Workbook

C

Key to

Q
ey ..J‘/l
AR

AL H R
Y
N o AL Y

rtt//d; ‘z.' N\ -4 -

A

R NG

By Julie King and Peter Rasmussen

B ]




Using Ordered Pairs to Name Points

In Book 5 we graphed sets of numbers on a number line. Some of these were solution sets
of inequalities which had one variable. In this book we will explore graphs of equations and
inequalities-which have two variables. To make and read graphs we use a coordinate
system. In a coordinate system pairs of letters or numbers are used to locate points. The
order in which we write the letters or numbers makes a difference so we call them ordered
pairs. 4y

Maybe you have seen maps on which places 5 8
could be located by using letter coordinates. In +
algebra we use number coordinates to name +
points on a plane. To set up'a coordinate T
system, we draw two axes. The horizontal
axis (or x-axis) runs left and right, like the
horizon. The vertical axis (or y-axis) runs up
and down. Each axis is a number line. The axes
usually cross at their zero points. The point of
intersection is called the origin.

We can name any point on a plane by writing an v
ordered pair of numbers: the x-coordinate and the y-coordinate.

We find the x-coordinate of a point by We find the y-coordinate by following a line
following a line up or down to the x-axis. across to the y-axis.
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The numbers are written in parentheses with a comma between them. The x-coordinate is
the first number in the ordered pair and the y-coordinate is the second number.

The x-coordinate of the point graphed above is -3 The ycoordinateis 5.
The ordered pair that names the point is _('_‘_i_g)
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ing a grid makes it easier to find the coordinates of points. Write the ordered pair that
mes each point.
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Plotting Points
For any ordered pair of numbers we can find a point on the plane. This is the reverse of
naming a point. We call it plotting the point. Here's how to plot the point (5, -2):
First find 5 on the x-axis. Then find -2 on the y-axis.
Draw a vertical line through 5. Draw a horizontal line through -2.
Mark the point where the lines cross.
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Number the axes on the grid.

Then plot each point and label S Y |
it by writing its ordered pair. é“ e ) "%D
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To plot points quickly we can think of the coordinates as directions from the origin (0, 0)
to the point. Starting at the origin, count right (+) or left (-) the number of units given by
the x-coordinate. From there count up (+) or down (-) the number of units given by

the y-coordinate. To find (4, -3) we start at (0, 0) and go right 4, then down 3.

Plot each point by counting. | 9y |
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Plotting Graphs from Tables ' '

YVl;:zn we have to plot many points we can save work by showing the ordered pairs in a
able. .

Finish plotting the points in the table below. (You don't have to label the points.)
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Make a graph for each table. Think about how to place your axes and how to label units so
that all the points in the table can be plotted.
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Here is a graphical puzzle for you to solve. To see the solution, graph the points in the first
table, and connect the points in order. Do the same for each of the other tables. Do not
connect points from one table to points from another table.
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Something’s wrong with what you graphed! You can correct it by adding the same number

7 to all of the y-¢ s in one of the tables Show the corrected graph below.
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To make a graph showing a person’s pulse rate before and after beginning to exercise we
could use ¢ to stand for time (in seconds) and p to stand for pulse rate.
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We could also connect the points to show what the pulse rate might have been at times in
between those shown in our table.
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Sometime it makes sense to connect the points in a graph and sometimes it doesn't.
Look at these examples.
Cost (C) of N Soft Drinks In Cans Basketball Score (S) after T Minutes
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Points in this gra’ph are not connected This graph shows that the team’s score “I
because we can't buy a fraction of a soft stays the same until another basket is |
drink can. | scored, then jumps up one or two points.
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Connect the points in each graph if you think it makes sense. If it doesn't, explain why.
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X It does make sense to connect the points.

U It doesn’t make sense. Here’s why:
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O It does make sense to connect the points.
¥ It doesn't make sense. Here’s why:
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B It does make sense to connect the points.

(7 It doesn't make sense. Here's why:

Temperature at Various Altitudes
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It does make sense to connect the points.
It doesn’t make sensa. Here's why:
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When should we connect points in a graph? The following examples show how to decide. ]
Inthe first example we are graphing only the squares of integers. The x-values in the table
include all integers from -4 to 4. No points are missing, so we do not connect the points.
In the second example we are graphing the squares of rational numbers. The z-values in
the table are all rational, but there are many other rational numbers between those in the
tab}e (such as -3.5, .75 and 2.1). To include the squares of these numbers we connect the ‘
points we've plotted. If the points form a curve, we try to follow the curve. Arrows on the
ends of our curve show that it could continue.
Squares of Integers Squares of Rational Numbers
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From now on in this book we will assume that x can be any rational number, so we'll
onnect the points on our graphs.
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Plot the points in each table. Then connect the points with a line or smooth curve.
Don't forget to label the axes.
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E'Iaphing Equations '

To graph an equation we first make a table of solutions for the equatior!.
Each solution is an ordered pair of numbers which makes the equation true.

Look at the equation 2x +y =6. .0
When x = 1, the equation becomes 2+ 1 +y =6
(1, 4) is one solution because 2*1+4=6

We can find more solutions by picking different numbers for x.

Find some other solutions of 2x +y = 6. Enter each solution in the tgb!e.

X1
72 8 *+ 710 = 6 s (8,10) isasolution. 8|10
2- 5 + -4 =6 & (5,7t) sasouton 51-%
2- 7l + B =b s (,8) sasoution —1 |7
2. 2 + Z =b & (2,2) isasoluton. = | =
2- b +-6 =6 (6 ;&) isasolution. e |-6
2. 0 + & =b s (0,6) isasolution. €&
2. 3 + O =b s (3,0) is a solution. 2|0
2 5 + S = b , SO ('S,S) is a solution. ’ S 5
2-25 + | =b s (25, | ) is a solution. 25|/
2- -3 + | =6 s ('5,'7-) is a solution. -8 | %
2.1+ -% = b , SO (7,"%) is a solution. 7 1-%
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Next we graph the solutions of 2x +
Next v . y =6 that we found on the previous page. Here ar
first nine points. Add any other points you found which will fit onpthis grid? ° ot
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Remember that these are only some of the solutions of 2x +y =6.

We could have chosen any rational y
number for x and found a number
for y to satisfy the equation. To

show all the solutions of 2x +y = 6 \
we need to connect the points we
have plotted. In this case the graph 5
is a straight line. :

Every point on the line has

coordinates which are a solution of
the equation. Choose two points on 9 . 5 7
the line which were not in your table.
Show that the coordinates of those .
two points are solutions. A
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Finish making the table of solutions for each equation. Then graph the equation.
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Make g tab!g of solutions for each equation. Choose six numbers for x and find the values
of y that satisfy the_a _equation. One of the numbers you choase for x should be zero. Also
choose some positive numbers and some negative numbers. Then graph the equation.
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Graph each equation. . '
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Graph each equation. List some positive and some negative numbers for x in your table.
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The graphs of the last two equations were not single straight lines. The graphs of the next
two do not even have any straight portions.
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Each of these graphs has two separate parts. To make sure that you graph both parts
choose both positive and negative numbers for x.
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Graphing Equations with Only One Variable ‘ .

Let's graph the equation y = 2. An equivalent equation with two variables ig' y = O + 2,

When we make our table of solutions for this equation we find that y always is 2 regardless
of what number we choose for «.
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4
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Graph each equation by writing an equivalent equation with two variables and then making

a table of solutions.
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Can you guess how to graph an equation which contains only the variable x?
For each equation below find an equivalent equation with two variables.

Then graph the equation.
x =4 , x="2
X = Oy +4 oy X = y
x|y 4 x|y . -
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In what way are the graphs on page 16 alike? M C el a\\ \/\o =k, z,o./&g\

In what way are the graphs on this page alike? m\:() Ot Co \\ e\ Cq\

Use a ruler to draw a pair of axes. Then graph each equation below. See if you can do this

without making tables. A7 P
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Linear Equations

Some equations are called linear because their graphs are single straight lines.

(From now on we will use “line” to mean “straight line.”)

Look back at the graphs on pages 12 to 15. List at least five equations which are linear and

five equations which are not linear.

Did you notice that'in the linear equations the terms with variables are all first degree
terms? The equations which are not linear contain terms of higher degree or absolute

linear
9= % X+ y= Y
s s = 5%;3:6
U +2Zx =5 W = -
Y =25 | xi2y=(D
K "‘Zj
-y =

values of variables.

Linear equations are easy to graph because we need to plot only two points to draw a line.
But it is better to plot three points just to be safe. If the three points are not in line, then we

know we made an error.

Find the error in the table below. Cross out the point that doesn't belong and draw the
graph.
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Graph each linear equation by making a table and plotting three points.
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The Slope of a Line ' )

If we want to give someone directions for drawing a line, we can do it two ways:

(1) We can give two points the line should go through.

We use a positive or negative number or 0 to describe a line’s slant. This number is called

its slope. To get a picture of positive, negative and 0 slopes, you can think of someone
walking from left to right:

going up going down level
positive slope negative slope 0 slope

We find the slope by figuring out how far to the right (+) or left () and how far up (+) or
down (-) we have to go to get fram one point on the line to another. Then we make a
fraction from the two distances as follows.

distance up or down rise
distance right or left = run

slope =

Here is an example.

£-ending point

el glope =152 .
[

run
'

&w

starting Boint.

It doesn’t matter which point we start with. The number will be the same either way.

':s*;’“ Yo
S o slope is __T\ slope is
P L. an L
TN o TR dord
i i \ i i i
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Find the slope of each line. Simplify the slope or write it as an integer if you can.
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In each problem first plot the given point. Thén use a ruler to draw a line through the point
with the given slope.
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Graph each linear equation by making a table and plotting three points. Then find the

slope of the graph.
ol x
P5=3 oL ! e
&= = 5{7 =1 =+
y =X 3 | y=ux*2 1] 2
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:OOk at the equations on page 23. Did you notice that the slope of each graph appears *
ight in the equation?

y=@'}(‘3 y-"@xfz
y=@x+q‘ y=@7&+6

- This always happens in linear equations which have only y on one side. This means we
can graph the equation by plotting only one point and then using the slope to draw the line.

The easiest point to plot is the point whose x-coordinate is 0. You can see why by looking
at the equation y =2z +5. When x =0, then y =5. So the point is (0, 5).

This is the point where the graph crosses the y-axis. It is called the y-intercept. By just
looking at the equation we can see both the slope and the y-intercept.

slope y-intercept
4 4
y=@x+ 0O

Write the slope and the y-intercept of the graph for each equation.

slope y-intercept slope y-intercept

y=57<+2 S (0,2) )I=Z‘X“.7 & (O,'7>

OO AP TF S R B £
y=-‘%x+‘7 ?’5: CE=D) )'="§°‘"uf. Zs (0,71
y= et 5 (o) y=lxte 2 (o)
Y:"?.X-I- I —-0, {b,ll Y=-L3F'K_5 % (O",6>

Y:_;(.,,‘ l (o,0) y=-3<+2 | @17—)
Y= X * é, ( (0,61 Y="' —\O "'[ (Oj'/CD

y:Z'x L (9)01 y=%~x yﬁ (0103
Y

)(=-37( '% (M@
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Write the slope and y-intercept. Then plot the y-intercept and finish the graph by drawing a
line through that point with the proper slope.

y = Zx -5 y = -%x +7
slope: __A y-intercept: (Og "5> . slope: V;ﬁ y-intercept: ( =y l>
A 4
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~ Writing Linear Equations in the Form y = mx +b

If we want to use the slope and y-intercept to graph an equation like 4x + 3y =6, we first
have to solve the equation for y. That means to find an equivalent equation in the form
y = mx + b, where m is the slope and b is the y-intercept. To do that we use the Addition

and Division Principles to get the y-term by itself on one side of the equation.

L"')Eh*“ 3y ':-“6
Jy =" % b
gx ="Ux + b
3 3
y = -%x + 27

Now we can see that the slope is :g- and the y-intercept is 2.

Solve each equation for y. Write the slope (m) and y-intercept (b) of the graph.

ox + 2y = |2 6x+2y=|0 4y = 3x = 20
£y>on2 L9 7 ~ex Y10 Uy = 3x4T0
= B 7 - : x| P YT

- -2 E
DT x 51~5><+5 Y =D
me "7 b © lme_ "2 bn T |me_H 5.5
x+y =8 x -2y =6 x *+ 3y =15
¥ ! - ~ % ! - —x ) ~A
P T BT T
-2 i, i ey - T !
W= gx-3 Y i s
\
m=__—:__\___ b= % ms= / b= -‘3 m= ‘l3 b=i
a¥ b




Solve each equation for y. Write the slope and y-

intercept. Then use these to graph the

equation.
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Finding the Equation of a Line

Every line is the graph of some linear
equation. Can you guess the equation
of the graph to the right?

2
lts slopeis & .
Its y-interceptis _® .

. - £
Soits equationis y= = x4+ &

To write the equation for a line, we find its slope (

on

14

m) and y-intercept (b). The equation is

y= my + b. Inthe graph above the slope is -:- and the y-intercept is 3, so the equation

is y=5x+3.

For each line below find the slope and y-intercept. Then write the equation.

Y : Y
£ x - x
4’&5 %
2
_ = -3 ] . o
m=_9Y9 b= ms= b=
%
y= —g '—3 y: X'\'l

K <
o ]
/
%
3 b= S5
% |
Y= EX'S‘




Write the equation of each line.
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'Qaphing Linear Inequalities

Atthe right is the graph of y = £x 41,
We already know that every point on the
graph satisfies the equation y = %x +1.

What about the points that are not on
the graph? First let's pick some points
above the graph and see what we get
when we substitute the coordinates of
these points in y =%x+ 1.

o,

vl 3x + 1
Try (4, 6): 6l s+ =3
TW (S5,4): Hli¢5)+1 =71%
PRI L 5 I

You might guess from this that no matter what
point we pick above the graph of y = Tx+1,

y is always greaterthan %x +1. Infact, every
point above y = %x + 1 satisfies the inequality
y>zx+1. Tograph y> -12-x+1,weshade in
all the points above the line y = -;-x+ 1.

We use a dashed line to show that the points
ony= %x + 1 are not included.

Now let's pick some points below y = ;—x+ 1.

y l,_'x + |
You pick tf‘int Try (4’ -3): -3 %(4) + ' i 3
CesTy( , )

From this you might guess that no matter what
point we pick belowthe graph of y = 1z +1,

y is always /ess than -21-1:+ 1. In fact, every
poiqt below y = %x +1 sat1isﬁes the inequality
y<zx+1. Tograph J<zx+ 1, we shade all
the points below y = 2 %+ 1 and use a dashed
line to show that the points on y = %x +1are
not included.
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The example on page 30 suggests a way to graph any inequality which is written as
y>mx+b or y<mx +b. Wejust have to follow these steps:

1. Graph the equation y = mx + b. This line will be the boundary of the graph for the
inequality. Use a dashed line to show that points on this line are not included.

2. Shade the region above the line to graph* y > mx + b. Or, shade the region below the
?\U% fn [DID> de

line to graph y <mx + b.
Graph each inequality.
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The inequalities on this page contain > and < instead of > and <. That means their selutidn

sets include the points where y = mx + b. These points are on the line so we draw a solid

linej i . L, R
instead of a dashed line for the boundary . Plug Coss
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‘ You will have to solve each of these inequalities for y before graphing it.

t Dlug WM
. B \ j
y Z'X > 3 ( [)\X

tzx TR

o 2X
[ s Felee

P <

> X

Ve
! 470
4 Hor
et e =
B =31 =i
IS = —~te ,::i:"
T A e g e 1290 A | 4
-lﬂ\;’_'_w,_ne"l~:_:;:.. hegp
U = i 1
O et i 8 A
<« - :F, 7 1
- = -
. it )
: ot I
< e o -
ﬁ RS S s 5 l
: W=
|__ffeet=S]
3 2y
=t 7/ |
! ) 4 5
= B o i
Sl ]
I - . A 1o
=1 0/ v

P4

Zx*y

1 ‘\\:
5 e \
[/
5y
< g
ﬁ - S E It Ty
te _’\,. &
- b 58 1\
% : ¥

5 Pas

/ 1 £ "ﬁ;"vJ{! 2 myA
AL 4P VP =AY S AP 2%
L
T AR ANV A b ;:4@11:4/
X VR AN\ NN T AN AA
4 -"llf‘ fliﬂff’/ /’W .l' 7 ’,k
W T N2 M2 5
VALY b 'J'f/’ A1 214 3
Uz AL NN A
//A’  Y/VAL . >
/ i / f’/ /al ! '1 "
a7 BNz 8
‘ f bx 7 o A e ’
R 5 | =ib -8 Ll 2 A S m“x
.—»,(‘/ // ¥ i {-’? /’f-—: St o P2 st
Vi A LAt VT APV A |
7. L7 o o T T > >3 4
I A Pt )
Pt A s % 7 s -
*5 o D A1l Lol 1 oles i} E /’
. 0 BB B A e AT e P
""?,d" (r’} : FiLns Lo i
7| e L
byt P4 104 4ul 4
'vv A "’v \‘w'
0199:2 by Key Curriculum Press, Inc.
mdmmmmum 33




» choose a point on each side

“Graph each inequality. If you're not sure which side to shade

and see which pair of coordinates is a solution.
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