EL-9650/9400 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

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

1. Graph the equations y = x and y = 2x.
2. Graph the equations y = x and y = %x
3. Graph the equations y = x and y = - x.

4. Graph the equations y =x and y = x + 2.

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

Step & Key Operation Display Notes
(When using EL-9650) (When using EL-9650)

*Use either pen touch or cursor to operate.

11 Enterthe equation y = x for Y1 VIEE.
and y = 2x for Y2. A
5=
[ Y= | [xermm] [EnTer ], [2] [xiermn] Ve
WE=
1-2 View both graphs. 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.  [71BR

WEE—
ly=][ v ] [ecL] i
(1] [ab] [2] [, fxom]
2—2 View both graphs. Notice how Y2 becomes less
steep or climbs slower. De-
crease the size of the slope
(O<m<1) to make the line less

steep.
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EL-9650/9400 Graphing Calculator

Step & Key Operation Display Notes
(When using EL-9650) (When using EL-9650)

*Use either pen touch or cursor to operate.

3-1 Enter the equation y = - x for Y2. TIER,.
' 5=
Ly=1 1w |, [eL ][ ] kom] it
' E=
=
E=
3—2 View both graphs. Notice how Y2 decreases
(.going' down fror_n left to
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.

41 Enter the equation y = x + 2 for

i
EBR+E
Y2. EE
=] [, [oi]jom] [+ ][2] [i&
E=
4—2 View both graphs. Adding 2 will shift the y = x
// graph upwards.

Making a graph is easy, and quick comparison of several graphs will help
students understand the characteristics of linear equations.
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EL-9650/9400 Graphing Calculator

Step & Key Operation Display
(When using EL-9650) (When using EL-9650)

*Use either pen touch or cursor to operate.

2.2 View the graphs. 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 Calculators can be used to draw parallel or perpendicular
lines while learning the slope or y-intercept of linear equations.
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EL-9650 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) *+ &,
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 xis 2 is considered a quadratic equation. In graphing
gquadratic equations on the calculator, let the x-variable be represented by the horizontal
axis and let y be represented by the vertical axis. The graph can be adjusted by varying the
coefficients a, h, and k.

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

1. Graph y =x% and y = (x - 2)2
2. Graph y =x? and y =x?+ 2.
3. Graph y =x? and y = 2x2.

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

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Start Return all settings to the default value or to delete all data.
As Substitution feature is only available on the EL-9650, this section does not apply to the EL-9400.

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

11 Enterthe equationy = x*forY1.  [fIE%®

[ Y= | o] [ x* | 3=

1.2 Enter the equation y = (x - 2)2 for TR
Y2 using Sub feature. Freis| B .2 |F 4 ]

[ [ez] [1] [ewten], L] F
[Te=ATR-H 2? EE?: i
[acpha] [C] [EnTER], [ 1] [EnTER], \J H2
BT TN (] [ewen ) [2] [ewren)
(o] [owren] )
. Notice that the addition of -2
1'3 View both graphs. \\// 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 4 (>0) within the standard
form y = a (x - h)? + k will move the basic graph right
h units and placing an 4 (<0) will move it left /# units
on the x-axis.
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EL-9650 Graphing Calculator

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

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

RN ] s JRAID
[ENTER| [2 ] [ENTER |

2—2 View both graphs. \\ / 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 % (>0) within the standard form y = a (x -
h)2 + kwill move the basic graph up % units and placing an
k (<0) will move the basic graph down k units on the -

axis.
© 0 0000000000000 0000000000000 0000000000000 0000000000000 0000

3—1 Change the equation in Y2 to y = 2x2

v=] [, BT B [2] [
(V] [o] [ewrea]

3—2 View both graphs. Notice that the multiplication of
\\/ 2 pinches or closes the basic

y=x2graph. This demonstrates

the fact that multiplying an a

(> 1) in the standard form y=a
(x - h)2+ k will pinch or close
the basic graph.

4-1 Change the equation in Y2 to [TE=RT=Hr=r

SUE: 72
y=-2x2 H=a
v ] B¥E BT () ] [2]
4-2 View both graphs. Notice that the multiplication of
\ / -2 pinches or closes the basic
y=x?graph and flips it (reflects
/\ it) across the x-axis. This dem-

onstrates the fact that multiply-
ing an a (<-1) in the standard form y =a (x-h) >+ k
will pinch or close the basic graph and flip it (reflect
it) across the x-axis.

The EL-9650/9400 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 Substitution feature.
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EL-9650/9400 Graphing Calculator

Shifting a Graph of Quadratic Equations

A quadratic equation of y in terms of .x can be expressed by the standard form y = a (x - h)? + &,
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 quadratic
equations on the calculator, let the x-variable be represented by the horizontal axis and let y
be represented by the vertical axis. The relation of an equation and its graph can be seen by
moving the graph and checking the coefficients of the equation.

— Example

Move or pinch a graph of quadratic equation y = x?2 to verify the relation between
the coefficients of the equation and the graph.

1. shift the graph y = x? upward by 2.
2. shift the graph y = x? to the right by 3.
3. Pinch the slope of the graph y = x2.

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

Step & Key Operation Display Notes
(When using EL-9650) (When using EL-9650)

*Use either pen touch or cursor to operate.

1 -1 Access Shift feature and select the

H [ =2
equation y = x2. Br=T%,
Th x
=ln
[2nd £ [fstiFrichance JIEYM fiv==in 2
[1].

1 -2 Move the graph y = x? upward by 2. "}-Ei-" T

LA [ A ][enter],

1 -3 Save the new graph and observe the [ s Notice that upward movement
changes in the graph and the %

i = y2
equation. of the basic y = x2 graph by 2

units in the direction of the y-
axis means addition of 2 to the
y-intercept. This demonstrates
that upward movement of the graph by £ units means
adding a & (>0) in the standard form y=a(x-h)?+ k.

| ENTER | [aLpHa| [ D> | | W |
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EL-9650/9400 Graphing Calculator

Step & Key Operation Display Notes
(When using EL-9650) (When using EL-9650)

*Use either pen touch or cursor to operate.

21 Wove the graph y = x? to the right by 3. \

/ T=h<

] -, H-E1 T

1: 6z
—

@ |I| (three times) | ENTER .

2—2 Save the new graph and observe \/ EY Notice that movement of the
the changes in the graph and the basic y = x? graph to the right
equation by 3 units in the direction of

the x-axis is equivalent to the
[ENTER | [aLpHa | D> | | W | addition of 3 to the x -intercept.

This demonstrates that movement of the graph to the
right means adding an %~ (>0) in the standard form
y=a (x-h)?+ k and movement to the left means
subtracting an £ (<0).

3—1 Access Change feature and select
the equation y = x2.

v fsurrcnce 3]
4,

3.2 Pinch the slope of the graph. \ - R
. ‘r'_ 1:kz
(a]

3-3 Save the new graph and observe \/ o Notice that pinching or
the changes in the graph and the AfE closing the basic y = x2 graph
equation. is equivalent to increasing an

a (>1) within the standard

[ENTER | [aLpHal | D> | | W | form y = a (x - h)? + k& and
broadening the graph is
equivalent to decreasing an
a (<1).

The Shift/Change feature of the EL-9650/9400 allows visual understanding of how
graph changes affect the form of quadratic equations.
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EL-9650 Graphing Calculator

Solving a Literal Equation Using the Equation Method (moriain

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 Equation method
in Solver mode.

| N1
The formula: P =L 1-1+ 1_2) P= monthly payment  I= interest rate
. 1/ 12 L= loan amount N=number of months

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.
Start Return all settings to the default value or to delete all data.
As Solver feature is only available on the EL-9650, this section does not apply to the EL-9400.

Step & Key Operation Display Notes
*Use either pen touch or cursor to operate.
1-1 Access the Solver feature. _ This screen will appear a few
seconds after “SOLVER” is dis-
2na o played.

1-2 Select the Equation method for

o
2nd F Jsouen JIZYN
[1].

1-3 Enter the amortization formula. e
P 0 ) (=] i) [i]

L fam] [ [= ][ C ][] [+ ]
faera] [1] [arn [ [1][2] [ > ], [) ]
[@*] [(=) | [aceral [N] [ > ][>,
faeal (1] [+ [[1][2][»].[) ]
[a] [ ][1]
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EL-9650 Graphing Calculator

Step & Key Operation

*Use either pen touch or cursor to operate.

Display

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

[evrer] [ w 1, [1][5] [0][0] [o]

SoluveriEquation
F=a

L=15E=88
I=.E9
H=43

(evien, [+] [o] [3)] [ewre, [4]

1.5 solve for the payment(P).

(allallal.EEES

Eauotion soluver

F=2Z7Z. 276355

([eL])

Notes

The monthly pay ment (P) is
$373.28.

21 Save this formula.

BT B [c], [ewre],

Fres=[EHTER]

2—2 Give the formula the name AMORT.

[A] [m] [0] [R] [T] [enTer]

3—1 Recall the amortization formula.

200 v TR
[o][1],

3-2 Enter the values: P = 300,
1=0.01, N=60

[evren] 3] [0] [o] [swen] [o] [awren,

=)o) (3] [awen), [3] [1] [evr]

3-3 Solve for the loan (L).

[a][a ] BEHER

Eauntion soluwer
L=17558.2T&85

The amount of loan (L) is
$17550.28.

when using the EL-9650.

With the Equation Editor, the EL-9650/9400 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 Solver mode

3-1
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EL-9650 Graphing Calculator

Step & Key Operation

*Use either pen touch or cursor to operate.

1-5 Set the variable range from 0 to 2.

(o] [ewren). (2] [en]

1.6 sole.
B ER ([cL])

Display

GroFhic soluver
wariable ranse

EEGIMN=8
EMD=2

Notes

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

,_ 30 _3 <3

F=. 37 F2ASH2Z

"o T
r=1—r?=1?=1<3
r=2 = r2=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 = 107?),
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”".

BT EX [c], [evrer ],
[v] sence| [] [¥] [L] [enter]

TITLE:YV CYL

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

B T (61, [o) 1.
(vt [2] [o] [o] [oween] o] v
(1] [5) [ewrn)

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

(a . B B (o] o] [o]
Bl ] e |

Soluveribrarhic
W=2ER

R=8
H=15

R=2.86812987TT

,_ 200 _ 14
2=

157 T
r =3=7r2=32=9< 14
r=4=yr2=42=16> 14

<14

Use 4, the larger of the values,
to be safe.
The answer is : » = 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.
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EL-9650 Graphing Calculator

Solving & Literal Equation Using Newton's Method! ea of & Tepeie

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
useing Newton’s method.

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

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

2. save the formula as “A TRAP”.

3. Find the height of a trapezoid with an area of 50in? with bases of 8 and 10
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.
Start Return all settings to the default value or to delete all data.
As Solver feature is only available on the EL-9650, this section does not apply to the EL-9400.

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

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

seconds after “SOLVER” is dis-

2nd F | played.

1-2 Select Newton's method
for solving.

B ETE (A,
2],

AEauation
HHewton
ElGrarhic

1-3 Enter the formula A = %h(mc). ﬁ=%H(B+D
s [&] ) [ [+] [ [2] [,
[acpra] [H] [ (] [eha] [B] [ + | [apra]
[e][ ]

1.4 Enter the valuessA=25B=5.C=7 SelertHeuton
(2] 5] [,

(¥ ). [5] [oween), [7] [ewren]
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EL-9650 Graphing Calculator

Step & Key Operation

*Use either pen touch or cursor to operate.

1-5 Solve for the height and enter a
starting point of 1.

(a]la EREA]
1.6 solve.

BEE ER ([c])

Display

Hewlon solwer
START=1
STEF=. 881

Hewton solwer
H=4. l665656E6T

RIGHT=23
LEFT =23
L-F =-.888880002

Notes

Newton's method will
prompt with a guess or a
starting point.

The answer is : h = 4.17

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

P 23 [, even)
(&) e [7] [R] &) [P [owren

TITLE:A TEAF

3—1 Recall the formula for calculating
the area of a trapezoid.

2na F v J TN
[o][4]

3—2 Enter the values:
A=50,B =8, C=10.

(e (5] [o] [avenl, [V, @]
(e [1] [o] [ewen)

3—3 Solve.

(a](al BREAE
[ovren) B3 5

reEauation

Snluer=Newtnn
H=4. 166EEAEET

E=2
=16

L

Hewton solwer
H=5.555555556

The answer is : h = 5.56

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-9650 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., when y = 0.

— Example

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

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

3. Approximate the middle root.

4. Approximate the right-hand root.

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

Start
I Set the zoom to the decimal window: [A], ([enter | pupra][ W

Setting the zoom factors to 5 : {zoom| * |ENTER | E [ENTER ||E| [ENTER | m

As Substitution feature is only available on the EL-9650, this section does not apply to the EL-9400.

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

1.1 Enterthe polynomial
y=x3-3x?+x+ 1

Freie] F2 ) FE ]
[v=][ez] P ) o |

[5], [ENTER], [ENTER |, [ENTER],

'Y= ACH-H 4k

12 Enter the coefficients.

ew e cien [05 71 It may take few seconds for
||' 551-3 the graph to be drawn.

m m {‘” I=1 Enter each coefficients when
E enter |, [ | @ [ENTER |, the cursor is displayed.

[1] [enter], [1] [enTer]

1-3 Return to the equation display LB+ T ]
screen. V2=
WA=
vd=
ro=
2na P exe | v
VT=
1.4 view the graph. /
",
/ kY

SHARP 4-1



EL-9650 Graphing Calculator

21

22

23

Step & Key Operation

*Use either pen touch or cursor to operate.

Move the tracer near the left-hand
root.

III* (repeatedly)

Zoom in on the left-hand root.

[a], 3],

Move the tracer to approximate the
root.

|TRACE| | | |* or | > |* (repeatedly)

Display

Tracer

Tracer

/

\

T
== 42 }\':-.IJZBZBB

Notes

Note that the tracer is flashing
on the curve and the x and y
coordinates are shown at the
bottom of the screen.

The root is : x = -0.42

31

32

Return to the previous decimal
viewing window.

[H],
(2],

Move the tracer to approximate
the middle root.

III* (repeatedly)

I
=1 =i

The root is exactly x = 1.
(Zooming is not needed to
find a better approximate.)

4

Move the tracer near the right-
hand root.

Zoom in and move the tracer to
find a better approximate.

III* (repeatedly)
[a], [3],

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

Tracer

/

t
[h=2. 42 /'1'=.¢232!B

The root is : x = 2.42

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

41

SHARP



EL-9650/9400 Graphing Calculator

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.,, when y = 0.

— Example
Draw a graph of a polynomial and find the roots by using the Calculate feature.
1. Graph the polynomial y = x*+ x® - 5x2- 3x + 1.
2. Find the four roots one by one.

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

Setting the zoom factors to 5 : zoom ] [A |, [ENTER |[A | [enTeR |[A | [enter | Bild

Step & Key Operation Display Notes

(When using EL-9650) (When using EL-9650)
*Use either pen touch or cursor to operate.

Before
Start

11 enterthe polynomial

Tz
i) ) W —SHE B
yP=x*+x3-5x°-3x+1

gy
— I L b

[¥= ] (womn] [a] (4] [ > ][+ ] womn]
[a*][3][» ][ = ][] (vem| [ +* |
[ = 1[3] [womn] [+ ][ 1]

1.2 view the graph. ] I

21 Find the first root.

%o lue
Eﬁntgct
2na Ffcac| SUEE
e IncF
QY- Irncet
5],
] I = -2.47
A Y is almost but not exactly zero.
\ Notice that the root found here
|i=-z.usrassze fiv=-.onsaneass is an approximate value.
2.2 Find the next root. ] I x = -0.82
2nd F | cacc JET vi
[h=-.B197E1 202 =0
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EL-9650/9400 Graphing Calculator

Step & Key Operation

(When using EL-9650)
*Use either pen touch or cursor to operate.

2.3 Find the next root.

2na  J o [ETN

2.4 Find the next root.

20a ¥ fcaic JEAR

Display

(When using EL-9650)

B

/

| B el e ¥=4.EZE-11

By

W

[H=2. 045152338 INS.

Notes

x = 0.24

x = 2.05

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

4-2
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EL-9650/9400 Graphing Calculator

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 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.

Sx+y=1
-3x+y=-5

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

Start Return all settings to the default value or to delete all data.
Choose the viewing window “-5 < X < 5”, “-10 < Y < 10” using Rapid window feature

wwoou| [ £z | [ 5], [ENTER], ([apHa] [ W |)[7], [ENTER], [4], [ ENTER],

As Tool feature is only available on the EL-9650, the example 2 does not apply to the EL-9400.

Step & Key Operation Display Notes
(When using EL-9650) (When using EL-9650)
*Use either pen touch or cursor to operate.
1-1 Enter the system of equations [IER=-1
= x2-1for Yland y = 2x for Y2. [z
p ' =
[v=] pom] (7] [= ][] fewren ), (2

2]
12 view the graphs.

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

\ tom of the screen. The answer
2nd F f carc JEN ] i x=-0.41 y = -0.83

| e e P T Y 4 - o P )

The answer is : x = 2.41
/ y=4.83

[#=z.4iuzizbex  |W=h. B2B4Z7izE

NN

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

P B [,

SHARP 51
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EL-9650/9400 Graphing Calculator

Step & Key Operation

(When using EL-9650)
*Use either pen touch or cursor to operate.

2—1 Access the Tool menu. Select the
number of variables.

20a ¥ f oo JETNEIN

2—2 Enter the system of equations.

[5] [enter | [1] [enTer] [1] [Enter]
() ][] [enrer] [1] [enter] [ ) | [5]

23 solve the system.

Display

(When using EL-9650)

0A+hT=c
'] b <

1 [ 0
Z|0 0 ul

asthT =00
#=.T3
W=-2.T3

Notes

Using system function, it is
possible to solve simultaneous
linear equations. Systems up
to six variables and six equa-
tions can be solved.

x=0.75
y=-275

or Tool feature.

A system of equations can be solved easily by using the Calculate feature
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EL-9650 Graphing Calculator

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 3x3 matrix A A B

_ 1 21 1 2 3
2. Enter a 3x3 matrix B 2 1 -1 4 5 6
3. Multiply the matrices A and B 1 1-2 7 8 9

Before There may be differences in the results of calculations and graph plotting depending on the setting.
Start Return all settings to the default value or to delete all data.
As Matrix feature is only available on the EL-9650, this section does not apply to the EL-9400.

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

1.1 Access the matrix menu.

8],
7],

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

[3] [enter] [3] [ EnTER]

1.3 Enter the elements of the first row,
the elements of the second row, and
the elements of the third row.

[1] [enTer] [ 2] [ENTER] [ 1] [ ENTER]
[2] [enter] [1] [EnTER] [ (=) | [1] [EnTeR]
[1] [enter] [1] [enter] [ (=) ] [2] [ enTer]
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EL-9650 Graphing Calculator

2

Step & Key Operation

*Use either pen touch or cursor to operate.

Enter a 3x 3 matrix B.

8], [2], [3] [evien] 3] [evie)

[1] [enter] [2] [enTer] [3] [EnTER]
[4] [enTer | [5 ] [EnTer] [ 6] [EnTER]
[enter | [8] [EnTer] [ 9] [ENTER]

Display
mot B IR
i Z E
i 1 Z E
- | 13 B
£l B N

Notes

3—1 Multiply the matrices A and B

together at the home screen.

(52 [ (4], (3], [ ] o]
&), [2), [ewen

3—2 Delete the input matrices for

future use.

0 [
(2], [oven] [avrn
v ]

mat A#mot EH

[[1

)
=

L]
1 LHE

[
[
[

Ll ntl]

Saluer Ean
Frogram
Ficture

= 3

Matrix multiplication can be
performed if the number of col-
umns of the first matrix is equal
to the number of rows of the
second matrix. The sum of these
multiplications (1+1 + 24 + 1+7)
is placed in the 1,1 (first row,
first column) position of the re-
sulting matrix. This process is
repeated until each row of A has
been multiplied by each column
of B.

Matrix multiplication can be performed easily by the calculator.

6-1
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EL-9650 Graphing Calculator

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 1 (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.
2. Find the inverse matrix of the matrix B.
3. Solve the equation system.
x+2y+z=8

2x+y-z=1
x+y-2z=-3

=N
RPN m

Start Return all settings to the default value or to delete all data.
As Matrix feature is only available on the EL-9650, this section does not apply to the EL-9400.

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

Step & Key Operation Display Notes

*Use either pen touch or cursor to operate.

11 set up 3x3 identity matrix at the R
[B8 1 @]
home screen. [B & 111
[e].[o][s].[3]
12 savethe identity matrix in matrix A. [fgertit= s T
[6 1 8]
[B @ 11]
[sT0] [mrx] [A], [1], [ENTER] RISt (3 (198
(6@ 111
1.3 Confirm that the identity matrix is et A+ =
stored in matrix A. ;[; 0 ; ]
H L n 1
(8], [1],

SHARP
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Step & Key Operation

*Use either pen touch or cursor to operate.

2.1 Enter a 3x3 matrix B.

B2 EEEE
[1] [enter] [2] [enter] [ 1] [EnTer ]

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

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

zna ¢ four
[al, [2], E2f
EI (repeatedly)

mot BT
[ -5166666666 LBITTIT
1

[n}
E
[ -

BEEEEEEE

ma t BT
.EEEE .SZTIIIIIT -.5]
LEEE  .1FEEEEEEE o511

Notes

Some square matrices have no
inverse and will generate error
statements when calculating the

inverse.

-0.17 0.83 -05

Bl=| 0.5 -05 0.5
0.17 0.17 -0.5

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

[B], [3], [3] [ENTER] [1] [ENTER]
[enter | [1 ] [EnTeR] [ () | [3] [ENTER |

Calculate B'C.

(B8] [t ] wm] [a], [2],

32

mat E-T#mot T

S I [ | o] 4], (3], [ewrem)
33

Delete the input matrices for future
use.

ina Joron [N
2], [ewen]
nar Jaur

Soluver Ean
F o3 ram

Ficture
= =

The system of equations can be
expressed as
1 21 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 BY)
| = B*(B'B = I, identity matrix)
X=B'C

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

(x, 2 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

6-2
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