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Chapter 2 

Points, Lines, and Functions



Section 2.1:  An Introduction to the Coordinate Plane

· Points in the Coordinate Plane



Points in the Coordinate Plane 

The Rectangular Coordinate System: 

[image: image1.png]To establish the rectangular coordinate system (or Cartesian coordinate system),
we begin with two perpendicular number lines. The horizontal line is called the
x-axis with positive direction to the right. The vertical line is called the y-axis
with positive direction upward. The point at which the axes intersect is called

the origin. The two axes form a plane and divide this plane into four regions
called quadrants




[image: image2.png]QuadrantT 2 Quadrant T
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Plotting Points in the Coordinate Plane: 

[image: image3.png]Each point in the coordinate plane corresponds to an ordered pair of real numbers,
which we write as (,5). The numbers  and b are called the coordinates of the
point. The first coordinte is the r-coordinate and the second coordinate is the
»-coordinate. The coordinates of the origin are both zero; that i, the origin is
labeled with the ordered pair (0,0)




[image: image4.png]To plot a point whose coordinates are given by the ordered pair (a,b), we begin
at the origin. From the origin, we begin with the first coordinate and move right

a units if the x-coordinate is positive and move left [a| units if the r-coordinate

is negative. If a = 0, the point lies on the y-axis and we move neither left nor right
From the position just established with the x-coordinate, we next work with the
second coordinate and move up b units if the y-coordinate is positive and move
down 5| units if the y-coordinate is negafive. If 5= 0, the point lies on the r-axis

and we move neither up nor down




[image: image5.png]Quadrant IT: 3 Quadrant
a<0andb>0 a%0mdb>0
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Example: 

[image: image6.png]Find the coordinates of each of the points shown in the figure below and then

identify the quadrant (or ais) in which each point i located.





[image: image7.png]Find the coordinates of each of the points shown in the figure below and then

identify the quadrant (or ais) in which each point i located.





Solution: 

[image: image8.png]



[image: image9.png]Point Aisin Quadrant I To get to the point, begin at the origin and move 2
units [eft for a first coordinate of ~2 and then 1 unit down for a second

coordinate of —1

Point B is on the x-axis. To get to the point, begin at the origin and move 1
unit left for a first coordinate of ~1. The second coordinate is 0.

Point C'is on the y-axis. To get to the point, begin at the origin and move 1

unit down for asecond coordinate of —1. The first coordinate is 0.

Point Dis in Quadrant IV. To get to the point, begin at the origin and move 1
unit right for a first coordinate of 1 and then 2 units down for a second

coordinate of —2

Point  is in Quadrant L To get to the point, begin at the origin and move 3
unitsright For a first coordinate of 3 and then 2 units up for a second coordinate
of 2




[image: image10.png]Point Aisin Quadrant I To get to the point, begin at the origin and move 2
units [eft for a first coordinate of ~2 and then 1 unit down for a second

coordinate of —1

Point B is on the x-axis. To get to the point, begin at the origin and move 1
unit left for a first coordinate of ~1. The second coordinate is 0.

Point C'is on the y-axis. To get to the point, begin at the origin and move 1

unit down for asecond coordinate of —1. The first coordinate is 0.

Point Dis in Quadrant IV. To get to the point, begin at the origin and move 1
unit right for a first coordinate of 1 and then 2 units down for a second

coordinate of —2

Point  is in Quadrant L To get to the point, begin at the origin and move 3
unitsright For a first coordinate of 3 and then 2 units up for a second coordinate
of 2




Graphing Horizontal and Vertical Lines: 

[image: image11.png]The graph of an equation of the form x =  is the set of all points in the plane
whose first coordinates are k. Thus, the graph is a vertical line. The y-axis is a

vertical line; its equation is x = 0.

The graph of an equation of the form,

I s the set of all points in the plane
whose second coordinates are . The graph is a horizontal line - The x-axis isa

horizontal line; its equation is y = 0.




Example: 

[image: image12.png]On the same set of axes, graph the lines x=3 andy =




Solution: 

[image: image13.png]



Graphing Other Lines: 

[image: image14.png]The graph of an equation of the form y = Ax+ B is aline. If 4> 0, then the graph
will rise as we move left to right in the plane. If 4 <0, then the graph will fall as
we move left to right in the plane.

We can graph such an equation by making a table of values. We pick values for cither
x ory and substitute these values into the equation and solve for the remaining variable

Mote that if 4 =0, then the equation becomes y = 5 and the line is horizontal. In this

case, we do not need to use atable of values to show the graph




Example: 

[image: image15.png]Graph the line y =

points on a coordinate plane.

3x-+2 by first completing the table and then plotting the





[image: image16.png]Graph the line y =

points on a coordinate plane.

3x-+2 by first completing the table and then plotting the





Solution: 

[image: image17.png]Substitute —1for x in the equationy =—3x +2 and solve for y.
y=-3-1+2
y=3+2

»=5

Substitute 0 for x in the equationy = ~3r +2 and solve for y.
y=-30)+2

=042

y=2

Substitute 1 for x in the equation y =~3x-+2 and solve fory.
y=-30+2

y=-3+2

y=-1





[image: image18.png]Enter the results in the table.

1y
-1[5
o[z
1 (-1

Plot the points whose coordinates are shown in the table and then draw a line

through the points




[image: image19.png]Enter the results in the table.

1y
-1[5
o[z
1 (-1

Plot the points whose coordinates are shown in the table and then draw a line

through the points




[image: image20.png]



Additional Example 1:

[image: image21.png]Plot each of the following points in a coordinate plane and identify the quadrant
(or azis) in which each point is located.
(-2.4),(1,3),(5.0),(-3,-1), and [2,-4)




Solution:

[image: image22.png](2,4

o(1,3)

.2, -4




[image: image23.png]The point (~ 2,4) is in Quadrant I since the first coordinate is negative and
the second coordinate is positive. To plot the point, begin at the origin and
move two units 1eft and then 4 units up




[image: image24.png]The point (1,3) is in Quadrant I since both coordinates are positive. To plot

the point, begin at the origin and move 1 unit right and then 3 units up.




[image: image25.png]The point (5,0) lies on the x-axis since the second coordinate is 0. To plot the

point, begin at the origin and move 5 units right.




[image: image26.png]The point (~3,~1) is in Quadrant Il since both coordinates are negative. To

plot the point, begin at the origin and move three units left and then 1 unit down




[image: image27.png]The point (2,~4) is in Quadrant IV since the first coordinate is positive and the
second coordinate is negafive. To plot the point, begin af the origin and move
two units right and then 4 units down.




Additional Example 2: 

[image: image28.png]Find the coordinates of each of the points shown in the figure below and then

identify the quadrant (or asis) in which each point s located.





[image: image29.png]Find the coordinates of each of the points shown in the figure below and then

identify the quadrant (or asis) in which each point s located.





Solution: 

[image: image30.png]



[image: image31.png]Point Aisin Quadrant Il To get to the point, begin at the origin and move 3
units [eft for a first coordinate of ~3 and then 2 units down for a second

coordinate of —2.




[image: image32.png]Point B is on the x-axis. To getto the point, begin at the origin and move 2
units Left for a first coordinate of —2. The second coordinate is 0.




[image: image33.png]Point Cis on the y-axis. To getto the point, begin at the origin and move 2

units up for a second coordinate of 2. The first coordinate is 0.




[image: image34.png]Point D isin Quadrant L To get to the point, begin at the origin and move 1
unit right for afirst coordinate of 1 and then 1 unit up for a second coordinate
of 1




[image: image35.png]Point E is in Quadrant IV. To get to the point, begin at the origin and move 2
units right for a first coordinate of 2 and then 1unit down for a second

coordinate of —1




Additional Example 3: 

[image: image36.png](a) Given that (a,b) isin Quadrant IV, identify the quadrant of the point {~a,b)
(5) Given that (a,) is in Quadrant IIL i dentify the quadrant of the point (a,~b)





Solution: 

[image: image37.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image38.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I




[image: image39.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image40.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image41.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image42.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image43.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I





[image: image44.png](a) Begin by 1dentifying whether or not the the coordinates for the given point

(a,2) are negative or positive

We are told that the point (a,5) lies in Quadrant TV. This means that @ >0
and b <0.

Mext, determine the signs on the coordinates for the point (~a,5)
Since @ >0, it follows that —a <0. We are given that b <0.
Mow, state the quadant in which the point (~a,5) lies

Since both coordinates are negative, the point (~a, ) lies in Quadrant I




[image: image45.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image46.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL




[image: image47.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image48.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image49.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image50.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image51.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL





[image: image52.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL






[image: image53.png](b) Begin by 1dentifying whether or not the the coordinates for the given point

(a.5) are negative o positive

We are tol dthat the point (a,5) lies in Quadrant I This means thata <0
and b < 0.

Mext, determine the signs on the coordinates for the point (a,~5)
Since b <0, it follows that —5 » 0. We are given that @ <0
Mow, state the quadrant in which the point (,~b) lies

Since the first coordinate is negative and the second coordinate is positive,
the point (a,b) lies in Quadrant IL




Additional Example 4: 

[image: image54.png]Given the following points: (4,~1),(4,0),(4,1)

(a) Plot the above points on a coordinate plane.

(b) What do the points above have in common?

(c) Draw aline through the above points

(d) What is the equation of the line drawn in part ()7
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Solution: 

[image: image966.emf]     
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 [image: image55.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.





[image: image56.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.






 [image: image57.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.





[image: image58.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.





 
 [image: image59.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.






[image: image60.png]



[image: image61.png](b) The first coordinate of each of the pointsis 4.




(c) Draw a line through the points.

 

[image: image62.png]



[image: image63.png](d) The line 15 vertical and each point on the line has a first coordinate of 4
The equation of the line is x =4





 [image: image64.png](d) The line 15 vertical and each point on the line has a first coordinate of 4
The equation of the line is x =4




Additional Example 5: 

[image: image65.png]Graph the line y = 2x+3 by first completing the table and then plotting the

points on a coordinate plane.





Solution: 

[image: image66.png]Substitute —3/2 for x in the equation y = 2x+3 and solve for y.

3
=2[-2]43
4 [2]

3
y=-3+3
»=0

Place the resultin the table.




[image: image67.png]Substitute —3/2 for x in the equation y = 2x+3 and solve for y.

3
=2[-2]43
4 [2]

3
y=-3+3
»=0

Place the resultin the table.




[image: image68.png]Substitute —3/2 for x in the equation y = 2x+3 and solve for y.

3
=2[-2]43
4 [2]

3
y=-3+3
»=0

Place the resultin the table.




[image: image69.png]ol





[image: image70.png]Substitute —1for x in the equationy = 2x+3 and solve for y.

y=2(-1)+3
y=-2+3
y=1

Place the result in the table.




[image: image71.png]Substitute —1for x in the equationy = 2x+3 and solve for y.

y=2(-1)+3
y=-2+3
y=1

Place the result in the table.




[image: image72.png]Substitute —1for x in the equationy = 2x+3 and solve for y.

y=2(-1)+3
y=-2+3
y=1

Place the result in the table.




[image: image73.png]ol





[image: image74.png]Substitute 0 for x in the equation y = 2x+3 and solve for y.

»=2(0)+3
=043
y=3

Place the result in the table.




[image: image75.png]Substitute 0 for x in the equation y = 2x+3 and solve for y.

»=2(0)+3
=043
y=3

Place the result in the table.




[image: image76.png]Substitute 0 for x in the equation y = 2x+3 and solve for y.

»=2(0)+3
=043
y=3

Place the result in the table.




[image: image77.png]B
0





[image: image78.png]Substitute 4 fory in the equation y = 2x+3 and solve for x.

4=21+3
4-3=2x43-3 Subtract 3 rom both sdes ofthe equation

1=2x Simplify.

1_7x

1zx Divids both sides of the equstion by 2.

2 7

L. Simplif

. ity

Place the result in the table.




[image: image79.png]Substitute 4 fory in the equation y = 2x+3 and solve for x.

4=21+3
4-3=2x43-3 Subtract 3 rom both sdes ofthe equation

1=2x Simplify.

1_7x

1zx Divids both sides of the equstion by 2.

2 7

L. Simplif

. ity

Place the result in the table.




[image: image80.png]Substitute 4 fory in the equation y = 2x+3 and solve for x.

4=21+3
4-3=2x43-3 Subtract 3 rom both sdes ofthe equation

1=2x Simplify.

1_7x

1zx Divids both sides of the equstion by 2.

2 7

L. Simplif

. ity

Place the result in the table.
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[image: image82.png]Substitute 5 for ' in the equation y = 2x +3 and solve for x.

5=2x+3
5-3=2x+3-3

2=
2.

5=
1=

2x

Zx

Z

x

Subtract 3 from both sides of the equation,
Simplify.

Divide both sides of the equation ty 2

Simplify.

Place the resultin the table.




[image: image83.png]Substitute 5 for ' in the equation y = 2x +3 and solve for x.

5=2x+3
5-3=2x+3-3

2=
2.

5=
1=

2x

Zx

Z

x

Subtract 3 from both sides of the equation,
Simplify.

Divide both sides of the equation ty 2

Simplify.

Place the resultin the table.




[image: image84.png]Substitute 5 for ' in the equation y = 2x +3 and solve for x.

5=2x+3
5-3=2x+3-3

2=
2.

5=
1=

2x

Zx

Z

x

Subtract 3 from both sides of the equation,
Simplify.

Divide both sides of the equation ty 2

Simplify.

Place the resultin the table.
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[image: image86.png]Plot the points whose coordinates are shown in the table and then draw aline

through the points




[image: image87.png]B
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[image: image88.png]5 (o)
4 (Y






Plot the following points in a coordinate plane.
1. A(3, 4)
2. B(2, -5)
3. C(-3, -1)
4. D(-4, -6) 
5. E(-5, 0)
6. F(0, -2) 
Write the coordinates of each of the points shown in the figure below.  Then identify the quadrant or axis in which the point is located.
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9. [image: image968.emf]   
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Plot each of the following sets of points in a coordinate plane. Then identify the quadrant or axis in which each point is located.

13. (a)
A(2, 5)

(b)
B(-2, -5)

(c)
C(2, -5)

(d)
D(-2, 5)

14. (a)
A(4, -3)

(b)
B(-4, -3)

(c)
C(-4, 3)

(d)
D(4, 3)

15. (a)
A(0, -2)

(b)
B(-2, 0)

(c)
C(2, 0)

(d)
D(0, 2)

16. (a)
A(-3, 0)

(b)
B(3, 0)

(c)
(0, -3)

(d)
D(0, 3)

17. 
If the point (a, b) is in Quadrant I, identify the quadrant of each of the following points:


(a)
 (-a, -b)

(b)
(-a, b)

(c)
(a, a)

18. If the point (a, b) is in Quadrant I, identify the quadrant of each of the following points:


(a)
 (-b, a)

(b)
(b, b)

(c)
(-b, -a)

19. If the point (a, b) is in Quadrant II, then 
[image: image89.wmf]0

a

<

 and 
[image: image90.wmf]0

b

>

. Identify the quadrant of each of the following points:


(a)
(-a, -b)

(b)
(b, a)

(c)
(a, -b)

20. If the point (a, b) is in Quadrant III, then 
[image: image91.wmf]0

a

<

 and 
[image: image92.wmf]0

b

<

. Identify the quadrant of each of the following points:


(a)
(-a, b)

(b)
(b, a)

(c)
(-a, -b)

21. If the point (a, b) is in Quadrant IV, identify the quadrant of each of the following points:


(a)
 (b, -b)

(b)
(-a, -a)

(c)
(b, a)

22. If the point (a, b) is in Quadrant II, identify the quadrant of each of the following points:


(a)
 (-a, b)

(b)
(b, b)

(c)
(a, -a)

23. If the point (a, b) is in Quadrant III, identify the axis on which each of the following points lies:


(a)
 (a, 0)

(b)
(0, b)

(c)
(-b, 0)

24. If the point (a, b) is in Quadrant IV, identify the axis on which each of the following points lies:


(a)
 (0, -b)

(b)
(-a, 0)

(c)
(b, 0)

Answer True or False.

25. The point (0, 5) is on the x-axis.

26. The point (-4, 0) is in Quadrant II.

27. The point (1, -3) is in Quadrant IV.

28. The point (-2, -5) is in Quadrant III.

29. The point (0, 0) is in Quadrant I.

30. The point (-6, 1) is in Quadrant IV.

31. If the point (a, b) is in Quadrant IV, then 
[image: image93.wmf]0

b

<

.

32. If the point (a, b) is in Quadrant II, then 
[image: image94.wmf]0

a

>

.

33. If the point (a, b) is in Quadrant I, then the point (b, a) is also in Quadrant I.

34. If the point (a, b) is in Quadrant I, then the point (a, -b) is in Quadrant II.

35. If the point (a, b) is in Quadrant II, then the point (-a, -b) is in Quadrant III .

36. If the point (a, b) is in Quadrant IV, then the point (-b, a) is in Quadrant I.

37. If the point (a, b) is in Quadrant III, then 
[image: image95.wmf]0

b

>

.

38. If the point (a, b) is on the y-axis, then 
[image: image96.wmf]0

a

>

.
39. If the point (a, b) is on the y-axis, then 
[image: image97.wmf]0

b

>

.
40. If the point (a, b) is on the y-axis, then 
[image: image98.wmf]0

a

=

.
41. If the point (a, b) is on the y-axis, then the point (b, a) is on the x-axis.

42. If the point (a, b) is on the x-axis, then the point (a, 3) lies in Quadrant I .

Answer the following.
43. Given the following points:



A(3, 5), B(3, 1), C(3, 0), D(3, -2)

(a) Plot the above points on a coordinate plane.

(b) What do the above points have in common?

(c) Draw a line through the above points.

(d) What is the equation of the line drawn in part (c)?

44. Given the following points:



A(-3, 4), B(0, 4), C(1, 4), D(3, 4)

(a) Plot the above points on a coordinate plane.

(b) What do the above points have in common?

(c) Draw a line through the above points.

(d) What is the equation of the line drawn in part (c)?

45. (a)
List four points that are on the x-axis.


(b)
Analyze the coordinates of the points you have listed. What do they have in common?


(c)
Give the equation of the x-axis.

46. (a)
List four points that are on the y-axis.


(b)
Analyze the coordinates of the points you have listed. What do they have in common?


(c)
Give the equation of the y-axis.

47. 
Graph the line 
[image: image99.wmf]2

x

=

.

48. Graph the line 
[image: image100.wmf]5

y

=-

.

49. Graph the line 
[image: image101.wmf]4

y

=

.

50. Graph the line 
[image: image102.wmf]3

x

=-

.

51. On the same set of axes, graph the lines 
[image: image103.wmf]1

x

=-

 and 
[image: image104.wmf]3

y

=

.

52. On the same set of axes, graph the lines 
[image: image105.wmf]5

x

=

 and 
[image: image106.wmf]2

y

=-

.

53. On the same set of axes, graph the lines 
[image: image107.wmf]7

2

x

=

 and 
[image: image108.wmf]0

y

=

.
54. On the same set of axes, graph the lines 
[image: image109.wmf]0

x

=

 and 
[image: image110.wmf]5

2

y

=-

.

Graph the following lines by first completing the table and then plotting the points on a coordinate plane.

	x
	y

	-2
	

	-1
	

	0
	

	1
	

	2
	


55. 
[image: image111.wmf]32

yx

=+


	x
	y

	-2
	

	-1
	

	0
	

	1
	

	2
	


56. 
[image: image112.wmf]25

yx

=-+


	x
	y

	0
	

	
[image: image113.wmf]1

4


	

	
	-5

	
	2

	
[image: image114.wmf]3

2
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57. 
[image: image115.wmf]47

yx

=-+


58. 
[image: image116.wmf]51

yx

=-


	x
	y

	2
	

	
	-1

	
[image: image117.wmf]3

5


	

	
	-6

	
	0


Answer the following.

59. Graph the line segment with endpoints (-7, 0) and (0, 7).

60. Graph the line segment with endpoints (3, 5) and and (-5, -3).

61. Graph the line segment with endpoints (1, -4) and (-1, 4)

62. Graph the line segment with endpoints (-2, 6) and (6, 2).



Section 2.2:  The Distance and Midpoint Formulas

· The Distance Formula

· The Midpoint Formula



The Distance Formula 

Finding the Distance Between Two Points: 

[image: image118.png]The distance between two points A (x, 1) and B(x;,»,) inthe plane 1s given by

the distance formula v vi

d(a,B)=f(x;—x1) +(y2-r1)




[image: image119.png]#B(x.7,)
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Example: 

[image: image120.png]Find the distance between the points A(3,





Solution: 

[image: image121.png]Substitute x,

2,5, =

1, and y, = 3into the distance formula.

d(4,B) = J(-1-37+(3-(-2))°
=Jig+5
=fl6+25
=41




Additional Example 1: 

[image: image122.png]Find the distance between the points (1,3) and (2,5)




Solution: 

[image: image123.png]To find the distance between the points (1,3) and [2,5),substitute 5 =1,51 =3,

x,=2, andy; =5 into the distance formula,




[image: image124.png]



Additional Example 2: 

[image: image125.png]Find the distance between the points (0,~3) and (~4,5)




Solution: 

[image: image126.png]To find the distance between the points (0,~3) and (~4,5), substitute 5
=3, % =—4, andy, = Sinto the distance formula





[image: image127.png]



[image: image128.png]



Additional Example 3: 

[image: image129.png]Find the distance between the points (~2,2) and (~5,1)




Solution: 

[image: image130.png]To find the distance between the points (~2,2) and (~5,1), substitute =
»1=2,7% =5, andy, =1into the distance formula
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Additional Example 4: 

[image: image132.png]Are the points (~1,8),(1,12), and (3,16) collinear?




Solution: 

[image: image133.png]The distance formula can be used to determine if three points 4, B, and C are
collinear. I d(A, B) + d(B,C)=d(4,C), then &, B, and C are collinear.
This is illustrated in the graph shown below.




[image: image134.png]



[image: image135.png]To find the distance between the points (~1,8) and (1,12) substitute 5 =
=81 =1, andy, = 12into the distance formula.





[image: image136.png]= J1-cn)P+(12-8)?°





[image: image137.png]To find the distance between the points (1,12) and (3,16) substitute xy =1,
=127 =3, andy, = 16 into the distance formula




[image: image138.png]



[image: image139.png]To find the distance between the points (~1,8) and (3,16) substitute =
»1=8,7= 3, andy; = 16 into the distance formula.





[image: image140.png](m=n) +(2»
=J3-n)+(16-8)
z





[image: image141.png]The distance between the points (~1,8) and(1,12) is 2+/5. The distance between
the points (1,12) and (3,16) is 24/5. The distance between the points (~18)
and (3,16) is 45,




[image: image142.png]Since 245 + 25 = 44/5, the points are collinear.

The three points are shown in the graph below.




[image: image143.png]Since 245 + 25 = 44/5, the points are collinear.

The three points are shown in the graph below.




[image: image144.png]



Additional Example 5: 

[image: image145.png]Determine if the points (~1,2), (1,0), and (3,2) are the vertices
of aright riangle.




Solution: 

[image: image146.png]I [aaB)f + [d@.0F = [dAa.0F then A, B, and C are the vertices of a

right triangle as is illustrated in the graph shown below.




[image: image147.png]



[image: image148.png]To find the distance between the points (~1,2) and (1,0) substitute x =
R

2,7 =1, and y; = O into the distance formula.





[image: image149.png])

(m=n) +(2»
=-enPrlo-2f
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[image: image150.png]To find the distance between the points (1,0) and (3,2) substitute 5 =1,
0,%,=3, andy,

into the distance formula,





[image: image151.png])

(m=m)* +(2 -





[image: image152.png]To find the distance between the points (~1,2) and (3,2) substitute x =

1, =3, and y, = 2 into the distance formula,





[image: image153.png])

(x-n)" +(72-

d=





[image: image154.png]The distance between the points (~1,2) and (1,0) is 2/2. The distance
between the points (1,0) and (3,2) is 2¢/2. The distance between the points
(-1,2) and (3,2) is4




[image: image155.png]Since (2ﬁ)z+(2ﬁ)2 = 8+8=16= 42, the points are the vertices of a

right triangle

The three points are shown in the graph below.




[image: image156.png]Since (2ﬁ)z+(2ﬁ)2 = 8+8=16= 42, the points are the vertices of a

right triangle

The three points are shown in the graph below.




[image: image157.png]L2





Additional Example 6: 

[image: image158.png]Determine which of the points (~3,~1) or (6,1) is closer to the point (1,2)




Solution: 

[image: image159.png]We need to find the distance between (=3,-1) and (1,2) and the distance
between (6,1) and (1,2) by using the distance formula.




[image: image160.png]To find the distance between the points (~3,-1) and (1,2), substitute 5 =

=175 =1, andy, = 2into the distance formula




[image: image161.png](2n) +02n)’
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(1437 +(2+17





[image: image162.png]To find the distance between the points (6,1) and (1,2), substitute =

=1z =1, andy, = 2into the distance formula




[image: image163.png])

(x-2)" +(72-
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[image: image164.png]The distance between (~3,~1) and (1,2) is 5 and the distance between (6,1)
and (12) is 26,




[image: image165.png]Since 5=~/25 <~f26, the point (=3,—1) is closer to the point (1, 2).




Additional Example 7: 

[image: image166.png]Use the Pythagorean Theorem to find the distance between the points
A(1,3) andB(5,2)




Solution: 

[image: image167.png]Plot the points 4 (1,3) and B(5,2) and draw line segment 4B,




[image: image168.png]



[image: image169.png]Find apoint C such that triangle ABC is aright triangle. Draw triangle ABC.




[image: image170.png]



[image: image171.png]Leta and b denote the lengths of the legs of AABC. Letc denote the length
of the hypotenuse of AABC. Determine a and & from the graph.




[image: image172.png]



 Use the Pythagorean Theorem to determine c.

[image: image173.png]Use the Pythagoren Theorem to determinec.

c=Vat bt
=Jfl6+1
=17




The Midpoint Formula 

Finding the Midpoint of a Line Segment: 

[image: image174.png]The midpoint of the line segment that connects two points A (x,5,) and B(x;, ;) inthe

Xy+Xy Yi+Yy
2 2

plane is given by the midpoint formula
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Example: 

[image: image176.png]Find the midpoint of the line segment joining the points & (~2,~3)and B(4,2)




Solution: 

[image: image177.png]Substitute x,= 2,1 = 3,5, =4, andy, = 2 into the midpoint formula
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Additional Example 1: 

[image: image178.png]Find the midpoint of the line segment connecting the points
(-2,5) and (1,-3)




Solution: 

[image: image179.png]To find the midpoint of the line segment connecting the the points (~2,5) and
(1,-3), substitute 5 =

.31 =5, %=1, andy, =3 into the midpoint formula.




[image: image180.png]Mdpom;:[‘l”?,’l”’z]
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Additional Example 2: 

[image: image181.png]Find the midpoint of the line segment connecting the points
(0,-3) and (4,5)




Solution: 

[image: image182.png]To find the midpoint of the line segment connecting the points (0,-3) and

(4,5), substitute x; =0, ==3,x, = 4, andy, = 5 into the midpoint formula




[image: image183.png]Midpoint = [ A% A*2
2 2





Additional Example 3: 

[image: image184.png]Find the midpoint of the line segment connecting the points
(-2,2) and (-5,1)




Solution: 

[image: image185.png]To find the midpoint of the line segment connecting the points (-2,2) and
(~5.1), substitute 5 =2, 3 =2, %, =5, andy, =1into the midpoint formula




[image: image186.png]Mdpom;:[‘l”?,’l‘;)ﬁ]
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Additional Example 4: 

[image: image187.png]The point(3,1) is the midpoint of the line segment AB. If A is the point
(~1,5), find the point B




Solution: 

[image: image188.png]Let x be the first coordinate of B. Let y be the second coordinate of B.




[image: image189.png]Find the midpoint of the line segment AB by substituting 5 = —1yy = 5,x,

andy, = y into the midpoint formula




[image: image190.png]Midpoint of AB





[image: image191.png]We are given that the midpoint of the line segment AB is the point (3,1)

Midpoint of AB :[’12”,5‘%]:(3,1)




[image: image192.png]We are given that the midpoint of the line segment AB is the point (3,1)

Midpoint of AB :[’12”,5‘%]:(3,1)




[image: image193.png]Two points in the plane are equal if their corresponding coordinates are equal
Setting first coordinates equal to each other and setting second coordinates
equal to each other, we obtain two equations.




[image: image194.png]“l+x S+y

Second equation: % =1

First equation





[image: image195.png]Solve the first equation for x to find the first coordinate of B.





[image: image196.png]Solve the first equation for x to find the first coordinate of B.





[image: image197.png]Solve the second equation fory to find the second coordinate of B
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[image: image198.png]Solve the second equation fory to find the second coordinate of B
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2
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[image: image199.png]The point B is (7,-3)




Additional Example 5: 

[image: image200.png]4 circle has a diameter with endpoints A(1,4) and B(3,2)
(a) Find the coordinates of the center of the circle.
(b) Find the length of the radius of the circle




Solution: 

[image: image201.png]



[image: image202.png](a) The center C of the circle is the midpoint of the line segment connecting the

two points A and B.





 [image: image203.png](a) The center C of the circle is the midpoint of the line segment connecting the

two points A and B.





 [image: image204.png]



[image: image205.png](b) The radius 7 is found by finding the distance between the two points A and
B then dividing the result by 2.





 [image: image206.png](b) The radius 7 is found by finding the distance between the two points A and
B then dividing the result by 2.
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Use the Pythagorean Theorem to find the missing side of each of the following triangles.

Pythagorean Theorem: In a right triangle, if a and b are the measures of the legs, and c is the measure of the hypotenuse, then a2 + b2 = c2.
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Answer the following.

63. Given the following points:




[image: image208.wmf](1,2)

A

 and 
[image: image209.wmf](4,7)

B


(a) Plot the above points on a coordinate plane.

(b) Draw segment AB. This will be the hypotenuse of triangle ABC.
(c) Find a point C such that triangle ABC is a right triangle. Draw triangle ABC.
(d) Use the Pythagorean theorem to find the distance between A and B (the length of the hypotenuse of the triangle).

64. 
Given the following points:




[image: image210.wmf](3,1)

A

-

 and 
[image: image211.wmf](1,5)

B

-


(a) Plot the above points on a coordinate plane.

(b) Draw segment AB. This will be the hypotenuse of triangle ABC.
(c) Find a point C such that triangle ABC is a right triangle. Draw triangle ABC.
(d) Use the Pythagorean theorem to find the distance between A and B (the length of the hypotenuse of the triangle).

Use the distance formula to find the distance between the two given points. (You can also use the method from the previous two problems to double-check your answer.)

65. 
[image: image212.wmf](3,6)

 and 
[image: image213.wmf](5,9)


66. 
[image: image214.wmf](4,7)

 and 
[image: image215.wmf](2,3)


67. 
[image: image216.wmf](5,0)

-

 and 
[image: image217.wmf](2,6)

-


68. 
[image: image218.wmf](9,4)

-

 and 
[image: image219.wmf](2,3)

-


69. 
[image: image220.wmf](4,0)

 and 
[image: image221.wmf](0,7)

-


70. 
[image: image222.wmf](4,8)

--

 and 
[image: image223.wmf](10,1)

--


71. 
[image: image224.wmf](

)

1

2

5,

-

 and 
[image: image225.wmf](

)

5

6

3,

-


72. 
[image: image226.wmf](

)

2

3

,1

-

 and 
[image: image227.wmf](

)

3

4

,0


Find the midpoint of the line segment joining points A and B.
73. 
[image: image228.wmf](7,6)

A

 and 
[image: image229.wmf](3,8)

B


74. 
[image: image230.wmf](5,9)

A

 and 
[image: image231.wmf](1,3)

B


75. 
[image: image232.wmf](7,0)

A

-

 and 
[image: image233.wmf](4,8)

B

-


76. 
[image: image234.wmf](7,5)

A

-

 and 
[image: image235.wmf](4,3)

B

-


77. 
[image: image236.wmf](3,0)

A

 and 
[image: image237.wmf](0,9)

B

-


78. 
[image: image238.wmf](6,7)

A

--

 and 
[image: image239.wmf](10,6)

B

--


79. 
[image: image240.wmf](

)

1

3

,5

A

-

 and 
[image: image241.wmf](

)

3

5

,7

B

-


80. 
[image: image242.wmf](

)

1

2

3,

A

--

 and 
[image: image243.wmf](

)

5

6

8,

B

-


Answer the following.

81. (a)
Graph the line segment with endpoints 
[image: image244.wmf](2,6)

A

-

 and 
[image: image245.wmf](5,4)

B

-

.


(b)
Find the distance from A to B.


(c)
Find the midpoint of 
[image: image246.wmf]AB

.

82. (a)
Graph the line segment with endpoints 
[image: image247.wmf](4,0)

A

 and 
[image: image248.wmf](2,5)

B

--

.


(b)
Find the distance from A to B.


(c)
Find the midpoint of 
[image: image249.wmf]AB

.

83. If 
[image: image250.wmf](4,7)

M

 is the midpoint of the line segment joining points A and B, and A has coordinates 
[image: image251.wmf](2,3)

, find the coordinates of B.
84. If 
[image: image252.wmf](5,3)

M

 is the midpoint of the line segment joining points A and B, and A has coordinates 
[image: image253.wmf](1,6)

, find the coordinates of B.
85. If 
[image: image254.wmf](3,5)

M

-

 is the midpoint of the line segment joining points A and B, and B has coordinates 
[image: image255.wmf](1,2)

--

,


(a)
Find the coordinates of A.

(b)
Find the length of 
[image: image256.wmf]AB

.

86. If 
[image: image257.wmf](2,1)

M

-

 is the midpoint of the line segment joining points A and B, and B has coordinates 
[image: image258.wmf](5,3)

--

, 


(a)
Find the coordinates of A.

(b)
Find the length of 
[image: image259.wmf]AB

.

87. Determine which of the following points is closer to the origin: 
[image: image260.wmf](5,6)

A

-

 or 
[image: image261.wmf](3,7)

B

-

? 

88. Determine which of the following points is closer to the point 
[image: image262.wmf](4,1)

-

: 
[image: image263.wmf](2,3)

A

-

 or 
[image: image264.wmf](6,6)

B

?

89. A circle has a diameter with endpoints 
[image: image265.wmf](5,9)

A

--

 and 
[image: image266.wmf](3,5)

B

.

(a) Find the coordinates of the center of the circle.

(b) Find the length of the radius of the circle.

90. A circle has a diameter with endpoints 
[image: image267.wmf](2,7)

A

-

 and 
[image: image268.wmf](8,1)

B

.


(a) Find the coordinates of the center of the circle.

(b) Find the length of the radius of the circle.



Section 2.3:  Slope and Intercepts of Lines

· The Slope of a Line

· Intercepts of Lines



The Slope of a Line 

Finding the Slope of a Line: 

[image: image269.png]The slope  of a line that passes through two points 4 (x, 1) and B(x, 3,15 given by
the slope formula: fise _ya-yy

o xp-xy

Ifx, = x,., then the line is vertical The slope of a vertical line is undefined.





[image: image270.png]The slope  of a line that passes through two points 4 (x, 1) and B(x, 3,15 given by
the slope formula: fise _ya-yy

o xp-xy

Ifx, = x,., then the line is vertical The slope of a vertical line is undefined.





[image: image271.png]



[image: image272.png]The slope of a line that rises as we move left to ight in the plane has positive
slope. The slope of aline that falls as we move left to right in the plane has

negative slope. The slope of ahorizontal line is zero.




[image: image273.png]4 Iine rises,/m >0

horizontal line
m=0

Iine fall\ e < 0

v 1 3 3





Example: 

[image: image274.png]Find the slope of the line that passes through the given points.

@
®)
©q,

3)and (2, —5)
—5)and (1, 5)
3) and (1, 6)





[image: image275.png]Find the slope of the line that passes through the given points.

@
®)
©q,

3)and (2, —5)
—5)and (1, 5)
3) and (1, 6)





Solution: 

[image: image276.png](2) To find the slope of the line that passes through the points (—1,3) and (2,5),
substitate 5 = ~1, 1 =3, 7 = 2, andy; =5 into the slope formula





[image: image277.png](2) To find the slope of the line that passes through the points (—1,3) and (2,5),
substitate 5 = ~1, 1 =3, 7 = 2, andy; =5 into the slope formula





[image: image278.png]-





[image: image279.png](b) To find the slope of the line that passes through the points (-2,~5) and (1,5),
substitute 3 = =2, ) =

5,75 =1, andy, = 5into the slope formula





[image: image280.png](b) To find the slope of the line that passes through the points (-2,~5) and (1,5),
substitute 3 = =2, ) =

5,75 =1, andy, = 5into the slope formula





[image: image281.png]s

2.-5)




[image: image282.png]() The points have the same first coordinate. The line through the two points

is avertical line with equation x=1. The slope is undefined.




Additional Example 1: 

[image: image283.png]Find the slope of the line that passes through the points (~3,5) and (4,-2).




Solution: 

[image: image284.png]To find the slope of the line that passes through the points (-3,5) and (4,-2),
substitate 5 = ~3,1 =5, =

, andy, ==2 into the slope formula




[image: image285.png]



Additional Example 2: 

[image: image286.png]Find the slope of the line that passes through the points (~2,~4) and (8,1)




Solution: 

[image: image287.png]To find the slope of the line that passes through the points (-2,~4) and (81),
substitute 5 = —2, 3

—4, %, =8, andy, = linto the slope formula




[image: image288.png]



Additional Example 3: 

[image: image289.png]Find the slope of the line that passes throngh the points (~1,5) and (9,9).




Solution: 

[image: image290.png]To find the slope of the line that passes through the points (~1,5) and (9,9),
substitute 5 = —1, y;

5,3 =9, andy, = 9into the slope formula




[image: image291.png]



Additional Example 4: 

[image: image292.png]Find the slope of the line shown in the graph below.





Solution: 

[image: image293.png]Label two points that lie on the line,




[image: image294.png]



[image: image295.png]To find the slope of the line that passes through the points (~2,~1) and (1),
substitute 5 = -2, )}

—1 %=1, andy, =1 into the slope formula





[image: image296.png]



[image: image297.png]The slope can also be determined by inspecting the graph




[image: image298.png]



Intercepts of Lines 

Finding Intercepts of Lines: 

[image: image299.png]Aline with equation Ax+By = C, where A= 0 and B = 0, will intersect both the

x-axis and the y-axis.

The x-coordinate of the point where the line intersects the x-axis is called the
xentercept. Itis found by setting y = Ointo the equation of the line and solving

for x

The y-coordinate of the point where the line intersects the y-axis is called the
yntercept. Tris found by setfing x =0 into the equation of the line and solving
for y:




[image: image300.png]Aline with equation Ax+By = C, where A= 0 and B = 0, will intersect both the

x-axis and the y-axis.

The x-coordinate of the point where the line intersects the x-axis is called the
xentercept. Itis found by setting y = Ointo the equation of the line and solving

for x

The y-coordinate of the point where the line intersects the y-axis is called the
yntercept. Tris found by setfing x =0 into the equation of the line and solving
for y:




[image: image301.png]Aline with equation Ax+By = C, where A= 0 and B = 0, will intersect both the

x-axis and the y-axis.

The x-coordinate of the point where the line intersects the x-axis is called the
xentercept. Itis found by setting y = Ointo the equation of the line and solving

for x

The y-coordinate of the point where the line intersects the y-axis is called the
yntercept. Tris found by setfing x =0 into the equation of the line and solving
for y:




[image: image302.png]The line — x+2y= 2 crosses the x-ais at the point (~2,0) and the y-axis at the
point (0,1). The xnterceptis —2 and the y-intercept is 1





[image: image303.png]The line — x+2y= 2 crosses the x-ais at the point (~2,0) and the y-axis at the
point (0,1). The xnterceptis —2 and the y-intercept is 1





[image: image304.png]The line 3x-+ = 0 crosses the x-axis at the point (0,0) and also the y-axis at the
point (0,0). The x-interceptis 0 and the y-intercept is 0.





[image: image305.png]The line 3x-+ = 0 crosses the x-axis at the point (0,0) and also the y-axis at the
point (0,0). The x-interceptis 0 and the y-intercept is 0.





Horizontal Lines: 

[image: image306.png]Ahorizontal line y = &, where k0, does not intersect the x-axis, so ithas no

sintercept. Since it crosses the y-ais at the point (0,k), its y-intercept is &




[image: image307.png]The horizontal line y = 3 crosses the y-ais at the point (0,3). The y-intercept

is 3. There is no x-intercept since the line does not intersect the x-axis.





Vertical Lines: 

[image: image308.png]A vertical line x =k, where k = 0, does not intersect the y-axis, 5o it has no

yeintercept. Since it crosses the x-axis atthe point (&,0), its x-intercept is k.




[image: image309.png]The vertical line x = 1 crosses the x-axis at the point (1,0). The x-interceptis 1

There is no y-intercept since the line does not intersect the y-agis.





[image: image310.png]The vertical line x = 1 crosses the x-axis at the point (1,0). The x-interceptis 1

There is no y-intercept since the line does not intersect the y-agis.





Example: 

[image: image311.png]Find the x- and y-intercepts of the line ~2x+5y =4




Solution: 

[image: image312.png]Find the x-intercept by substituting y = 0 into the equation ~2x+5y =4 and solving for x.

~2x+Sy=4
~2x+5(0)= 4
~2+0=4

~2x=4

Ax_4

-2
2

The x-intercept is —2.




[image: image313.png]Find the x-intercept by substituting y = 0 into the equation ~2x+5y =4 and solving for x.

~2x+Sy=4
~2x+5(0)= 4
~2+0=4

~2x=4

Ax_4

-2
2

The x-intercept is —2.




[image: image314.png]Find the x-intercept by substituting y = 0 into the equation ~2x+5y =4 and solving for x.

~2x+Sy=4
~2x+5(0)= 4
~2+0=4

~2x=4

Ax_4

-2
2

The x-intercept is —2.




[image: image315.png]Find the y-intercept by substituting x =0 info the equation ~2x+5y =4 and solving fory.

—2r45y=4
—2(0)+5y=4
0+5y=4
Sy=4
2y 4
£s

r=3

The y-intercept is %




[image: image316.png]Find the y-intercept by substituting x =0 info the equation ~2x+5y =4 and solving fory.

—2r45y=4
—2(0)+5y=4
0+5y=4
Sy=4
2y 4
£s

r=3

The y-intercept is %




[image: image317.png]Find the y-intercept by substituting x =0 info the equation ~2x+5y =4 and solving fory.

—2r45y=4
—2(0)+5y=4
0+5y=4
Sy=4
2y 4
£s

r=3

The y-intercept is %




[image: image318.png]The graph is shown below.

0,415)




[image: image319.png]The graph is shown below.

0,415)




Example: 

[image: image320.png]Find the slope of the line with z-intercept 4 and y-intercept—3




Solution: 

[image: image321.png]The graph of the line with x-intercept 4 and y-intercept 3 is shown below.





[image: image322.png]Find the slope of the line by substituting ;= 4,51 = 0,5, = 0, andy, =3

into the slope formula





[image: image323.png]Find the slope of the line by substituting ;= 4,51 = 0,5, = 0, andy, =3

into the slope formula





Additional Example 1: 

[image: image324.png]Find the x- and y-intercepts of the line 4x— 5y




Solution: 

[image: image325.png]To find the xintercept, substitute y = 0 into the equation and solve for x

4x-5y=-8
4x-5(0)=-8





[image: image326.png]To find the xintercept, substitute y = 0 into the equation and solve for x

4x-5y=-8
4x-5(0)=-8





[image: image327.png]To find the xintercept, substitute y = 0 into the equation and solve for x

4x-5y=-8
4x-5(0)=-8





[image: image328.png]To find the y-intercept, substitute x = 0 into the equation and solve fory.

4x-5y=-8
4(0)-5y=-8
0-5y=-8
—sy=-8
Ay 8
A -5

8

y=2




[image: image329.png]To find the y-intercept, substitute x = 0 into the equation and solve fory.

4x-5y=-8
4(0)-5y=-8
0-5y=-8
—sy=-8
Ay 8
A -5

8

y=2




[image: image330.png]The r-intercept is 2 and the y-intercept is % The graph of the line is shown

below.





[image: image331.png]The r-intercept is 2 and the y-intercept is % The graph of the line is shown

below.





Additional Example 2: 

[image: image332.png]Find the x- and y-intercepts of the line —2x=11+3y.




Solution: 

[image: image333.png]To find the x-intercept, substitute y = 0 into the equation and solve for x

~2x=1143y
1+3(0)





[image: image334.png]To find the x-intercept, substitute y = 0 into the equation and solve for x

~2x=1143y
1+3(0)





[image: image335.png]To find the x-intercept, substitute y = 0 into the equation and solve for x

~2x=1143y
1+3(0)





[image: image336.png]To find the y-intercept, substitute x =

into the equation and solve fory.

~2x=1143y
~2(0)=11+3y
0=11+3
0-3y=11+3y-3y
~3y=11





[image: image337.png]To find the y-intercept, substitute x =

into the equation and solve fory.

~2x=1143y
~2(0)=11+3y
0=11+3
0-3y=11+3y-3y
~3y=11





[image: image338.png]The z-intercept is 71721 and the y-interceptis 717; The graph of the line is

shown below.

(-11/2,0)

©,-11/3)




[image: image339.png]The z-intercept is 71721 and the y-interceptis 717; The graph of the line is

shown below.

(-11/2,0)

©,-11/3)




Additional Example 3: 

[image: image340.png]Find the slope of the line with x-intercept 3 and y-intercept 5




Solution: 

[image: image341.png]The graph of the line with r-intercept 3 and y-intercept 5 is shown below.





[image: image342.png]The graph of the line with r-intercept 3 and y-intercept 5 is shown below.





[image: image343.png]Find the slope of the line by substituting = 0,31 =5,x, =3, andy,
into the slope formula

227N





[image: image344.png]Find the slope of the line by substituting = 0,31 =5,x, =3, andy,
into the slope formula

227N





State whether the slope of each of the following lines is positive, negative, zero, or undefined.
91. [image: image974.emf]   











x

y

g

p
92. q
93. r
94. s
95. t
96. w
Find the slope of the line that passes through the following points. If undefined, state ‘Undefined.’

97. 
[image: image345.wmf])
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,
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0
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98. 
[image: image346.wmf](8,0) and (3,6)


99. 
[image: image347.wmf])
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,

2

(


100. 
[image: image348.wmf])
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,
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and

 

)
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,

7
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101. 
[image: image349.wmf](6,4) and (2,4)


102. 
[image: image350.wmf](5,1) and (5,8)


103. 
[image: image351.wmf])
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,
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(

-
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104. 
[image: image352.wmf](2,6) and (5,10)

---


105. 
[image: image353.wmf](3,8) and (3,4)

----


106. 
[image: image354.wmf])

7
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1
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)

7
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8

(

-

-

-


107. 
[image: image355.wmf](2,8) and (0,3)

--


108. 
[image: image356.wmf](1,4) and (7,2)

--


109. 
[image: image357.wmf](

)

1

2

,1

 and 
[image: image358.wmf](

)

21

36

,


110. 
[image: image359.wmf](

)

3

4

2,

 and 
[image: image360.wmf](

)

5

1

58

,


111. 
[image: image361.wmf](

)

24

79

,

-

 and 
[image: image362.wmf](

)

5

1
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,

--


112. 
[image: image363.wmf](

)

37

510

,

--

 and 
[image: image364.wmf](

)

7

1

48

,

-



Find the slope of each of the following lines. If undefined, state ‘Undefined.’

[image: image975.emf]x

y



113. c 

114. d
115. e
116. f
For each of the following:


(a)
Complete the given table.


(b)
Plot the points on a coordinate plane and graph the line.


(c)
Use two points from the table to find the slope of the line.

	x
	y

	0
	

	
[image: image365.wmf]2

-


	

	
	
[image: image366.wmf]3

-



	
	0

	
[image: image367.wmf]1

2

-


	


117. 
[image: image368.wmf]41

yx

=-+
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	2

	
	4

	
[image: image369.wmf]4

3

-


	

	
[image: image370.wmf]3

-


	


118. 
[image: image371.wmf]32

yx

=+
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[image: image372.wmf]4

-
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	9
	

	
	
[image: image373.wmf]8

-



	
[image: image374.wmf]3
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119. 
[image: image375.wmf]2

3

4

yx

=-


120. 
[image: image376.wmf]3

5

6

yx

=-+


	x
	y

	
[image: image377.wmf]5

-


	

	0
	

	
	7

	8
	

	
	0


Answer the following. 

121. Examine the relationship in numbers 27-30 between each of the equations and the corresponding slope that you found for each line. Do you see any pattern? Can you determine the slope of the line from simply looking at its equation?

122. Based on the pattern found in the previous problem, state the slope of the following lines without graphing the line or performing any calculations:


(a)

[image: image378.wmf]29

yx

=+



(b)

[image: image379.wmf]75

yx

=-+



(c)

[image: image380.wmf]4

5

2

yx

=--



(d)

[image: image381.wmf]3

7

4

yx

=+



For each of the following graphs:


(a)
State the x-intercept.


(b)
State the y-intercept.


(c)
State the coordinates of the x-intercept.


(d)
State the coordinates of the y-intercept.


(e)
Find the slope of the line.

[image: image976.emf]x

y


[image: image977.emf]x

y


For each of the following equations:


(a)
Find the x- and y-intercepts of the line.


(b)
State the coordinates of the intercepts.


(c)
Plot the x- and y-intercepts on a coordinate plane.


(d)
Graph the line, based on the intercepts.

123. 
[image: image382.wmf]28

yx

=-+


124. 
[image: image383.wmf]36

yx

=+


125. 
[image: image384.wmf]5

4

-

=

x

y


126. 
[image: image385.wmf]7

3

-

-

=

x

y


127. 
[image: image386.wmf]20

2

5

=

+

y

x


128. 
[image: image387.wmf]2318

xy

+=


129. 
[image: image388.wmf]3530

xy

=+


130. 
[image: image389.wmf]3244

xy

+=


131. 
[image: image390.wmf]2310

xy

-=-


132. 
[image: image391.wmf]469

xy

+=-


133. 
[image: image392.wmf]53210

xy

-+=


134. 
[image: image393.wmf]4780

xy

+-=


135. 
[image: image394.wmf]227

xy

+=


136. 
[image: image395.wmf]315

x

=-


137. 
[image: image396.wmf]412

y

=


138. 
[image: image397.wmf]4415

xy

=-


139. 
[image: image398.wmf]624

x

-=


140. 
[image: image399.wmf]214

y

=-


For each of the following:


(a)
Complete the given table.


(b)
Plot the points on a coordinate plane and graph the line.


(c)
Find the x- and y-intercepts of the line.


(d)
Find the slope of the line.

	x
	y

	0
	

	
	0

	2
	

	
	6
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141. 
[image: image401.wmf]28
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142. 
[image: image404.wmf]3
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Answer the following. 

143. Examine the relationship in numbers 53 and 54 between each of the equations and the corresponding y-intercept that you found for each line. Do you see any pattern? Can you determine the y-intercept of the line from simply looking at its equation?

144. Based on the pattern found in the previous problem, state the y-intercept of the following lines without graphing the line or performing any calculations:


(a)

[image: image405.wmf]29

yx

=+



(b)

[image: image406.wmf]75

yx

=-+



(c)

[image: image407.wmf]4
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=--



(d)

[image: image408.wmf]3
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Section 2.4:  Equations of Lines

· Writing Equations of Lines



Writing Equations of Lines 

Different Forms for Equations of Lines: 

[image: image409.png]Alinear equation in standard form is given by Ar-+ By= C, where A and B cannot
both be equal to zero.

The point-slope form of alinear equation is given by
yy=m(x-x).

where the line passes through the point (x,,,v,) and the slope s 7z

The slope-intercept form of a linear equation is given by

y=mrth,
where the y-intercept is b and the slope is .




Example: 

[image: image410.png]2) Find an equation of the line that passes through the point (2, —1) and has slope

m= % b) Sketch the line.





[image: image411.png]2) Find an equation of the line that passes through the point (2, —1) and has slope

m= % b) Sketch the line.






[image: image412.png]2) Find an equation of the line that passes through the point (2, —1) and has slope

m= % b) Sketch the line.




Solution: 

[image: image413.png]. %=2,and y=-1 into the point-slope form.

Use the distributive property on the RHS and simplify on the LHS

Subteact 1 from both sides of the equation.

Sinplify.






[image: image414.png]. %=2,and y=-1 into the point-slope form.

Use the distributive property on the RHS and simplify on the LHS

Subteact 1 from both sides of the equation.

Sinplify.






[image: image415.png]. %=2,and y=-1 into the point-slope form.

Use the distributive property on the RHS and simplify on the LHS

Subteact 1 from both sides of the equation.

Sinplify.





[image: image416.png]b) To graph the line, first plot the point (2, —1). Use the slope %to find a second point

on the line by moving 2 units up and then 3 units to the left from the point (2, —1). A
new point on the graph is (1, 1)

15
3 units 1o
2%
Junits up

2 i 7 3

05
Bl @-n

15





[image: image417.png]b) To graph the line, first plot the point (2, —1). Use the slope %to find a second point

on the line by moving 2 units up and then 3 units to the left from the point (2, —1). A
new point on the graph is (1, 1)

15
3 units 1o
2%
Junits up

2 i 7 3

05
Bl @-n

15





[image: image418.png]b) To graph the line, first plot the point (2, —1). Use the slope %to find a second point

on the line by moving 2 units up and then 3 units to the left from the point (2, —1). A
new point on the graph is (1, 1)

15
3 units 1o
2%
Junits up

2 i 7 3

05
Bl @-n

15






[image: image419.png]b) To graph the line, first plot the point (2, —1). Use the slope %to find a second point

on the line by moving 2 units up and then 3 units to the left from the point (2, —1). A
new point on the graph is (1, 1)

15
3 units 1o
2%
Junits up

2 i 7 3

05
Bl @-n

15





Example: 

[image: image420.png]Find an equation of the line that passes through the points (—3, —1) and (2, 5).




Solution: 

[image: image421.png]Use the slope formula to find the slope of the line.

Y20 _5-ED_6
xox 2-(3)

Use the point-slope form with the point (2, 5) and m =

Use the distributive property on the RHS.

Add 510 both sides of the equation.

Sinplify.





[image: image422.png]Use the slope formula to find the slope of the line.

Y20 _5-ED_6
xox 2-(3)

Use the point-slope form with the point (2, 5) and m =

Use the distributive property on the RHS.

Add 510 both sides of the equation.

Sinplify.





[image: image423.png]Use the slope formula to find the slope of the line.

Y20 _5-ED_6
xox 2-(3)

Use the point-slope form with the point (2, 5) and m =

Use the distributive property on the RHS.

Add 510 both sides of the equation.

Sinplify.





[image: image424.png]Use the slope formula to find the slope of the line.

Y20 _5-ED_6
xox 2-(3)

Use the point-slope form with the point (2, 5) and m =

Use the distributive property on the RHS.

Add 510 both sides of the equation.

Sinplify.





[image: image425.png]Use the slope formula to find the slope of the line.

Y20 _5-ED_6
xox 2-(3)

Use the point-slope form with the point (2, 5) and m =

Use the distributive property on the RHS.

Add 510 both sides of the equation.

Sinplify.





Example: 

[image: image426.png]2) Find an equation of the line with slope % and y-intercept —1. ) Sketch the line,




[image: image427.png]2) Find an equation of the line with slope % and y-intercept —1. ) Sketch the line,




Solution: 

[image: image428.png]) Use the slope-intercept form.

y=math
2

=Zx1

bl 37-

b) To graph the line, first use the y-intercept —1 to plot the point (0, —1). Next use the

slope 1o move up 2 unis and to the right 3 units rom the point (0, ~1). & new poiat

onthe graph is (3, 1)




[image: image429.png]) Use the slope-intercept form.

y=math
2

=Zx1

bl 37-

b) To graph the line, first use the y-intercept —1 to plot the point (0, —1). Next use the

slope 1o move up 2 unis and to the right 3 units rom the point (0, ~1). & new poiat

onthe graph is (3, 1)




[image: image430.png]) Use the slope-intercept form.

y=math
2

=Zx1

bl 37-

b) To graph the line, first use the y-intercept —1 to plot the point (0, —1). Next use the

slope 1o move up 2 unis and to the right 3 units rom the point (0, ~1). & new poiat

onthe graph is (3, 1)





[image: image431.png]15
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Example: 

[image: image432.png]Find the slope and y-intercept of the line 3x+7y




Solution: 

[image: image433.png]Solve fory to put the equation in slope-intercept form.

3347y =
Subtrast 3x from both sidss ofthe equation.
Sinplify.

Divide both sides of the equation by 7.

Sinplify.

The slope is é and the y-intercept is 7%




Additional Example 1: 

[image: image434.png]gure below.

fi

Write an equation of the line shown in the





[image: image435.png]gure below.

fi

Write an equation of the line shown in the





[image: image978.emf]x

y

Solution: 

[image: image436.png]Determine the y-intercept from the graph.
B=-1






[image: image437.png]Determine the y-intercept from the graph.
B=-1




[image: image438.png]Determine the slope from the graph.




[image: image979.emf]x

y



[image: image439.png]Determine the slope from the graph.




[image: image440.png]Substitute 1= 2 and & =~ 1 into the slope-intercept form.

y=rath
y=22-1




[image: image441.png]Substitute 1= 2 and & =~ 1 into the slope-intercept form.

y=rath
y=22-1




Additional Example 2: 

[image: image442.png]Write the equation x— 3y = -3 in slope-intercept form. Identify the slope and
y-intercept and sketch the graph




Solution: 

[image: image443.png]Solve the given equation for y to write the equation in slope-intercept form.





[image: image444.png]Solve the given equation for y to write the equation in slope-intercept form.





[image: image445.png]Tdentify the slope and y-intercept

To sketch the graph, begin by using the y-intercept to plot the point (0,1)




[image: image446.png]Tdentify the slope and y-intercept

To sketch the graph, begin by using the y-intercept to plot the point (0,1)




[image: image980.emf]x

y

To sketch the graph, begin by using

the y-intercept to plot the point 
[image: image447.wmf](

)

0,1

.

[image: image448.png]Use the slope % by moving 1 unitup and 3 units right from the point (0,1) to

Tocate another point on the line.




[image: image449.png]



[image: image450.png]Pass aline through the two points




[image: image451.png]



Additional Example 3: 

[image: image452.png]Find an equation of the line that passes through the poins (3,~1) and (-2, 4).




Solution: 

[image: image453.png]Find the slope of the line by substituting 7 =3, % = -1 x, =2, and y, =4
into the slope formula




[image: image454.png]



[image: image455.png]



[image: image456.png]Find an equation of the line with slope —1that passes through the point (3,~1) by

substituting 5, = 3, = -1, and m =1 into the point-slope form




[image: image457.png]y-n=mx-x)
~(-)=-1(x-3)





Additional Example 4: 

[image: image458.png]Find an equation of the line with x-intercept — 5 and y-intercept 4




Solution: 

[image: image459.png]The graph of the line with x-intercept — 5 and y-intercept 4 is shown below.




[image: image460.png]



[image: image461.png]Find the slope of the line by substituting 2y = =5, =0, 2, =0, and,

into the slope Formula.




[image: image462.png]



[image: image463.png]



[image: image464.png]Substitute % and b= 4 into the slope-intercept form




[image: image465.png]y=mxtd





Write an equation in slope-intercept form for each of the following lines.

[image: image981.emf]x
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145. [image: image982.emf]x

y


146. [image: image983.emf]      
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147. [image: image984.emf]   
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For each of the following equations,

(a)
Write the equation in slope-intercept form.

(b)
Identify the slope and the y-intercept of the line.

(c)
Graph the line.

148. 
[image: image466.wmf]5
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149. 
[image: image467.wmf]40
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150. 
[image: image468.wmf]51
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-=


151. 
[image: image469.wmf]6
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152. 
[image: image470.wmf]0
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153. 
[image: image471.wmf]39

xy

--=


154. 
[image: image472.wmf]5412
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155. 
[image: image473.wmf]10
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156. 
[image: image474.wmf]52300
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157. 
[image: image475.wmf]3280
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158. 
[image: image476.wmf]5
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159. 
[image: image477.wmf]21

32
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xy

-+=-


Each set of conditions below describes the properties of a particular line. Using these conditions,


(a)
Graph the line.


(b)
Write an equation for the line in point-slope form.


(c)
Write an equation for the line in slope-intercept form. (Do this algebraically, and then check to see if your result matches your graph.)
160. Slope 
[image: image478.wmf]3

2

;  passes through 
[image: image479.wmf](

)

6,4

-


161. Slope 
[image: image480.wmf]2

5

-

;  passes through 
[image: image481.wmf](

)

4,3

-


162. Passes through  
[image: image482.wmf](

)

8,2

-

 and 
[image: image483.wmf](

)

4,7

-


163. Passes through  
[image: image484.wmf](

)

4,7

 and 
[image: image485.wmf](

)

1,3

--


Write an equation in slope-intercept form for the line that satisfies the given conditions. 

164. Slope 
[image: image486.wmf]4

7

-

;  y-intercept 
[image: image487.wmf]3


165. Slope 
[image: image488.wmf]4

-

;  y-intercept 
[image: image489.wmf]5


166. Slope 
[image: image490.wmf]4

5

;  passes through 
[image: image491.wmf](

)

5,3

-


167. Slope 
[image: image492.wmf]3

4

-

;  passes through 
[image: image493.wmf](

)

12,5

-


168. Slope 
[image: image494.wmf]9

2

-

;  passes through 
[image: image495.wmf](

)

3,2

-


169. Slope 
[image: image496.wmf]5

1

;  passes through 
[image: image497.wmf](

)

4,2

--


170. Passes through 
[image: image498.wmf](

)

10,2

--

 and 
[image: image499.wmf](

)

5,7


171. Passes through 
[image: image500.wmf](

)

6,1

-

 and 
[image: image501.wmf](

)

9,4

-


172. Passes through 
[image: image502.wmf](

)

4,5

-

 and 
[image: image503.wmf](

)

1,2

-


173. Passes through  
[image: image504.wmf](

)

7,0

 and 
[image: image505.wmf](

)

3,5

-


174. x-intercept 
[image: image506.wmf]7

;  y-intercept 
[image: image507.wmf]5

-


175. x-intercept 
[image: image508.wmf]2

-

;  y-intercept 
[image: image509.wmf]6


176. Slope 
[image: image510.wmf]2

3

-

;  x-intercept 
[image: image511.wmf]4




177. Slope 
[image: image512.wmf]5

1

;  x-intercept 
[image: image513.wmf]6

-


Answer the following, assuming that each situation can be modeled by a linear equation.

178. If a company can make 21 computers for $23,000, and can make 40 computers for $38,200, write an equation that represents the cost C of x computers.


179. A certain electrician charges a $40 traveling fee, and then charges $55 per hour of labor. Write an equation that represents the cost C of a job that takes x hours.



Section 2.5:  Parallel and Perpendicular Lines

· Pairs of Lines – Parallel and Perpendicular Lines



Pairs of Lines - Parallel and Perpendicular Lines
Parallel Lines: 

[image: image514.png]Two lines with slopes 2, and rr, are parallel if and only if m, = 2,




[image: image515.png]Parallel lines
have the same slope.





Perpendicular Lines: 

Two lines with slopes 
[image: image516.wmf]1

m

 and 
[image: image517.wmf]2

m

 perpendicular if and only if 
[image: image518.wmf]12

1

mm

=-

.

[image: image519.png]10

Perpendicular lines g
have slopes that are
negative reciprocals.

my =1





Example: 

[image: image520.png]Find an equation of the line that passes through the point (2, 3) and is parallel to
the line 3x— 2y





Solution: 

[image: image521.png]Write the equation of the line that is given in slope-intercept form
3x-2y=5

3x-2y-3x=5-3x  Sublract3r fom both sides ofthe equation,

Simplify.

Divide both sides of the equation by - 2.

Sinplify.





[image: image522.png]The slope of the given line is g The required line must have a slope of %sm:e itis tobe

parallelto the given line

Use the point-slope form of the equation of a line. The given point is (2, 3) and the slope is

Use the distributive property on the RHS.

Add 310 both sides of the equation.

Simplty.




[image: image523.png]The slope of the given line is g The required line must have a slope of %sm:e itis tobe

parallelto the given line

Use the point-slope form of the equation of a line. The given point is (2, 3) and the slope is

Use the distributive property on the RHS.

Add 310 both sides of the equation.

Simplty.




[image: image524.png]The slope of the given line is g The required line must have a slope of %sm:e itis tobe

parallelto the given line

Use the point-slope form of the equation of a line. The given point is (2, 3) and the slope is

Use the distributive property on the RHS.

Add 310 both sides of the equation.

Simplty.




[image: image525.png]



Example: 

[image: image526.png]Find an equation of the line that passes through the point (2,~1) and s perpendicular to
the line 4x+y=2




Solution: 

[image: image527.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image528.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image529.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image530.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image531.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image532.png]Write the equation of the line that is given in slope-intercept form.
dxty=2
4x+y—4x=2-4x  Subtract4x from both sides of the equation.
y=-4x+2  Sinplfy
1
The slope of the given line is —4. The required line must have a slope of  since ivis 1o be

perpendicular to the given line.

Use the point-slope form of the equation of a line. The given point is (2, ~1) and the slope

is =

Use the distributive property on the RHS and sinplify on the LHS.

Subteact 1 from both sides of the equation.

Sinplify.





[image: image533.png]



Additional Example 1: 

[image: image534.png]Write an equation of the line that passes through the point (-3,6) andis parallel
tothe x-axis.




Solution: 

[image: image535.png]A line that is parallel to the x-axis is a horizontal line. Thus, the slope of the
requiredline is 0.




[image: image536.png]Substitute 1= 0, % =—3, and )} = 6 into the point-slope form.




[image: image537.png]yon= m(x— 71)
0(x-(-3))
0





Additional Example 2: 

[image: image538.png]Wiite an equation of the line that passes through the point (1,3) and is parallel

Lps}
2

tothe line




Solution: 

[image: image539.png]Aline thatis parallel to the line y = %xﬂ must have the same slope as this

line. Thus, the slope of the required line is 7%




[image: image540.png]Aline thatis parallel to the line y = %xﬂ must have the same slope as this

line. Thus, the slope of the required line is 7%




[image: image541.png]%, =1, andy, = 3 into the point-slope form

Substitute 2





[image: image542.png]



Additional Example 3: 

[image: image543.png]Wite an equation of the line that passes through the point (~2,3) and is

perpendicular to the line §rr7





Solution: 

[image: image544.png]Aline thatis perpendicular to the line y = %xﬂ must have a slope that is

the negative reciprocal of 72 Thus, the slope of the required line is %




[image: image545.png]Aline thatis perpendicular to the line y = %xﬂ must have a slope that is

the negative reciprocal of 72 Thus, the slope of the required line is %




[image: image546.png]Substitute 2, andy = 3 into the point-slope form





[image: image547.png]



Additional Example 4: 

[image: image548.png]Write an equation of the line that passes through the point (1,2) and is parallel
to the line that passes through the points (=1,3) and (2,6).




Solution: 

[image: image549.png]Find the slope of the line that passes through the points (~1,3) and (2,6) by
substituting % = 1,4 =3, %, = 2, andy; = 6 into the slope formula




[image: image550.png]



[image: image551.png]The slope of the line that passes through the points (~1,3) and (2,6) is 1. The
required line is parallel to this line. Thus, the slope of the required line is 1




[image: image552.png]The required line passes through the point (1,2) and has slope 1. Substitute

, 5 =1, andy; =2 into the point-slope Form




[image: image553.png]



State whether the following pairs of lines are parallel, perpendicular, or neither.

180. 
[image: image554.wmf]35
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yx

=+


181. 
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[image: image557.wmf]5
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[image: image559.wmf]3
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[image: image560.wmf]2
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[image: image561.wmf]2
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184. 
[image: image562.wmf]25
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[image: image563.wmf]25
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185. 
[image: image564.wmf]57
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[image: image565.wmf]1
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186. 
[image: image566.wmf]257
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187. 
[image: image568.wmf]348
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[image: image569.wmf]348
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188. 
[image: image570.wmf]235
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[image: image571.wmf]4611
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189. 
[image: image572.wmf]50
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[image: image573.wmf]2
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190. The line passing through 
[image: image574.wmf](2,5)

 and 
[image: image575.wmf](7,9)



The line passing through 
[image: image576.wmf](2,6)

--

 and 
[image: image577.wmf](2,1)

-


191. The line passing through 
[image: image578.wmf](4,7)

-

 and 
[image: image579.wmf](0,5)



The line passing through 
[image: image580.wmf](3,8)

-

 and 
[image: image581.wmf](5,9)

-


192. The line passing through 
[image: image582.wmf](6,0)

-

 and 
[image: image583.wmf](4,10)



The line passing through 
[image: image584.wmf](3,7)

-

 and 
[image: image585.wmf](7,11)

-


193. The line passing through 
[image: image586.wmf](1,7)

--

 and 
[image: image587.wmf](2,5)



The line passing through 
[image: image588.wmf](6,6)

-

 and 
[image: image589.wmf](2,5)
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194. 
[image: image590.wmf]4
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[image: image592.wmf]3
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[image: image593.wmf]3
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[image: image594.wmf]2
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[image: image595.wmf]0
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197. 
[image: image596.wmf]5
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198. The line passing through 
[image: image598.wmf](4,5)

 and 
[image: image599.wmf](1,5)
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The line passing through 
[image: image600.wmf](2,3)

-

 and 
[image: image601.wmf](0,3)

-


199. The line passing through 
[image: image602.wmf](2,6)

 and 
[image: image603.wmf](2,8)



The line passing through 
[image: image604.wmf](3,4)

--

 and 
[image: image605.wmf](5,4)

-


Each set of conditions below describes a particular line. Using these conditions, write an equation for each line in the following two forms:

(a)
Point-slope form


(b)
Slope-intercept form
200. Passes through 
[image: image606.wmf](4,7)

;  parallel to the line  
[image: image607.wmf]25

yx

=+


201. Passes through 
[image: image608.wmf](4,7)

;  perpendicular to the line 
[image: image609.wmf]25
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202. Passes through 
[image: image610.wmf](12,5)

-

;  perpendicular to the line 
[image: image611.wmf]61
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203. Passes through 
[image: image612.wmf](12,5)
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;  parallel to the line 
[image: image613.wmf]61

yx

=-+


204. Passes through  
[image: image614.wmf](3,7)
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;  parallel to the line 
[image: image615.wmf]5
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205. Passes through 
[image: image616.wmf](3,7)
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;  perpendicular to the line  
[image: image617.wmf]5
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206. Passes through 
[image: image618.wmf](1,6)
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;  perpendicular to the line  
[image: image619.wmf]237
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207. Passes through 
[image: image620.wmf](1,6)

-

;  parallel to the line  
[image: image621.wmf]237
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Write an equation for the line that satisfies the given conditions. With the exception of vertical lines, write all equations in slope-intercept form.

208. Passes through 
[image: image622.wmf](1,4)

;  parallel to the x-axis

209. Passes through 
[image: image623.wmf](1,4)

;  parallel to the y-axis

210. Passes through 
[image: image624.wmf](2,6)

-

;  parallel to the line  
[image: image625.wmf]4
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211. Passes through 
[image: image626.wmf](2,6)

-

;  parallel to the line  
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212. Passes through 
[image: image628.wmf](2,3)

-

; and is


(a)
parallel to the line 
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(b)
perpendicular to the line 
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213. Passes through 
[image: image631.wmf](20,2)
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parallel to the line 
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(b)
perpendicular to the line 
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214. Passes through 
[image: image634.wmf](2,3)

;  parallel to the line  
[image: image635.wmf]6
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x


215. Passes through 
[image: image636.wmf](1,5)

-

;  parallel to the line  
[image: image637.wmf]8
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216. Passes through 
[image: image638.wmf](2,3)

;  perpendicular to the line  
[image: image639.wmf]6
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217. Passes through 
[image: image640.wmf](1,5)

-

;  perpendicular to the line 
[image: image641.wmf]8
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218. Passes through 
[image: image642.wmf](4,6)

-

;  parallel to the line containing 
[image: image643.wmf](3,5)

-

 and 
[image: image644.wmf](2,1)


219. Passes through 
[image: image645.wmf](8,3)

;  parallel to the line containing 
[image: image646.wmf](2,3)

--

 and 
[image: image647.wmf](4,6)

-


220. Perpendicular to the line containing 
[image: image648.wmf](3,5)

-

 and


[image: image649.wmf](7,1)

-

;  passes through the midpoint of the line segment connecting these points

221. Perpendicular to the line containing 
[image: image650.wmf](4,2)

-

 and 
[image: image651.wmf](10,4)

;  passes through the midpoint of the line segment connecting these points



Section 2.6:  An Introduction to Functions

· Definition of a Function

· Domain of a Function



Definition of a Function 

Definition: 

[image: image652.png]A function is arule that assigns to cach clement in a set A exactly one element
inaset B. The set Ais called the domain of the function. The range of the function

is the set of elements in B that are assigned by this rule

The following mapping diagram is an example of a function.




[image: image653.png]A function is arule that assigns to cach clement in a set A exactly one element
inaset B. The set Ais called the domain of the function. The range of the function

is the set of elements in B that are assigned by this rule

The following mapping diagram is an example of a function.




[image: image654.png]



[image: image655.png]Each element of the set 4 = {~5,4,7} is assigned to exactly one element of the
setB=(-2,1,2,6)
-5 is assignedto 1
4is assignedto 2.

7is assignedto 2.

The domain of the fanction is {~5,4,7) and the range of the function is {1,2)




[image: image656.png]Each element of the set 4 = {~5,4,7} is assigned to exactly one element of the
setB=(-2,1,2,6)
-5 is assignedto 1
4is assignedto 2.

7is assignedto 2.

The domain of the fanction is {~5,4,7) and the range of the function is {1,2)




[image: image657.png]Each element of the set 4 = {~5,4,7} is assigned to exactly one element of the
setB=(-2,1,2,6)
-5 is assignedto 1
4is assignedto 2.

7is assignedto 2.

The domain of the fanction is {~5,4,7) and the range of the function is {1,2)




Defining a Function by an Equation in the Variables x and y: 

[image: image658.png]The equation y = 3z +1 defines y as a function of x since for each real number 7,

the expression 3x+1is aunique real number.

However, not every equation in the variables x andy defines afunction. The equation
%= 21 does not define y as function of x. Note that if x=5, then y* =5-1=4.

This means that y could be either 2 or —2 since 22 = (~2)? = 4. Thus, more than
oney value is assigned to x





[image: image659.png]The equation y = 3z +1 defines y as a function of x since for each real number 7,

the expression 3x+1is aunique real number.

However, not every equation in the variables x andy defines afunction. The equation
%= 21 does not define y as function of x. Note that if x=5, then y* =5-1=4.

This means that y could be either 2 or —2 since 22 = (~2)? = 4. Thus, more than
oney value is assigned to x





The Function Notation: 

[image: image660.png]A special notation is reserved for denoting functions. I we know thaty is afunction
of x, we can use the function nofation: y = f(x). The symbol f(x) is read as

"f of 5" From the example shown above, we know that the equation y = 3x+1
defines y as a function of . We can give this function a name, say /, and use the

function notation to write f (x) = 3 +1




[image: image661.png]The function f given by f (x)= x” assigns to each real number x the fourth power of x.
The domain of £is the set I of real numbers
Since x*20 for all real numbers x, the range of fis the set[0,00)

To evaluate f at the numbers —3, 0, and 5, substitute those numbers for x in f (x) = x*

FE3=(3*=81  Thevalue of f at —3is 81
FO=)*=0 The value of £ at 01is 0.
f(5)=(5*=625  Thevalue of f at 5is 625




[image: image662.png]The function f given by f (x)= x” assigns to each real number x the fourth power of x.
The domain of £is the set I of real numbers
Since x*20 for all real numbers x, the range of fis the set[0,00)

To evaluate f at the numbers —3, 0, and 5, substitute those numbers for x in f (x) = x*

FE3=(3*=81  Thevalue of f at —3is 81
FO=)*=0 The value of £ at 01is 0.
f(5)=(5*=625  Thevalue of f at 5is 625




Example: 

[image: image663.png]Evaluate the function f (x) = 2x* + 31— 4 at the numbers 72,7%, 2,and 2




Solution: 

[image: image664.png]FED=2-DP+3-2)-4





[image: image665.png]FED=2-DP+3-2)-4





[image: image666.png]F@=22+%2)-4
=2(4)+6-4
=8+6-4
=10

F[V2)=2( 3] +3(47)-4
= 22+3/2-4
=4+32-4
=32




[image: image667.png]F@=22+%2)-4
=2(4)+6-4
=8+6-4
=10

F[V2)=2( 3] +3(47)-4
= 22+3/2-4
=4+32-4
=32




Example: 

[image: image668.png]Tfg(x) = 1%‘ evaluate g(2), g(-2), and g(a)
x




Solution: 

[image: image669.png]



Additional Example 1: 

[image: image670.png]State whether o not each of the mappings shown below represents a function





Solution: 

[image: image671.png]Describe the first diagram

1is assignedto 0.
2isassignedto 5
3isassignedto 5

The first mapping represents a function since each element of & ={1,2,3)}
={0,5)

is assigned to exactly one clement of




[image: image672.png]Describe the first diagram

1is assignedto 0.
2isassignedto 5
3isassignedto 5

The first mapping represents a function since each element of & ={1,2,3)}
={0,5)

is assigned to exactly one clement of




[image: image673.png]Describe the first diagram

1is assignedto 0.
2isassignedto 5
3isassignedto 5

The first mapping represents a function since each element of & ={1,2,3)}
={0,5)

is assigned to exactly one clement of




[image: image674.png]Describe the second diagram.

1is assignedto 2
3is assigned to both 5 and 7.

The second mapping does not represent a function since not every element of
A =(1,3) is assigned to exactly one element of B={2,5,7). 3in Ais assigned
to two elements, 5 and 7,in B




[image: image675.png]Describe the second diagram.

1is assignedto 2
3is assigned to both 5 and 7.

The second mapping does not represent a function since not every element of
A =(1,3) is assigned to exactly one element of B={2,5,7). 3in Ais assigned
to two elements, 5 and 7,in B




[image: image676.png]Describe the second diagram.

1is assignedto 2
3is assigned to both 5 and 7.

The second mapping does not represent a function since not every element of
A =(1,3) is assigned to exactly one element of B={2,5,7). 3in Ais assigned
to two elements, 5 and 7,in B




Additional Example 2: 

[image: image677.png]Express the rule "multiply by 5, subtract 12, then square” in function notation
[For example, "subtract 3, then take the square root’ would be written as]

SR =Nr=3




Solution: 

[image: image678.png]For the first step, begin with x and multiply by 5. 5z

et subtract 12 from 5x 53— 12
For the last step square 5x—12. (5x—-12)°

Now use function notation. /() = (57—12)°




[image: image679.png]For the first step, begin with x and multiply by 5. 5z

et subtract 12 from 5x 53— 12
For the last step square 5x—12. (5x—-12)°

Now use function notation. /() = (57—12)°




[image: image680.png]For the first step, begin with x and multiply by 5. 5z

et subtract 12 from 5x 53— 12
For the last step square 5x—12. (5x—-12)°

Now use function notation. /() = (57—12)°




[image: image681.png]For the first step, begin with x and multiply by 5. 5z

et subtract 12 from 5x 53— 12
For the last step square 5x—12. (5x—-12)°

Now use function notation. /() = (57—12)°




Additional Example 3: 

[image: image682.png]For the function f given by f(x) =

—2, evaluate £(-2), £(0), and F(3)




Solution: 

[image: image683.png]To find f(~2), substitute 2 for x

F(x)=52-2

FE2)=5-2)-2
=-10-2
—-12




[image: image684.png]To find f(~2), substitute 2 for x

F(x)=52-2

FE2)=5-2)-2
=-10-2
—-12




[image: image685.png]To find f(0), substitute 0 for x.





[image: image686.png]To find f(0), substitute 0 for x.





[image: image687.png]To find f(3), substitute 3 for x.

fR=5x-2

fB)=53)-2
=15-2
=13




[image: image688.png]To find f(3), substitute 3 for x.

fR=5x-2

fB)=53)-2
=15-2
=13




Additional Example 4: 

[image: image689.png]For the function f given by f(x) = (x—1)* -3, evaluate #(-1), f(4), and f[%]




Solution: 

[image: image690.png]To find f(-1), substitute ~1 for x.

F@=x-17-3
FED=C1-1E-3
= (2%-3
=4-3
=1




[image: image691.png]To find f(-1), substitute ~1 for x.

F@=x-17-3
FED=C1-1E-3
= (2%-3
=4-3
=1




[image: image692.png]To find f(4), substitute 4 for x

F@=G-1-3
F@=¢-n-3





[image: image693.png]To find f(4), substitute 4 for x

F@=G-1-3
F@=¢-n-3





[image: image694.png]Tofindf [%] substitate % for x

FR=G-17 -3




[image: image695.png]Tofindf [%] substitate % for x

FR=G-17 -3




Additional Example 5: 

[image: image696.png]2
IO e £, 7€),

For the functionf given by 7(x
Samenby SO0 11 igxzo

7(0), andy (6)




Solution: 

[image: image697.png]I x <0, then the value of / at xis given by ~32. Since —4 <0, to find

f(=4), substitute — 4 for x in the expresssion —3x°





[image: image698.png]I x <0, then the value of / at xis given by ~32. Since —4 <0, to find

f(=4), substitute — 4 for x in the expresssion —3x°





[image: image699.png]Since —2 <0, tofind f(~2), substitate — 2 for x in the expresssion





[image: image700.png]Since —2 <0, tofind f(~2), substitate — 2 for x in the expresssion





[image: image701.png]I x20, then the value of f at xis given by 6x-+1. Since 020, to find
(0), substitute 0 for x in the expresssion 6x+1

F(0)=6(0)+1
=041
-1




[image: image702.png]I x20, then the value of f at xis given by 6x-+1. Since 020, to find
(0), substitute 0 for x in the expresssion 6x+1

F(0)=6(0)+1
=041
-1




[image: image703.png]Since 620, to find f(6), substitute 6 for  in the expresssion
6x+1

F(6)=6(6)+1
=36+1
37




[image: image704.png]Since 620, to find f(6), substitute 6 for  in the expresssion
6x+1

F(6)=6(6)+1
=36+1
37




Domain of a Function 

Finding the Domain of a Function: 

[image: image705.png]Ifthe domain of a function has not been explicitly stated, then by convention the domain
is the set of all real numbers for which the expression is defined as a real number.




Example: 

[image: image706.png]Find the domain of the function £(x) = 27— 1




Solution: 

[image: image707.png]r 22—1to be areal number, 271 cannot be negative. Solve the inequality
2x-120 for x to find the domain of.

2x-120

2x-14120+1
2x21

Zx 1

z

x

W

v
0ol ol

The domain in interval notation is [%w]




Example: 

[image: image708.png]Find the domain of the function /(x)





Solution: 

[image: image709.png]Find the values of x where the denominator is 0 by solving the equation
3x-2=0.

3x-2=0
3x-2+42=0+2

The function is defined for all real numbers x except those values of x where the

denominator is 0. Thus, the domain is {x\ x% %}




Additional Example 1: 

[image: image710.png]Find the domain of the function 7(x) = yBx— 2. Express the answer
in interval notation.




Solution: 

[image: image711.png]For yBx—2 to be areal number, 8~ 2 cannot be negative. Solve the inequality
8122 0 forx to find the domain of .




[image: image712.png]8x-220
8x-2+220+2




[image: image713.png]The domain in interval notation is B,w]




Additional Example 2: 

[image: image714.png]Find the domain of the function 7(x) = A~ 3x. Express the answer
in interval notation.




Solution: 

[image: image715.png]For =3z to be areal number, 4~ 3x cannot be negative. Solve the
inequality 4— 3x 2 0 for x to find the domain of




[image: image716.png]4-3220
4-3x-420-4





[image: image717.png]The domain in interval notation is [





Additional Example 3: 

[image: image718.png]Find the domain of the function £ (x) = Express the answer

4-9x

in interval notation.




Solution: 

[image: image719.png]Find the values of x where the denominator is 0 by solving the equation
4-9.





[image: image720.png]



[image: image721.png]The function is defined for each real number x except those values of x where

the denominator is 0. Thus, the domain is {x |x= g}




For each of the examples below, determine whether the mapping makes sense within the context of the given situation, and then state whether or not the mapping represents a function.

222. Erik conducts a science experiment and maps the temperature outside his kitchen window at various times during the morning. 
[image: image985.emf]x

y


223. Dr. Kim counts the number of people in attendance at various times during his lecture this afternoon. 
[image: image986.emf]x

y


State whether or not each of the following mappings represents a function.

224. [image: image987.emf]   









x

y

f


225. [image: image988.png]@
(1) The point (4,~1) isin Quadrant IV since the first coordinate is positive
and the second coordinate is negafive. To plot the point, begin af the origin and

move 4 units to the right and then 1 unit down.

(2) The point (4,0) is on the x-axis since the second coordinate is 0. To plot
the point, begin af the origin and move 4 units to the right

(3) The point (4,1) isin Quadrant I since both coordinates are positive, To
plot the point, begin af the origin and move 4 units to the right and then 1 unit
up.




226. [image: image989.png]



227. [image: image990.png]




Express each of the following rules in function notation. (For example, “Subtract 3, then square” would be written as
[image: image722.wmf]2

()(3)

fxx

=-

.)

228. (a)
Divide by 7, then add 4

(b)
Add 4, then divide by 7

229. (a)
Multiply by 2, then square

(b)
Square, then multiply by 2

230. (a)
Take the square root, then subtract 6 squared

(b)
Take the square root, subtract 6, then square

231. (a)
Add 4, square, then subtract 2

(b)
Subtract 2, square, then add 4

Complete the table for each of the following functions.

	x
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[image: image725.wmf]1
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232. 
[image: image726.wmf]3
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[image: image727.wmf]()
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[image: image729.wmf]1
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233. 
[image: image730.wmf]2
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gxx

=-+


Find the domain of each of the following functions. Write the domain first as an inequality, and then express it in interval notation.

234. 
[image: image731.wmf]1
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[image: image734.wmf]7
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268. 
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Evaluate the following.

280. If 
[image: image777.wmf]4
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(a)
Find 
[image: image778.wmf](3)
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(b)
Find x when 
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(c)
Find 
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(d)
Find x when 
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(e)
Find 
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(f)
Find x when 
[image: image783.wmf]()0
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281. If 
[image: image784.wmf]()31
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(a)
Find 
[image: image785.wmf](5)
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(b)
Find x when 
[image: image786.wmf]()5
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Find 
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Find x when 
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(e)
Find 
[image: image789.wmf](
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(f)
Find x when 
[image: image790.wmf]()0
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282. If 
[image: image791.wmf]()3
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(a)
Find 
[image: image792.wmf](1)

h



(b)
Find x when 
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Find 
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Find x when 
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Find 
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Find x when 
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283. 
If 
[image: image798.wmf]()7
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(a)
Find 
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(b)
Find x when 
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(c)
Find 
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Find x when 
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Find 
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(f)
Find x when 
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284. If 
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285. If 
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)

1

4

h


286. If 
[image: image813.wmf]()3

fxx

=-

, find

(a)

[image: image814.wmf](16)

f



(b)

[image: image815.wmf](12)

f



(c)

[image: image816.wmf](

)

9

f


287. If 
[image: image817.wmf]()3

fxx

=-

, find

(a)

[image: image818.wmf](16)

f



(b)

[image: image819.wmf](12)

f



(c)

[image: image820.wmf](

)

9

f


288. If 
[image: image821.wmf]2

()56

gxxx

=-+

,

(a)
Find 
[image: image822.wmf](3)

g



(b)
Find 
[image: image823.wmf](

)

4

g

-



(c)
Find 
[image: image824.wmf](

)

1

2

g

-



(d)
Find 
[image: image825.wmf](

)

0

g


289. If 
[image: image826.wmf]2

()215

httt

=--+

,

(a)
Find 
[image: image827.wmf](0)

h



(b)
Find 
[image: image828.wmf](6)

h



(c)
Find 
[image: image829.wmf](

)

5

h

-



(d)
Find 
[image: image830.wmf](

)

2

3

h

-


290. If 
[image: image831.wmf]3

2

)

(

-

+

=

x

x

x

f

,

(a)
Find 
[image: image832.wmf](7)

f

-



(b)
Find 
[image: image833.wmf](0)

f



(c)
Find 
[image: image834.wmf](

)

5

f



(d)
Find 
[image: image835.wmf](

)

3

f



(e)
Find 
[image: image836.wmf](

)

2

f

-


291. If 
[image: image837.wmf]52

()

4

x

gx

x

-

=

+

,

(a)
Find 
[image: image838.wmf](2)

g



(b)
Find 
[image: image839.wmf](4)

g

-



(c)
Find 
[image: image840.wmf](

)

5

2

g



(d)
Find 
[image: image841.wmf](

)

3

g

-



(e)
Find 
[image: image842.wmf](0)

g




Section 2.7:  Functions and Graphs

· Graphing a Function



Graphing a Function 

The Graph of a Function: 

[image: image843.png]The graph of a function f is the set of all points (x,) in the coordinate plane
where the x-coordinates are elements of the domain of / and where the corresponding

y-coordinates are given by y =  (x).




[image: image844.png]For afunction y = 7(x), exactly one y-value can be assigned to a given z-value.
‘This means that a vertical line can intersect the graph of a function at most once.
This provides a test for determining whether or not a curve in the y-plane isthe

graph of afunction




The Vertical Line Test: 

[image: image845.png]A curve in the m-plane is the graph of a function if and only if no vertical line
intersects the curve more than once

For the figure shown below, using the Vertical Line Test, we see that the curve
in part (a) does not represent a function while the curve in part (b) does represent

afunction.




[image: image846.png]A curve in the m-plane is the graph of a function if and only if no vertical line
intersects the curve more than once

For the figure shown below, using the Vertical Line Test, we see that the curve
in part (a) does not represent a function while the curve in part (b) does represent

afunction.




[image: image847.png]The vertical line intersects
the graph more than once.

Every vertical i intesects
[CREE At Ul




Example: 

[image: image848.png]Sketch the graph of the function £ (x;





Solution: 

[image: image849.png]The fanction £ is not defined for those values of x that are negative. Thus, the domain of
the function is{x| x2 0) . The domain in interval notation is[0,00). To graph the function,

make a table of values.

0] f(0)=~0=0 | (0,0)
Hro=+i=1 [(17
2= [[247)
3 r@= (345)
Hrw=va=2[(42)

The graph is shown in the figure below.



\

[image: image850.png]The fanction £ is not defined for those values of x that are negative. Thus, the domain of
the function is{x| x2 0) . The domain in interval notation is[0,00). To graph the function,

make a table of values.

0] f(0)=~0=0 | (0,0)
Hro=+i=1 [(17
2= [[247)
3 r@= (345)
Hrw=va=2[(42)

The graph is shown in the figure below.




[image: image851.png]00 1 3 3 7 H




Example: 

[image: image852.png]Sketch the graph of the function f (]





Solution: 

[image: image853.png]The function fis defined for all values of x. The domain of f s the set of real numbers
The domain in interval notation is (~0,00). The graph is a parabola. To graph the

Fanction, make a table of values.

FE= 22 1=441=5 | [
1| fen= 1P +1=1+1=2 |
0y =02 +1=0+1=1 (0,
(
(

T | fm=1P+1=1+1=2
2 | f@=2+1=4+1=5

The graph is shown in the figure below




[image: image854.png]The function fis defined for all values of x. The domain of f s the set of real numbers
The domain in interval notation is (~0,00). The graph is a parabola. To graph the

Fanction, make a table of values.

FE= 22 1=441=5 | [
1| fen= 1P +1=1+1=2 |
0y =02 +1=0+1=1 (0,
(
(

T | fm=1P+1=1+1=2
2 | f@=2+1=4+1=5

The graph is shown in the figure below




[image: image855.png]



Example: 

[image: image856.png]Sketch the graph of the function f (x

{2 if x=-1





Solution: 

[image: image857.png]Forx<-1, the graph coincides with the horizontal line

2. Forx>-1, the graph
coincides with the graph of the parabola y = x°

The graph is shown in the figure below. The open dot at (~1,1) indicates that this point is
excluded from the graph




[image: image858.png]@9





Additional Example 1: 

[image: image859.png]State whether or not each of the following graphs represents a function
b Pd
A

s
RN

@ ®)





Solution: 

[image: image860.png]Use the Vertical Line Test for the graphin part (a).

@




[image: image861.png]The first graph does nof represent a function since we can find a vertical line

that intersects the graph more than once,




[image: image862.png]Use the Vertical Line Test for the graph in part (b)

>

®)




[image: image863.png]Tris easy to see (rom the 4 example lines shown) that every vertical line intersects
the graph at most once. The second graph represents a function.




Additional Example 2: 

The graph of 
[image: image864.wmf](

)

yfx

=

 is shown below.

(a)
Find the domain of  f.

(b)
Find the range of  f.

(c)
Find the following function values:  
[image: image865.wmf](

)

(

)

(

)

(

)

3;1;0;1

ffff

--

.

(d)
For what value(s) of x is 
[image: image866.wmf](

)

2

fx

=-

?

[image: image867.png]The graph of y = (%) is shown below. () Find the domain of . (b) Find the
range of /. (c) Find the following function values: (=3), /(=1; F(0); F()
(d) For what value(s) of x is f(x) = 27

S —





Solution: 

Part (a):


[image: image868.png]Determine the domain by inspecting the graph.

]

The domain in interval notation is [-3,3





[image: image869.png]Determine the domain by inspecting the graph.

]

The domain in interval notation is [-3,3





[image: image870.png]Determine the domain by inspecting the graph.

]

The domain in interval notation is [-3,3




Part (b):


[image: image871.png]Part (b):

Determine the range by inspecting the graph.

rajge

The range in interval notation is [2,1]





[image: image872.png]Part (b):

Determine the range by inspecting the graph.

rajge

The range in interval notation is [2,1]





[image: image873.png]Part (b):

Determine the range by inspecting the graph.

rajge

The range in interval notation is [2,1]




Part (c):


[image: image874.png]Part (¢):

Label the points on the graph that have first coordinates of ~3,~1,0, and 1

Find the function values /(=3), /(=1, f(0), and (1) by selecting the second
coordinates of the points labeled on the graph





[image: image875.png]Part (¢):

Label the points on the graph that have first coordinates of ~3,~1,0, and 1

Find the function values /(=3), /(=1, f(0), and (1) by selecting the second
coordinates of the points labeled on the graph





[image: image876.png]Part (¢):

Label the points on the graph that have first coordinates of ~3,~1,0, and 1

Find the function values /(=3), /(=1, f(0), and (1) by selecting the second
coordinates of the points labeled on the graph





[image: image877.png]



Part (d):


[image: image878.png]Part (d):

Label the points on the graph that have a second coordinate of —2






[image: image879.png]Part (d):

Label the points on the graph that have a second coordinate of —2






[image: image880.png]The value of  for which f(x) =2 is found by selecting the first coordinate
of the point labeled on the graph





[image: image881.png]The value of  for which f(x) =2 is found by selecting the first coordinate
of the point labeled on the graph




Additional Example 3: 

[image: image882.png]State the domain of the function# (x) = | x |+2 in interval notation and then sketch
the graph of the function.




Solution: 

[image: image883.png]For each real number x, | x|+2is areal number. Thus, the domain in interval

notation is (00,0

To sketch the graph, make a table of values

2| f=|-2f+2=2+2=4 |
1| fED=|-1]+2=142=3 | |
0 | s©@=]0]+2=0+2=2 (0,
(
(

1| f=|1]+2=1+2=3
2 | f@=|2l+2=2+2=4





[image: image884.png]For each real number x, | x|+2is areal number. Thus, the domain in interval

notation is (00,0

To sketch the graph, make a table of values

2| f=|-2f+2=2+2=4 |
1| fED=|-1]+2=142=3 | |
0 | s©@=]0]+2=0+2=2 (0,
(
(

1| f=|1]+2=1+2=3
2 | f@=|2l+2=2+2=4





[image: image885.png]Plot the points found in the table





[image: image886.png]Plot the points found in the table





[image: image887.png]Plot additional poits, if necessary, to sketch the graph.





[image: image888.png]Plot additional poits, if necessary, to sketch the graph.





Additional Example 4: 

[image: image889.png]State the domain of the function f (x) = 2x-+3 in interval notafion and then sketch
the graph of the function.




Solution: 

[image: image890.png]For each real number x, 2x+3is areal number. Thus, the domain in interval

notation is (-0,

The graph is aline with y-intercept 3 and slope 2. Use the y-intercept 3 to
plot the point (0, 3).




[image: image891.png]



[image: image892.png]Use the slope 2= = to move 2 units up and 1 unit right from the point (0,3) to

1
Locate another point on the line.





[image: image893.png]Use the slope 2= = to move 2 units up and 1 unit right from the point (0,3) to

1
Locate another point on the line.





[image: image894.png]Label the new point.





[image: image895.png]Label the new point.





[image: image896.png]To complete the graph, draw a line through the two points





[image: image897.png]To complete the graph, draw a line through the two points





Additional Example 5: 

[image: image898.png]State the domain of the function f (x) = —x° +2 in interval notation and then
sketch the graph of the fnction.




Solution: 

[image: image899.png]For each real number , — x° +2 is a real number. Thus, the domain in interval

notation is (~00,c0)

To sketch the graph, make a table of values.




[image: image900.png]2| fD=—(2P+2=-d+2=-2 | (-2-2)
1| feh=—nP42=-142=1 | (-11)

0 [ s=-0P+2=2 (0.2)

T rm=-0’+2=-1+2=1 (11

2 | s@=-@P+2=-4+2=2 | (22)





[image: image901.png]Plot the points found in the table,

3
oo





[image: image902.png]Plot the points found in the table,

3
oo





[image: image903.png]Plot additional points, if necessary, to sketch the graph

“lo.s





[image: image904.png]Plot additional points, if necessary, to sketch the graph

“lo.s





Additional Example 6: 

[image: image905.png]State the domain of the function f ()= x+ 2 in interval notation and then
skeetch the graph of the function




Solution: 

[image: image906.png]For Jx+2 to be areal number, x+2 cannot be negative. Solve the inequality
x+22 0 to find the domain of /.

x+220
x+2-220-2
xz-2

The domain in interval notation is [2,0)




[image: image907.png]For Jx+2 to be areal number, x+2 cannot be negative. Solve the inequality
x+22 0 to find the domain of /.

x+220
x+2-220-2
xz-2

The domain in interval notation is [2,0)




[image: image908.png]For Jx+2 to be areal number, x+2 cannot be negative. Solve the inequality
x+22 0 to find the domain of /.

x+220
x+2-220-2
xz-2

The domain in interval notation is [2,0)




[image: image909.png]To sketch the graph, make a table of values.

i f® = f(x)

“2| f-2)=v2+2=-f0=0

S1] fi-h=yFlr2=4i=1

Tl ro=++2=43

(
(
0 1 rO=o+2=42 (0.42)
(
(

2 | f@=V2+2=+A=2





[image: image910.png]To sketch the graph, make a table of values.

i f® = f(x)

“2| f-2)=v2+2=-f0=0

S1] fi-h=yFlr2=4i=1

Tl ro=++2=43

(
(
0 1 rO=o+2=42 (0.42)
(
(

2 | f@=V2+2=+A=2





[image: image911.png]Plot the points found in the table,





[image: image912.png]Plot the points found in the table,





[image: image913.png]Plot additional points, if necessary, to sketch the graph





[image: image914.png]Plot additional points, if necessary, to sketch the graph





Additional Example 7: 

[image: image915.png]Sketch the graph of the piecewise-defined function f given by

3 if x<0
/(X):{

2+1 if x20




[image: image916.png]Sketch the graph of the piecewise-defined function f given by

3 if x<0
/(X):{

2+1 if x20




Solution: 

[image: image991.png]


[image: image917.png]For x <0, the graph of £ coincides with the horizontal line y =3





[image: image918.png]



[image: image992.png]For x <0, the graph of £ coincides with the horizontal line y =3




[image: image919.png]For 2 0, the graph of f coincides with the parabolay = 2% +1





[image: image920.png]



[image: image921.png]Sketch the graph





[image: image922.png]Sketch the graph





Determine whether or not each of the following graphs represents a function.

292. [image: image993.png]For 2 0, the graph of f coincides with the parabolay = 2% +1










293. 


294. 
295. 
296. 
297. 
298. 



299. 
For each set of points,


(a)
Graph the set of points.


(b)
Determine whether or not the set of points represents a function. Justify your answer.

300. 
[image: image923.wmf]{

}

(1,5),(2,4),(3,4),(2,1),(3,6)

--


301. 
[image: image924.wmf]{

}

(3,2),(1,2),(0,3),(2,1),(2,1)

---


302. 
[image: image925.wmf]{

}

(2,0),(4,1),(6,0),(3,1),(5,2)

--


303. 
[image: image926.wmf]{

}

(1,4),(2,3),(4,1),(4,2),(2,3)

-----


Answer the following.

304. Analyze the coordinates in each of the sets above. Describe a method of determining whether or not the set of points represents a function without graphing the points.
305. Determine whether or not each set of points represents a function without graphing the points. Justify each answer.

(a)

[image: image927.wmf]{

}

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

---



(b)

[image: image928.wmf]{

}

(6,3),(4,3),(2,3),(3,3),(5,3)

--



(c)

[image: image929.wmf]{

}

(3,6),(3,4),(3,2),(3,3),(3,5)

--



(d)

[image: image930.wmf]{

}

(2,5),(5,2),(2,5),(5,2),(5,2)

----


Answer the following.

306. The graph of 
[image: image931.wmf])

(

x

f

y

=

 is shown below.
(a) Find the domain of the function. Write your answer in interval notation.

(b) Find the range of the function. Write your answer in interval notation.

(c) Find the following function values:






[image: image932.wmf])

6

(

);

4

(

);

0

(

);

2

(

f

f

f

f

-


(d) For what value(s) of x is 
[image: image933.wmf]()9

fx

=

?





307. The graph of 
[image: image934.wmf])

(

x

g

y

=

 is shown below.
(a) Find the domain of the function. Write your answer in interval notation.

(b) Find the range of the function. Write your answer in interval notation.

(c) Find the following function values:






[image: image935.wmf](2);(0);(1);(3);(6)

ggggg

-


(d) For what value(s) of x is 
[image: image936.wmf]()2

gx

=-

?



308. The graph of 
[image: image937.wmf])

(

x

g

y

=

 is shown below.
(a) Find the domain of the function. Write your answer in interval notation.

(b) Find the range of the function. Write your answer in interval notation.

(c) Find the following function values:




[image: image938.wmf](2);(0);(2);(4);(6)

ggggg

-


(d) Which is greater, 
[image: image939.wmf](2)

g

-

 or 
[image: image940.wmf](3)

g

?


309. The graph of 
[image: image941.wmf])

(

x

f

y

=

 is shown below.
(a) Find the domain of the function. Write your answer in interval notation.

(b) Find the range of the function. Write your answer in interval notation.

(c) Find the following function values:




[image: image942.wmf])

4

(

);

1

(

);

1

(

);

2

(

);

3

(

f

f

f

f

f

-
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(d) Which is smaller, 
[image: image943.wmf])

0

(

f

 or 
[image: image944.wmf])

3

(

f

?



For each of the following functions:

(a) State the domain of the function. Write your answer in interval notation.

(b) Choose x-values corresponding to the domain of the function, calculate the corresponding y-values, plot the points, and draw the graph of the function.

310. 
[image: image945.wmf]6
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311. 
[image: image946.wmf]4
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312. 
[image: image947.wmf]3
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313. 
[image: image948.wmf]2
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314. 
[image: image949.wmf]3
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x
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315. 
[image: image950.wmf]4
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316. 
[image: image951.wmf]3
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317. 
[image: image952.wmf]x
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318. 
[image: image953.wmf]x
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319. 
[image: image954.wmf]1
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For each of the following equations,


(a)
Solve for y.


(b) 
Determine whether the equation defines y as a function of x.  (Do not graph.)

320. 
[image: image955.wmf]358

yx

-=




321. 
[image: image956.wmf]2
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322. 
[image: image957.wmf]2
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323. 
[image: image958.wmf]2
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324. 
[image: image959.wmf]2
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325. 
[image: image960.wmf]3
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326. 
[image: image961.wmf]x
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327. 
[image: image962.wmf]4
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328. 
[image: image963.wmf]2570
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329. 
[image: image964.wmf]3480
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