T1-84/83 graphing calculator

Let us use the table feature to approximate limits and then solve the problems the old
fashion way.

Find the following limits:

2 2
Example 1.1 lim =2 fo =X =2
x—2 X—2 X—2
Turn on your TI-84 graphing calculator.
Press the [Y=] tab.
Flotl Flake Flakz
iV1EﬂH3—4}fﬂH—23
Type (x2 —4)/(x—2) on the first line after MNe=
\Y1=. S
“y=
wNe=
“WE=
Press followed by number |§| (to make
sure you are in a standard window).
MM=0Hz2-4H1 -2
Press TRACE| followed by number 2| and
then |ENTER.
n=L V=
. . x2 -4
Note that, Y=1f(2) does not exist. But, what about lim ?
X—2 X—2

Copyright © 2007 - Raja Khoury Collin College - All Rights Reserved.



Let us use the calculator. Press key followed by [WINDOW].

Let us use the right and left approach. Using the up and down arrows:

type after ThiStart =1.997, and
type after ATb1=0.001.

Make sure both Indepnt: and Depend:
is highlighted by using the left and right
arrows and then pressing ENTER].

Now press Press key followed by

GRAPH] to see the table.
Note that the table agrees with our
. x2—4
conclusions that the lim =4,
X—2 X—2
and that f(2) =DNE .
x2—4 if 5
Example 1.2 f(X)=4 x_2 X
7 if x=2

Find all values of x where f is continuous.

Press the [Y=] tab.

Type (x2 —4)I(x—=2)/(x #2)on the first line
after \Y1=.

(Note: Press followed by key and

then |2] key to see the = sign).

Type 7/(x=2)on the second line after \Y2=.

(Note: Press followed by key and
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then |1} key to see the = sign).

Press followed by number |§| (to make

sure you are in a standard window).

Note that f(2) exists and is equal to 7. To see NE=PA =R

this, press [TRACE] followed by the upward B

arrow to change the graph from Y1 to Y2.
(Note that the left corner number changes
from Y1 to Y2). Once you see the equation
Y2 in the upper left corner, press the number

followed by to see that f(2)=7. n=g =7
To show that the lim x2-4 4
X2 X—2 THELE SETLP
Tblstart=1.997
type after ThiStart =1.997, and IEEE}.IEE Bl
type after ATbl=0.001. Depand:

Make sure both Indepnt: and Depend:
is highlighted by using the left and right
arrows and then pressing ENTER].

a}c

Now press followed by to

see the table.

=== awua
=== awua
W Om

I] | PP

>
—
v
o a

2

. : . X
Note that the table agrees with our conclusions that the lim

=4 and that f(2)=7.
X—2 X—

So this function is continuous for all real numbers x except when x =2.
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2
X4 w2
2 is continuous on the entire real line.

X_
4 if x=2

However, this function f(x) =

Example 1.3 f(x) = 4
X—2

Find all vertical and horizontal asymptotes to the graph of f.

Press the [Y] tab.

Flakl Flakz  Flobz
~iBd A0 E—-2 00
o wWe=
Type 4/(x—2)on the first line after \Y1=. WA=
~Wy=
~Ne=
~NE=
W=

Press the |GRAPH] tab. (Make sure you are in

a standard window). o \h ——d

=4 04-21
Note that f(2) does not exist. To see this,
press TRACE| followed by the [2| key, and
then |ENTER.

n=c V=
Let us use the left and right
approach to find the Iimigt. Using the T?EITE‘LSEIET o7
up and down arrows: Press m aThl =STE@ 1 .
followed by the WINDOW] tab I hdFnt.:

Oerend:

type after ThiStart =1.9997, and
type after ATb1=0.0001.
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Make sure both Indepnt: and

Depend: is highlighted by
using the left and right arrows and

then pressing [ENTER].
i Y1
FEERE| -1:3%
To see the table, Press [2ND| 1.388 | ZEhod
followed by |[GRAPH] tab. %Mi EEE:J
cogz | g
c.anz 12352
A=1.997
Therefore, lim i:—oo and lim i:+oo. That is, x =2 is a vertical asymptote.
X—2 X—2 x—2" X~
Next let us find the Horizontal asymptote.
Press the 2ND| key followed by
|WINDOW. Using the up and down
arrows: THELE SETUP
ThlStart=-c8@8
type after ThiStart =—600, and IﬁEE&nE' E'. A=k
type after ATbl=—600. Derend: AR A=k

Make sure both Indepnt: and
Depend: is highlighted by
using the left and right arrows and

then pressing ENTER].
i Y4
SLeon | - oage
To see the table, Press |2ND| 3%533 ZZEEEE
followed by |GRAPH| tab. =za00 | -aniz
=Zg00 =0nii
=4zan0 “iE-=
= -6HA

This means lim i:O.
X—>—00 X —2

Similarly,
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Press the 2ND| key followed by

|IVINDOW. Using the up and down

arrows: TRELE SETUF
ThlStart=cEA

type after TblStart=600, and aThl=c8E10
Indrnt.: [EEE= Hs=k

type after ATbl=600. Derend: A A=k

Make sure both Indepnt: and
Depend: is highlighted by
using the left and right arrows and

then pressing ENTER].
A '
i BT
To see the table, Press %EEE :EEE%
followed by |[GRAPH| tab Toon | oniz:
Za00 Joiil
Yzno BEE-Y
A=EEE

This means lim i=O.
X—>+00 X —2

Therefore, lim 4 =0, and y=0 is a horizontal asymptote.
X—>to0 X — 2

Example 1.4 Given f(x) =0.2x° —3x? +4x + 7.4

Find 6>0 such that lim (0.2x3—3x2 +4x+7.4) =5 within 2 decimal places.
X—2

In this case, we need to find a &>0 such that [x—2|<& implies

‘(0.2X3 —3x% 44X + 7.4)—5‘ <0.01. We will use the calculator.

Press the [Y=] tab.
Flakl Flokz Flokz
o 3 o ~¥184.93
Type 4.99 on the first line after \Y1=, 0.2x° —3x“ +4x+7.4 on ~MNzBBA.ZR"3I-3IHE+4

the second line after \Y2=, and 5.01 on the third line after AT .4

\Y3=. ~NW:ES.81
~y=N
wWe=
~MWE=

Copyright © 2007 - Raja Khoury Collin College - All Rights Reserved.



I T DO ' ".,IIL
amin=1

. . Amax=2
Use the following window, Yo l=
then press . 3[‘1 in=
max=
Y=cl=.H ‘H

mres=11 ) )

b

nk.-

29
K1
1

L=
5 1
1

In order to find the left and right x-coordinates on the points of intersection, we use the

following.
?il!!}l!i":
L alue

Press the key followed by [TRACE]. Using the up and % Zero
q:

. . M1 ML
down arrows to select 5: intersect or basically press 5. FIEs 1 MU

intersact
e (T s b
R AT s

The up and down arrow will YE=L.ol w"-._

. Yesn gl E=Fnz+ln+s Y
make the cursor jump between q

graphs, while the right and left
arrow make the cursor move
along a graph. Take the cursor

to the first point of intersection, Firsh cupye? "-.'_

and then press [ENTER]. #=1.9382373 .¥=5.M © R NEEE L v=r 0107168 |
The up and down arrow will VeSO ERTI-SHIAYE+Y

take the cursor back to the same ) ".,IIl

point. Once the cursor is over .

the same points, you need to

press [ENTER]. If the cursor is

away from the point, use the GUessT

right and left arrow to move as  ¥=1.3980BE1 .¥=E.0i07168 . Interseckion "-.,.
close as possible to the point Then press to find the W=1.898z21%2 Y=5.01
before pressing ENTER] point of intersection. Thus Xe =1.9982133

In order to find the value of Xy , We repeat the same steps to the other point of intersection.
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Press the key followed by [TRACE|. Using the up and
down arrows to select 5: intersect or basically press 5.

The up and down arrow will
make the cursor jump
between graphs, while the
right and left arrow make the
cursor move along a graph.
Take the cursor to the first
point of intersection, and then

press [ENTER)

The up and down arrow will
take the cursor back to the
same point. Once the cursor is
over the same points, you
need to press . If the
cursor is away from the point,
use the right and left arrow to
move as close as possible to
the point before pressing
ENTER|.

Fi]!ﬂ%l!ﬂl!
sualue

2 Zero
SEmindrue
45 max1Mum
gﬂlﬁtEPSEGt
s [= s b
ralfoxadsx

YESOZR"E=ZRT+YH+7 Y

¥i=4.09 \"-...

‘n
AL A5 L Second cuFveT
o T w=z.onifozd Y=y.9o0yszo

Y20 ER"E=-ZHE+YH+7Y

OUgssT
nE0iFozi Y=y 0804520 ) ]

Then press | ENTER] to find the

point of intersection. Thus X,ign = 2.0017847

The value of 5 is the minimum of {2-1.9982133 , 2.0017847 — 2}

= minimum of {0.0017867 , 0.0017847}
=0.0017847

1. Find the derivative of a differentiable function.

Example 2.1 Find the slope of f(x) = x2 at the point (2,4).

We know that f'(2) = li
X—2

%2

Here f'(2) = lim
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f(x)-1(2)

provided the limit exists.
X—2

4
X2 X—2
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Press the [Y] tab.

Type (x2 —4)/(x —2) on the first line after
\Y1=.

Press the key followed by .

Using the up and down arrows:

type after ThiStart =1.997, and
type after ATb1=0.001.

Make sure both Indepnt: and Depend:
is highlighted by using the left and right
arrows and then pressing ENTER].

To see the table, Press followed by
GRAPH] tab.

Note that the table agrees with our

. . x2—4
conclusions that the lim =
X—2 X—2

4.

This means that the slope f'(2) =4.

Another method consists of using the following:

To go back to the main screen, press

followed by MODEl, and then | ENTER].
Type ||\/IATH| followed by [8] to see the
nDeriv function, then type nDeriv(x2 X, 2),

followed by .

This also shows that the slope f'(2) =4.
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Example 2.2 Find the slope of f(x) =|x—2| at the point (2,0).

We know that f'(2) = lim fx)-1(2)
X—2 X —

provided the limit exists.

2
Here £/(2) = lim X=4
X—2 X—2

Press the [Y=] tab.

[x-2| o
Type —— on the first line after
X—=2 Flatl Flokz Flats
\Y1= ~Babs CR-20 7 Ch-
20
Type IMATH]| followed by the i —
_ wha=
right arrow to choose WAy =
followed by |1] to see the abs i E =
function, then type “YE=
abs(x—2)/(x—-2).
Press the key followed by .
Using the up and down arrows: THELE SETUF
TblStart=1.297
type after ThiStart =1.997, and albl ='§‘ -HE1E
type after ATbh1=0.001. éggznh

Make sure both Indepnt: and Depend:
is highlighted by using the left and right
arrows and then pressing ENTER].

To see the table, Press followed by

GRAPH] tab. i ']11
1.0998 -1

Note that the table agrees with our %-555 E%Fz'
: _|x-2| cood |1
conclusions that the lim —— does not cage |1
X—2 X—2 c.nz 1
exist. w=1.997
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This means that the slope f'(2) is undefined and that the function f(x)=|x—-2| is not
differentiable at the point (2,0).

Another misleading method consists of using the following:

To go back to the main screen, press EDEE lutabsCh=20,
followed by [MODE], and then [ENTER], ? A
Type |MATH| followed by [8] to see the [ |

nDeriv function, then
type nDeriv(abs(x —2), X, 2), followed by

[ENTER]

Well, the slope f'(2) is still undefined, and the function f(x)=|x—-2| is still not
differentiable at the point (2,0); however, the calculator’s answer is 0, which is wrong.

Example 2.3 Find the slope of f(x)=sin(x—2) at the point (2,0)

We know that f'(2) = lim fe9-1) provided the limit exists.
X—>2 X—
Here f'(2) = lim M
x—2 X-=2
I I 1l
To start, make sure your calculator’s mode is A 1 I:lning:EEE 6783
in radians. f FAE FOL  <EQ
INNECTE Dot
Press [MORE], then use the up and down key =+ IE "u':';l.. E:Eg!—
L- L-
to highlight Radian followed by [ENTER]. j.I!i HORIZ G-T
SET CLOCK CFVEERRRITET ]
To set up the calculator clock, highlight the EEE::"T: g“ﬂ'g;"' DHAY AT
SET CLOCK selection while the calculator is NONTH: 1
i i DAY: iz
in [MODE| Window, tf_]en press ENTI_ER. TINE: PRI 4HOUR
Then change the next window to the desired HOUR: 7
time. At the end, highlight SAVE, then press HINUTE: Y4
ENTER] to save the time. ﬁ"' LLRFH

Press the [Y=] tab.

11
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Flakl Flokz Flok:
~1Es1nCR—20 (-
270

Type sin(x=2) on the first line “Me=
- ~Na=
after \Y1=. “My=
~He=
~NE=
Press the key followed by .
Using the up and down arrows: T?EITE.LSEILII; -
=1,
type after ThiStart =1.997, and I&Lb 1 EE‘ -ball
type after AThl=0.001. A
Make sure both Indepnt: and Depend:
is highlighted by using the left and right
arrows and then pressing ENTER].
To see the table, Press followed by i i
[GRAPH] tab. 1998 i
: E ERF:
Note that the table agrees with our %.gg% 1
conclusions that the lim le. zE |1
X>2 X2 W=1.997

This also shows that the slope f'(2)=1, and the function value f(2)=1 does is
undefined.

Example 2.4 Not all functions are differentiable. Consider f(x) = x?+1 and
g(x) =|x|+1.

We know f is differentiable on the entire line, while g in not differentiable at the point
(0,2). Let us show the essence of differentiability using the graphing calculator.

Press the [Y=] tab.
Flatl Flatz Flotz

Type x? +1 on the first line
_ iR e+] Now press ZOOM| followed
after \Y1=and abs(x)+1 on the WMz Bahsr ¥+

. by [ZOOM In|and then the u
second line after \Y2=". To see = o)r/(IjMVS i1l the cursorp
:‘htlaldktf% M'_A‘T't':] :E : — is over the point (0,1) and then
ollowed by using the M= ress -ENTER.
right and left arrows. Use the wMas P -
window

12
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I IO
amin=-10
amax=1
Aecl=1
Ymin=-1
Ymax=4
Y= l=1
ares=1

If we repeat the last steps few
times, we find out that the graph
of f approaches the graph of a
horizontal line, while the graph
of g keeps the same shape. Look
at your window at this point and
see the xmin and the xmax.

|

]

Y=1.096774E

d,#fﬂ’Jt H““=h_ﬁ;;’#,f’”ﬂ

n=n

Y=1.0ig1z8 n=n Y=1.005048Y

2. Use limits, derivatives, critical numbers, extrema, and points of inflection to graph a

function

Example 3.1 Graph f(x):x—_zz.

X

Students can easily graph this function, but most of them will not graph it as shown
below and especially if a standard window is used.

Set up the Window as follows:

Then we ha the following graph
for\Y1=

So let us go through the important steps:

W IO
amin= -2
Amax=2H
Ascl=1
Ymim=-.5
Ymax=, 2
Y=cl=1
ares=10

Here, the domain of the function is (—o0,0)\w(0,0) and the x-intercept is (2,0).

Copyright © 2007 - Raja Khoury
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. i X—=2 . X—2 . .
Sincethe lim ——=-0 and lim —— =+, x=0 is a vertical asymptote.

x—0" X2 x—0" X2
. . X—2 . .
Also since  lim —5 = 0, y=0 is a horizontal asymptote.
X—to X

Next, let us find the critical numbers and the possible points of inflections.

x+4 and £(x )_2(x 6)

x3 x*
So x =4 is a critical number and (6,1) is a point of inflection.

Here, f'(x) =

Now let us enter f(x), f'(x), f"(x) in the calculator.

Press the [Y=] tab.

After \Y1=, type (x—2)/x2. Y-WARS VHES E?ﬂilﬂ
v vpepiire]  BfInco. unction,
followed by 8], then [VARS, TiG0E. SiPolar..
followed then |1, and diFicture.. 42 0n-0FF ...

. . S:Statistics.
again. Type in the comma |, EiTable
followed by | X, T,0,n|, followed TiString..

by commal] and | X, T,0,n| one

Flakl Flakz Flakz

more time. EE'EH R = LA s
After \Y3=, type [MATH], 35 32 :;E'}’zEnDer*iu-:HH 2 ¥
followed by |8} then [VARS], EHVH ~aBrDeriviye . i,
followed [Y-VARS]| then [1], and E: 35 HE:JI

. . HRT' “Ny=
then |2| this time. Type in the =X WhE=

comma I] followed by | X, T,0,n

followed by comma I] and
X, T,0,n| one more time.

Since x=4 is a critical number and (6,1) is a point of inflection, we need to pick four test

numbers different from 0, 4 and 6 (Note that O is not in the domain of f). How about x=-2,
x=2, X=5,and x=87?

Let us set up the table.

14
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Press the 2ND| key followed by

|V_VINDOW. Using the up and

down arrows:

type after ThiStart =0, and
type after AThl=1.

Make sure the Indepnt: is
highlighted and Depend: is on

by using the left and right

arrows and then  pressing

-

To see the table, Press |2ND|

followed by |GRAPH| tab. |If
there are entries in table, use the

key to delete the numbers
in the x column. By deleting these
numbers you clear the table.

Use the right arrow to see the Y3
column.

Type in the following numbers in
the X column. To move to the
next number, you can use the
downward arrow key, or simply

press [ENTER]. Use the right

arrow to see the Y3 column.

THELE SETUP
Thlstart=0A

~Thl=11

Irndrnt.s Auto
Oerend: =1

:=-’. Y4 Yz ) Yz Yz
[ [
= V=
& N1 Ve & Yz Yz
-z -1 - 7% -z - 7% -1
; 4z g ; “hom_ | =
i nazre | -aorE | - 0078 Elglﬁl

Wr=9. VYEeoe2oE 4

The signs under Y2 show that f'(x) <0 on (—o0,0) U (4,00) and f'(x)>0 on (0,4). So f(x) is
decreasing (—oo,0)w(4,00) and increasing on (0,4).
Since the first derivative changes signs from positive to negative at (4,0.125), this point is a

local Maximum.

The signs under Y3 show that f"”(x) <0 on (—0,0)w(0,6) and f"”(x) >0 on (6,0). So f(x)
Concaves downwards (—o,0)w(0,6) and upwards on (6,0) .
Since the second derivative changes signs at (6,0.111), this point is a point of inflection.

Copyright © 2007 - Raja Khoury
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Example 3.2 Graph f(x) =1—(x—-1)* -

[-1,4].

If we use the Window
I THDOL
amin=-10

A ax=d
mecl=1
Ymin=-1
Ymax=1.5

Y= l=1
ares=]1

But, if we use the Window
L THOOL
amin=-1
amax=20
Aecl=1
Ymin=-1
Ymax=1.5
Y=cl=1
ares=1

1

We get the following graph

/N

1000(x —-)Y7 +1

, then find the absolute maximum on

And hence the absolute max is at

1

We get the following graph

(1,1).

Jximum
=.9909087:

|
o Y=1.00g995E

And hence the function value is 0
when x=1.
Mei-tn-11z-1A0100ac-10_

\

VN

Hence, the calculator produced the wrong absolute maximum.

3. Finding the area under the graph of a continuous function and the fundamental

theorem of calculus.

Suppose we are given a continuous function f(x) >0 on a closed interval [a,b]. One way to
approximate the area under f(x) is by using left L, and right R, sums. Partition [a,b] into
n equal subintervals a<xXg<X;<Xp <---<Xp_2 <Xp_1<Xp<b and let xj=a+iAx

n
whereAx=%. The left sum formula is L, =Zf(xi_1)-Ax, the right sum formula is

i=1

n n
Rn =Zf(xi)-Ax , and the midpoint sum formula is M, =Zf (MJ-AX.

i=1

Copyright © 2007 - Raja Khoury
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Example 4.1 Find the sum of the areas of the
left rectangles as shown in the figure.

Here Ax:slel and X;=1+i(1)=1+i.
So,

4
Lg= f(xjig)-Ax
i=1
- 24:(0.25(1“—1)2 +1)
i=1
4

=Z(0.25i2 +1)

i=1

On your calculator home screen, press
followed byﬁ and then with the right
arrow, move to mﬂ followed by pressing
. Next. Press I-ZE followed by [STAT] and
then with the right arrow, move to oPs]
followed by pressing . Now type in
0.25x% +1,x,1,4) to complete the sum of the

sequence sum(seq(0.25x2 +1,x,1,4)) .

Repeat the same setup in order to find the
sum of the areas of the right rectangles as
shown in the figure.

Here AX:ST_lzl and Xj =1+i(1) =1+i.
4 4
S0 Rg= Y F(x;)- AX =Z(o.25(1+i)2 +1)

i=1 i=1

Copyright © 2007 - Raja Khoury

Sfx)

F
10 + A,
fx) = 0.25¢2 + |
51 5
E
o o & % 5
suUmLsey A, 2oHc+]1
araladdd
11.5
[ |
fix)
'y
lo-.
1 fx) =025 + 1
5-.
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On your calculator home screen, press

followed by |STAT and then with the right sumiseyiHd, 2501+
arrow, move to [MATH| followed by pressing detlamalagad 17.5
. Next. Press I-ZLd followed by [STAT] and | )
then with the right arrow, move to [OPS
followed by pressing . Now type in
0.25(1+x%)+1,x,1,4) to complete the sum of
the sequence sum(seq(0.251+x?)+1,x,1,4)) .

Flotl Flotz Flokz sumisedi 1. H8.1.4
Note that, in the previous two steps, ~%'1BH. 2one+1] 22
one can pre-type the functions ;"-’EEE'- 2aCl+R2e+] . 11.5
Y1=0.25x* +1 and A=
Y2 =0.25(1+x)2 +1 to have the ~My=
following same results: "ﬁ ==
To do this on the home screen, STES
pressfollgwed by |STAT|and Similarly press [VARS), T LT T T |
then with the right arrow, move to foll INVARI 17
[MATH] followed by pressing . 0 m;\ve -h' 2| then i, . 17.5
Next. Press [2nd| followed by and then |2 this time. Now

. . finish up
|STAT| and then with the right 2
sum(seq(0.25x“ +1,x,1,4)) .
arrow, move to |OPS| followed by
pressing El Now press |VARS|,
followed Y-VARS| then , and
again. Now finish up
sum(seq(YL, x,1,4)) .
Finally, we all know the actual area by using Flobl Flot Floks
the fundamental theorem of calculus. 5‘31 E% oELE 4]
There are two ways for finding the actual ::'-r'g;
area. “My=
~Ne=
Method 1: Press the [Y<] tab. :3 g =
After \Y1=, type 0.25x2 +1.
18
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W IHOOL
amln=H

Fix the |IVINDOW as EEET:?

: | “Ymin=-1
follows, then press |[GRAPH |. U5 =T
Y= l=1
ares=11

5
To calculate the finite integral J‘ (0.25x2 +1) dx , Press
1

followed by |TRACE , and then . Type in or the
5

lower limit followed by [ENTERY, and then type in [5| for the
upper limit followed by [ENTER]. The calculator will shade

the area, and hence, 15(0.25x2 +1) dx = %3 ~14.33. FFodx =iy 333333
[Method 2: Press ™) fhlIntcBA, 258+l 5 frhlnt(Y1:8:1,52
back to the home screen. 14..33333333 .

Now, press IMATH

followed by |9] and then

complete the following

fnint(0.25x2 +1,x,1,5)

followed by . You 5 ) 0.25 3 5 43

can also type Hence, J.]_ (0.25X +1) dx = (TX +Xj1 = ? ~14.33.

int(Y1, x,15).
4. Applications of differentiation and integration

Example 5.1 For f(x) - 4-3x—x3

the point (—1,-6).

, use your calculator to find the slope of the tangent line at

Flatl Flotz Flots
R 1=t S e

Press the [Y=[ tab. Type ‘-ﬁ =N
W=

—4—3x2 —x3 on the first line after wy=

\Y1=. o=
“WE=
M=

19
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W IO

Mmln="
AMEE=0
Next, let us setup the WINDOW so Wer1=1 \
we may see a nice |GRAPH|. Yrin= -l e et
d Ymax=083 ]
Yacl=1
ares=11
We want to find the slope of M= -h-EdE-Rt
f(x):—4—3x2—x3 at x=-1. \
To do this, Press [2ND| followed by — - .
|TRACE|, and then [6]. Type -1, and

then press [ENTER. A="11 dv/dx=z.999880

Hence, the slope of the tangent line at the point (—1,—6) is 3, and an equation of the tangent at
(-14,-6) is y+6=3(x+1) or y=3x-3

Flotl Flokz Floks Y= -y-ZHE-HTE
Type 3x—3 after \Y2=, then press :mEéﬁ:%HE_HHE
. Press [TRACE] and then ~Na=l —_—"
type —1 followed by [GRAPH)] to see :3;2 \
the (flashing) point of tangency. “Ne=
e H=-1 V=g
3 2

Example 5.2 Find a cubic function f(X)=ax" +bx

tangents at the points (—2,6) and (2,0).

+cx+d whose graph has horizontal

We need to solve the following system of linear equations.

f(-2)=6 —-8a+4b—-2c+d=6
We need to solve the following system of linear f'(-2)=0 or 8a+4b+2c+d=0
equations. f(2)=0 12a—-4b+ ¢ =0
f'(2)=0 12a+4b+ ¢ =0

We use matrix inverse to find the coefficients a, b, c, and d.

20
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Press the m tab followed by

=1 _ MAMES MATH [Axll] MATRIX[A] 4 =4
X__]. With the right arrow, EH [A] 1x1 [ -B y -z _
move over to andthen %, EE} LE i € -
press [1]. Enter the dimensions % EE} [z . Ao -
of matrix A as 4 x 4 and then &2 [F]
the coefficients of A one 74 (5]
number at a time and each “ez=1
number. To move from one MATRIXI[A] 4 =d [A]
number to the next, you can y -z 1 ] [[-2 4 -2 11
either press orusethe -1, g 1 ] [2_ 4 2 1]
calculator arrows. Use the right =" 1 C— H% 44 % %} 1

arrow to see the fourth column B
or press n foIIowed by

42 4=H
[MODE|, and then "] followed
by [x7%], then
Repeat the above steps to enter ~ HAMEZ MATH [Sxhi MATEIXIB] 4 X1
matrix B. Press the [2nd] tab %? EE% ‘E? L2 ]
followed by x| With the right 3} F51 S ]
arrow, move over to and 55 [E]
then press [2]. Enter the %«L EE%
dimensions of matrix B as 4 x 1 “21=H
and then the coefficients of B To see matrix B, press [E]
one number at a time and each ' [[&]
number. To move from one 2nd| followed by [@]
number to the next, you can MODE], and then (3]
either press orusethe followed by |2, then I B [81]
calculator arrows. followed by [E m

Now matrices A and B are ready to use. The above system of linear equation has a unique
solution if and only if the inverse of the coefficient matrix A exists. If not, this methods will fail
to provide infinite or extraneous solutions.

[A1-T[E]*Frac

In order to solve for the coefficients a, b, ¢, and d, Press the [ E%f 1 E-%

tab followed by |x"*| and then [ENTER] followed by [ -o.d]
-1 . -1 [3 ] ]

Press [X"|. Again, press followed by [X~| and then 5

and then press .
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Hence, the cubic functionis y = %x

3—9x+3.
4

Example 5.3 Use Newton’s method to approximate the roots of the equation X4 +x-4=0,

First, let us graph f(x) = x*

+ X —4 to see how many real roots we need to approximate.

Flakl FPlokz Flokz
w R R -
~NMzBrleriwii' . Has
il

Type x* +x—4 on the first line

after \Y1=. nMas
nhy=
~Ne=
~NE=

Your window and your graph are as follows:

W IHDOOW
AMin= -3
AMaH=3
mecl=1
Ymin=-6

Make sure you do not graph
Y2 (the derivative of Y1) by
covering the = sign and then

I

Ymax=3
Y= l=1
ares=10

pressing [ENTER].

./

Hence, the graph shows that there are two real roots. On your home screen, type the following:

Type —1 followed by the key (The key above the key), and then type [X,T,0,n|,

and hit .

Next press the W tab followed
by | X, T,0,n|, then ALPHé]
followed by [] Type X—Y1/Y2,
and then press @l Keep
pressing |ENTER until you reach

your desired accuracy, or until the
decimal numbers become identical.

-1+ y

Aris+ss 5=1 -z
2. 333331558
-1. 35654 26505
-1.615332365

. -1.548162773

1 1 1 1 1 1 1
i ke ke ke ke ke ke
CNCRCACAC 00
C L ] ] P T
Ll = nen
et et foM [t Y
oy Dl Pl [T TP |
e e b e 1 T
ol ol o R | P [
T =] L =T
R LN Ll [ ) [ g

So, the first zero is approximately —1.533751169.

To find the second zero, go back to your home screen, type the following:

1 followed by the key (The key above the key), and then type | X, T,0,n|, and hit

[ENTER]
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1+5 Ans+it B-4 2N
Next press the [STO ] tab followed VIRV 1 ) 12%2%%%3%%
e S .
rovrro | B e 1 258305908 1.0ESraitas
followed by |]. Type X-Y1/Y2, . .
1. 28334396 1.283721665
and then press |ENTER|- Keep 1.283721693 1.283721665

pressing [ENTER] until you reach | |

your desired accuracy, or until the ) ) )
decimal numbers become identical. SO, the first zero is approximately 1.283781666.

Notes:

followed by right arrow will take you to the end of the sentence.

followed by left arrow will take you to the beginning of the sentence.

followed by [ENTER]| will take you to the last entry.

followed by [(©)] will display the last answer.

In setting up the WINDOW], |xres=1| will calculate the y-value of every pixel, will
calculate the y-value of every other pixel, and so on.
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