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TI-84+ GC 12 Scale, Quadrants, and Axis Placement on Paper

Obijectives: Identify the scale of an existing graph-
Determine useful scales for x- and y-axes for graphmg given points
Determine useful axis placement for a graphing given points
Neatly graph points on shifted axes and/or scale not equal to 1
Neatly graph points requiring a discontinuous axis

When the GC draws a graph, it will place the graph on standard axes or altered axes that you
choose. If a graph does not show in the standard window, you'll need to choose the placement of |
the axes and the swles to show a graph you can transfer to your paper, where it will be graded. ;

The scale of a graph is the numerical value of a tick mark.  Since the scale of the x-axis does not
have to be the same as the scale of the y-axis, the scales should be written on both axes. Choosing
a good scale makes graphing easier, and sometimes clearer or smaller. Scales are always positive.

Recall the quadrants of a rectangular coordinate system, given by Roman numerals.

!
]
1
1
]
r
1
1
{ ]
I
—l-
!
!
1
1
1
---L-—-—
1
1
I

The origin (0,0), where the x-axis crosses the y-axis, can be drawn anywhere on the graph.
Choosing a good location for the origin (also called axis placement) can make the graph easieror |
clearer (or smaller), and is determined by which quadr‘ant(s) we need to see. ,

Points have these signs: Need these quadrants: Place the axes in this way:
(+,%) () (-,-) and (+,-) Ql, Qil, Qliland QIV Origin near center of graph ;
(+,+) , Qlonly . Origin at lower left corner. o
(-+) ‘ Qil only BEERNERRES. Origin at lower right corner !

(=) Qill only Origin at upper right corner
(+-) - QIV only - Origin at upper feft comer

(+,+) and (-,+) Ql and Qli Origin at center bottom

(-,+) and (-,-) Qil and Qlll ; Origin at center right

~J(=-)and (+,-) , Qllland QlV . Origin at center top

(+,+) and (+,-) ' QlandQlV Origin at center left ot e
~ |any three : any three quadrants ____Origin near center of graph~= P

\ cnpyugmzm by Martha Ficier Carey. mmm«mummmwsmcmamwm? 7 x
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" TI-84+ GC 12 Scale, Quadrants, and Axis Phcement on Paper page 2

~—~ Example 1: Find the scale of the x-axis and the scale of the y-axis. Where is the ongm? Which
quadrants are visible? , ) ,

12 1 | | | |

When the points to be plotted are very large, ﬁ’skheipful to draw the scale using tick marks
representing large numbers. When the points to be plotted have stmuar fractional or decimal parts,
that fraction or decimal may be a useful scale.

CAUTION: When choosing the scale for the x-axis, consider only the x-coordinates. Similarly,
when choosing the scale for the y-axis, consider only the y-coordinates.

Example 2: On the graph below, draw the axes so that quadrants Il and 1}l are visible. Mark the x-
" axis to have scale 5 and the y-axis to have scale 100.

A CT
- - - o —p——— ,
s | ' ! 1 | 1 ] 1
' i 1 1 |
] ] t ¥ : P -'- - —l— - = —l— - }
1 ' i v 1 [ ] [‘
! ] ) ) ,
Pe=m——- f==—m=- po=-=- o :-_- 1 1 o | i
' ' | ) ' i i 1
' ' 1 ] [
3 I ' ' 1 1 | 1
1 ] 1 [ - - [T R PN RN Y -
P B L oeem Loeeee e R ! r
1 1 h ' ' ] 1 ] }
' 1 ' 1 1 ,
f i ' ' o ] 1 ] |

[ ] ] ;
: [ 1 : : ! ! ! ‘
Jl ----- f ----- L ----- 'L ----- I-_- - 1- - . -.- - . -r -

1 !

1 I 1 v [ i i i
' ' ' ' ' Answer; 1 [ t

Example 3: Without graphing (0,-10), (5,-5), and (10,0), identify which quadrants must be visible,
and describe the location of the origin on the graph paper. What would be a useful x-scale? What |
would be a useful y-scale? ; ;

These points all have positive (or zero) x-coordinates and negative (or zero) y-coordinates.
All the coordinates are muttiples of 5, but none of the numbers are very large.

can both be 1 or 5.

\\ Copyright 2011 by Martha Fidier Carey. Permission to reproduce is given oniy to current Southwestem College instructors and students. o
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Ti-84+ GC 12 Scale Quadrants, and Axisﬁacemnt on Paper, page 3

~—~ Example 4: Without graphing the points in the table, identify which quadrants must be visible,
describe the location of the origin, find a useful x-scale and y-scale, then draw the axes, label the,
scales, and neatly plot the points.

- e ] ww

[
[ §
]
]
]
[
- o
--r-—--
]
'
t
]
1
R R
[]
¥
[}
1
[]

To determine the location of the origin, consider thé sngns ‘Most of these points are (-,+), located in
quadrant Il. Only one point is (+,+), and its x-coordinate is small, close to the origin. Place the
origin in the lower right corner.

To determine the x-scale, notice that the x-coordinates all have decimals in the tenths place, with
~— even numbers that are divisible by 4. Using 0.2 or 0.4 for the x-scale will be useful.

To determine the y-scale, notice that the y-coordinates are multlples of 20 Using: y-scale of 10 or
20 will be helpful.

When points have large (or large-magnitude negative) x-coordinates (or y-coordinates) that are

close together, it is useful to draw a discontinuous axis. This allows the scale to be written on the
axis, even though the axis may be a long distance from the points to be graphed. The GC cannot
P draw discontinuous axes, even though they are very usefull :
A discontinuous axis is designated with a z&g-zag line at the break. Both the x-axis and y—axmv“
| have this marking if necessary. Draw the zig-zag to represent all the numbers skipped.
\ Copyright 2011 bymﬂFldbrCauy mmmhwmmmmmlmmﬁ
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Ti-84+ GC 12 Scale, Quadrants, and Axis Placemont on Paper, page 4

~—~Example 5: Draw a graph with x-scale 1, y-scale 1,‘and a discontinuity from 0 to 1000.

[ ]
[ |
Y A S 1
: -—.--—-—ql--—
1
|
' ;
]
..... e 2
1 Answer: Zig-zag replaces 1 through 999. ! A

Example 6: Without graphing the points shown in this table, identify which quadrants must be
visible, describe the location of the origin, find a useful x-scale and y-scale. Then draw the axes,
label the scales, and neatly plot the points. Indicate any discontinuities in the axes.

' v [ ' ! ' '

R TS SRS SR P MNP SSRGS PRGN
1 [ ] ] 1 1 ! [}
] [ [ [ [ ’

1 1 1 [ ' 1 '
-t

e mvwbhrcmrbecnalecendecandna
] ]

1 1 ) t
1 1 ' 1 1 ] '
1 1 1 ' ' ' 1
(R P KRGS Ty MU SN DS
1 ' i s i i T
] 1 i t 1 ! !
' N ' 1 T ' '
1 ' 1 t 1 1 I
e s e e sapesmpma.pe—ag -
"."1 1 ¥ 1 [ ] i 1
' 1 1 ' It s '
5 1 ) ' s ' ' 1
i B S O i P BN
i ' ' 1 ! ! ! 1
0 1 1 1 1 ' ) 1
H ' 1 1 ! ' 1 '
e P i o AN W I
y ' ' ' 1 ' 1 '
] B 1 1 1 [l ] '
' 1 " L 1 1 1
tedacmalin ke ek i e b endam el
L] 1 L. ] 1

All the points have (+,+) signs, located in Qi. Origin should be in the lower left corner.
X-coordinates are large, but close together. Use x-scale 1, but with a discontinuous axis for the
numbers 1 to 99. Y-coordinates are the usual size. Y-scale is 1. :

10 ' . |

B D HR RN '

..... 9._--.?.-_.-;.----.',

__-“B_____.E_._____i. ..... E.

TR AR S S

N : : ‘
Bk el i e ’

Answer: Quadrant |, origin lower left. Scales both 1 * ! !

\ copyﬂghtnﬂ by Martha Fidler Carey. mmmmdmhmmwwmmmcmimwm
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TI-84+ GC 12 Scale Quadrants, and Axis Plaaoment on Paper, page 5

-~ Practice

For each of the graphs, find the scale of the x-axis (x-scale), scale of the y-axis (y-scale), identify
which quadrants are visible and describe the location of the origin.

‘_.‘
ra

Ll Bl BB A
1
]
4
]
]
decedn e =
L}
!
1
1

]
!
L.
1
1
1

I
I
'
I
'
S R
'
'
'
5
1
1
'

2)

3) On the graph below, draw the axes are that quadrant IV is vusmle Mark the x-axis to have scale
20 and the y-axis to have scale 1.

-----------------------

P T L e

- wh e

---------------------------

- - o ow-

e

1

'

]

1

]
-

1

1

1

]

]
LR P

1

]

1

]

]
el X

]

]

)

1

‘-

Points to be graphed are given as a list or a table. Without graphing, identify which quadrants must
be visible, describe the location of the origin, and find useful scales for the x-axis and y-axis.

4)  (-9,8), (-7.3), (-5.-2), and (-37)
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' T1-84+ GC 12 Scale, Quadrants, and Axis Placement on Paper, page 6

~\Points to be graphed are given. Before graphing, identify which quadrants must be visible, describe
the location of the origin, and find useful scales for the x-axis and y-axis. Then draw the axes, label

the scales, and neatly plot the points. (These are not equations or functions; dots aren't connected.)

6) (0,'100), (5,75), (10,50), (15,25), and (20.0)

EELET S

E R T

L R e e LY S

PN RSO (U T S S

L AR

)
L}
1
¥
1
[}
[}
1
[}

]
[}
1
- aye
l
1)
1
Y N Lt LA E R Y
1
L]
»

-y~

R R R R L R
[ [} [ T .

e A L
[N
‘

]

[ ISR

Answer:

R LR TR TR

L R L Y N T el e

e e e - e

O " USRI iy S R

7) (0,-1), (4,-0.8), (6,-0.6), (8,-0.4), and (10,0)", o

- -

-

Answer;

DR ST ) Ty RS

v oesecasbecsaloecadeandes
» ] T . ]

(-150,1), (-100,8), (-50,9), (0,10), (50,9), (100,8) and (150,1)

8)

) L)
-y e
- e - -
B I Ly iy S,

L T R P Ry o NP P

com e - -

[

1

¥
-~y -

%

]

L

- -

)
1
i

LR TR WA P
T

N Rty [ RN

'
EREREY SR
]

= o - -

PR T

-

N

Answer.r :

PRI DRSPS WpCurat) SNy uaniy RPRpOuy SRR [y
1 ] t ] ¥ . 1]
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90 12 Scale, Quadrants, and Axis Placement on Paper, page 7

‘1

the location of the origin, and find useful scales for the x-axis and y-axis. Then draw the axes, label
the scales, and neatly plot the points. (These are not equations or functions; dots aren’t connected.)

T1-84

Rev 12°
~\ Points to be graphed are given. Before graphing, identify which quadrants must be visible, describe
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T84+ GC 12 Scale, Quadrants, and Axis Placement on Paper, solutions, page 8
~\1) QIll. Origin upper right. x-scale 1, y-scale 1. -
2) Ql and QIV. Origin center left. x-scale 100, y-scale 3.

-t5k--

- Q
=F--
Q

3) \
4)  Qil and QIil. Origin center right. X-scale 1 and y-scale 1.
5) Qi and QIV. Origin center top. X-scale 2, y-scale 1. Discontinuous y-axis from 0 to -146.

6) QI. Origin lower left. X-scale 5. Y-scale25.” 17~ %
7) QIV. Origin upper left. X-scale 1. y-scale 0.1 or 0.2.
Graph with scale 0.1 i or  Graph with scale 0.2
] 1 ] 1 .
l 2 3 48
1 1 1 1
L L I T TRy SRyt
r A R C
N S S P
0.2, 0 ; v K
] 1 ] ] 1 ] [ ] ]
S [ PR SNINPE Y TR S el Il Bl o Rl
0.3, 0 0.2 | : : :
1 1 1 1 ! J 1 !
R Dl DY S R _______l___’_l_'___l____"__
04 0 Lna™’ 1 H H

N

\ Copyright 2011 by Martha Fidier Carey. Permission to reproduce Is given only to current Southwestern College instructars and students.
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Ti-84+ GC 12 Scale, Quadrants, and Axis Placement on Paper, solutions, page 9

/\ L ] } ]
| ] ] ]
i 1 ] ?
' ' v '
.-:-..-..:...-..:.-_-b--
1) L 3 ]
1 L] . 1 ]
] t t [ ]
e e aiiind Rl S
1 (] ] [ ]
SIS .
S S U
1 1 1 [
[} ] ] ]
| idlicke.geiilos
8) Ql and QIl. Origin center bottom. X-scale 50. y-scale 1. ! : S et

g) Qlll and QIV. Origin center top. X-scale 2. Y-scale 1. Discontinuous y-axis from 0 to -146.

-8, -6, -4 -Z

-ank--
-

- -
o
-

10) QIV. Origin upper left. X-scale 50.. Y-scale 25.

]
1
1
3 2 1
] ] |}
N ; Co , 1 ’ ]
11) All four quadrants, but especially Qlil and QIV. X-scale 1. Y-scale1. | ! oot

N
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GC 13 Method for Graphing on Paper

Objectives:  Learn the steps for graphing any function
Review facts that apply only to linear functions
- Graph linear equations on paper

Facts about linear equations or linear functions:
1. Expressions are degree 1. (Exponents are 1; no variables are multiplied together and no variables in

denominators; no absolute values, radicals, logarithms or trig functions of variables.) -
The shape of the graph will be a line. '

Find the slope and y-intercept by writing in slope-intercept (y=mx+b) form.
Use slope (rise over run) for graphing additional points.

Recognize the equation of a vertical line (x=#) or horizontal line (=¥#).

Plot at least two points and connect them using a straight edge. ‘

SNk wN

All equations or functions that aren’t linear are called non-linear. There are more types of non-linear functions
and equations than linear ones. You will learn the algebralc expression, shape characteristics, and method of
graphing for each type of non-linear equation that is taught.

Some facts about graphing apply to all types of functlons, linear or non—hnear The following steps can be

used for ANY function or equation:

1. Recognize the algebraic expressions and the shape of graph.

2. Use knowledge about that shape to find critical points, axes, or asymptotes.

3. Plot the x- and y-intercepts if possible. (Set y=0 and solve for x; set x=0 and solve for y.)

4, If needed, plot additional points by making a table of values.

5. Identify the scale of the graph and axis placement, draw and label both axes. There is often more than

one correct way to choose the scale and axis placement.
6. Connect the points neatly, without jagged edges or stray marks. Draw carefully and extend the graph
to the edges of the given grid.

A 6-inch ruler is very helpful. You may also find that a mechanical pencil makes a neater graph.

N

N\

Linear or non-linear?

Example 1: y=x?+3x-1 NON-Linear, because x’ is degree 2, graph is a parabola,
Example 2: y=[2x—1] © NON-Linear, because absolute value changes line to V-shape.
Example3: 2x-5y=3  Linear, because x aﬁd y have exponent 1 and are not multiplied to each other
Example 4: Find the slope and y-intercept of 5x +3y =15

Solution: |

~Step 1: Re-write the linear equation in the form y = mx+bby solvmgfory

, Sx+3y=15 , ; - L ; : :
Copyﬂgmzo'labymmFmQrCany mmmwmhmmmmmmcmmmmm
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7N Jy=-5x+15
3y _ox 15
3 3 3
=—§x+5
3 /

Step 2: The slope is the coefficient of x and the y-coordinate of the y-intercept is the constant.

Solution: Slope= m= ——; , y-intercept = (0,5)

Example 5: Is 5x + 3y =15 vertical, horizontal, or neither?

Solution: , . |
Since the slope found in Example 4 is m = —,—i—, S5x+3y=15is vertical (undefined or no slope) nor

horizontal (zero slope).

" Example 6: Find the x-intercept of 5x+3y =15
Solution:

Step 1: Set y=0
5x+3(0)=15

Step 2: Solve for x.
5x =15
x=3

Solution: {The x-intercept is (3,0)]

Example 7: When graphing 5x + 3y =15, which quadrants should be visible? Where should the origin and
axes be placed?

Solution:
Consider the x-intercept, the y-intercept, and the slope.
~Step 1; The x-intercept is on the positive x-axis, between Quadrants Iand IV.

Step 2: The y-mtcrcept is on the positive y-axis, between Quadrants Iand II.
N\
Step 3: The slope is negatlve, so the line goes downhﬂl All graphs must include Quadrant I. A larger gaph j S
could extend into Quadrant I and/or Quadrant IV. The origin should be toward the lower leftcomer. =

Copyright 2010 by Martha Fidier Carey. mmmummmwmmmw‘w&; .
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the graph to the edge of the grid. If you need more information, make a chart of points. Check your graph by

comparing to the image on your GC.

Copyright 2010 by Martha Fidier Carey. Pmmmmbwwmmmmmcmmmmm
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Draw the axes near the lower-left corner, with x-scale 1 and y-scale 1.
Check that the line goes downhill as the negative slope indicates it should.

Plot the x-intercept and the y-intercept.

7\ Example 8: Sketch graph of 5x +3y =15. Draw the axes, label the scale, plot the points, and neatly extend
‘Connect the dots.
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~Practice
The next questiéns will include all the steps to graph 2x B2 Ty=14.
1) What shape is the graph of 2x -7y =147
2) Find the slope and y-intercept of 2x-~7y = 14.
3) Is 2x -7y =14 vertical, horizontal, or neither?
4) Find the x-intercept of 2x~7y =14.
5) What quadrant(s) should be visible? Where should the origin (and axes) be placed?
6)  What scale will you use for each axis? o

7 Graph 2x ~7y =14. Draw the axes, label the scale, plot the points, and neatly extend ‘the graph to the
edge of the grid. If you need more information, make a chart of points. Check your graph by comparing

’ .
to the image on your GC.
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The next questions will include some of the steps to graph y = -—;—x +—9%

8) Find the slope and y-intercept of y = ——%x + %

9) vFind the x-intercept ofy=-—~;—x+%.

10)  What quadrant(s) should be visible? Where should the origin (and axes) be placed?

: 11)  What scale will ybu use for each axis? (Hint: The best scales will be fractions.)
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Draw the axes, label the scale, plot the points, and neatly extend the graph to the edge of the grid. If
you need more information, make a chart of points. Check your graph by comparing to the image on your

GC.
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What scale will you use for each axis? |
(Hint: The x-scale and y-scale will be quite

Draw the axes, label the scale, plot the
points, and neatly extend the graph to the edge
of the grid. If you need more information,

different.)
make a chart of points. Check your graph by

comparing to the image on your GC.
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What scale will you use for each axis?
(Hint: The best scale will be a multiple.)
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make a chart of points. Check your graph by

comparing to the image on your GC.
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3C 14 Graphing Linear Absolute Value Functions on Paper

Objectives: Review absolute value and absolute value functions
Identify critical points on a linear or linear absolute value equation
Graph linear absolute value functions on paper

Linear Absolute Value functions are functions that have absolute values with a linear expression
inside and no variables outside. The shape of the graph is a V, and the point of the V is a critical
point (or critical value) which must be found and graphed correctly.

To find the x-coordinate of the critical point/value, identify the expression inside the absolute value,
set it equal to 0, and solve for x.

To find the y-coordinate of the critical point/value, evaluate the function using the x-value just found.

Evaluate the function at two additional points, one to the left and one to the right of the critical
point/value. Use a ruler to draw two straight lines to form the V-shape.

1) Find the x-coordinate of the critical value of y = x —3| by setting x -3 equal to 0 and solving for
X.

™) Find the y-coordinate of the critical value of y = x— 3| by evaluating g(x) at the x-value you just
found.

3) Find another point on the graph by choosing an x-value that is less than the x-coordinate of
the critical value and evaluating y <} x— 3| at that value.

4) Find another point on the graph by choosing an x-value that is more than the x-coordinate of
the critical value and evaluating y =f x—3| at that value.

5) Check your work using the GC. Complete the table. On your calculator, the absolute value
function is under the MATH button, second menu NUM:

e - lEacn) - [EEn] ) 1] - |-

y=x=-3| | (x,y) pair

. Alnloln]aloln] «
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6) Graph y = x-3|. Draw and label axes with scale. Plot the critical point.
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Graph the following linear absolute value functions. Draw and label axes with scale, and find and
plot the critical point. Check your graph using your GC.

9) y=—|x+3|4
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The critical point is (2, -1).
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" TI-84+ GC 15 Settings and Basic Graph

Objectives: Before graphing, set the options in MODE and clear the Y= menu
Recognize the error message for turning off plots
Input a function using Y=
Review the slope-intercept form for the equation of a line
Learn the size of the standard window and zoom to it
Graph quadratic, cubic, square root and absolute value functions

If someone else has used your calculator before you, the settings may not be what you need. So
before we graph anything, let’s check.

Press m to open a window with nine menus, one menu on each row (across).
On.each row, the word or symbol with white letters on a black background is currently selected.

ESNES O
Use the or buttons to move up and down among the menus, and the ‘
or buttons to move across a menu. Your cursor is a flashing dark area.

When you have moved the cursor to the option you want, press to select it. Check each of
the nine rows to make your screen match this image:

SCI ENG
FLOAT I B B e - B

SET CLOCKUESS YT & W] Y

Here’s a summary of what each menu does and what you should select for now.

NORMAL SCI ENG numerical notation for calculations

FLOAT 0123456789 number of decimal places (or significant figures) displayed
RADIAN DEGREE units used for trigonometric functions

FUNC PAR POL SEQ type of equation: function, parametric, polar, or sequence
CONNECTED DOT whether to use solid or dotted lines for graphs

SEQUENTIAL SIMUL whether to plot multiple graphs one at a time or simultaneously
REAL a+bi re”9i real or complex numbers and which complex format

FULL HORIZ G-T to split the screen into two screens and which two

SET CLOCK set the date and time and the format it is displayed

“Float” means that the decimal point is permitted to display in any location.
If you select “Set Clock”, you will enter a different menu of options that sets the clock’s time, date,
and appearance.

.
Press to exit the MODE menu when you are done.
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~—~The first time you use your GC to graph, check two more things.

Open the menu of functions to be graphed, press @ . (This button is at the top, in the separate
row of buttons just below the screen.) Here’s what my screen looked like:

Flot2 Flot3
WWiEIKE+2K-1
We=
Wi=
W=
“Ye=
V&=
Vo=

First, clear any functions that may be there by pressing for each existing function.

T

Flatz Fiot:
W=
W=
W=
“Wy=
“VYe=
We=
We=

Second, check that Plot1, Plot2, and Plot3 are NOT selected. Press B (and CZ

ENTER |
If needed) to move your cursor to that plot, and then press C to turn it off. Make sure all
three plots are turned off. When you are done, your screen should look like this:

Floti FPlotZ Flot2
W=
We=
Wi=
Wy=
We=
Ve=
We=

You are now ready to graph.

It's easy to overshoot and turn on a plot accidentally. if you do, you'll see this error screen when
you try to graph:

ERR: IMVALID DIM
IHOuit

I

This error screen means “Turn off Plots in Y=."
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TI-84+ GC 15 Settings and Basic Graph, page 3
— Example 1: Graph y=2x-3 in the GC graphing window.
Y=
Open the Y= page: -

Type the function to be graphed: @ L ]K 3 ] [ENTEE]
Graph in a standard window: L—-—‘ EJ

Flotl FletZz Flot: MEMORY 3
WWi1E2K-3 oX ]

We= s Zoom In

W= 3t Zoom QOut. — ——
“Wy= 4:Z0ecimal

“We= 5: Z25auare s

“We= &6: Z5tandard ,

wWe= 7LZ2Tria

X186, L
1. CAUTION: Always use the graphing variable x when typing functions into the Y= menu.
Some versions of the GC will give a wrong graph (but no error message!) if you use the storage

. EDED,.c. .
location (which is also the letter x) instead of .

.fJ\Z. The GC does not put numbers on the axes. You have to know that each tick mark in the
standard window represents one unit, so the standard window shows the x-axis from -10 to +10 and
shows the y-axis from -10 to +10.

3. The GC will continue to use the same “window” (set of axes) until you change it.

ZOOM o
So you can press instead of L—J [—L when your previous window is acceptable.

4. To exit the graphing window and return to the calculating window,

s EDED
press ,or press QUIT, which is .

5. You can use the editing keys DEL, INS and type-over when putting functions in the Y= menu.

Example 2: Graph y= ——2—x+2 on the GC.

-U-U( 2 (= (@ (+ (2 )=

[
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-~ The GC can plot graphs using the Y= menu or the DRAW menu. The DRAW menu makes pretty
pictures, but we can’t do many of the useful graphing calculations with these pictures, so it's not
very useful.

As you’'ve probably noticed, the Y= menu requires that the equation be solved for y!

Recall: An equation of a line (or linear equation in two variables) can be appear in several forms:

y=mx+b  Slope-intercept form, where m is the slope and (0,5) is the y-intercept.

Ax+ By =C Standard form

y-y,=m(x—x;) Point-slope form, where m is the slope and (x,,y,) is a point on the line.

Example 3: Write the equation 4x +3y =12 in slope-intercept form by solving for y.

Subtract 4x from both sides: 3y=—4x+12
Divide all terms by 3: 3y z4 D2
3 3 3
- L 4
Simplify: Answer: = —S—x +4

| All the operators and expressions can be used in the Y= menu, too.

Example 4: Graph y =x? on the GC.

__XL
COEDEENE () |

Example 5: Graph y=+/x on the GC.

P PR

DD DER=
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" Example 6: Graph y=x> on the GC.

o] Ene s Bl

Absolute value is found under the MATH menu, in the NUM sub-menu:

3 ...
Press - then to see the NUM sub menu

z MUM CP¥ PRB| MATH CPX PRB
Frrac Fabs

s rDec froundc
383 JiiPar
LR K q: fPart(
L 28intg
6ifMing Giming
TdfMax( 7dmax(

L

 Press to select absolute value. Be sure to close the parentheses.

Example 7: Graph y =|x| on the GC.

COEREIO ) GID @I (6 )

Flotli Flotz Flok:
“iBabhs (X
“Yz=

Y=

“Yy=

“Ye=

“We=

“We=

Example 8: Graph y =|x|-2 on the GC.

COEEIO )~ D@ (= (2 )6

5

3

9
e
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Practice:

N

1) Write the equation 3x —2y = 6 in slope-intercept form by solving for (or isolating) y.

Graph each of the following functions on the GC using a standard window.

2) y=-2x-7
2

3 =—x-5

) ¥ .

4) y=-7

5) 3x—2y=6

2 8
6) dx+—y=—
) xr3y=3
7) 4x+3y=12

8) y=2x2

10)  y=x%+1

11) y==(x—-1)2

12)  y=+x-2
13)  y=+vx-2
14)  y=-x
15) y=%ﬁ
16)  y=|x+3
17)  y=[x+3
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TI-84+ GC 16 Linear vs. Nonlinear Graphs, Zoom Qut and Zoom In

Objectives:  Identify linear and nonlinear functions
Recognize basic graph shapes
Learn limitations of relying on GC standard window
Use Zoom Out to enlarge the graphing window
Use Zoom In to shrink the graphing window

Facts about linear equations or linear functions:

1. Expressions are degree 1. (Exponents are 1; no variables are multiplied together and no variables in
denominators; no absolute values, radicals, logarithms or trig functions of variables.)

The shape of the graph will be a line.

Find the slope and y-intercept by writing in slope-intercept (y=mx-+b) form.

Use slope (rise over run) for graphing additional points.

Recognize the equation of a vertical line (x=#) or horizontal line (y=#).

Plot at least two points and connect them using a straight edge.

AR ol

All equations or functions that aren’t linear are called non-linear. There are more types of non-linear functions
and equations than linear ones. You will learn the algebraic expression, shape, characteristics, and method of
graphing for each type of non-linear equation that is taught.

o Example 1: Is 3x -4y =2 linear or non-linear?

The exponents are both (invisible) 1, the variables are in numerators and not multiplied together.
Answer: linear

Example 2: Is %x _4 y= % linear or non-linear?

The exponents are both (invisible) 1, the variables are in numerators and not multiplied together.
Answer: linear

1 . .
Example 3: Is —+ y =7 linear or non-linear?
x
The exponent on X, if written in the numerator, would be -1. Answer: non-linear

Example 4: Is x* — y =8 linear or non-linear?
The exponent on x is 2, giving a degree 2 expression. Answer: non-linear

Example 5: Is xy =3 linear or non-linear?
The variables are multiplied together, giving a degree 2 expression. Answer: non-linear

Example 6: Is y = 2x> —3x+7 linear or non-linear?
The expression is degree 3. Answer: non-linear

~~Example 7: Is y =[3x—7| linear or non-lincar?
The expression contains an absolute value of a variable. Answer: non-linear
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NOTE: If the expressions are different, then the graphs will be different.

CAUTION: If the expression to be graphed is non-linear, then the graph is NOT a line.

It’s best to know the shape of each graph from the expressions. The GC graphs may be deceptive if you don’t
know what to expect. Enlarging or shrinking the graphing window can help.

To Zoom Out (make the graphing window four times larger):

e (]
Step 1: press C] ,
Step 2: move the Zoom cursor to the new center of the graph (if necessary), and

Step 3: press to re-draw the graph with the new window.

NOTE: Zoom Out (and Zoom In) do not change the scales Xscl and Yscl, so the tick marks become close
together (or further apart).

Zoom Out makes the axes look like thick lines from too many tick marks.

After zooming, choose Xscl and Yscl so that the number of ticks is useful. Try numbers that divide evenly
into Xmax and Ymax.

If the origin is the center, the number of ticks resulting from a scale is:
Xmax / Xscl = number of ticks on x-axis from origin to right edge
Ymax / Yscl = number of ticks on y-axis from origin to top edge

2-10 ticks between the center and the edge of the graph usually work well.

Example 8: Graph y =5x—35 in an appropriate window on the GC.

y=5x-15 is a linear expression, so its graph should be a line.

= E (e 6w

The standard window is sufficient.

i

Answer:

-Remember this graph and its equation as you continue to the next examples.
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- Example 9: Graph y = -—%Q 2 %472x - 37975 in an appropriate window on the GC.

This is a degree 2 nonlinear equation, so its graph should be a parabola.

CO@D((3)0 (D7 COER(+ (4)
CBERCIERER - 3 EREI ER D ED

/

e, |

Note: the GC window is showing only part of the graph, since it (again) looks like the line in the previous
example. If we stop here, we have the wrong graph.

(o] (3 (evrer] \

Wi NDDM

___ Zoom out to see more of the graph:

'WINDOW| —
Notice the new window still has 1 for Xscl and Yscl: dres=1

Change the scales so the tick marks will be helpful. For example, scale 5 will make 40/5= 8 ticks (or scale 10
will make 40/10= 4 ticks). Let’s use Xscl=5 and Yscl=5.

WI HDDI:.I

CIIEBEI D ER EDED WRE =

Return to the graph:

Answer: / L \
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I Sometimes it’s helpful to use Zoom Out more than once.

Example 10: Graph y =|5x +50|—55 in an appropriate window on the GC.

This is a non-linear expression with an absolute value, so its graph should be a V-shape.

] -] - [ERCDER] - [EAERED] ) [E

(5)(5 G 6 )

Y
i

Note: the GC window is showing only part of the graph, since it looks like the same line as the previous
example. If we stop now, we have the wrong graph.

Zoom out:

\

D ERICD ™ \ -

— We’re starting to see the V-shape, but we don’t see the point yet.

Zoom out again: ( 3 T (ENTEIQ

Notice the window:

freoon)

\Y

4=0

|

y=0

WINDOW
“min=-168
Amax=168
Rscl=1
Ymin=-168
Ymax=168
VYscl=1
Hres=1

Change the scales. If we use 10, we’ll have 160/ 10=16 ticks. But if we use scale 20, we’ll have only
160/20=8 ticks. Let’s use Xscl =20 and Yscl=2

e (= (D0 (D@D

W INDOW
Xmin=-168
Amax=168
#scl=28
VYmin=-168
Ymax=168
Yscl=201
Ares=1

GRAPH
Return to the graph: C:

_\
\1

Answer:
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Example 11: Graph y = -——-l—x3 + 19 x? + 4469x _ 408
84 154 924 77

in an appropriate window on the GC.

This is a degree 3 nonlinear equation, so its graph should be the shape of a rounded N (or backward N, or
sometimes nearly smoothed out in the middle).

B - )] ~ [N ENESCIEREA]
0 G2 (0 =)
2 (8= (7 ™

s
1
[

= 4

Note: the GC window is showing only part of the graph, since it (again) looks like the same lines in the
previous examples. If we stop here, we have the wrong graph. So zoom out twice:

WA L

Co)( 3 (o], “h, \ Geu) (3 (omm],., vl.

Change Xscl to 20 and Yscl to 20:

R DD OO @OE

b

Answer; 1

TN

| Sometimes the graph doesn’t show in a standard window.

Example 12: y = %x -50

 OEeEE @G EI () )
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Zoom Out. @( 3 )[ENTERJ ¥=0 ¥=0 ,_/‘";# Again: [ 3 )[ENT’ER‘

Change Xscl and Yscl:

E (DD O @DOE=

3
9

"

1

el

Answer:

Sometimes it’s helpful to have a “magnifying glass”, or a smaller window to see closer up. To get a smaller
window (one-fourth the size), use Zoom In:

e (2
Step 1: Press C:

I Step 2: move the Zoom cursor to the new center of the graph (if necessary), and

Step 3: press to re-draw the graph with the new window.

Zoom In does not change Xscl or Yscl, so the tick marks become further apart.

Example 13: Graph y = x in the standard window. Then graph y = x—.2 Are these graphs the same or
different? Zoom In on the graph of y =x—.2 to check.

C‘DLZEEM—J [___/6 “ Answer:

,\[—]( ° J[ 2 ﬁ@j[_é_] Answer:
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WINDOW
Emin=-2.50
Xmax=2.5
Kacl=1
Ymin=-2.5
(ow)((2 (ewrer), |, yeelzt

Answer: The graphs are different because the equations are different. y = x _passes through the origin, but

~— Example 13, continued:

y = x ~.2 passes below the origin.

{ Occasionally, you may need to Zoom Out, then Zoom In on a different part of the graph.

Example 14: Graph y = (x - 25)2 ~.2 in an appropriate window on the GC.

e8] o] (oo | CRENER] ) | - [ ERED

The graph doesn’t show!

\/

Iunué‘ 3 }lnntal _ -
Zoom Out. =0 =0 Now we’ve found the graph.

Zoom In, but move the cursor near the point (25,0) before pressing enter:

E 2 “[ >?x=zs.smus Y=o g:c:zi.:.smus Y=g

[ 2 J [Emk? Answer: |#S25.521818 ¥=¢
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- Practice

Linear or non-linear?

¢
|
U

D

<
i
| — wiro

2)

<
i
N w
N
+
\OLIIIUJ

it

AN =
<
~ N
[ Nfw
=
+
N |

~ N W
S N N
%o e e
un\é
2 e
+ +
oo
KV
|

8) y=+x-3
9) 2y+yzx=7
10) 3+y=3
X
11) y—3=4(x+2)
T12) x=y+3
13) x=3
14) y=7
15) y=0
16) y=3(x-2)>+1 Hint: FOIL first.

Identify the shape of the graph from the expression, then graph in an appropriate window on the GC. Zoom
Out or Zoom In if necessary.

17) y==—-§~x+5

18) y=——§-x+50

19) y=x2-25
20) y=x*+25
21) y=2x+15/-7
22) y=x>-15

23) y=(x-12)*-02
—~24) y=(x+22)-02
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TI-84+ GC 17 Changing the Window

Objectives:  Adjust Xmax, Xmin, Ymax, and/or Ymin in Window menu
Understand and adjust Xscl and/or Yscl in Window menu

The GC’s standard graphing window shows the x-axis from -10 to 10 and the y-axis from -10 to 10.
If the entire graph or an important point on the graph is not visible, we need to change the window.

WINDOW
To do this, use the menu to change the smallest and/or largest x and/or y values on the axes of the
graphing window. Here’s the menu:

F‘Nnuu
“min=-18

Yecl=1
Ares=10

Xmin = smallest x-value on the x-axis (the left side of the graphing screen)

Xmax = largest x-value on the x-axis (the right side of graphing screen)

Ymin = smallest y-value on the y-axis (the bottom of the graphing screen)

Ymax = largest y-value on the y-axis (the top of the graphing screen)

Xscl = scale on the x-axis, the distance between two adjacent tick marks on the x-axis
Yscl = scale on the y-axis, the distance between two adjacent tick marks on the y-axis

- CLEAR
To change any of these, use to move to the desired line, press - to remove the existing value,
and type the new value you want.

Don’t forget to use @ for negative numbers (not @).

When all the changes are done, press to see the new graphing window.

Example 1: Graph y = 6x+18 on your GC using a standard window. Is the x-intercept visible in the
standard window? Is the y-intercept visible in the standard window?

EEO@F (D=6
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Answer; /

The x-intercept (-3,0) is visible. The y-intercept (0,18) is not visible because the y-coordinate of the y-
intercept is larger than +10. The y-intercept is off the top of the graphing window.

Example 2: Change the graphing window so that the y-intercept of y = 6x+18 is visible in the GC window.

There are many acceptable values, but all of them involve increasing the Ymax value so that it is larger than
the y-coordinate of (0,18). For this example, Ymax will be 24.

Em(— D@7 =

W IMDOW
min=018
Amax=18
xscl=1
Ymin=-18
Ymax=24 . ;{- E-

¥scl=1
Answer: Hres=1

Notice that the tick marks on the y-axis are now closer together, so that all the values from -10 to +24 are
shown. The x-axis is unchanged.

1t’s possible for one, two, three, or all four window dimensions to be wrong for your graph.
When an important point is not visible on the graph, ask:

1. Is the x-coordinate of the important point larger than Xmax?
(Or, is the important point off the right side of the screen?) If yes, increase Xmax.

2. Is the x-coordinate of the important point smaller than Xmin?
(Or, is the important point off the left side of the screen?) If yes, increase Xmin.

3. Is the y-coordinate of the important point larger than Ymax?
(Or, is the important point off the top of the screen?) If yes, increase Ymax.

4. Is the y-coordinate of the important point smaller than Ymin?
(Or: is the important point off the bottom of the screen?) If yes, increase Ymin.

When you have the correct dimensions, all the x-coordinates of the desired points should be between Xmin
and Xmax. Similarly, all the y-coordinates of the desired points should be between Ymin and Ymax.
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Example 3: CAUTION: Do not set Xmax (or Ymax) to something less than or equal to Xmin (or Ymin).

WIMDOW
“min=18
“max=1a
#®scl=1

For example: |_Are5=1 gives this error:

.NOTE: You can use DEL, INS, and type-over to edit the window dimensions. If the window comes out
crazy-looking or gives an error, check for missing negatives or digits leftover from the previous entry.

f We can increase the space between tick marks by changing the scales, Xscl and/or Yscl.

Example 4: Change Yscl in the graph of y = 6x+18 so tick marks are every 2 units instead of every 1 unit.

Since the tick marks are so close together in our graph, it would be difficult to look at the graph and count
ticks to find the coordinates of the y-intercept.

‘W; .
, move to Yscl, and change it to 2.

WINDOW
Xmin=-1060

Press

i  ——— Ymax=24 e —
Before: / E ;‘féigs: 1 After: / E

The y-intercept is still (0,18), but it’s 9 tick marks up instead of 18 tick marks.
We could also have used Yscl=3, or even Yscl=6; because these divide evenly into 18.

When choosing a window, we want:
- Use what we know about the function to check the graph
- Make all important values of the function are visible.
- Hide most invalid values of the function.
- Set tick marks to be easy to count and calculate.

Example 5: If Xscl = 0.71, list the values of the first five ticks. Is this a usable choice for Xscl?

Answer: Each tick is a multiple of 0.71, so the first five ticks are 0.71, 1.42, 2.13, 2.84, and 3.55.
These are not easy to see or to calculate, so this is not a good choice for Xscl.

Example 6: If Xscl =5, list the values of the first five ticks. Is this a usable choice for Xscl?

Answer: Each tick is a multiple of 5, so the first five ticks are 5, 10, 15, 20, 25.
These are easy to calculate, and if appropriate for the function, could be a good choice for Xscl.
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Example 7: Graph y = —x + 50|+ 40in the standard window. Use information about absolute value functions
to determine if the important values of the function are visible. Is this a good window choice? If not,
determine useful window values and graph y = —x + 50|+ 40.
u flLA v
+ e

ksw;:m: [mf(»_) ?} { R I {m} nﬂ.a" ..} [u 5 :;} [ungﬁ.u‘ R
7o) () [e

Flokl Flokz Flot:
WiB -1 X+58 1 +48
Y=l :
Y= P T

“Wy= ;
We= :
We= ]
Y= ]

An absolute value of a linear expression should give a V shape, but we are only seeing a line. This is nota
good window choice.

S

Step 1: Notice the 50, 40, and negative. If you know shifts, recognize that x+ 50 has moved the graph lef? 50
units, making the point of the V in QII or QIII. Imagine or sketch this before continuing.

The negative makes every y-coordinate its opposite, turning the V upside down to make a tent A.
Imagine or sketch this before continuing,.

The +40 moves the y-coordinates up 40 units, so the point of the tent is in QII, with coordmates (— +).

Imagine or sketch this before continuing. You may want to check a table of values in your GC.

Step 2: Find Xmin, Xmax, and Xscl. If the point of the tent is (— 50,40), the graph continues /eft, and Xmin
must be smaller than -50. Because the point is moved up 40 units, the x-intercept is even further left, or -90.
We’ll use Xmin =-100. Imagine or sketch this before continuing. We don’t need positive values of x, so use
Xmax = 5, so including the origin as a point of reference.

To determine Xscl, subtract Xmax — Xmin = 5 - (-100) =105, which is divisible by 5. 10% =21

ticks, the same number as in a standard graphing window. Xscl = 5.

Step 3: Find Ymin, Ymax, and Yscl. In QII, we need y-values which are positive, including the value y=40.
Let’s choose Ymax =45 and Ymin =-5 (to include the origin as a point of reference). Subtract Ymax ~ Ymin

= 45— (-5) =50, which is divisible by 5. 5% =10. Yscl = 10, fewer ticks than the standard window.
Step 4: Graph.

0 G O e P P =3 [ |
f YYsowve PA TJ {us U] {owmysowre) (LY ¥ {uuu:c..l

ENTER ENTER | 1 0 | GMWH}

e

WINDOW
Xmin=-18a
KMmax=9

Yscl=16R A
LAres=1 rd ~
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Practice:
1) What is the y-coordinate of any x-intercept on any graph? Answer:
2) What is the x~-coordinate of any y-intercept on any graph? Answer:

The next five questions use 11x— y = 22 and its graph.
3) Use algebra to find the x-intercept of 11x—~ y =22 and the y-intercept of 11x -y =22.

Answer:

4) Use algebra to isolate y so that you can graph 11x ~y =22 in your GC.
Answer:

5) Graph 11x -y =22 using a standard window on your GC. Which intercept is not visible?

Answer:

6) Change the graphing window so that the y-intercept of 11x— y =22 is visible in the GC window. What

Ymin value did you use?
Answer:

7) Choose a new Yscl so that there are fewer tick marks. What Yscl value did you use?

Answer:

The next five questions use x +4y =20 and its graph.
8) Use algebra to find the x-intercept of x + 4y = 20 and the y-intercept of x + 4y =20.

Answer:

9) Use algebra to isolate y so that you can graph x+4y =20 in your GC.
Answer:

10)  Graph x +4y = 20 using a standard window on your GC. Which intercept is not visible?

Answer:

11)  Adjust the window so that both the x-intercept and y-intercept of x +4y = 20 are visible in your GC

window. Which dimension(s) must be changed?
Answer:

12)  Adjust Xscl and/or Yscl so that fewer tick marks are used. What values did you use?

Answer:
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The next five questions use 2x — 5y = —30 and its graph.

13)  Use algebra to find the x-intercept of 2x — 5y = -30 and the y-intercept of 2x ~5y =-30.

Answer:

14)  Use algebra to isolate y so that you can graph 2x -5y = -30 in your GC.

Answer:

15)  Graph 2x -5y =-30 using a standard window on your GC. Which intercept is not visible?

Answer:

16)  Adjust the window so that both the x-intercept and y-intercept are visible in your GC window. Which
dimensions must be changed?

Answer:

17)  Adjust Xscl and/or Yscl so that fewer tick marks are used. What values did you use?

Answer:

The next five questions use 3x + 4y = ~48 and its graph.
18)  Use algebra to find the x-intercept of 3x + 4y = —48 and the y-intercept of 3x + 4y = —48.

Answer:

19)  Use algebra to isolate y so that you can graph 3x +4y = ~48 in your GC.

Answer:

20)  Graph 3x + 4y = —48 using a standard window on your GC. Which intercept(s) is(are) not visible?

Answer:

21)  Adjust your GC window so that both intercepts are visible. Which dimension(s) must be changed?

Answer:

22)  Adjust Xscl and Yscl so that there are fewer tick marks. What values did you choose?

Answer:
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For the next problems, use the graph to decide how to adjust the window dimensions and scale so that all
intercepts are visible. For your answers, write the values you chose for the window.

23)  4x-3y=48

Xmin = Xmax = Xsel = Ymin = Ymax = Ysel =

24) x+y=15

Xmin = Xmax = Xscl = Ymin = Ymax = Ysel =

25) x~-2y=-30

Xmin = Xmax = Xscl = Ymin = Ymax = Ysel =

26) y=x>-15

Xmin = Xmax = Xsel = Ymin = Ymax = Ysel =

27 y=x-11

Xmin = Xmax = Xscl = Ymin = Ymax = Ysel =

28) y =lx~—l4|

Xmin = Xmax = Xsel = Ymin = Ymax = Yscl =
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