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Chapter 1

EXP(

Functions, In this chapter, you will use the TI-89 to create graphs and
tables of values for functions. You then can use this
Graphs_, a!‘d graphical and numerical information to explore limits. You
Limits  aiso will see how to evaluate limits directly.

Checking the mode settings

You will need certain mode settings to do the examples in this chapter. To check your settings:

1. Press to see Page 1 of the settings. The settings IE HIODE o)
you need are shown. it e i 2
... m
T
. K
™ Fritky Prink.. EN->
i,  EEC=CANEEL =

USE + AMD 3+ TO OFEN CHOICES

To change a setting, first press @ or & to highlight [E HIODE 3|

. FRNERANE
that setting. Pade afpade zihm 3

nale ...
Exponential Format MORMAL #
Carnplex Format.....
Feckor Format.....o.

Fretty Frink..

'I Enter=AVE EZC=CAMCEL 2
USE + AMD 3+ TO OFEN CHOICES

Then press () to see the valid settings. Press the il HOGE 3|

. [ Fi Fz Fz
number of your choice. Fade 1Jpade zirus-z 3

i0IFF ERUATIONS

MAIN KAD ALTO =0 [T
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2 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

2.  When the Page 1 settings are complete, press to []
check Page 2. Following the directions in step 1, _
make changes as needed. Note that certain items are 3
dimmed. This simply indicates that they are not
needed at this time. If you changed to a split screen,

for example, more choices would appear. i -
UZE £ AMD * TO OFEW CHOICE=

Use to check Page 3 in the same way.

[f HODE "]

Fi T Fz T F=
Fadg 1|Fadg &|Fads 3
u
it HEN ]

- -
PR RADAUTD  FUNC
3. Press [ENTER] to save the new settings and exit from T aTe|niebr a|dare|Dhtear|Fr min]i 1ean U
the MODE dialog box. If you did not return to the
Home screen, press [HOME]. Press Tools and select
8:Clear Home to clear the Home screen. If necessary,
press [CLEAR] to clear the entry line.
MAIN EAD AUTO FUHC /20

4. Press [F6] Clean Up and select 2:NewProb to clear
variables and other settings.

l
MAIN KAD AUTO FUNHC [FET]

Fir| Fer [Fir| Fur | FE | FBr
5. Press [ENTER]. e Ts|A1ackr altate|other [PrIriDlc1can e

1 HewProb Dahe
HewPrab
MAIN RAD AUTO FUNC 1750

Example 1. Graphing arational function

In this example, you will plot a rational function and explore function values on the graph screen
and by table. The function is
227 +2x-12
x*—4 ’
What is y when x=~1? What is the x-intercept? What is X when y=1? Create a table of values for
x €{-4,-3,-2,-1,0,1,2,3}.
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CHAPTER 1: FUNCTIONS, GRAPHS, AND LIMITS 3

Solution

To find the answers, first enter the function in the Y= Editor. Use trace, zero, and intersection to
compute function values. Then use the Table screen to enter the values for x.

Enter the function

1. To enter this function, press [¢] [Y=] to display the
Y= Editor.

HMAIN FRD AUTO FUNC

2. Define y1(x). Be sure to use parentheses for the
numerator and denominator. Use [~] to designate frile
exponents. The function appears in the entry line. i

O2xF2E2xE2D0EOXA2E 40 92z

HMAIN ERD ALTO FUMC

3. Press[ENTER].

glima=
MAIN FAD AUTO FUNC

Define the viewing window

To define a viewing window, press [¢] [WINDOW] to | |
display the Window Editor. Use ® or [ENTER] to move xmin="d,
through the choices and alter as needed to set the xesel=l,

Window variable values as shown. 32@?:?-

wres=1.

HMAlN ERD AUTO FUMC

Graph
To plot the graph, press [¢] [GRAPH].

HMAlN KAD ALTO FUHC
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4

ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Compute function values

1.

To trace the graph, press (F3] Trace. Use @ or (p) to
move the cursor along the graph. To move directly to
a point, type the x-coordinate. For example, press

1[ENTER].

To compute an x-intercept, press Math and select
2:Zero.

You have to set bounds for the TI-89 to compute the
zero. At the lower bound prompt, press @ or ® to
move to the left of the x-intercept and press [ENTER].
Or type a value known to be less than the x-intercept

and press [ENTER].

Similarly, enter an upper bound and press ([ENTER]. The
x-intercept of the graph zero of the function will be
estimated.

Often, you wish to compute an x-coordinate for a
given value of y. One easy way to do this is to plot a
horizontal line and compute the intersection point(s)
of the original function and the horizontal line.

To compute x when y=1, press [¢] [Y=] and enter a
second function y2=1, the horizontal line. Press
ENTER/.

Press [¢] [GRAPH] to graph the functions.
Press Math and select 5:Intersection.

——
wiot -1, ygoid.
AIN EAD AUTO FUNC

aximum
ntersection

LTS T
i TFlectinn

4ii

Si1 -
&ilerivativese
7

21

FAlN EAD AUTO FLUHC

Upper Bound?
Ho i g | goil.
TYFE OF USE 314 + [EMTERI OF [E5C]

g il

FAlN EAD AUTO FLUHC

2x2 42— 12
xZ - 4

Hald KAD AUTO FUHC

Far [FP+i

Fir| Fer| FZ %]
Tools|2eem|Tracs|ReGErarh DFaw|Finf:s

1:Ualues
2ifero
SJtMinimum
2 1331 mum

ilerivativese

R
2.1

f
TFlectinh

FAIN RAD AUTO FUHC
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CHAPTER 1: FUNCTIONS, GRAPHS, AND LIMITS

5

8. Press to select y1 as the first and curve. Press
again to use 2 as the second curve. Press (O
or (), or type values, to set the bounds. This works
just like the zero math tool described previously.

The coordinates of the intersection point are
displayed.

Create a table of values

You will often wish to examine the behavior of a
function at more than just a single point. The
behavior can be examined both graphically and
numerically. The numerical information is often best
examined by a table of values.

1. To create a table of values, first press [¢] [TbiSet]. Enter a
starting value ( Atbl start =-4), and an increment (Atbl=1).
Be sure to press to save the new values.

2. Your TI-89 will plot a graph and display values in the
table for any selected function. Selected functions
can be identified by the check mark at the left of the
name in the Y= Editor. In this particular example, the
values for y2 aren’t of interest since they are all 1.
You can deselect y2 so that the values do not appear
in the table. To deselect the function 2, press [¢] [Y=]
to return to the Y= Editor, place the cursor on y2 and
press v'. The check mark is removed, indicating a
deselected function. It will not be graphed or display
values in the table.

3. To see the table, press [¢] [TABLE].

Lower Bound?
®od -1, | goid.

TYPE OF USE £%t4 + [EMTER] OF [EXC]

-\-‘_‘—‘—~—\_
Upper Bound?
HoE ~3. cil.
MAIN RAD ALTO FUNC

Fix] Fer| F3 FY4 FSr] Far [FreFi:
Too 5| 2oera|TE Ak FeGrarh{Fakh|0raw|Fen):2

-\-‘_‘—‘—~—\_
Intersection
Hoh ~d. | gcil.
MAIN RAD ALTO FUNC

|; TRELE SETUF E

thigkart: T
akbl: [EY I
1 Graeh <=3 Table: OFF 3 [
" Inderendent: AUTO

Entir=5AVE EZC=CHMCEL

MAIN KAD AUTO FUNC

w4 2ow-12
x2—4

g2ima=1

MAIN KAD ALTO FUNC

MAIN KAD AUTO FUNC
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6 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Example 2: Investigating limits

In this example, you will continue to investigate this function, particularly continuity, asymptotic

behavior, and limits.

2 _
Given f(x)= 27 +2w-12 ;29& 12
x~ -4
lim f(x)
x—2
lim f(x)
xr— -2+
lim f(x)
xr——2-
lim f(x)
X —> o0
Iim f(x)
X —> —oo
Solution

(the same function as in Example 1) investigate the following limits:

Investigate each limit graphically, numerically by a table of values, and with the limit( function.

Investigating graphically

1. Press [¢] [WINDOW] and set the same Window variable
values as in Example 1 (at the right).

2. Press [¢] [GRAPH] to graph the function. You see
evidence of a discontinuity at x=2. This is due to the
“decimal” window where each pixel is .1 unit and
xres=1 so that there is a pixel corresponding to x=2.

3. Return to the Window Editor, change xmax to 7, and
graph the function.

Fir| F2r
Toals|2eerm

®=Mmin=-9.
®Mmax=6.H
wscl=1,

RAD AUTO

FUHC

FAIN

RAD AUTO

FUHC

Fir| F2r
Toals|2eerm

®=Mmin=-9.
HMAE=T
wscl=1,
ymin=-d.
umax=6.
yscl=1.
wres=1.

FAIN

RAD AUTO

FUHC
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CHAPTER 1: FUNCTIONS, GRAPHS, AND LIMITS

7

Notice that this minor change in the window settings
affects the display. In this new window, there is no
evidence of the discontinuity. It also makes a “false
connection,” resembling a vertical asymptote.

To investigate the limit as x — 2, change xmax back
to 6.8 and graph. Press [F3] Trace and trace near x=2.

At x=2, no y-coordinate is displayed. Notice also that
the display suggests a vertical asymptote near x= "2
and a horizontal asymptote near y=2.

Investigating numerically

To investigate a limit numerically, press [¢] [ThiSet].
a. Use @ to move the cursor to Independent.
b. Press (.

c. Select 2:Ask to change the selection.

Be sure to press [ENTER] to save the change.

Now press [#] [TABLE]. If necessary, press [F1] Tools and
select 8:Clear Table.

MAIN KAD ALTO FUNC

Fi~] Fer| FZ FY4 FE~1 FE~ [Fr-7i
TooTs|2eora|Track|ReGrarh{rath|Draw|Fen):c

\\ 1

'\-\_\_¢_\_\_

#cil. 9 \ gci 2. 51282
RN RAD AUTD FURL

HE i 2. gt
TIRIN FAD AUTO FUNC

|; TRELE SETUF :-

tb1Etark: 4.
&kbT: 1.

Grarh <=> Table: OFF *

Independent:

Enter=SAVE

TIRIA FRE AT FUAC

ERICEY |

B ]

bragtoe 0 TaRh ET - I
Inderendent:  RSH3

Enter=SAVE EZCSCHMCEL
UZE £ AMD  TO OFEM CHOICES

F& [F3 FYy FE Fa
SRUR|Ce11|Header|De] Row]ins Rat)

1:0pehi...
2i5ave Copd As...

HMAlN EAD AUTO FUMC
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8 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Press [ENTER] at the prompt to clear the table. S RET N WUCTN LT L
L4 I I
Clar Editor ]

Clear the conkenks of Ehe
wditors are wou sure?

e Enter=YE: 3 e ESCECAMCEL 2

HMAIN KAD AUTO FLUNC

3.  You can now enter values near 2 to investigate the
limit. Press @ to move to the next cell if you want
the previous results to remain.

[ [
Q10 =2, 30001 25005125
HAIN AN AUTO FONC

4. Try values larger than 2 to investigate the right-hand
limit.

5. 000 L[N

[ [
dlixa=2, 4999875005125
HAIN EAD AUTO FONC

Using the limit command

The limit is the fundamental idea in a calculus course. With the TI-89, you can compute a limit as x
approaches a particular value by entering the function, variable, and value.

1. Press[HOME] to return to the Home screen. Press Calc
for the calculus menu.

Fé~
]|
difterentiate
. Integrate
imitC
[ product
Min

|
HMAlN KAD AUTO FUNC [T

2. Select 3:limit( for the limit command. It will be pasted to Toats|ihehe ataie Diber|Fr Sin|1eap e |
the entry line on the Home screen.

Timito]
MAIN RAD AUTO FUNC 0
You want the function y1(x) as the first argument of Toats|ihehe ataie Diber|Fr Sin|1eap e |
this command. You can type the function again.
. g . i RECALL YARIAELE ™y
However, since you have already entered this function

Recall: oL ]
as 1, it is much easier to press [RCL], type y1in the
dialog box, and press [ENTER] twice.

limito]
RN EAD AUTD FUNC [TET]
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CHAPTER 1: FUNCTIONS, GRAPHS, AND LIMITS 9

Then type the rest of the command. rhore|atieoea crﬁ'clufﬁ';rlpéfmu 14ah U
LIXE]2

N 0t vl VA LA A e ST AW,
TMAIN FAD AITO FONC [T

3. To compute the result, press [ENTER]. S crﬁ'clufﬁ';rlpéfmu 1 U

mlim

[2-><2+2-x—12
W2

52
xz— 4 ]

12 —4 ] )
RAD AT FLNC 1750

Alternately, you can use the function name, such as y1, E LA LS S A A
in the limit( command.

. 1im[2-><2+2-><— 12] e
K2 —
= lim gl =Ry
HH2
limit gl Cod,m, 20
HAIN FAD AUTO FLUHNC Rl
4. You also can find the limit( command in the CATALOG. ThaTs CATALOG -
Press [CATALOG). The calculator assumes alpha mode, so TEa
just press L. Use @ to point to the limit( command. YR LAY, o
Notice the help on the bottom line of the screen. It we| bine
describes the parameters for the command. Press " xl '} binelan, e
ENTER] and proceed as described above. Tinitossiied

ERFRAYARFOINTLDIKRECTION]T
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10 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Investigating other table values

1. To check that the table is still in the ASK setting, press
(] [TbiSet].

2. Press [¢] [TABLE] to return to the table .

3. To clear the table, press Tools and select 8:Clear
Table. Then press [ENTER].

4. To change the format, press [¢] [1]. (You can also get to
this screen by pressing 9:Format.)

5. Change the cell width by using (), then ® to highlight

10, and press [ENTER]. Press [ENTER] again to save the
change.

The columns should now be wider so that more digits
can be displayed.

.: TRELE SETUF : |

hradghoe D YR GF -

Inderendent: REE ¥
Enter=SAVE ESC=CAMCEL

UZE + AMD + TO OFEM CHOICES

Fi-| Fz |Fz F4 FE F&
Tools|Zekur [Ce1lHeader D1 Bowfing Row |
AE87E

e
2,01 [2,4928
2.001 [2,4999
2.0001[2.5

w=2.1

HMAlN KAD AUTO FUNC

Fi-| Fz |Fz F4 FE F&
Tools|Zekur [Ce1lHeader D1 Bowfing Row |
| I | 1

Clear Edikor "

C1gar the contenks of bhe
editors arg vou suFeT

c Enter=¥ES 3 C_ EZCSCAMCEL 2

HMAlN KAD AUTO FUNC

Fi-| Fz |Fz F4 FE F&
Tools|Zekur [Ce1lHeader D1 Bowfing Row |
L,y | 1

FORMATS "

Ce11 KWidth: 3%

c Enter=fAVE 3 C_ EZCSCAMCEL 2

I I I
=

UZE + AMD + TO OFEM CHOICES

Fi-| Fz |Fz F4 FE F&
Tools|Zekur [Ce1lHeader D1 Bowfing Row |

T3 T T
FORMATS "

Ce11 Width: 103

c Enter=fAVE 3 C_ EZCSCAMCEL 2

w=

HMAlN KAD AUTO FUNC

Fi-| Fz |Fz F4 FE F&
Tools|Zekur [Ce1lHeader D1 Bowfing Row |

i 1

W=

[RLIL] EAD AUTO FUHC
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6. Type values near -2 to explore the limit. Press [ENTER] to
see the result, but remember to press @ if you want to
move to a new cell.

7. Also check values on the other side of ~2.

8. Next, check values as & — oo.

©

Finally, investigate as & — —oo.

Entering more limit commands

Fi-1 F2 [Fz | F4 FE Fi
Too1s|Zekur|CeTlHeader |0k Rowfing R

*® ul
-i.9 22,
-1.99 202,
-1.999 2EE2,
-1,9999 20082,

ZEGHAZ,

w=-1, 99059

AN KAl AUTO FUHWE
Fi-| Fe [Fz F4 F& Fa
Tools|Zebur|CeTl|Header |DeT Row|Ins R
e

7.1 -1g,

=7 01 -19a,

=2, [ LD

-2, 0DEL | -19998,

BEECEEN

==-2, D0ED1
AN KAl AUTO FUHWE

Fi-| F2 |FZ* Fu
Tools|=¢bur |Ce T Hiadsr |DeT Row|ing Rows

® gl
G, 2. 16667
ool 2.01961
CICIE . 2. 082
CICICIE 2. 000z
2. aaaaz
#=10200a,
MAIN FAD ALTO FUNC
7?q7?7??r??‘r??‘r??‘r‘j
Tools|Zebur|CeTl|Header |DeT Row|Ins R
® 1
-10., =
-16E. - IFIST
-1 CICIE . . 993
-1 GG, EEFE]
. 99932
#=-1 0000,
MAIN FAD ALTO FUNC

It is also important to investigate limits when the results are infinite, or as X approaches positive or

negative infinity.

1. To return to the Home screen, press [HOME]. Use ® to
highlight the previous limit( command. (If this command
is not on your Home screen, just type the entire
command as shown at the right.)

2. Press [ENTER] to copy the command to the entry line.

52

® lim glc= 52
®3Z

TAIN FAD ALTO FUNC E T

Fir Fe~ |[FE=] Fu- FE FB~
Tools|A13ckra Cu1c|ﬂther|Pr’Smlﬂ Clean Ur

T S
_lim[zx +2x 12] o

%32 wE -4
® lim glc= 52
®3Z
L2 k=1 20 e =g 0w, 2]
MAIN FAD ALTO FUNC D
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12 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

3. Aninsert cursor (vertical bar) will appear at the end of
the line. Press © twice to place the cursor in front of
the 2.

4. Press[0)] to change the value to 2.

5. Press [ENTER] to evaluate.

6. To investigate a one-sided limit, press (¢) to move to the
end of the entry line. Then press @ to move the cursor
between the 2 and the ).

7. To evaluate a one-sided limit, use a fourth argument in
the command. Type [1]1. (The 1 indicates a right-hand
limit; any positive number will do.) Press [ENTER].

You can see that the result of infinity agrees with the
asymptote you saw in the graph and in the numerical
behavior of the table.

Fir] Fer |Fa-[ F4=] FE [
Tools|A13ckralCalc|Other|Franl0jCTean Ur

2 e —
. lim[2 x2e2x 12] e
waZ wE—d
B lim glc=) D2
w2
w1 20O B, D
MAIN FAD ALTO FUNC FED

Fir] Fer |Fa-[ F4=] FE [
Tools|A13ckralCalc|Other|Franl0jCTean Ur

2 e —
" lim 2= -32 ®* - 12 S
Wz W —d
B lim glc=) D2
w2
e AL VD R o SRt
MAIN FAD ALTO FUNC D
Fix| Fer |Fa=| Fi= | FE Fé-
Touls[n13<bralCatc|other|Pr arin|cican ur
B lim gl S52
wEZ
el e —
" lim 2w -22 ®* - 12
e W —d

uridet

-123-¢
EAD AUTD

Fi- Fer |[Fi=] Fir | FE Fa-
Tools|A1dckralCalcOther|Frami0jClean Ue

B lim gl S52

w2
2T 42w 12
%€ -4

FIJN 3#

B lim
w2
urdet

wt = 12370240, x,

HMAIN KAD AUTO FUNC AT

Fi- Fer |[Fi=] Fir | FE Fa-
Tools|A1dckralCalcOther|Frami0jClean Ue

B lim gl S52

W2
[2-><2+2-><— 12]

B lim
e w2 4

urdet

wt 2H—1 20 SO 2-4 0, x, ~2, 1P
MATH EAD AUTD FUNC A0

Fi- Fer |[Fi=] Fir | FE Fa-
Tools|A1dckralCalcOther|Frami0jClean Ue

R RN Y
m lim —
x+-2l wE—d J

urdet

2 Che—
. lin [Zx r2x 12] W
xS -4
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10.

Investigate the left-hand limit in a similar manner. Note
that entering -1 created a left-hand limit, even though it
is to the right of -2. If the fourth argument is positive,
the calculator computes a right-hand limit. If the fourth
argument is negative, the calculator computes a left-
hand limit, regardless of the value X approaches. The
result of negative infinity again agrees with the graph,
vertical asymptote, and the table.

Press () to move the edit cursor to the end of the entry
line. Press [«<] to remove the -1 and the -2 and press [¢]
[e<] D] to insert infinity. Press to see result. This
result of 2 reinforces the horizontal asymptote and the
numerical values in the table.

Finally, investigate the limit as x — —co .

Fi-] Fex [F=| Fi~| FE Far
Too1s|AT13cbralCalc]|Other |Frarl0jCTean Ur

" lim [E'K“+2£'}<—1£J w
W -2 wE—d
el e —
" lim 2-x +22>< 12
w3 -2 wE—4

Lo
w2 =1 202w, —E, ~1 Y]

MAIN FARD AUTO FUMWC S50

Fi-] Fex [F=| Fi~| FE Far
Too1s|AT13cbralCalc]|Other |Frarl0jCTean Ur

. L wT ¥ H =T
m lim —
W -2'[ wE—d J
=
2 e —
= lim 2-H +22 =12 o
o -4
. 1 o
HAIN KAl AUTD FUHL [T

Fi- Fer [F=| Fhi= FE FE~
Tools|Al13cbrafCalcjOther [Framl0jClzan Ue

- N
_lim[zx +2x 12]
o wE—d

¥ W

R S
. lim[zx +2ox 12] .

FFET]
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14 ADVANCED PLACEMENT CALCULUS WITH THE TI-89

Exercises

Given g(x) = 24-020—_902
x” -1

Graph g(x).

What is g(3)?

What is the y-intercept?

What is the x-intercept?

What is x if g(x)=3 ?

Create a table of values for x €{-3,-2,—1,0,1,2,3}.

What is }1_r)r_11 9(x)?

What is lim g(x)? lim g(x)? lim g(x)?
xr—1 x—1+ xr—1-

© P N g W

What is lim g(x)? lim g(x)?
X—>o0 Xr—>—oo
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