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Read this first

1. Always read “Before Starting”
The key operations of the set up conndition are written in “Before Starting” in each section.
It is essential to follow the instructions in order to display the screens as they appear in the
handbook.

2. Set Up Condition
As key operations for this handbook are conducted from the initial condition, reset all memories to the
initial condition beforehand.

Note: Since all memories will be deleted, it is advised to use the CE-LK2 PC link kit (sold
separately) to back up any programmes not to be erased, or to return the settings to the initial
condition (cf. 3. Initial Settings below) and to erase the data of the function to be used.

= To delete a single data, press and select data to be deleted from the menu.
= Other keys to delete data:

; to erase equations and remove error displays

. to cancel previous function

3. Initial settings
Initial settings are as follows:
[ Setup (XT3 B8R ): Advanced keyboard: Rad, FloatPt, 9, Rect, Decimal(Real), Equation, Auto
Basic keyboard: Deg, FloatPt, 9, Rect, Mixed, Equation, Auto
[ Format ( EATd REMA ): Advanced keyboard: OFF, OFF, ON, OFF, RectCoord
Basic keyboard: OFF, OFF, ON, OFF

Stat Plot ( ) 2. PIotOFF

Shade  ( ): 2. INITIAL

Zoom  ( [zoom] [A] ): 5. Default
Period (BNl ): 1. PmtEnd (Advanced keyboard only)

Note: [J returns to the default setting in the following operation.

( 88 [ ) [ [

4. Using the keys
Press to use secondary functions (in yellow).

To select “X*"; ] Displayed as follows:
Press to use the alphabet keys (in violet).

To select F: 0 Displayed as follows:

5. Notes

= Some features are provided only on the Advanced keyboard and not on the Basic keyboard.
(Solver, Matrix, Tool etc.)
= As this handbook is only an example of how to use the EL-9900, please refer to the manual

for further details.
SHARP
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Using this Handbook

This handbook was produced for practical application of the SHARP EL-9900 Graphing
Calculator based on exercise examples received from teachers actively engaged in
teaching. It can be used with minimal preparation in a variety of situations such as
classroom presentations, and also as a self-study reference book.

Notes
Explains the process of each
step in the key operations

p
|ntrOdUCtI0n EL-9900 Graphing Calculator
Explanation of the section Slope and Intercept of Quadratic Equatlons

A quadratic equation of y in i be expressed by the standard form y =a (x|

hy'+
e secon ddegreelem(y-ax"bx*c)und(h Kyisthe

k. where a is the co

\ J\ Vertex of the parabola forr ;‘e(:hy the quadratic equanon An equation where the largest
ExDonEnl on e variable x is 2 In graphing
- ey ot o e o g
coef nts a, h d k.
Example o p——
Graph arious quacatc squations and check th eation betwen the rsphsand -9900 Graphing Calculator
Example of a problem to be o s
solved in the section
(N
s ; L Soore e o s Vil
Before Starting — , 7
Important notes to read ) o
before operating the calculator g' ’
(N J

1.2 Enter the equation y = (x-2)* for

St
/ZI

|

\¥

p
Step & Key Operation
A clear step-hy-step guide
to solving the problems

(&

©

\\

p
Display
Illustrations of the calculator

screen for each step
(N J

‘The EL-9900 allows various quadratic equations to be graphed easily.
Also the characteristics of quadratic equations can be visually shown through
the relationship between the changes of coefficient values and their graphs,

Merits of Using the EL-9900 ]7/ T e

Highlights the main functions of the calculator relevant
to the section

(&

We would like to express our deepest gratitude to all the teachers whose cooperation we received in editing this
book. We aim to produce a handbook which is more replete and useful to everyone, so any comments or ideas

on exercises will be welcomed.
(Use the attached blank sheet to create and contribute your own mathematical problems.)

SHARP
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EL-9900 Graphing Calculator

Fractions and Decimals

To convert a decimal into a fraction, form the numerator by multiplying the decimal by 10",
where n is the number of digits after the decimal point. The denominator is simply 10". Then,
reduce the fraction to its lowest terms.

— Example

Convert 0.75 into a fraction.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting  Retum all settings to the default value and delete all data.
We recommend using the Basic keyboard to calculate fractions.

Step & Key Operation

1 Choose the manual mode for
reducing fractions.

2 Convert 0.75 into a fraction.

[eu ] [o] [+][7] [s] [Dbre] [enter]

3 Reduce the fraction.

4  Enter 3 to further reduce the

fraction.

Display

O, To*boC

SimF

166

Factor=3

SimF 3

[simp] [3] [ENTER]

5 Enter 5 to reduce the fraction.

15

5]

Faoctor error
15
fels)

SimFr 5

[simp] [ENTER]|

[ ] |
] (] |

Fac tor=5

Notes

The fraction can be reduced
by a factor of 5.

The fraction cannot be re-
duced by a factor of 3, even
though the numerator can be.
(15=3x05)

0.75 = 3/4

The EL-9900 can easily convert a decimal into a fraction. It also helps
students learn the steps involved in reducing fractions.

SHARP
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EL-9900 Graphing Calculator

Pie Charts and Proportions

Pie charts enable a quick and clear overview of how portions of data relate to the whole.
— Example

A questionnaire asking students about their favourite colour elicited the following results:
Red: 20 students

Blue: 12 students

Green: 25 students

Pink: 10 students

Yellow: 6 students

1. Make a pie chart based on this data.
2. Find the percentage for each colour.

Bef_ore There may be differences in the results of calculations and graph plotting depending on the setting.
Starting  Return all settings to the default value and delete all data.

Step & Key Operation Display Notes

=
=
=
=
|
=
o
|
=
i

11 Enter the data.
HEEEEE
B
[EnTer| [ 6] [ENTER]

12 Choose the setting for making a boTE g
pie chart. Listxsly

[STAT] [A] [enter| [enter| [ W | [ W] | crerhs @

13 Makea pie chart. ‘v

R
™
n

M Ty
[ L |
TECAkEY

GRAPH

2-1 choose the setting for displaying TaTa, g
by percentages.

@
[Sar] [A] [ever] [ W | [ W ] [ W] GRAPH: 7

2-2  Make another pie chart.

[[=Tyl==Ex
an Em un nn mm

S Red: 27.39%
54138 ﬂh Blue:  16.43%
2131 ‘v Green: 34.24%
Pink: 13.69%
Yellow: 8.21%

GRAPH

Pie charts can be made easily with the EL-9900.

2-1 SHARP
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EL-9900 Graphing Calculator

Slope and Intercept of Linear Equations

A linear equation of y in terms of x can be expressed by the slope-intercept form y = mx+b,
where m is the slope and b is the y- intercept. We call this equation a linear equation since its
graph is a straight line. Equations where the exponents on the x and y are 1 (implied) are
considered linear equations. In graphing linear equations on the calculator, we will let the x
variable be represented by the horizontal axis and let y be represented by the vertical axis.

—— Example

1. Graph the equationsy =x and y = 2x
2 Graph the equationsy =x and y = —x
3 Graph the equationsy =x and y = - x
4, Graph the equationsy =x andy =x + 2.

Draw graphs of two equations by changing the slope or the y- intercept.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting  Return all settings to the default value and delete all data.

Step & Key Operation

1-1 Enter the equation y = x for Y1
and y = 2x for Y2.

['Y=] [werm] [enter] [ 2] [xiemm]

12 view both graphs.

GRAPH

Display

["1E%
2B
E=
=
'5=
YE=

Notes

The equation Y1 = x is dis-
played first, followed by the
equation Y2 = 2x. Notice how
Y2 becomes steeper or climbs
faster. Increase the size of the
slope (m>1) to make the line
steeper.

21 Enter the equation y = —%—x for Y2.

=1 [¥] [e]
(1] [arb) [2] [ ] fiom]

2-2  View both graphs.

GRAPH

Y187

1
Y2E =K
3=
Y=
5=

__—

/

Notice how Y2 becomes less
steep or climbs slower. De-
crease the size of the slope
(0<m<1) to make the line less
steep.

SHARP
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EL-9900 Graphing Calculator

Step & Key Operation Display Notes

3.1 Enter the equation y = - x for Y2. TIE%
Ly=] v J[cL ][] womn] Yas
5=
YE=
3.2 View both graphs. Notice how Y2 decreases
(going down from left to
GRAPH right) instead of increasing
(going up from left to right).

Negative slopes (m<0) make
the line decrease or go
down from left to right.

4-1 Enter the equation y = x + 2 for [FIER

Y2 Egmz
[v=]0w|[cL]em] [+ ][2] E;

4-2 View both graphs. Adding 2 will shift the y = x
GRAPH / graph upwards.

Making a graph is easy, and quick comparison of several graphs will help
students understand the characteristics of linear equations.

31 SHARP
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EL-9900 Graphing Calculator

Parallel and Perpendicular Lines

Parallel and perpendicular lines can be drawn by changing the slope of the linear equation
and the y intercept. A linear equation of y in terms of x can be expressed by the slope-
intercept form y = mx + b, where m is the slope and b is the y-intercept.

Parallel lines have an equal slope with different y-intercepts. Perpendicular lines have
slopes that are negative reciprocals of each other (m = - m). These characteristics can be
verified by graphing these lines.

— Example
Graph parallel lines and perpendicular lines.

1. Graph the equationsy =3x+ 1 andy = 3x + 2.

2. Graph the equationsy=3x-1 andy = - %x + 1.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: {zoou| ([ enter| [aera | W ])

Step & Key Operation Display Notes

1-1 Enter the equationsy = 3x + 1 for [FTEZRF

Ylandy=3x+2 for Y2 M
Y=

[v=][3] [wem] [ + | [1] [enter] e

1—2 View the graphs. These lines have an equal
slope but different y-intercepts.
GRAPH They are called parallel, and

// will not intersect.

2'1 Enter the equations y = 3x - 1 for =i
T2 -5 Kt

Ylandy= —six + 1 for Y2. =
=

[v=][cL][3] [wemn] [ —][1] [enter] [f5=
[cL] () ][] [am][3] [ P ] [xemn]

SHARP 3-2
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EL-9900 Graphing Calculator

Step & Key Operation

2-2  View the graphs.

GRAPH

Display

L

Notes

These lines have slopes that
are negative reciprocals of
each other (m = - %). They are

called perpendicular. Note that

these intersecting lines form
four equal angles.

The Graphing Calculator can be used to draw parallel or perpendicular
lines while learning the slope or y-intercept of linear equations.

3-2

SHARP
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EL-9900 Graphing Calculator

Slope and Intercept of Quadratic Equations

A quadratic equation of y in terms of x can be expressed by the standard form y = a (x - h) >+ k,
where a is the coefficient of the second degree term (y = ax? + bx + ¢) and (h, k) is the
vertex of the parabola formed by the quadratic equation. An equation where the largest
exponent on the independent variable x is 2 is considered a quadratic equation. In graphing
guadratic equations on the calculator, let the x-variable be represented by the horizontal
axis and lety be represented by the vertical axis. The graph can be adjusted by varying the

coefficients a, h, and k.

—— Example

1. Graphy=x? andy = (x - 2)2
2. Graphy=x? andy = x2+ 2.
3. Graph y =x? and y = 2x2.
4, Graphy =x? and y = -2x2.

Graph various quadratic equations and check the relation between the graphs and
the values of coefficients of the equations.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation

1-1 Enter the equation y = x? for Y1.

1.2 Enter the equation y = (x - 2)2 for
Y2 using Sub feature.
] =
[enTer] [2] [EnTer]
([o] )

1-3 View both graphs.

GRAPH

Display

[TIHRE
2=
3=
4=
3=
=

[FIRRZ

T 2EACH-HY 2 +K
3=

4=

5=

i E=

[T
E

Y

i m YT

\V

Notes

Notice that the addition of -2
within the quadratic operation
moves the basic y = x2 graph
right two units (adding 2 moves
it left two units) on the x-axis.

This shows that placing an h (>0) within the standard
formy = a (x - h)? + k will move the basic graph right
h units and placing an h (<0) will move it left h units

on the x-axis.

SHARP
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EL-9900 Graphing Calculator

Step & Key Operation

21 Change the equation in Y2 to y = x %+2.

=1 (] B I ] (o]
[EnTER| [2] [ENTER]

2-2  view both graphs.

GRAPH

Display

TE=AIn-H

F Y

Notes

\/

Notice that the addition of 2 moves
the basic y = x2graph up two units
and the addition of - 2 moves the
basic graph down two units on
the y-axis. This demonstrates the

fact that adding k (>0) within the standard formy = a (x -
h) 2 + k will move the basic graph up k units and placing k
(<0) will move the basic graph down k units on the y-axis.

31

Change the equation in Y2 to y = 2x2.

<) [ B B 2] ]
[ W ] [o] [enter]

View both graphs.

GRAPH

TE=AtR-H) =+F

Notice that the multiplication of
2 pinches or closes the basic
y = X2 graph. This demonstrates
the fact that multiplying an a
(> 1) in the standard formy = a
(x - h)2+ k will pinch or close
the basic graph.

4.1 Change the equation in Y2 to

y =-2x2
=1v EEAEE )] [2]

4-2 View both graphs.

GRAPH

TE=AtR-H) =+F

\

)

¢

Notice that the multiplication of
-2 pinches or closes the basic

y =x2 graph and flips it (reflects
it) across the x-axis. This dem-
onstrates the fact that multiply-

ing an a (<-1) in the standard formy=a (x - h) 2+ k
will pinch or close the basic graph and flip it (reflect

it) across the x-axis.

the Substitution feature.

The EL-9900 allows various quadratic equations to be graphed easily. Also the
characteristics of quadratic equations can be visually shown through the
relationship between the changes of coefficient values and their graphs, using

4-1
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EL-9900 Graphing Calculator

Solving a Literal Equation Using the Equation Method (amortztion

The Solver mode is used to solve one unknown variable by inputting known variables, by
three methods: Equation, Newton’s, and Graphic. The Equation method is used when an
exact solution can be found by simple substitution.

— Example

Solve an amortization formula. The solution from various values for known variables
can be easily found by giving values to the known variables using the Equation
method in the Solver mode.

1-(1+ 75)"]"
The formula : P = L ( 12 ) P= monthly payment I= interest rate
) | L= loan amount N=number of months

12

1. Find the monthly payment on a $15,000 car loan, made at 9% interest over four
years (48 months) using the Equation method.

2. Save the formula as “AMORT".

3. Find amount of loan possible at 7% interest over 60 months with a $300
payment, using the saved formula.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting  Return all settings to the default value and delete all data.
As the Solver feature is only available on the Advanced keyboard, this section does not apply to the
Basic keyboard.

Step & Key Operation Display Notes

1-1 Access the Solver feature. _ This screen will appear a few

seconds after “SOLVER” is dis-

played.

1-2 Select the Equation method for
solving.

1-3 Enter the amortization formula.

B o [ [ =[] o)
() [a] (3] [= ) [ [2] [+ ]
e [1] [a70 ) [1] (2] (1 0]
@] (0] e [§] [ ] [
e [1] [a70 ) [1] (2] [ ] [

fEauntion
HHew Lok
ElGrarhic

SHARP 5-1
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EL-9900 Graphing Calculator

Step & Key Operation

1'4 Enter the values L=15,000,
1=0.09, N=48.

(o] (¥ [1)[5) (0] (8] [0
o] =] (0] 8] [aviee] [4]

15 solve for the payment(P).
[a][a][a]BH
([cL])

Display

Eqauotion soluwer
P=3273. 2756356

Notes

The monthly payment (P) is
$373.28.

21 Save this formula.

2-2 Give the formula the name AMORT.

A [ [0] [/] (7] [

THOT

EQTH

Fres=[EHTER]

[AMORT 1

Eqauation title

3-1 Recall the amortization formula.

[0)[1]

3_2 Enter the values: P = 300,
| =0.01, N =60

[evien] (3] (] [o] [ewiee] [o] [evien

THOTI

[EHAMORT
REMAME

=3 fEauntion

oI
P==
L=&
I=K
H=6&

[0 [1] (&) [6) [0] [avem

33 solve for the loan (L).

(a)[a EOED

Equation soluver
L=1755@. 27685

The amount of loan (L) is
$17550.28.

With the Equation Editor, the EL-9900 displays equations, even complicated
ones, as they appear in the textbook in easy to understand format. Also it is
easy to find the solution for unknown variables by recalling a stored equation
and giving values to the known variables in the Solver mode when using the

Advanced keyboard.

51 SHARP
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EL-9900 Graphing Calculator

Solving  Literal Equation Using the Graphic Method polumea a yinces

The Solver mode is used to solve one unknown variable by inputting known variables.
There are three methods: Equation, Newton’s, and Graphic. The Equation method is used
when an exact solution can be found by simple substitution. Newton’s method implements
an iterative approach to find the solution once a starting point is given. When a starting
point is unavailable or multiple solutions are expected, use the Graphic method. This
method plots the left and right sides of the equation and then locates the intersection(s).

— Example

variable.

the Graphic method.

using the saved formula.

2. Save the formula as “V CYL".
3. Find the radius of a cylinder with a volume of 200in3 and a height of 15in,

Use the Graphic method to find the radius of a cylinder giving the range of the unknown
The formula: V=m?h (V =volume r=radius

1. Find the radius of a cylinder with a volume of 30in® and a height of 10in, using

h = height)

Basic keyboard.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.
As the Solver feature is only available on the Advanced keyboard, this section does not apply to the

Step & Key Operation

1-1 Access the Solver feature.

12 selectthe Graphic method for
solving.

1-3 Enter the formula V = mr2h.

) [v] o] [= ]

[R] [ e [H]

1.4 Enter the values: V = 30, H = 10. 5

Solve for the radius (R).

(o] (3] [0) (o] [¥] (3]
(0] [ovier) [ | B I

Display

fEAaua tion
HHew tan
ElGrarFhic

V=rRZH

riGrorhic

SHARP

Notes

This screen will appear a few
seconds after “SOLVER” is dis-
played.

5-2
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EL-9900 Graphing Calculator

Step & Key Operation

15

Set the variable range from 0 to 2.

[0] [EnTer] [2] [EnTER]

16

Solve.

B2 A ([

Display

GroFrhic saluver
wariable roanse

EEGIM=8
EMD=2

F=0.37T2ASH2Z

Notes

The graphic solver will prompt
with a variable range for solv-

ing.

30 3
2=_YY -+
M=o ~ 7T<3
r=10 r?=1?=1<3
r=20 r?2=22=4>3

Use the larger of the values to
be safe.

The solver feature will graph
the left side of the equation
(volume, y = 30), then the right
side of the equation (y = 10r?),
and finally will calculate the
intersection of the two graphs
to find the solution.

The radius is 0.98 in.

2 Save this formula.
Give the formula the name “V CYL”".

Eauation title
[V CYL 1

Recall the formula.
Enter the values: V = 200, H = 15.

B 7 (51 0] (1]
(B (2] [0] 0] [even] [0 ver ]

Solve the radius setting the variable
range from 0 to 4.

(a | BRI o] [eves) (4]

3.2

SolveriGrarhic
V=2

R=H
H=15

R=2.B8681298TT

,_ 200 _14
~15m
r=30r=3=9<14
r=40 r2=42=16 > 14

<14

Use 4, the larger of the values,
to be safe.
The answer is : r = 2.06

One very useful feature of the calculator is its ability to store and recall equations.
The solution from various values for known variables can be easily obtained by
recalling an equation which has been stored and giving values to the known
variables. The Graphic method gives a visual solution by drawing a graph.

5-2 SHARP
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EL-9900 Graphing Calculator

olving  Literal Equation Using Newton's Method e ofa Trapesic

The Solver mode is used to solve one unknown variable by inputting known variables.
There are three methods: Equation, Newton’s, and Graphic. The Newton’s method can
be used for more complicated equations. This method implements an iterative approach
to find the solution once a starting point is given.

— Example

Find the height of a trapezoid from the formula for calculating the area of a trapezoid
using Newton’s method.

The formula : A= %h(b+c) (A=area h=height b=topface c = bottom face)
1.

2.
3.

Find the height of a trapezoid with an area of 25in? and bases of length 5in
and 7in using Newton's method. (Set the starting point to 1.)

Save the formula as “A TRAP”.

Find the height of a trapezoid with an area of 50in? with bases of 8in and 10in
using the saved formula. (Set the starting point to 1.)

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

As the Solver feature is only available on the Advanced keyboard, this section does not apply to the
Basic keyboard.

11

12

13

14

Step & Key Operation Display Notes
Access the Solver feature. — This screen will appear a few
seconds after “SOLVER” is dis-
played.

Select Newton's method

f Ivi Equ%tinn
or solving. GEEP%?G
Enter the formula A = % h(b+c). f= L HeBeCo

[pera] [A] et [ = ] [>]
|ALPHA| | (| |aLPHAl | + | [ALPHa|

Enter the values: A = 25,B = 5,C = 7 [ERlyeriNeutan
H=
B3
| w | [5] [enter] [7] [EnTER]
SHARP 5-3
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EL-9900 Graphing Calculator

Step & Key Operation Display Notes
1-5 Solve for the height and enter a Hewton solver Newton's method will
starting point of 1. START=1 prompt with a guess or a
STEF=8. a1 starting point.

(a)[a ] B EA (1) [even

16 solve. Wewton salver The answer is : h=4.17
H=4. 16666666T

(leLh) LT3

[-F =-f.0E60608062

2 Save this formula. Give the formula
the name “A TRAP”. Eauation title

[A TRAF 1
A el (7 [/ (2] (7] [orer]

3-1 Recall the formula for calculating g:%HcBﬂ:;
the area of a trapezoid.

[

3-2 Enter the values: SoTuerTRewton
A=50,B =8, C=10. H=d. 166666667
C=18
[0] [v]

[ee) (1] [o] [e7er)

3-3 Solve. Hewton solver The answer is : h=5.56
H=5.355535556

a2 EEEA[ BT

One very useful feature of the calculator is its ability to store and recall equations.
The solution from various values for known variables can be easily obtained by
recalling an equation which has been stored and giving values to the known
variables in the Solver mode. If a starting point is known, Newton's method is
useful for quick solution of a complicated equation.
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EL-9900 Graphing Calculator

Graphing Polynomials and Tracing to Find the Roots

A polynomial y = f (X) is an expression of the sums of several terms that contain different
powers of the same originals. The roots are found at the intersection of the x-axis and
the graph, i. e. wheny = 0.

— Example

Draw a graph of a polynomial and approximate the roots by using the Zoom-in and
Trace features.

1. Graph the polynomial y = x3- 3x2+ x + 1.
2. Approximate the left-hand root.

. Approximate the middle root.
4, Approximate the right-hand root.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoom| [A] ( [ENTER | pceral [ W ])[7 ]

Setting the zoom factors to 5 : |zoo|\/|| | ENTER | |ENTER | |ENTER |

Step & Key Operation Display Notes
1-1 Enter the polynomial O
y=x3-3x?+x+ 1. =

YZ=
Y=

[v=1 o] [ [3] [ > ] [=1[3] |z
[wermn] [+ ] [xem] [+ ][1]

12 viewthe graph. /
™,

/ R

GRAPH

SHARP 6-1
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EL-9900 Graphing Calculator

Step & Key Operation Display Notes
Tracer
2-1 Move the tracer near the left-hand Note that the tracer is flashing
root. e / on the curve and the x and y
I coordinates are shown at the
f‘ o o bottom of the screen.

[ ] (repeateay) —

2-2 Zoom in on the left-hand root. / \

/’

Tracer
2-3 Move the tracer to approximate the / \ The root is : X = -0.42
root. ’

+

|TRACE| | < | or | > | (repeatedly)

[H=-0. 42 /\':-0.023255

3-1 Return to the previous decimal
viewing window.

3-2 Move the tracer to approximate The root is exactly x = 1.
the middle root. P (Zooming is not needed to
/ e find a better approximate.)

(2 epeatcay

O 0 000000000000 000000000000 0000000000000 0000 0000000000000 00
Tracer

4 Move the tracer near the right- / The root is : x = 2.42

=1 =i

hand root.
Zoom in and move the tracer to +
/\':IJ.IJZBZBB

find a better approximate.

l#=z.42

III (repeatedly)

|TRACE| | > | or | < | (repeatedly)

The calculator allows the roots to be found (or approximated) visually by
graphing a polynomial and using the Zoom-in and Trace features.

6-1 SHARP
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Graphing Polynomials and Jumping to Find the Roots

A polynomial y = f (x) is an expression of the sums of several terms that contain different
powers of the same originals. The roots are found at the intersection of the x- axis and the

graph, i. e. wheny = 0.
— Example

1. Graph the polynomial y = x*+ x*®-5x2- 3x + 1.
2. Find the four roots one by one.

Draw a graph of a polynomial and find the roots by using the Calculate feature.

Starting Return all settings to the default value and delete all data.

Before There may be differences in the results of calculations and graph plotting depending on the setting.

Setting the zoom factors to 5 : [zoom| [ A] [ enter| [ A] [ enter] [ A] [ enter]

Step & Key Operation Display
1-1 Enter the polynomial 1Bt eSSz T 1
— 4 3 2 2=
y=X*+x°-5x?-3x+1 W
=
5=

(=]l ) (2] () [ o] =

2] [3] [ > ][ =][5] [wem] [X]
[— ] (3] womn] [ + ][]

1-2 View the graph. ] I

GRAPH

¥

Notes

2-1  Find the first root.

o lue

gﬁntgct
i o
2nd FJCALC Bz 4 i
2nd Ff cacc ria i
[ _Incet

W=-z. 46716628 IYS.E.Z07HE -0

2-2 Find the next root. ] I

.

[A=-0.8187c4:28  I¥=0

SHARP

X = -2.47

Y is almost but not exactly zero.
Notice that the root found here
is an approximate value.

X = -0.82

6-2
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Step & Key Operation Display Notes
2_3 Find the next root. ] I X = 0.24
.

[H=0.zuireE2ds 1=y E2E-11

2-4 Find the next root. ] I X = 2.05

-

| B e e U

The calculator allows jumping to find the roots by graphing a polynomial
and using the Calculate feature, without tracing the graph.

6-2 SHARP
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Solving a System of Equations by Graphing or Tool Feature

A system of equations is made up of two or more equations. The calculator provides the
Calculate feature and Tool feature to solve a system of equations. The Calculate feature
finds the solution by calculating the intersections of the graphs of equations and is useful
for solving a system when there are two variables, while the Tool feature can solve a linear
system with up to six variables and six equations.

— Example

Solve a system of equations using the Calculate or Tool feature. First, use the Calcu-
late feature. Enter the equations, draw the graph, and find the intersections. Then,
use the Tool feature to solve a system of equations.
1. solve the system using the Calculate feature.

y=x2-1

y = 2X
2. solve the system using the Tool feature.

ox+y=1
[-3x+y:-5

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.
Set viewing window to “-5 < X < 5", “-10 < Y < 10".

foow] [ ) |[5] [enter][5 | [Enter]
As the Tool feature is only available on the Advanced keyboard, example 2 does not apply to the
Basic keyboard.

Step & Key Operation Display Notes

1—1 Enter the system of equations
y=x2-1forYlandy=2x for Y2.

[v=] [xem] [x2] [ — ] [1] [EnTer]

12 viewthe graphs.
GRAPH

1-3 Find the left-hand intersection using Note that the x and y coordi-
the Calculate feature. nates are shown at the bot-

\ tom of the screen. The answer
] S X041y =083

[#=-0.4i42izce  Iv=.0.B2B4z712

The answer is : x = 2.41
/ y =4.83

[h=2. 414212565 I¥=sh. BeB4EF1cE

NLIN

1-4 Find the right-hand intersection by
accessing the Calculate feature again.

SHARP 71
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Step & Key Operation Display

2-1 Access the Tool menu. Select the ERABT=C

k =

number of variables. 1 o

|0 il

= =

)

2-2 Enter the system of equations. aFBT=C

1i|E 1 1
|enTer| |1 | [ENTER| |1 | [ENTER] I

()] [3] [ever] [1] [evter] [ ] [5] =2

23 solve the system. aRET=C

Notes

Using the system function, it
is possible to solve simulta-
neous linear equations. Sys-
tems up to six variables and
six equations can be solved.

x=0.75
y=-2.75

or Tool feature.

A system of equations can be solved easily by using the Calculate feature

7-1 SHARP
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Entering and Multiplying Matrices

A matrix is a rectangular array of elements in rows and columns that is treated as a single
element. A matrix is often used for expressing multiple linear equations with multiple
variables.

—— Example
Enter two matrices and execute multiplication of the two.

1. Enter a 3x 3 matrix A 1

2. Enter a 3x 3 matrix B 2

1

A
2
1
3. Multiply the matrices A and B 1

BN
o U m

1
-1 4
-2

o o w

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.
As the Matrix feature is only available on the Advanced keyboard, this section does not apply to the
Basic keyboard.

Step & Key Operation Display Notes

1-1 Access the matrix menu.

1-2 Set the dimension of the matrix at [t A= =
three rows by three columns.

[enTer| [ 3] [ENTER]

1-3 Enter the elements of the first row, [t &+ =%3
the elements of the second row, and 1[;
i

z

the elements of the third row. ¥

&
[enter] [2] [enter] [ 1] [EnTER]

[enter | [1] [enter]| [ (-) | [1] [enTer]
[enter] [1] [enter] [ () | [2] [EnTer]

|
L]
[

| ES—

SHARP 8-1
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Step & Key Operation Display Notes
2 Enter a 3x3 matrix B. e, L

:
B O 51 21 [5) (v (3] (6] i3 ©
[1] [enter] [2] [ener] [3] [ENTER] E
[4] [enter] [5] [enter] [6] [EnTER]
[7] [enter] [8] [Enter] [9] [ENTER]

3-1 Multiply the matrices A and B Pas BLamie o Matrix multiplication can
together at the home screen. - be performed if the num-
1 ber of columns of the first

matrix is equal to the num-

ber of rows of the second
matrix. The sum of these
multiplications (1-1 + 2-4
+ 1+7) is placed in the 1,1
(first row, first column) po-
sition of the resulting ma-
trix. This process is re-
peated until each row of A
has been multiplied by
each column of B.

— -
LT e ]

Ll )
woE=
1 LB
LY 8

3-2 Delete the input matrices for
future use.

[AFicture
= =

Matrix multiplication can be performed easily by the calculator.
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Solving a System of Linear Equations Using Matrices

Each system of three linear equations consists of three variables. Equations in more than
three variables cannot be graphed on the graphing calculator. The solution of the system of
equations can be found numerically using the Matrix feature or the System solver in the
Tool feature.

A system of linear equations can be expressed as AX = B (A, X and B are matrices). The
solution matrix X is found by multiplying A*B. Note that the multiplication is “order sensitive”
and the correct answer will be obtained by multiplying BA*. An inverse matrix A is a
matrix that when multiplied by A results in the identity matrix I (A*x A=l). The identity
matrix | is defined to be a square matrix (nxn) where each position on the diagonal is 1
and all others are 0.

— Example
Use matrix multiplication to solve a system of linear equations.

1. Enter the 3x3 identity matrix in matrix A. B
2. Find the inverse matrix of the matrix B. % i 1
3. solve the equation system. 1 1 -2
X+2y+z=8 B
2Xx+y-z=1
X+y-2z=-3

Bef(_)re There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.
As the Matrix feature is only available on the Advanced keyboard, this section does not apply to the
Basic keyboard.

Step & Key Operation Display Notes
1.1 setup3x3identity matrix at the ~ [Erert= = (11 @8l
home screen. e 1 @]
[B @ 111
[0]
12 savethe identity matrix in matrix A. R
AnsFmot A
08
[B @ 111]

1-3 confirm that the identity matrix is mat A
stored in matrix A. 1[;
n

= [
| I

SHARP 8-2

Download from Www.Somanuals.com. All Manuals Search And Download.



EL-9900 Graphing Calculator

Step & Key Operation

2_1 Enter a 3x 3 matrix B.

[EnTer | [3] [ENTER]
[ENTER| | 2| [ENTER] | 1] [ENTER]
[enter| [1] [enter] [ () | [1] [EnTeR]
[enter] [1 ] [EnTer] [ () | [2] [ENTeR]

2.2

Exit the matrix editor and find the
inverse of the square matrix B.

III (repeatedly)

Display
mot B X
1 z
1M1 B 1
z| 2 1 1
3[1 1 _]
-2
ma ¥t BT
[[ -8, 166666666 B, 2333
[A.5 -H.5

[0, 6ECE6E6E B, LAGE.

mat BT

GG B.B3FIIIZIIZ -A.51
-H. 5 8.5 1
LGB B lEREEEEEE -H.5]]

Notes

Some sguare matrices have
no inverse and will generate
error statements when calcu-
lating the inverse.

3_1 Enter the constants on the right side
of the equal sign into matrix C (3x1).

B O (51 (3] (5] [ (3] e |

[enter| [1] [enter] [ (-) | [3] [ENTER]

3.2 calculate B'C.

3-3 Delete the input matrices for future
use.

mat ET<mat T
[[1]
[2]
[31]

AFicture
e S

The system of equations can
be expressed as

1 2 1 X 8

2 1 -1 y =1

1 1-2 z -3
Let each matrix B, X, C:
BX=C

B'BX = B"'C (multiply both
sides by B*)

| = B*(B'B = I, identity matrix)
X=B*'C

The 1 is the x coordinate, the 2
the y coordinate, and the 3 the
z coordinate of the solution
point.

xy, 2)=(1, 2,3)

Matrix feature.

The calculator can execute calculation of inverse matrix and matrix
multiplication. A system of linear equations can be solved easily using the

SHARP
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EL-9900 Graphing Calculator

Solving Inequalities

To solve an inequality, expressed by the form of f(x) <0, f(x) =0, or form of f(x) <g(x),
f(x) =g(x), means to find all values that make the inequality true.

There are two methods of finding these values for one-variable inequalities, using graphical
techniques. The first method involves rewriting the inequality so that the right-hand side of
the inequality is 0 and the left-hand side is a function of x. For example, to find the solution
to f(x) <0, determine where the graph of f(x) is below the x-axis. The second method
involves graphing each side of the inequality as an individual function. For example, to find
the solution to f(x) < g(x), determine where the graph of f(x) is below the graph of g(x).

— Example
Solve an inequality in two methods.

1. soive 3(4 - 2x) 25 - x, by rewriting the right-hand side of the inequality as 0.
2. solve 3(4 - 2x) =5 - x, by shading the solution region that makes the inequality true.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation

11 Rewrite the equation 3(4 - 2x) >5 - x
so that the right-hand side becomes 0,
and entery=3(4-2x) -5+ x for Y1.

Display

2=
LES
=
o=
G=

[FIEZCd-ZR0 -5+

[v=]1 8] LT [al [=][2] kem] [

[—=1[5] [+ ] ko]

12 viewthe graph.

GRAPH

1-3 Find the location of the x-intercept
and solve the inequality.

l=t.4

Notes

3(4-2x)=25-x
034-2x)-5+x=20

The x-intercept is located at
the point (1.4, 0).

Since the graph is above the
x-axis to the left of the x-in-
tercept, the solution to the in-
equality 3(4-2x)-5+x=0is
all values of x such that

X <14,

SHARP
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Step & Key Operation Display Notes
2-1 Enter y = 3(4 - 2x) for Y1 and Z0a=2E

y=5-x for Y2.

III (7 times) (4 times)
[enter| [5] [ — | [wermn]

22 View the graph.

GRAPH \

2-3 Access the Set Shade screen.

2-4 Set up the shading. g2 ShezE Since the inequality being
Yergim solved is Y1 > Y2, the solu-
|I| Sl tion is where the graph_of Y1
< is “on the top” and Y2 is “on
the bottom.”
25 View the shaded region. ]
GRAPH \
2-6 Find where the graphs intersect and EE The point of intersection is
solve the inequality. ‘*+1L (1.4, 3.6). Since the shaded
\\ region is to the left of x = 1.4,
o . the solution to the inequality

3(4 - 2x) =25 - x is all values
of x such that x < 1.4.

Graphical solution methods not only offer instructive visualization of the solution
process, but they can be applied to inequalities that are often difficult to solve
algebraically. The EL-9900 allows the solution region to be indicated visually using the
Shade feature. Also, the points of intersection can be obtained easily.
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Solving Double Inequalities

The solution to a system of two inequalities in one variable consists of all values of the variable
that make each inequality in the system true. A system f (x) > a, f (x) <b, where the same expression
appears on both inequalities, is commonly referred to as a “double” inequality and is often written
in the form a <f (x) <b. Be certain that both inequality signs are pointing in the same direction and
that the double inequality is only used to indicate an expression in x “trapped” in between two
values. Also a must be less than or equal to b in the inequality a <f (X) <b or b >f(x) >a.

— Example
Solve a double inequality, using graphical techniques.

2x-52>-1
2Xx-5<7

Bef(_)re There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation Display Notes

The “double” inequality
given can also be written to

1 Entery=-1 forYl,y=2x-5 for
Y2,and y =7 for Y3.

-1<2x-5<T7.
[v=][©)] [2] [evrer]
[ormm] [ — ][ 5] [EnTeR]
2  View the lines.
GRAPH
3 Find the point of intersection. — y=2x-5 and
Intsct y =-1 intersect at (2, -1).
4 b d iam
[l it
W _IhcEt
|#=2 v=-1
SHARP 9-2
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Step & Key Operation Display

4 Move the tracer and find another

intersection.

5  Solve the inequalities.

Notes

y=2x-5andy=7
intersect at (6,7).

The solution to the “double”
inequality -1 <2x -5 <7 con-
sists of all values of x in be-
tween, and including, 2 and 6
(i.e., x 22 and x <6). The so-
lution is 2 < x <6.

Graphical solution methods not only offer instructive visualization of the solution
process, but they can be applied to inequalities that are often difficult to solve
algebraically. The EL-9900 allows the solution region to be indicated visually using the
Shade feature. Also, the points of intersection can be obtained easily.

9-2 SHARP
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System of Two-Variable Inequalities

The solution region of a system of two-variable inequalities consists of all points (a, b) such
that when x = a and y = b, all inequalities in the system are true. To solve two-variable
inequalities, the inequalities must be manipulated to isolate the y variable and enter the
other side of the inequality as a function. The calculator will only accept functions of the
formy = __. (where y is defined explicitly in terms of x).

— Example
Solve a system of two-variable inequalities by shading the solution region.

2x+y =1
x?+y<1

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoow| (| ENTER| | v )

6

Step & Key Operation

Rewrite each inequality in the system

so that the left-hand side is y :

Entery=1-2xforYlandy=1-x2
for Y2.

Ly=] 2] —][2] [xemn [Enter]
=]
Access the set shade screen

Shade the points of y -value so that
Ylsys<Y2

BT 08 (] [eviee) (&) [1] [

Graph the system and find the
intersections.

GRAPH

Solve the system.

Display

Notes

2x+y=210y=>1-2x
x2+y<l1l0Oys<1-x?

The intersections are (0, 1)
and (2, -3)

The solution is 0 s x < 2.

Graphical solution methods not only offer instructive visualization of the solution process,
but they can be applied to inequalities that are often difficult to solve algebraically.
The EL-9900 allows the solution region to be indicated visually using the Shade feature.
Also, the points of intersection can be obtained easily.

SHARP
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Graphing Solution Region of Inequalities

The solution region of an inequality consists of all points (a, b) such that when x =a, and y = b,
all inequalities are true.

— Example
Check to see if given points are in the solution region of a system of inequalities.

1. Graph the solution region of a system of inequalities:
X+2y<1
X2+y=>4

2. Which of the following points are within the solution region?
(-1.6, 1.8), (-2, -5), (2.8, -1.4), (-8,4)

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation Display Notes

11 Rewrite the inequalities so that the x+2y<sllys lp_—X

left-hand side is y. X4y =240 y=24-x?
12 enter y= 12—X for Y1 and vig 155

y=4-x2for Y2. ICE

=

Ly=||am]| 2] — | [xom] ==

| w | [2] [enter] [4] [ — ] [xerm]
1-3 Set the shade and view the solution [F=% shade Y2<y <Y1

region. L Tl

s
s
s
Tog
Yo

o

B I ) () (A 2] ] e b
\\2}

GRAPH

2-1 Setthe display area (window) to :  [findow tRects

Amin=-9

9<x<3, -6<y<5, Hmaz=%
ind = -5

uoow| | (<) | IE' |ENTER | [ENTER] Yecl=1
[enter| [ (-) ] [6] [EnTeR] [5] [ENTER]

9-4 SHARP
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Step & Key Operation

2-2 Use the cursor to check the position
of each point. (Zoom in as necessary).

Grept| | > | or [ 4] or [ A ]or
[v]

2-3 Substitute points and confirm
whether they are in the solution
region.

(B8] (] [z [-][e][+]
(2] [ J[2][-][8]-"

(Continuing key operations omitted.)

Display

+

| kS A e e e’ B O -

B7PHE

-1.e+2%1. 8
S2+2w -5
_PE+ .5

2.8+2x-1.4
2.82+-1.4
-8+

€ -Dazed

Notes

Points in the solution region
are (2.8, -1.4) and (-8, 4).
Points outside the solution
region are (-1.6, 1.8) and

(-2, -5).

+(-1.6,1.8):-1.6 +2018=2
O This does not materialize.
*(-2,-5): -2+20(5)=-12
(-2 + (-5 =-1
O This does not materialize.
+(2.8,-14):28+20(-1.4) =0
(2.8)2 + (-1.4) = 6.44
O This materializes.
«(-8,4): -8+20p4=0
(-8)2 + 4 =68
O This materializes.

checked visually.

Graphical solution methods not only offer instructive visualization of the solution process,
but they can be applied to inequalities that are often very difficult to solve algebraically.
The EL-9900 allows the solution region to be indicated visually using the Shading
feature. Also, the free-moving tracer or Zoom-in feature will allow the details to be

SHARP
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Slope and Intercept of Absolute Value Functions

The absolute value of a real number x is defined by the following:

Ix| = X ifx=0
-X ifx<0

If nis a positive number, there are two solutions to the equation |f (x)] = n because there
are exactly two numbers with the absolute value equal to n: n and -n. The existence of two
distinct solutions is clear when the equation is solved graphically.

An absolute value function can be presented as y = a|x - h| + k. The graph moves as the

changes of slope a, x-intercept h, and y-intercept k.

— Example

graphs and the values of coefficients.
1. Graph y = |x]

Consider various absolute value functions and check the relation between the

2. Graph y = |x -1] and y = |x]-1 using Rapid Graph feature.

Starting Return all settings to the default value and delete all data.

Before There may be differences in the results of calculations and graph plotting depending on the setting.

Set the zoom to the decimal window: [zoom| [A] ( [EnTer | BRI | W |)

Step & Key Operation Display

1-1 Enter the function y =|x] for Y1. T

12 view the graph.

GRAPH

Notes

Notice that the domain of f(x)
= |x] is the set of all real num-
bers and the range is the set of
non-negative real numbers.
Notice also that the slope of the
graph is 1 in the range of X > 0
and -1 in the range of X <0.

- - ]
2 1 Enter the standard form of an abso B o e

lute value function for Y2 using the [|vz=
Rapid Graph feature. I

5=
ve=

[Y=][ W] [era] [A] [marH]

[ [ — 1 [arra] [H] [ D> | [+] [ALPHAl

Innnc
Lleplond s |

2-2 Substitute the coefficients to graph m)ﬂ/
y=|x-1].

LT

B I (1] [svven) 1] [

]
10-1 SHARP
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Step & Key Operation Display Notes
23 View the graph. Notice that placing an h(>0)
within the standard form
GRAPH y = a|x - h]+ k will move the
graph right h units on the x-
axis.

2.4 Change the coefficients to graph my
y =1x|-1. I

=1 (%) B () 1]
[enter] [0] [EnTeEr] [ (-) | [1] [EnTer]

LIy
mnundg
1 S

25 View the graph. Notice that adding a k (>0)
within the standard form
GRAPH y=a|x-h]+k will move the
graph up k units on the y-axis.

The EL-9900 shows absolute values with | |, just as written on paper, by using the
Equation editor. Use of the calculator allows various absolute value functions to be
graphed quickly and shows their characteristics in an easy-to-understand manner.

SHARP 10-1
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Solving Absolute Value Equations

The absolute value of a real number x is defined by the following:

Ix] = x ifx=0
-X ifx<0

If nis a positive number, there are two solutions to the equation |f (x)] = n because there
are exactly two numbers with the absolute value equal to n: n and -n. The existence of two
distinct solutions is clear when the equation is solved graphically.

— Example

Solve an absolute value equation |5 - 4x] = 6

Bef(_)re There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation Display Notes

1 Entery=]5-4x] for Y1.
Enter y = 6 for Y2.

[v=] [wn] [8] [1][5] [ —][4]

(6]
2  View the graph. nEE There are two points of in-
\/ tersection of the absolute
GRAPH value graph and the hori-
zontal line y = 6.
3 Find the points of intersection of i The solution to the equation
the t hs and sol N I5 - 4x| = 6 consists of the two
€ two grapns and solve. values -0.25 and 2.75. Note
- s that although it is not as intu-
. itively obvious, the solution
could also be obtained by
finding the x-intercepts of the

function y = |5x - 4] - 6.

The EL-9900 shows absolute values with | |, just as written on paper, by
using the Equation editor. The graphing feature of the calculator shows the
solution of the absolute value function visually.

10-2 SHARP
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Solving Absolute Value Inequalities

To solve an inequality means to find all values that make the inequality true. Absolute value
inequalities are of the form |[f X)|<k, [f (X)|<k, |[f X)|> K, or |f (X)]=k. The graphical
solution to an absolute value inequality is found using the same methods as for normal
inequalities. The first method involves rewriting the inequality so that the right-hand side of
the inequality is 0 and the left-hand side is a function of x. The second method involves
graphing each side of the inequality as an individual function.

— Example
Solve absolute value inequalities in two methods.

1. solve |20 - %‘I < 8 by rewriting the inequality so that the right-hand side of
the inequality is zero.
2. solve |3.5x + 4] > 10 by shading the solution region.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set viewing window to “-5< x <50,” and “-10< y <10".

|W\NDOW| | (=) | | ENTER | @

Step & Key Operation Display Notes

1-1 Rewrite the equation. 120 -8 |<8
5

D|2o-%x|-s<o.

12 Entery = |20 %X - 8 for Y1. :ﬂza‘% ==

LER

[y=][wr] [B] [1][2][0] [— ][ar] |va-
(6] [semn] [ > |[5][» ][> ]

=
1-3 View the graph, and find the The intersections with the x-
x-intercepts. axis are (10, 0) and (23.3, 0)
(x Note: The value of y in the
GRAPH X-intercepts may not appear
0 x=1 - exactly as 0 as shown in the
0. y=0 example, due to an error
[0 x = 23.33333334 Icauseo; by approximate calcu-
ation.

y = 0.00000006 (x Note)

1-4 Solve the inequality. Since the graph is below the
x-axis for x in between the
two x-intercepts, the solution
is 10 < x < 23.3.

SHARP 10-3
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21

2-2

23

24

Step & Key Operation

Enter the function
y =|3.5x + 4|]for Y1.
Enter y = 10 for Y2.

[v=][cL ] [wm] [B] [1]
[<][5] [vemm] [ + ] [4] [Enter]
[1][o]

Set up shading.

% [0 () (o] (2] (2] [

Set viewing window to “-10 < x < 10”
and “-5 <y < 50", and view the graph.

[moon] [ ) J[2][0] [enter][1][0]
[enter | [enter| [ (-) |[5] [enter][5][0]
[ENTER| [ 5] [ENTER]

Find the points of intersection.
Solve the inequality.

Bl B (2] 0 x=-4, y=10
0 x = 1.714285714

Display

I3 5RH
Y2810

5=

=

o=

YE=

Sel shode
Y2 4

i
B
e, e, e

[indow CEect?
Amin=-1H
Amax=18
Ascl=1
Yinin=-5
inax=58
Ve l=5

-

[E==k V=10

y = 9.999999999 (x Note)

Notes

Since the inequality you are
solving is Y1 > Y2, the solu-
tion is where the graph of Y2
is “on the bottom” and Y1 in
“on the top.”

The intersections are (-4, 10)
and (1.7, 10.0). The solution
is all values of x such that

X <-4 orx>1.7.

(x Note: The value of y in the
intersection of the two graphs
may not appear exactly as 10
as shown in the example, due
to an error caused by approxi-
mate calculation.)

The EL-9900 shows absolute values with | |, just as written on paper, by using
the Equation editor. Graphical solution methods not only offer instructive
visualization of the solution process, but they can be applied to inequalities that
are often difficult to solve algebraically. The Shade feature is useful to solve the
inequality visually and the points of intersection can be obtained easily.

10-3
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Evaluating Absolute Value Functions

The absolute value of a real number x is defined by the following:

Ix] = x if x=0
-x if x<0
Note that the effect of taking the absolute value of a number is to strip away the minus sign

if the number is negative and to leave the number unchanged if it is nonnegative.
Thus, | x| =0 for all values of x.

— Example

Evaluate various absolute value functions.
1. evaluate |- 2(5-1)]|
2. 1s |-2+7] = |-2] + |71
Evaluate each side of the equation to check your answer.

Is | x+y] =Ix]+ |y] for all real numbers x and y ?
If not, when will |x +y| = |x]+]yl ?

6-9,_16-9]|,
3. 15 1231 [+3]

Evaluate each side of the equation to check your answer. Investigate with
more examples, and decide if you think |x /7 y|=Ix]/1y]

Bef(_)re There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Step & Key Operation Display Notes

1-1 Access the home or computation =

screen.
B0
]S

1-2 Enter y = |-2(5-1)] and evaluate. T-Z05-17T 4 The solution is *8.
[wr] [B] (2] [0 ] [2] [ ][8][=]

21 Evaluate]-2 + 7]. Evaluate|-2]+] 7] .[F-2F d 1-2+7]1=51-2] + 7] =9
1-21+ 171
4  O]-2+7]#]-2] + |7l
I | #1-2] +17]

[were] [1] [) | [2] [ + ] [7] [Enter]
|MATH||(—) || » | [ + | [wamH]

SHARP 10-4
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Step & Key Operation

2-2

Is |x +y] = Ix] +lyl? Think about
this problem according to the cases
when x or y are positive or negative.

Ifx=>0andy =0
le.g; (X, y) = (2,7)]

Ifx<0andy =0
[e.9.; (x,y) = (-2, 7)]

Ifx>0andy =<0
le.g; (x,y) = (2, -7)]

Ifx<O0andy =<0
[e.g.; (x,y) = (-2, -7)]

Display Notes

Ix+y] = ]2+ 7] =9
IXI+lyl =121 + 171 =9

Ox+yl=1x] + 1yl
Ix+yl =]-2+7] =5
IXI+lyl = 1-21 + 171 =9

Olx+yl# Ix] + 1yl
Ix+yl =]2-7] =5
IXI+lyl =12 + |-71 = 9

Opx+yl = Ix] + 1yl
Ix+y| =1-2-7] =9
IXI+lyl = 1-21 + 1-71 =9

Opx+yl=1x] + 1yl

+ 1l

Therefore |x +y|=|x]+]ylwhenx=0andy =0,
and when x <0 and y <0.

3.1 Evaluate ‘% ‘ : Evaluate:f;g ||

[cL | [war] [1][asb] [6][— ][9]
[ > J[2] [+ ] [3] [enter]
[wan] [1] [6] [— | [9] [» ] [ab]

[wer] [1] [1] [+ ] [3] [Enter]

32 s Ix iyl = Ix1/1yD?
Think about this problem according
to the cases when x or y are positive
or negative.

Ifx=>0andy =0
le.g; (X, y) = (2,7)]

Ifx<0andy =0
[e.9.; (x,y) = (-2, 7)]

Ifx>0andy =<0
le.g; (x,y) = (2, -7)]

Ifx<0andy <0
le.g; (X, y) = (-2, -7)]

= &2 16-9|
o o.79 | 1331 = 0.75 , 143 = 0.75
11+31 & 75 . ‘ﬂ _ | 6‘9|

1+3 |1+3 |

Ix /7yl = 12/7) = 2/7
IXU/1yl =121 7171 = 2/7

OIx/yl = 1Ix1 /1yl
Ix/yl = 1(-2)/7) = 2/7
IXU/1yl = 1-21 7171 = 2/7

OIx/yl = 1x1 /1yl
Ix /7yl = 12/(-7)] = 2/7
IXU/1yl =121 /1-71 = 2/7

OIx/yl = 1x1 71yl
Ix /7yl = 1(-2)/-7) = 2/7
IXI/1yl = 1-2]1 7/1-71 = 2/7

_ OIx/yl = 1x1 /7 1yl

The statement is true for all y # 0.

The EL-9900 shows absolute values with | |, just as written on paper, by using
the Equation editor. The nature of arithmetic of the absolute value can be
learned through arithmetical operations of absolute value functions.

10-4
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Graphing Rational Functions

A rational function f (x) is defined as the quotient Mwhere p (X) and g (x) are two
polynomial functions such that g (x) # 0. The domain oc} g(rzy rational function consists of all
values of x such that the denominator q (x) is not zero.

A rational function consists of branches separated by vertical asymptotes, and the values of
x that make the denominator g (X) =0 but do not make the numerator p (x) =0 are where
the vertical asymptotes occur. It also has horizontal asymptotes, lines of the form y = k (k,
a constant) such that the function gets arbitrarily close to, but does not cross, the horizontal

asymptote when |x] is large.

The x intercepts of a rational function f (x), if there are any, occur at the x-values that make
the numerator p (x), but not the denominator q (x), zero. The y-intercept occurs at f (0).

Example
Graph the rational function and check several points as indicated below.

1. Graph f(x) = %

2. Find the domain of f (x), and the vertical asymptote of f (x).
3. Find the x- and y-intercepts of f (x).
4. Estimate the horizontal asymptote of f (x).

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zooM| [A] ( [enTer] [aeral | W |)

Step & Key Operation Display Notes
_x-1 =
11 enter y= 7 forvi vim ]
vas
%
[asb] [verm| [ — ] [2] | W | [xerm]
(=]
1-2 View the graph. The function consists of two
e branches separated by the verti-

GRAPH j cal asymptote.

SHARP 11-1
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Step & Key Operation

2 Find the domain and the vertical
asymptote of f (x), tracing the
graph to find the hole at x = 1.

EI (repeatedly)
[>]

[>]

Display

H=0.9 Y=0.Cza2157AT

[H=1.4 Y=0. 47E18047E

Notes

Since f (x) can be written as
oo x-1
xX+1)(x-1)
consists of all real numbers x
such that x # 1 and x # -1.
There is no vertical asymptote
where x = 1 since this value
of x also makes the numera-
tor zero. Next to the coordi-
nates x = 0.9, y = 0.52, see that
the calculator does not display
a value fory at x = 1 since 1
is not in the domain of this
rational function.

, the domain

3 Find the x- and y-intercepts of f (x).

S B [

The y-intercept is at (0 ,1). No-
tice that there are no x-inter-
cepts for the graph of f (x).

4 Estimate the horizontal asymptote

of f (X).

The line y = 0 is very likely a
horizontal asymptote of f (x).

The graphing feature of the EL-9900 can create the branches of a rational
function separated by a vertical asymptote. The calculator allows the points of
intersection to be obtained easily.

11-1
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Solving Rational Function Inequalities

A rational function f (x) is defined as the quotient &where p (X) and g (x) are two

q(x)
polynomial functions such that g (x) # 0. The solutions to a rational function inequality can
be obtained graphically using the same method as for normal inequalities. You can find the

solutions by graphing each side of the inequalities as an individual function.

— Example
Solve a rational inequality.

Solve ‘ﬁr‘ <2 by graphing each side of the inequality as an individual function.

Bef(_)re There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoom| [A] ([ENTER] [atPral | W |)

Step & Key Operation Display Notes

1 Enteryz‘ﬁ‘for Y1 Entery =2 [y ]

for Y2. 282
¥I=
Ya=

) ) [¥] [
[ — ] [xom] [ENTER]

2  Set up the shading. ST SR Since Y1 is the value “on the
G 5 i bottom” (the smaller of the

. two) and Y2 is the function
st “on the top” (the larger of the

B I (] (v [ (1) [ two), YL < ¥ < Y2.

3 View the graph. T
GRAPH
4 Find the intersections, and solve the 1T The intersections are when
inequality. Y| x =-1.3,-08, 08, and 1.3.
The solution is all values of
Do this four times i b x such that x <-1.3 or

-08<x=<08o0orx=123.

The EL-9900 allows the solution region of inequalities to be indicated visually
using the Shade feature. Also, the points of intersections can be obtained
easily.

SHARP 11-2
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Graphing Parabolas

The graphs of quadratic equations (y = ax2 + bx + c) are called parabolas. Sometimes the quadratic
equation takes on the form of x = ay? + by + c.

There is a problem entering this equation in the calculator graphing list for two reasons:

a) it is not a function, and only functions can be entered in the Y= list locations,

b) the functions entered in the Y= list must be in terms of X, not y.

There are, however, two methods you can use to draw the graph of a parabola.

Method 1: Consider the "top” and "bottom" halves of the parabola as two different parts of the graph
because each individually is a function. Solve the equation of the parabola for y and enter the two parts
(that individually are functions) in two locations of the Y= list.

Method 2: Choose the parametric graphing mode of the calculator and enter the parametric equations
of the parabola. It is not necessary to algebraically solve the equation for y. Parametric representations
are equation pairs x = F(t), y = F(t) that have x and y each expressed in terms of a third parameter, t.

— Example
Graph a parabola using two methods.

1. Graph the parabola x = y? -2 in rectangular mode.
2. Graph the parabola x = y? -2 in parametric mode.

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoom] [A] ([ENTER| [ALPHA| | W |)

Step & Key Operation Display Notes
1.1 solve the equation for y. X =y?-2
X+2=y?
y = i\/X_+2_
1—2 Enter y = vx+2 for Y1 and enter 1B E
y =-Y1 for Y2. e
=

=

The graph of the equation y =
{,fﬁ VX+ 2 is the "top half" of the
GRAPH = parabola and the graph of the
e equation y = - X + 2 gives

the "bottom half."

1-3 View the graph.

12-1 SHARP
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2-1

2.2

23

2.4

2.5

Step & Key Operation

Change to parametric mode.

Rewrite x =y? -2 in parametric form.
Enter XIT =T2?-2 and Y1T =T.

L= | [xemn| [X2| [ — | [2] [EntER]

View the graph. Consider why only
half of the parabola is drawn.

(To understand this, use Trace fea-
ture.)

icrapH] ( [tRace] [ > | )

Set Tmin to -6.

|wwmw||(—)| [:] |ENTER|

View the complete parabola.

GRAPH

Display

EIFolar

fRect
HFaFanm
ESea

[FITETE=Z
Y1TET
H2T=
T2T=
HIT=
YIT=

Mindow CRarams
Tinin=-&

Tmox=6. 283125267
T=ztep=1.30899693%E -1
Bimin= -5, 3

———

H“‘“—ﬁhﬁﬁ_

Notes

Let y = T and substitute in x
=y2- 2, to obtain x = T?- 2.

The graph starts at T =0 and
increases. Since the window
setting is T = 0, the region T
< 0 is not drawn in the graph.

The calculator provides two methods for graphing parabolas, both of which

are easy to perform.

SHARP

12-1
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Graphing Circles

The standard equation of a circle of radius r that is centered at a point (h, k) is (x - h)? +
(y-k)2=r2 In order to put an equation in standard form so that you can graph in rectangular
mode, it is necessary to solve the equation for y. You therefore need to use the process of

completing the square.

— Example

standard form.
1. Graph x2+y?=4.

2. Graph x2-2x +y?+ 4y = 2.

Graph the circles in rectangular mode. Solve the equation for y to put it in the

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoom| [ A] ( [enTer] [apra | W |)

Step & Key Operation

11 sowvethe equation for y.
Enter y =/ 4 - x2 for Y1 (the top
half). Enter y = -/ 4 - x* for Y2.

(=) I A () (= o] [

Display
1B d—HE
28 -1
"YE=
Y=
5=
YE=

1.2 view the graph.

GRAPH

Al
S

Notes
yz =4 - x2
y = /4 - x?

This is a circle of radius r,
centered at the origin.

2-1 solve the equation for v,

completing the square.

12-2

X2-2X+y?+ 4y =2

X2-2X+y2+4y+4=2+4
X2-2X + (y+2)*=6
(y+2)?= 6 -x?+ 2x

y+2 = +/6-X24+2X

y = +/6-x2+2x -2

SHARP

Place all variable terms on the
left and the constant term on
the right-hand side of the
equation.

Complete the square on the
y-term.

Express the terms in y as a
perfect square.

Leave only the term involving
y on the left hand side.

Take the square root of both
sides.

Solve fory.

Download from Www.Somanuals.com. All Manuals Search And Download.
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Step & Key Operation

22 Entery = /6 - x2+ 2x for Y1,
y=Y1l-2forY2 andy=-Y1-2for
Y3.
[v=1[cc ] EX5 Nl (6] [ — ] [vorm]
[Xg] [ + ][2] [xem] [EnTer] [cL |
BEE B3 [A] [evrer] [1][ ]
(7] I N (v (1) [ = ) [2)

2_3 "Turn off" Y1 so that it will not
graph.

| A || A «][enTer]

2-4 Adjust the screen so that the whole
graph is shown. Shift 2 units down-
wards.

[ W | @times) [ — | [2] [enTeR]
[—] [ENTER | [oRaPH]

Display

1B E—HE+ZH
2BV 1-2
TIE-T1-2
=

o=

TE=

v 1=[E—RE+ZR
YZ2ET1-2
WIE-T1-2
=

o=

WE=

S
_/

7

Notes

Notice that if you enter
y=+6-x*+2x -2forYl
andy = - Y1 for Y2, you will
not get the graph of a circle
because the “+” does not go
with the “-2”.

Notice that “=" for Y1 is no
longer darkened. You now
have the top portion and the
bottom portion of the circle
in Y2 and Y3.

-13<Y <3l
O

51<Y<1l1

Graphing circles can be performed easily on the calculator display.

SHARP

12-2
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Graphing Ellipses

The standard equation for an ellipse whose center is at the point (h, k) with major and

minor axes of length a and b is (xa-zh)2+ (yb'zk)i 1.

There is a problem entering this equation in the calculator graphing list for two reasons:
a) it is not a function, and only functions can be entered in the Y = list locations.
b) the functions entered in the Y = list locations must be in terms of x, not y.
To draw a graph of an ellipse, consider the “top” and “bottom” halves of the ellipse as two
different parts of the graph because each individual is a function. Solve the equation of the
ellipse for y and enter the two parts in two locations of the Y = list.

—— Example

Graph an ellipse in rectangular mode. Solve the equation for y to put it in the
standard form.

Graph the ellipse 3(x -3)2+ (y +2)2 =3

Bef_ore There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoou| ([enTer] [aeHal[ W |)

Step & Key Operation Display Notes
1  Solve the equation for y, completing e 3(x-3)2+(y+2)2=3
the square. v2EY1-2
Y3812 (y+2)2=3-3(x-3)?
Enter E% y +2= £/3-3(x - 3)?
Y1 =+/3-3(x - 3)? — —+3-3(x-3)-2
Y2=Y1-2 y=v ( )
Y3=-Y1-2
[v= X Nl (3] [— ] [3] [ (]

(o] [ —T[3] [ ) ] [X?] [enter]
B I () (o) (5] [
A0

2  Turn off Y1 so that it will not graph. [yi=-F=t—=z
Y2812

| A [ A]| «][enTeR] s

V&=

12-3 SHARP
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Step & Key Operation

3 View the graph.

GRAPH

4 Adjust the screen so that the whole
graph is shown. Shift 2 units down-
wards.

[ W | @times) [ — ] [2] [EnTeR]
[ — ][2] [enter] [crar]

Notes

-31l<Y<3l
O

51<Y<11

Graphing an ellipse can be performed easily on the calculator display.

SHARP
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Graphing Hyperbolas

The standard equation for a hyperbola can take one of two forms:

- 2
(Xézh)z - (ybzk) = 1 with vertices at (h+a, k) or

(Xt;zk)z - (ya-zh)z =1 with vertices at (h, k #b).
There is a problem entering this equation in the calculator graphing list for two reasons:
a) it is not a function, and only functions can be entered in the Y= list locations.
b) the functions entered in the Y= list locations must be in terms of x, not y.
To draw a graph of a hyperbola, consider the “top” and “bottom” halves of the hyperbola
as two different parts of the graph because each individual is a function. Solve the equation

of the hyperbola for y and enter the two parts in two locations of the Y= list.

— Example

Graph a hyperbola in rectangular mode. Solve the equation for y to put it in the
standard form.

Graph the hyperbola x2 +2x -y?-6y +3=0

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Starting Return all settings to the default value and delete all data.

Set the zoom to the decimal window: [zoom| [ A] ( [enTer| [aeral[ W |)

Step & Key Operation Display Notes
1  Solve the equation for y completing [ armmars X%+ 2% - y? -6y = -3
the square. VEEE X2+ 2X - (y2+ 6y +9)=-3-9
Enter e X2+ 2X - (y +3)2 =-12
Y2=Y1-3 v e v T 1
Y3 = -Y1 -3 y+3=Tx?+2x +12

y=%yx?+2x+12-3

BIP I (] [svves) (3] [— ] [3] [
() B RO ) (] (3= 3]

2  Turn off Y1 so that it will not graph. vi=IRER
YZE-Y1-3

| A [ A][ «][enTer] s

6=
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EL-9900 Graphing Calculator

Step & Key Operation Display Notes

3 View the graph.

GRAPH

4  Zoom out the screen. /
.

Graphing hyperbolas can be performed easily on the calculator display.

SHARP 12-4
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Key pad for the SHARP EL-9900 Calculator

Advanced Keyboard

@ Graphing keys

f 1
!’APHI"E CALCULATOR

Fﬁ/s_w

g8
L34 S

ATRIX SOLVER INS SETUP QUIT

(MATH) (sm) (PRGM]} (oEL) (BS) KCL}

in A cos'B tan’'C 10*D e* E

m@ammmm

H a— 1 v— J RCLK VARS

N { }

\

()
() (&) (3

10

® Cursor movement keys

@ Power supply ON/OFF key @ Clear/Quit key
€ Secondary function specification key @ Variable enter key

@ Alphabet specification key

@ Display screen

© Calculation execute key

@ Communication port for peripheral devices
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Key pad for the SHARP EL-9900 Calculator

@ Graphing keys

€ Secondary function specification key @ Variable enter key

@ Alphabet specification key © Calculation execute key

@ Display screen

Basic Keyboard

Fﬁ//s_w

INS SETUP QuUIT

Fos. }
)

D°/oExF

mm@ammm

H av_ | v— RCL K VARS

mmmm&mm

10

!RA PHING CALCULATOR

® Cursor movement keys
@ Power supply ON/OFF key @ Clear/Quit key

@ Communication port for peripheral devices
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SHARP

Use this form to send us your contribution

Dear Sir/Madam

We would like to take this opportunity to invite you to create a mathematical problem which can be solved
with the SHARP graphing calculator EL-9900. For this purpose, we would be grateful if you would com-
plete the form below and return it to us by fax or mail.

If your contribution is chosen, your name will be included in the next edition of The EL-9900 Graphing
Calculator Handbook. We regret that we are unable to return contributions.

We thank you for your cooperation in this project.

Name; ([JMr.[JMs.)

School/College/Univ.:

Address:

Post Code: Country:

Phone: Fax:

E-mail:

SUBJECT : Write a title or the subject you are writing about.

SHARP Graphing Calculator
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BEFORE STARTING : Write any conditions to be set up before solving the problems.

SHARP

SHARP CORPORATION Osaka, Japan
Fax:

SHARP Graphing Calculator O&
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