = 0


18) through: (5, 2), parallel to y =
7


5
x + 4


19) through: (3, 4), parallel to y =
9


2
x − 5


20) through: (1, − 1), parallel to y = − 3
4
x + 3


21) through: (2, 3), parallel to y =
7


5
x + 4


22) through: ( − 1, 3), parallel to y = − 3x − 1


23) through: (4, 2), parallel to x = 0


24) through: (1, 4), parallel to y =
7


5
x + 2


25) through: (1, − 5), perpendicular to − x + y = 1


26) through: (1, − 2), perpendicular to − x + 2y = 2
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27) through: (5, 2), perpendicular to 5x + y = − 3


28) through: (1, 3), perpendicular to − x + y = 1


29) through: (4, 2), perpendicular to − 4x + y = 0


30) through: ( − 3, − 5), perpendicular to 3x + 7y = 0


31) through: (2, − 2) perpendicular to 3y − x = 0


32) through: ( − 2, 5). perpendicular to y − 2x = 0


Write the slope-intercept form of the equation of the line described.


33) through: (4, − 3), parallel to y = − 2x


34) through: ( − 5, 2), parallel to y = 3
5
x


35) through: ( − 3, 1), parallel to y = − 4
3
x − 1


36) through: ( − 4, 0), parallel to y = − 5
4
x + 4


37) through: ( − 4, − 1), parallel to y = − 1
2
x + 1


38) through: (2, 3), parallel to y =
5


2
x − 1


39) through: ( − 2, − 1), parallel to y = − 1
2
x − 2


40) through: ( − 5, − 4), parallel to y = 3
5
x − 2


41) through: (4, 3), perpendicular to x + y = − 1


42) through: ( − 3, − 5), perpendicular to x + 2y = − 4


43) through: (5, 2), perpendicular to x = 0


44) through: (5, − 1), perpendicular to − 5x + 2y = 10


45) through: ( − 2, 5), perpendicular to − x + y = − 2


46) through: (2, − 3), perpendicular to − 2x + 5y = − 10


47) through: (4, − 3), perpendicular to − x + 2y = − 6


48) through: ( − 4, 1), perpendicular to 4x + 3y = − 9
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