Math 163
Lab 2 LIMITS

In Calculus we are frequently interested in questions like:

“ As x gets closer and closer to 5, but not necessarily equal to 5, what
(if anything) does the value of the function f (x) = 2x — 3 get closer and closer to?”

We may investigate this by examining the graph of y1 = 2x — 3.

1. Press [¢]-[F1] to get to the [Y=] screen
2. For y1 =, enter 2x — 3. Things should now look like:

FAIN EAD AUTO FUHC

3. Press [F2] (Zoom) - choice 6 to draw the graph in the standard viewing rectangle.
4. Press [F3] (Trace). The screen should now look like:

Mol 12658/;-:: -2, P4E8d
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Use the cursor keys to move along the graph, getting “closer and closer” to where x = 5, you should see that
the y-value gets “closer and closer” to 7. While in Trace mode, you may enter a value for x at the keyboard,

and press [ENTER] to see what happens to y for that exact x-value.
Result of entering 5 in Trace mode :

xc=4.936?/ yo i 6. S7342 x-::S.iElE'El/ goi7.. I79FS #oi 5. goi ¥,
FAIN FAD ALT) FUNC FAIN FAD ALT) FUNC FAIN FAD ALT) FINC

You can also see this in table form by:

1. Press [TblISet] ([¢]-[F4]) '1'Do NOT press [ENTER] to move from choice to choice!!! Use the
cursor keys instead.
Set table start = 4, and Atable=.1. Leave Graph>>tbl off and
Independent set to AUTO.
Only press [ENTER] twice after all changes have been registered.

Fi- | Few| F¥ F4__| FEx | FB= [Fro{*5 Fi- | Few| F¥ F4__| FEx | FB= [Fro{*5
I THELE SETUF I THELE SETUF
(LT J— . I (LT J— b 1]
T DO /1 T DO 1
Graph €= Table OFF + Graph €= Table OFF +
Inderendent....... AUTO * Inderendent....... AUTO *
1 .
Entar=sAVE : ESC=CAMCEL Entar=sAVE : ESC=CAMCEL
TYFE + [EMTERI=0K AMD [EZCI=CAMCEL TYFE + [EMTERI=0K AMD [EZCI=CAMCEL
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2. Goto [TABLE] ([#]-[F5]) and move the cursor down the table. You will see that as you let x “get
closer” to 5, the value of y1 “gets closer” to 7. Of course, when x = 5, y1 is exactly 7.

Ta
.
T
Sa

= =
HMAl

=5, ®
RAD AUTO FUNL FAIN FAD ALTO FUNC TRl

1 1
z z
z ]
4 4
4. =1
H [a]

ERD AUTO FUMC

3. Return to the TbIlSet screen and change Atbl to .01. Then return to the TABLE screen and move
up/down in the table to see what f'(x) approaches as x approaches 5, this time by hundredths.
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TS DO o1 ] 4.98 |6.96
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In the function f'(x) = 2x — 3, you can see that as x approaches 5 (gets closer and closer to 5), the value of the
function f'(x) gets approaches 7 (gets closer and closer to 7).

In symbols, we write: lirrg(Zx -3)=7

More formally, the limit of a function as x gets close to (but not necessarily equal to) , or approaches
some value g, is the value (if any) that the function “gets closer and closer to” as x gets “closer and closer
(but not necessarily equal) to a. If the value the function gets “closer and closer to” is L, we write

\ function we are investigating
lim f(xjﬂ\
xX—a
“as x approaches a” / the value the function approaches

To find a limit of a function with the TI-89, we use the limit command. From the [HOME] screen, it is in
the calc menu ([F3]), choice 3.

Short for limit

Syntax: limit(function, variable, value variable approaches, [direction])

[Direction] is optional. There are only 2 acceptable values for direction:
1: let x approach the value from the right (from the positive direction on the number line,
-1: let x approach the value from the left (from the negative direction on the number line).
No direction number: find the overall limit.

EXAMPLES: Find the limit of f(x)=2x—3 as x approaches 5, which is symbolically written as
lin}(2x -3)

Fi-] F2r TF3=] Fi= | FE Fir
Tools|AT3ebraCalc|0ther|FE3mi0|Clean Ur|

" lim(2-x-3) 7
w+3
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Find the left-hand limit as x approaches 6
(from the left): (5.5, 5.6,5.7, 5.8, 5.9, etc.)

of f(x)z%

Fi=] Fer JF3~] Fi~ | FE Fa&~
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Find the limit as x approaches © of f(x)=

=

Ha=
I i L T B L e s 1)
MAalW FAD AUTO FUHC

2

Now calculate lim
o Qx4+

Next, we investigate the function f(x)=

is undefined. (Actually, mathematicians call the % form “INDETERMINANT.”)

2
But calculating lim x 1

ol x? +3x -4

of f(x)z%
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Graph: [0,100]x[-5,5], xscl=0
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Find the right-hand limit as x approaches 6
(from the right): (6.5, 6.3, 6.1, 6.01, 6.001, etc.)

N

3 0

2-=+3

x> +3x—4

Fir F&r |F2=] Fl- FE Fa+
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Vx©—3x )

—50n the [HOME] screen: To obtain “«~”,use [¢]- [CATALOG]
Fir Fer |F3=| Fur FE Far

|T¢¢'I: ﬁ'|3l2|:-r'd||:d'|c Other|FrAral0|Clean U

0,

. If we attempt to calculate /' (1), we obtain "6 ,s0f(1)

This result may seem somewhat unusual, in light of what we found when we calculated f(1). From that
result we might expect that the limit of the function would be undefined, at least.
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However, look at the table and the graph: This time, in the [TblSet] screen, set Independent to ASK. This
allows you to type in any x values you should choose, instead of having the calculator generate a table with a
constant Atbl. In this way, you can investigate the function as x (the independent variable) gets as close as
you want to 1.

Fi- | Few| F¥ Fi__| FEx | FB= [Foe{5 [rivIrz ]'F3]' & I TE ] F& I ]
a THELE SETUF Tonls[Fetur|Ce11{Head ek |De] Fow|ing Fow
i ul
E T
REE SERFE!
.98 39759
999 [.39985
1. unidef
#=.9

(R EAD AUTO FUHC (R EAD AUTO FUHC r“‘lﬁl;l EAD AUTO FUHC
These x-values were entered by hand. Use [«]
to delete already completed entries.

Zoom-Decimal Window, Zoom-Decimal Window,
Tracetox=.9 Tracetox=1

®Ei.9 yci . 3GF7YSS wcil. Sl=4]
FAIN FAD ALT) FUNC FAIN FAD ALT) FUNC

You will notice that the trace cursor disappears and that there is a tiny gap in the graph at x = 1 (see the
second graph). Your screen is not malfunctioning. Atx = 1, the function is undefined, since /(1) = 0/0.
Therefore there is no point to plot. Consequently the graph does not exist at x = 1, and the cursor has no
point to show.

From an algebraic standpoint, we can see what is going on.
PR (x+D (=T x+1
X 43x-4  (x<T)(x+3) x+4’

since then reducing the fraction would be dividing the numerator and denominator by (1 — 1) = 0, which is

provided x # 1,

not allowed. Consequently, as long as x =1, f(x) reduces to , and we can use that reduced fraction

to calculate /' (x). However, when x reaches exactly 1, the original fraction becomes undefined.

If x is merely “close to 1,” but not actually 1, the fraction may be reduced because the factor of
(x — 1) that is being “cancelled out” is not zero (although it will be close to zero). Thus, the function will get

X+l when x = 1, which is 2/5, or .4 . The value of X+l
x+4 x+4

exactly equal to this value.

close to the value of

will, however, never be

This being merely “close to 17 is acceptable, because saying that
lim f(x)=L
means that L is the value the function gets close to as x gets closer and closer to a , but not necessarily
equal to a .
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Lab 2
Homework

1. Given the function f(x)=

a. Find the limit as x approaches 5 from the right:

b. Find the limit as x approaches 5 from the left:

c. Find the limit as x approaches infinity.

NAME(PRINT Clearly!) LAB TIME

x? =25

X ..
Use the limit command to:

COMMAND LINE RESULT

(use [¢]-[CATALOG] to obtain [~])

2. a. Find lim

b. Edit the command line to find lim

x—>5*

x> +x-30

x—5

limit((xA2+x-30)/(x-5),x,5,1)

x> +x-30

x—5" x—=5

3. Numeric (TABLE) investigation of the limit as x approaches 5:
o Go to the [Y=] screen (¢-[F1])

o Enter yl=

x> +x-30
x-5
Go to the [TbISet] ([¢]-[F4]) screen and set table start = 4.8 and Atable=.01 .

Then go to the Table ([#]-[F5]) screen and use the cursor keys to move around in the table and see what
happens around and precisely at x = 5. The y column is purposely left blank.

You complete the second column of

the table:

Describe in words what happens to the value of f(x) as x
approaches 5.

Fi~| FE |{° i
T-:--:-1:IS¢tur- OORF oF

L
weadfing E.v--a'I ] What happens to y when x is exactly equal to 57 Why?

kA
4.92

4,99

2
. x"+x=-30 .
Does lim————— exist?
oL 11 5 x—5
o 2
—— How can this be so, in light of what happens to /' (x) when x =
HAIN RAD ALTO FONL 5, exactly?
Math 163 ©2004 — 2007, Robert Koehler page 2.5

lab 02 - limits.doc

7 pages




2
4. Use the tablefeature to find the limit of the above function yl = LSO as x approaches positive
x f—
infinity:
Set table start to 50, and Atable to 10. Move down through the table (or try using the limit
command) to see what happens to y1 as X gets larger and larger, to find:

x4+ x=30
lim— a.
X—>0 x _5
2
lim M b.

X—>—00 X — 5

®

o

. press [¢]-[F2] to get to the [WINDOW] screen and change the window coordinates to:
Xmin=-7.9,
xmax=7.9, Then press [GRAPH] ([¢]-[F3]).
xscl=1, Draw the graph here:
ymin=3,
ymax=15,
yscl=1,
xres=1.

o

d. Press [F3] (Trace). Use the right and left cursor keys to move the “bull’s eye” along the graph,
and look carefully around where x =5. What does Y1 get close to when x gets close to 5?
d.
e. What happens to the y-value shown when x = 5? e.
2
f. Based on the graph, what is lim LS:SO ? f.
x—5" X —
2
o Whatis lim *—*=3%, g
x5 x—=5
2 —
h. Find lim**=30 h.
x5 xX—

In 5-6 below, investigate each function using the table feature: Enter the function into Y1. Then press
[¢]-[F4] ( [TbISet] ) and set Independent to ASK. Press [ENTER] twice. Then press [¢]-[F5] ([TABLE])
and enter several values of x getting closer and closer to and on either side of 1 (In #6a closer to and less
than 1, then for 6b, closer to and greater than 1) in order to see what the respective limits are.

5. lim >3 6a. lim <> 6b. lim> >

e | -1 x—1 =l x—

In 7 and 8 , investigate each graphically. Enter the function into Y1. Check each in the Zoom-Decimal
window ([¢]-[F2], choice 6) After the graph is drawn, go to [WINDOW] ([#]-[F2]), and set xres =1
Then re-graph and use trace ( [F3] ) to investigate. Use the limit command ONLY TO CHECK YOUR

. X+3 . x+3
7. lim 8. lim
ol x —1 - xoe x —1
(change xmin to =100 and xmax to 100
or even larger values for xmin and xmax!)
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9 — 15 : Find each limit using the limit command and give the result.
(Show the command line as it appears in the command line on the screen after you have typed it.)
Command line result

9. lim(3x" —4)

10. lim int(x)
x—>2*

11. lim int(x)

x—27

12. limint(x)

x—2

3. lim2X*!
X—>00 X — 5
14. lim v5—x
2 2
15 lim A =37
h—0 h
16 — 17: Find graphical, numeric, and calculator command evidence of the limit, or non-existence of the
limit:
_ 2 g2
16 lim¥Xt4-2 17. lim&FX0 —4
x—0 X x—0 X
GRAPHIC: (draw a graph) GRAPHIC: (draw a graph)
NUMERIC (Show the Table you generated) |  NUMERIC (Show the Table you generated)
(_Sh:)w_the_ command line and re_sulz) - - (_ShawThe_co;nrrTana line and the re_sul_t) _____
COMMAND LINE: COMMAND LINE:
RESULT: RESULT:
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