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1-1 Before Starting Calculations...

Before performing a calculation for the first time, you should use the Set Up Screen
to specify the angle unit and display format.

B Setting the Angle Unit (Angle)
1. Display the Set Up Screen and use the @ and & keys to highlight “Angle”.

(F1) (Deg) ........ Specifies degrees as |l

default.
(Fa (Rad) ........ Specifies radians as
default. [oed [Rad [Gra

F3) (Gra) ........ Specifies grads as default. ~ (F1) (F2

2. Press the function key that corresponds to the angle unit you want to use.
 The relationship between degrees, grads, and radians is shown below.
360° = 2mrradians = 400 grads
90° = 172 radians = 100 grads

B Setting the Display Format (Display)
1. Display the Set Up Screen and use the @ and @ keys to highlight “Display”.

(FD (FiX) covenene Displays screen for specifi-
cation of number of decimal

places.
(F2) (Sci) ......... Displays screen for specifi- | [HES EEW Harm [Ens

cation of number of signifi- F1)
cant digits.

(F3) (Norm) ..... Switches exponential format display range.
(Eng) ........ Displays calculation results using engineering notation.

2. Press the function key that corresponds to the display format you want to use.

16



Before Starting Calculations... m
® To specify the number of decimal places (Fix)

Example To specify two decimal places.

[T Yimarter |

&)
ED (Fix) ||
B | T S T
Be

Press the function key that corresponds to the number
of decimal places you want to specify (n = 0 ~ 9).

« Displayed values are rounded off to the number of decimal places you specify.

® To specify the number of significant digits (Sci)

Example To specify three significant digits.

2
(2 (Sci) | |
S S I A
®)
==

Press the function key that corresponds to the number
of significant digits you want to specify (n = 0 ~ 9).

« Displayed values are rounded off to the number of significant digits you specify.
» Specifying 0 makes the number of significant digits 10.

17



m Before Starting Calculations...

Press (F3) (Norm) to switch between Norm 1 and Norm 2.
Norm 1: 10-2(0.01)>|x|, || 2101
Norm 2: 10-°(0.000000001)>|x], [x| 210

® To specify the engineering notation display (Eng)

® To specify the exponential display range (Norm 1/Norm 2)

Symbol Meaning Unit
E Exa 1018
P Peta 10"
T Tera 1012
G Giga 10°
M Mega 108
k kilo 10°
m milli 108
v micro 106
n nano 10-°
p pico 102
f femto 10-1°

Press (Eng) to switch between engineering notation and standard notation.
The indicator “/E” is on the display while engineering notation is in effect.

The following are the 11 engineering notation symbols used by this calculator.

» The engineering symbol that makes the mantissa a value from 1 to 1000 is auto-
matically selected by the calculator when engineering notation is in effect.

18



Before Starting Calculations... .m

B Inputting Calculations

When you are ready to input a calculation, first press [Adto clear the display. Next,
input your calculation formulas exactly as they are written, from left to right, and
press to obtain the result.

Example1 2+3-4+10=

MEEAEOHO0OE |2+3—4+1E1 ]

Example2 2(5+4)+(23x5) =

( + ) ERETE o Rt
EBROEEHDDE B, 1565217391
BEEXGEOE

B Calculation Priority Sequence
This calculator employs true algebraic logic to calculate the parts of a formula in the
following order:
@ Coordinate transformation
Pol (x, y), Rec (r, 6)
Differentials, quadratic differentials, integrations, X calculations
d/dx, d’/dx?, [dx, ¥, Mat, Solve, FMin, FMax, List -Mat, Fill, Seq, SortA, SortD,
Min, Max, Median, Mean, Augment, Mat -.List, List
@ Type A functions
With these functions, the value is entered and then the function key is pressed.
X2, x7, x !, °’ ", ENG symbols
@ Power/root
"),
@ Fractions
a’/e
® Abbreviated multiplication format in front of 1, memory name, or variable name.
2m, 5A, X min, F Start, etc.
® Type B functions
With these functions, the function key is pressed and then the value is entered.

v, 3%, log, In, e*, 107, sin, cos, tan, sin™', cos™, tan™, sinh, cosh, tanh, sinh™,
cosh™, tanh™, (=), parenthesis, d, h, b, 0, Neg, Not, Det, Trn, Dim, Identity, Sum,
Prod, Cuml, Percent

@ Abbreviated multiplication format in front of Type B functions
273, A log2, etc.

Permutation, combination
nPr, nCr

19



m Before Starting Calculations...

9 x, =+
@®© + -

i Relational operator
=F><2<

@ And, and
@ Or, or, xor, xnor

» When functions with the same priority are used in series, execution is performed

from right to left.
¢InV120 - €{In(¥120)}

Otherwise, execution is from left to right.
« Anything contained within parentheses receives highest priority.

Example 2 + 3 x (log sin2m? + 6.8) = 22.07101691 (angle unit = Rad)

1Dy
@
®

B Multiplication Operations without a Multiplication Sign

You can omit the multiplication sign (x) in any of the following operations.
« Before the Type B functions

Example 2sin30, 10log1.2, 243, 2Pol(5, 12), etc.

« Before constants, variable names, memory

Example 21, 2AB, 3Ans, 3Y1, etc.

» Before an open parenthesis

Example 3(5 + 6), (A + 1)(B - 1), etc.

20
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Before Starting Calculations... .-]

B Stacks

The unit employs memory blocks, called stacks, for storage of low priority values and
commands. There is a 10-level numeric value stack, a 26-level command stack, and
a 10-level program subroutine stack. If you execute a formula so complex it exceeds
the amount of stack space available, an error message appears on the display (Stk
ERROR during calculations or Ne ERROR during execution of a program subrou-
tine).

Example 2x((3+4%x(5+4)+3)+5)+8=

IIIEE

Numeric Value Stack Command Stack

GIHCHEASIC)
~la|bh|WOIN

S aHSHEISENS
+ |~ x [+ |[~]—~|x

« Calculations are performed according to the priority sequence. Once a calcula-
tion is executed, it is cleared from the stack.

« Storing a complex number takes up two numeric value stack levels.
« Storing a two-byte function takes up two command stack levels.

B Input, Output and Operation Limitations

The allowable range for both input and output values is 10 digits for the mantissa and
2 digits for the exponent. Internally, however, the unit performs calculations using 15
digits for the mantissa and 2 digits for the exponent.

Example 3 x 105 +7 —42857 =

BB mD EIT gzasv.14zm6
EEEE0S 3e5:7-42857.
ADEEDE 3. 1428571425
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P.401

N

P.399

P.50

B Overflow and Errors

Exceeding a specified input or calculation range, or attempting an illegal input causes
an error message to appear on the display. Further operation of the calculator is
impossible while an error message is displayed. The following events cause an error
message to appear on the display.

» When any result, whether intermediate or final, or any value in memory exceeds
49.999999999 x 10%* (Ma ERROR).

When an attempt is made to perform a function calculation that exceeds the input
range (Ma ERROR).

When an illegal operation is attempted during statistical calculations (Ma ER-
ROR). For example, attempting to obtain 1VAR without data input.

When the capacity of the numeric value stack or command stack is exceeded (Stk
ERROR). For example, entering 25 successive [(J followed by 2 (#)3 (X)4 [xg.
When an attempt is made to perform a calculation using an illegal formula (Syn
ERROR). For example, 5 (X] (X) 3 (.

When you try to perform a calculation that causes memory capacity to be exceeded
(Mem ERROR).

When you use a command that requires an argument, without providing a valid
argument (Arg ERROR).

When an attempt is made to use an illegal dimension during matrix calculations
(Dim ERROR).

.

.

.

« Other errors can occur during program execution. Most of the calculator’s keys
are inoperative while an error message is displayed. You can resume operation
using one of the two following procedures.

* Press the key to clear the error and return to normal operation.

» Press @ or ® to display the error.

B Memory Capacity

Each time you press a key, either one byte or two bytes is used. Some of the functions
that require one byte are: (1J, (2, (3], sin, cos, tan, log, In, ¥ , and 1= Some of the
functions that take up two bytes are d/dx(, Mat, Xmin, If, For, Return, DrawGraph,
SortA(, PxIOn, Sum, and @1.

When the number of bytes remaining drops to five or below, the cursor automatically
changes from “ _ " to “ 1 ”. If you still need to input more, you should divide your
calculation into two or more parts.

« As you input numeric values or commands, they appear flush left on the dis-
play. Calculation results, on the other hand, are displayed flush right.
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Before Starting Calculations... .-]

B Graphic Display and Text Display

The unit uses both a graphic display and a text display. The graphic display is used
for graphics, while the text display is used for calculations and instructions. The con-
tents of each type of display are stored in independent memory areas.

oTo switch between the graphic display and text display

Press (G~ T). You should also note that the key operations used to clear
each type of display are different.

oTo clear the graphic display
Press (st (F3) (Sketch) [F1)(Cls) .

oTo clear the text display
Press [ac).

B Editing Calculations

Use the @ and ® keys to move the cursor to the position you want to change, and
then perform one of the operations described below. After you edit the calculation,
you can execute it by pressing [Exg, or use ® to move to the end of the calculation
and input more.

®oTo change a step

Example To change cos60 to sin60

(o9 (6] (@ |v;-:-5 EE_ |
O®@® |g-:-5 (] |

(sin] |sir'| [oe] |

oTo delete a step

Example To change 369 x x 2 to 369 x 2

Be0XXE |3E~9xx2_ |

@D |3r_:.-.=:xg |
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m Before Starting Calculations...

oTo insert a step

Example  To change 2.36? to sin2.362

086X |2.3ea_ |
IOIOIOI) 2 |
& ([ [2 362 |
(in [=in 2 36 |

» When you press (I)a space is indicated by the symbol “C3”. The next func-
tion or value you input is inserted at the location of “C3”. To abort the insert opera-
tion without inputting anything, move the cursor, press () again, or press

@, ® or 9.

24



1-2 Memory

B Variables

This calculator comes with 28 variables as standard. You can use variables to store
values to be used inside of calculations. Variables are identified by single-letter names,
which are made up of the 26 letters of the alphabet, plus r and 6. The maximum size
of values that you can assign to variables is 15 digits for the mantissa and 2 digits for
the exponent. Variable contents are retained even when you switch power off.

oTo assign a value to a variable

Example  To assign 123 to variable A

&3 (2 B & @ (A E9 1Z3+A 193
W To add 456 to variable A and store the result in variable B

(ad () (A) () (2) (8] (6] (&) (e (B) (9 |H+455+E: i
oTo display the contents of a variable
W To display the contents of variable A

(A9 A

123

®To clear a variable
W To clear variable A

@ & (ww () 9 G+A 5

« To clear all variables, select “Memory Usage” from the MEM Mode.
oTo assign the same value to more than one variable

[value] (=) [first variable name] (A (F3) (~)
[last variable name] Exg)

= You cannot use “r” or “0” as a variable name in the above operation.

25
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P.31

Example To assign a value of 10 to variables A through F

(ad (1) (0] (=] (s () (A) 16+A~F

B(~) (B 69 18

B Function Memory

Function memory is convenient for temporary storage of often-used expressions.
For longer term storage, we recommend that you use the GRAPH Mode for expres-
sions and the PRGM Mode for programs.

oTo display the Function Memory Menu

ey (E6) (™) () (>) (E3) (FMEM)

02 6 @

[F)(STO) ........ Stores functions

(F3(RCL) ........ Recalls functions

(GO - Specifies input as a function.
(F3(SEE) ........ Displays a list of stored functions

oTo store a function

Example To store the function (A+B) (A-B) as function memory number 1.

@™ [F8)(>) 8 (>) E(FMEM) [ad) |I:F|+E:.‘.I{FI—B}_

(O (e (A) (B

(3 [ (A =)

FED(STO) | |
[f1 [f2 [f3 [f4 [ 15 [f5_
D

ED(f) == Funhcltion Memor: ==|
f1 CA+ECA-E

« If the function memory number you assign a function to already contains a func-
tion, the previous function is replaced with the new one.
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memory [IRIEIFA
oTo recall a function

Example To recall the contents of function memory number 1

o) (E8) () (E8) () (B3} (FMEM) [ag)

F2(RCL) | |
[Fi (2 [¥3 [¥a [f5 [¥5
)

FD(f) [(RBSTREo- |

» The recalled function appears at the current location of the cursor on the display.

oTo display a list of available functions

e () (™) (E8) (™) (E3) (FMEM)

ZEE

(F4) (SEE) == Fuynclion Memorw ==
f1:cA+EYCR-E

oTo delete a function

Example To delete the contents of function memory number 1

Cem) (8} (™) (E8) () (B3} (FMEM) [ag)

(F1)(STO) | |
(¥ [fa [f3 [#4 [ 75 [f8_
ED

ED(f) ﬁf_Funn:Li-:-n Memory ==|

» Executing the store operation while the display is blank deletes the function in the
function memory you specify.
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®To use stored functions

P.125

Once you store a function in memory, you can recall it and use it for a calculation.
This feature is very useful for quick and easy input of functions when programming

or graphing.

Example

To store x® + 1, x2 + x into function memory, and then graph:

y=xl+x?+x+1

Use the following View Window parameters.
=-10

Xmin =-4 Ymin
Xmax = 4 Ymax
Xscale = 1 Yscale

(eur) W) @ E1) (Y=) EX)
) 8 (™) E8) (B>) (E3) (FMEM)
AN BE®EI

(F)(STO) () (f1)(stores (x°

+1))

(ag) (xe7) (o3 () (eT)

(FI(STO)(F2) (f2)(stores (x2 + x))

(ad) (stFT) (F4) (Sketch) (F1)(Cls) B
(siFT) (F4) (Sketch) (F5) (GRPH) (F1) (Y=)
(o) (F8) (™) (F8) (™) (F3) (FMEM)
E(f) F) () B B2 () B9

10

1

« For full details about graphing, see “8. Graphing”.

B Memory Status (MEM)

You can check how much memory is used for storage for each type of data. You can
also see how many bytes of memory are still available for storage.

oTo check the memory status

1. In the Main Menu, select the MEM icon and
press [xg.

2. Press again to display the memory status

screen.

Number of bytes still free

[l o

2Se

To Select:
To Sel :

atistics :
Matrix : 5]
blst File : 5}

5}
22629 EI}'T..E-SFPEE

28



memory [IIEFA

3. Use @ and @ to move the highlighting and view the amount of memory (in
bytes) used for storage of each type of data.

The following table shows all of the data types that appear on the memory status

screen.
Data Type Meaning
Program Program data
Statistics Statistical calculations and graphs
Matrix Matrix memory data
List File List data
Y= Graph functions

Draw Memory

Graph drawing conditions (View Window,
enlargement/reduction factor, graph

screen)

Graph Memory

Graph memory data

View Window

View Window memory data

Picture

Graph screen data

Dynamic Graph

Dynamic Graph data

Table Function Table & Graph data
Recursion Recursion Table & Graph data
Equation Equation calculation data

Alpha Memory

Alpha memory data

Function Mem

Function memory data
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B Clearing Memory Contents
You have a choice of two differenct procedures that you can use to clear memory
contents.

« Clearing specific data within a selected data type

« Clearing all data within a specific data type

oTo clear specific data within a selected data type

1. In the memory status screen, use @ and @& to move the highlighting to the
data type you want to clear.

2. Press (Fi) (DEL). If you selected a data type that contains multiple memory ar-
eas, a function menu like the one shown below appears to let you specify which

memory you want to clear.
FILELJFILERJFILES JFILEY JFILES JFILER]
E E

*This menu appears when you
select List File.

3. Press the function key that corresponds to the data you want to clear.

[FEE G
ED

4. Press (F1) (YES) to clear the data or (NO) to abort the operation without
clearing anything.

®To clear all data within a specific data type
1. In the memory status screen, use @ and @& to move the highlighting to the
data type whose data you want to clear.

2. Press (F1 (DEL). The following confirmation menu appears if you selected a data
type in which all data can be cleared by a single operation.

[FEE G
ED

3. Press [F1) (YES) to clear the data or (NO) to abort the operation without
clearing anything.
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1-3 Option (OPTN) Menu

The option menu gives you access to scientific functions and features that are not marked on
the calculator’s keyboard. The contents of the option menu differ according to the mode you are
in when you press the key.

eOption Menu in the RUN and PRGM Modes

OPTN

A

P.263 (F1) (LIST) ....... List function menu
P.101 (F2) (MAT) ....... Matrix operation menu
P.80 (F3) (CPLX) ..... Complex number calculation menu

(CALC)..... Functional analysis menu
P.307 (F5) (STAT) ...... Paired-variable statistical estimated value menu

(>) e Next menu

(Fe)(>)
[H' P JPROE JHU ] AHGL ]
A
P.56 (F2 (HYP) ....... Hyperbolic calculation menu
P.52 (F3) (PROB) .... Probability/distribution calculation menu
P.53 (NUM) ...... Numeric calculation menu
P.53 (F5) (ANGL)...... Menu for angle/coordinate conversion, sexagesimal input/con-
version
(2 I Next menu

A stroJeict el oo

P.54 (F) (ESYM) .... Engineering symbol menu F2 (F3
P159 2 (PICT) ...... Graph save/recall menu
P.26 (F3) (FMEM).... Function memory menu
P.61 (LOGIC) ... Logic operator menu
(2 JE— Previous menu

Note that the key is disabled while binary, octal, decimal, or hexadecimal is set
as the default number system.
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BEEE] option (OPTN) Menu

eOption Menu during numeric data input in the STAT, MAT, LIST,
TABLE, RECUR and EQUA Modes

= LI=T JP JPR0E JHUM AN T

& 2 B FE B FE

(TR (T (AT e
B B2 B

The meanings of the option menu items are described in the sections that cover
each mode.

eOption Menu during formula input in the GRAPH, DYNA, TABLE
and RECUR Modes

OPTN

Lizt JCALCIH' P JPROEJHU ]I

B B2 B FE B

) FHERgLOGIG) e

E F2

The meanings of the option menu items are described in the sections that cover
each mode.
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1-4 Variable Data (VARS) Menu

You can use the variable data menu to recall the data listed below.

» View Window values

« Enlargement/reduction factor

« Single-variable/paired-variable statistical data

» Graph functions

» Dynamic Graph set up data

» Table & Graph table range and table contents

» Recursion formula, table range, and table contents
« Equation coefficients and solutions

The variable data menu does not appear if you press while binary, octal, deci-
mal, or hexadecimal is set as the default number system.

To recall variable data, press to display the variable data menu.

(VARS
- LIHIF AC TS TATJGRR H IO HA I

B B2 B FE B

(FD (V-WIN) .... View Window values
(F2) (FACT) ..... x and y-axis enlargement/reduction factor
m (F3) (STAT)....... Single/paired-variable statistical data
P.36 (GRPH) .... Graph functions stored in the GRAPH Mode
P.37 (F5) (DYNA) .... Dynamic Graph set up data
(2 [P Next menu

(>) -
[RECRJEQUIR T-

A B 2 6

P.38 (F1) (TABL)...... Table & Graph function table range and table contents

P.38 (F2) (RECR) .... Recursion formula table range and table contents

P.40 (F3) (EQUA) .... Solutions and coefficients of linear equations with two through

six unknowns, quadratic equations, and cubic equations
(>) e Previous menu

- Note that the EQUA item appears for function key (F3) only when you access the
variable data menu from the RUN or PRGM Mode.
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P.127

P.153

oTo recall View Window values

Pressing (F1) (V-WIN) while the variable data menu is on the screen displays a View
Window value menu.

FED (V-WIN)
[ = 4 % JT-e )R- JR-Y IR0
FE 2 B
F) (X) orerene x-axis menu
F (Y) o y-axis menu
F3) (T,6) .......... T,0 menu
(R-X) e x-axis menu for Dual Graph right hand screen
(3 (R-Y) ....... y-axis menu for Dual Graph right hand screen
(R-T.O) ...... T,6 menu for Dual Graph right hand screen

The following menu appears whenever you press (F1) (X), [F2) (Y), (R-X), or (F§
(R-Y) while the View Window value menu is on the display.

g Emin) ......... Minimum ] s

B B2 B

The following menu appears whenever you press (T,6) or (R-T,0) while the
view window value menu is on the display.

(F) (min)......... Minimum
(F2) (max)........ Maximum IE:[%EI
(F3) (ptch)........ Pitch
oTo recall enlargement and reduction factors

Pressing (FACT) while the variable data menu is on the screen displays an
enlargement/reduction factor menu.

(F2)(FACT)
Af 1
ED
(F1) (Xfet) ........ x-axis enlargement/reduction factor
(F2) (Yfct) ........ y-axis enlargement/reduction factor
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P.301

Variable Data (VARS) Menu IEEY

oTo recall single/paired-variable statistical data

Pressing (STAT) while the variable data menu is on the screen displays a statis-
tical data menu.

STAT
= ) [ 2 v JURFHIFTS)

B F B
F) (X) orerene Single/paired-variable
x-data menu
FD (Y) v Paired-variable y-data menu

(F3) (GRPH) .... Statistical graph data menu
(PTS) ....... Summary point data menu

The following menu appears whenever you press ([F1 (X), while the statistical data
menu is on the display.

B 00 | 1 | % = [ecd oo |

(GO Number of data 6B @ 6B )
FJ (X).cooovenee. Mean of x data
(F3) (ZX) ereeene Sum of x data
(ZX?) e x data sum of squares
(F5) (x0n) ......... x data population standard deviation
(2 [T Next menu
=) e - grnincifn 3] [
(F) (x0n1) ....... x data sample standard (G
deviation

(F2) (minX) ...... x data minimum value
(F3) (maxX) ..... x data maximum value
(T>) e Previous menu

The following menu appears whenever you press (F2) (Y) while the statistical data
menu is on the display.

E2 (Y)
F 2 &)

(R J— Mean of y data
(FY (Zy) ceeeeene Sum of y data
F3) (22 ..ooe.e. y data sum of squares
(ZXY) v x data and y data sum of products
(F3) (you) ... y data population standard deviation
( Next menu
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P.301

P.132

=) [ grnin'i'ln x4 [
[FD) (you1) ....... y data sample standard ® B &
deviation
(F2) (minY) ...... y data minimum value
(F3) (maxy) ..... y data maximum value
(= Previous menu

The following menu appears whenever you press (GRPH) while the statistical
data menu is on the display.

(F3) (GRPH)

[F1)(a)-(F8) (e) .. Statistical graph regression
coefficient and multinomial

coefficients

(™>) e Next menu

*) [ = ] & [Med] 23 [Mod | IIEES

(F) (1) e Statistical graph correlation E9
coefficient

(2 Q1) ... First quartile

(F3) (Med) ....... Median of input data

(Q3) .......... Third quartile

(F5 (Mod) ....... Mode of input data

(>) e Previous menu

The following menu appears whenever you press (PTS) while the statistical data
menu is on the display.

(PTS)

(F)(x1) ~ (F8(y3).... Coordinates of sum- 6@ & &)

mary points

oTo recall graph functions

Pressing (GRPH) while the variable data menu is on the screen displays a graph
function menu.

(GRPH)
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Variable Data (VARS) Menu [EIEEY

Input a storage area number and then press one of the following function keys to
recall the corresponding graph function stored in that storage area.

............ Rectangular coordinate or inequality function
............. Polar coordinate function

.... Parametric graph function Xt

........... Parametric graph function Yt

............ X=constant graph function

Example To recall and draw the graph for the rectangular coordinate

functiony = 2 x2 - 3, which is stored in storage area Y2

Use the following View Window parameters to draw the graph.

Xmin =-5 Ymin =-5
Xmax = 5 Ymax = 5
Xscale = 1 Yscale = 1
(F4) (Sketch) (F8)(GRPH) ED(Y=)
F8(GRPH)[ED(Y) (@2 e \ /

N

oTo recall Dynamic Graph set up data

Pressing (F5 (DYNA) while the variable data menu is on the screen displays a Dy-
namic Graph set up menu.

(F5) (DYNA)
(F1) (Strt) ......... Coefficient range start value
(F3 (End) ........ Coefficient range end value
(F3) (Pitch) ...... Coefficient value increment
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P.237

oTo recall Table & Graph table range and table content data

Pressing (>) and then ([F1) (TABL) while the variable data menu is on the screen
displays a Table & Graph data menu.

(>)ED (TABL)

[Strt]Etid JFitch|Res 1

B @2 B B

(F1) (Strt) ......... Table range start value (F Start command)
(F2) (End) ........ Table range end value (F End command)
(F3) (Pitch) ...... Table value increment (F pitch command)
(F3) (Reslt) ...... Matrix of table contents (F Result command)

» The Reslt item appears for function key only when the above menu is dis-
played in the RUN or PRGM Mode.

Example  To recall the contents of the numeric table for the function
y = 3x?-2, while the table range is Start=0 and End=6, and pitch=1

(F4) (Reslt) F Result
Eg Arns__1_ 2
1 i -2
El 1 1
3 2 i
y 3 25
5 u UG
[Erid | TET

oTo recall recursion formula, table range and table content data

Pressing (>) and then (F2) (RECR) while the variable data menu is on the screen
displays a recursion data menu.

(*)E2 (RECR)

B B
(F1) (FORM).... Recursion formula data menu
(F2) (RANG) .... Table range data menu
(F3) (Reslt) ...... Matrix of table contents (R Result command)
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Variable Data (VARS) Menu [EIEEY

To recall recursion formula data

The following menu appears whenever you press (F (FORM) while the recursion

data menu is on the display.

(F1) (FORM)
) (an) ooeene.. an expression
(F (an+1) ceenee. ans1 expression
[F3) (ans2) ......... ans2 expression
(2 [ bn expression
5 (bn+1) oo bn+1 eXpression
(bns2) o bni2 expression

To recall table range data

ST [ETEVS) ST (ST (T (ST

B B2 B FE B FE

The following menu appears whenever you press (F2) (RANG) while the recursion

data menu is on the display.

2 (RANG)

[F) (Strt) ......... Table range start value

(F Start command)

(F2) (End) ........ Table range end value
(F End command)
(270 Zero term ao value
(23] I First term a1 value
(F3) (a2) ..o....... Second term az value
(P>) e Next menu
>)
F) .. Zero term bo value
) First term b1 value
(F3) Second term b2 value
(WEB graph)
E9) (5:SY)
(WEB graph)
(= I Previous menu

StrtlEnd ] Se 141 | 5= |

6B B2 B FE B

(o [l Jbs JanstbnSHREE

& 2 B FE B FE

Origin of ax recursion formula convergence/divergence graph

........ Origin of b. recursion formula convergence/divergence graph
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P.117

P.120

To recall matrix of table contents

Whenever you press (Reslt) while the recursion data menu is on the display, the
recursion formula numeric table appears on the screen in matrix format.

* This operation is available only from the RUN or PRGM Mode.

Example  To recall the contents of the numeric table for recursion formula
an = 2n + 1, while the table range is Start=1 and End=6

(F3)(Reslt) F Result
EXE] Ans_1L_ 2
1 3
2 2 5
3 3 1
Y Y |
5 5 1 1
FORFURAHJRe= 1Y T-

» The table contents recalled by the above operation are stored automatically in
Matrix Answer Memory (MatAns).

» An error (Dim ERROR) occurs if you perform the above operation when there is
no function or recursion formula numeric table in memory.

oTo recall equation coefficients and solutions

Pressing (>) and then (F3) (EQUA) while the variable data menu is on the screen
displays an equation data menu.

[Fe) (> EQUA
BB ) [5-RIYS-CoffP-RIYP-Cod

B B
(FD (S-RH) ...... Matrix of solutions for linear equations with two through six
unknowns
(F2) (S-Cof) ..... Matrix of coefficients for linear equations with two through six
unknowns
(F3) (P-RIt) ...... Matrix of solutions for a quadratic or cubic equation

(P-Cof) ..... Matrix of coefficients for a quadratic or cubic equation
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Example 1 To recall the solutions for the following linear equations with two

unknowns

2x+3y= 8

3x +5y=14
ED(S-RIY) |5im Resull _ |
g Ans__L

]

Example 2 To recall the coefficients for the following linear equations with
three unknowns

4 + y—-27 = -
x+6y+3% = 1
-5x +4y + z =-7
F2)(S-Cof) |Sim Coef |
EXE| A= | = El y
1 1 -a -|]
2 1 B 3 I
3 -5 y I -1

Example 3 To recall the solutions for the following quadratic equation

2x2+x-10=0

EJ(P-RIt) |F"1}- Resull |

g An=s___L
| 2
2 -a.s]

Example 4 To recall the coefficients for the following quadratic equation

2x2+x-10=0

(F8(P-Cof) |P1:- Cosf _ |

EXE| Ans | g 3
| 1 -101

a1



BEEXA variabie Data (VARS) Menu

» The coefficients and solutions recalled by the above operation are stored auto-
matically in Matrix Answer Memory (MatAns).

» When the solutions for a linear equation with 2 through 6 unknowns contain com-
plex numbers, only the real number parts are stored in Matrix Answer Memory
(MatAns).

« Coefficient and solution memory data for a linear equation with 2 though 6 un-
knowns cannot be recalled at the same time.

 The following conditions cause an error (Mem ERROR) to be generated.
When there are no coefficients input for the equation
When there are no solutions obtained for the equation
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1-5 Program (PRGM) Menu

Menu, and then press (PRa) .

number system.

Mode.

P.313
from the program menu, see “19. Programming”.

To display the program menu, first enter the RUN or PRGM Mode from the Main

COMJCTLRUME] = | 4 [N
(F1) (COM)...... Program command menu 2 [ (G
(Fa (CTL)........ Program control command

menu

(F3) (JUMP)..... Jump command menu
(?) coereeeennn Input command
(F5) (M) ........... Output command
(0 I Next menu

=) CLRJDISEIRELJT 0] @ [N
(F9) (CLR) ....... Clear command menu 6 & &)
(F2) (DISP) ...... Display command menu
(F3) (REL) ....... Conditional jump relational operator menu
(1/0) .......... Input/output control command menu
(G5 Multistatement connector
(>) e Previous menu

The following function key menu appears if you press in the RUN Mode or
the PRGM Mode while binary, octal, decimal, or hexadecimal is set as the default

Frodfpute] = | o JREL) ¢ |

B B2 B FE B

The functions assigned to the function keys are the same as those in the Comp

For details on the commands that are available in the various menus you can access
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2-1 Basic Calculations

46

P.7

B Arithmetic Calculations

 Enter arithmetic calculations as they are written, from left to right.

e Use the key to input the minus sign before a negative value.

e Calculations are performed internally with a 15-digit mantissa. The result is rounded
to a 10-digit mantissa before it is displayed.

» For mixed arithmetic calculations, multiplication and division are given priority
over addition and subtraction.

Example Operation Display
23+45-53=-255 23(#)4.5(=)53[E9 -25.5
56 x (-12) + (—2.5) = 268.8 56X [(12[F) [@)2.569 268.8
(2 +3) x 102 =500 [A2#H30) X 1R2E9* 500
1+2-3%Xx4+5+6=6.6 1#H2E=3X4=F)5(H 69 6.6
100 - (2 +3)x4 =80 100(=) (J2#H30) X149 80
2+3x(4+5)=29 23X [Q4H5[E9*2 29
(7-2)x(8+5)=65 @702 8@ F* 65
435 =03 6 @450 8™ 0.3

*1“[2[#30] 92" does not produce the correct result. Be sure to enter this calculation as

shown.

*2 The final closed parentheses (immediately before operation of the Ex§ key) may be omitted,
no matter how many are required.

*3 A multiplication sign immediately before an open parenthesis may be omitted.
*4 This is identical to 6 (5] 4 () 5 [B9.

B Number of Decimal Places, Number of Significant Digits,
Exponential Notation Range

* These settings can be made while setting up the display format (Display) with the

set up screen.

| GEP B Form [Ers.
B B2 B
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Basic Calculations

» Even after you specify the number of decimal places or the number of significant
digits, internal calculations are still performed using a 15-digit mantissa, and dis-
played values are stored with a 10-digit mantissa. Use Rnd ((F4)) of the Numeric
Calculation Menu (NUM) to round the displayed value off to the number of deci-
mal place and number of significant digit settings.

* Number of decimal place and number of significant digit settings remain in effect
until you change them or until you change the exponential display range (Norm)
setting.

« To change the exponential display range (Norm) setting, press (F3) (Norm) while
the display format (Display) menu is on the screen. Each time you perform this
operation, the range toggles between the following two settings.

............ exponential display for values outside the range of 102to 10'°

.... exponential display for values outside the range of 10°to 10

Example 100+ 6 = 16.66666666...

Condition Operation Display

100(3)6 16.66666667
4 decimal places ERERGIGICIGIGIGIGIOIO) -
) (Fix) F3) (4) B B9 16.6667

5 significant digits ERENOGICIGICICIOICIOIO) »
2 (Sci) {8 (&) F) (5) B B9 1.6667:+01

Cancels specification | BEFHI@®@P@@D@@®

3 (Norm) B B9 16.66666667

* Displayed values are rounded off to the place you specify.

Example 200 +7 x 14 =400

Condition Operation Display
2003)7(X)14 400
3 decimal places ERENGIGIGIOIQICIGIGIG)
(F1) (Fix) (F4(3) Eg 400.000
Calculation continues
using display capacity 200579 28.571
of 10 digits X) [Ans x _
149 400.000
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« If the same calculation is performed using the specified number of digits:

48

200(F)7E9 28.571
The value stored internally
is cut off to the number of
decimal places you specify. (Fe) (>)
(F4(NUM) (F4) (Rnd) Ex9 28.571
X) |Ans x _
149 399.994
B Calculations Using Variables
Example Operation Display
193.2(=] (irw) (A) 9 193.2
193.2 +23=8.4 (e (A) () 239 8.4
193.2+28=6.9 () (&) () 289 6.9




2-2 Special Functions

P.19

B Answer Function

The unit's Answer Function automatically stores the last result you calculated by
pressing (B (unless the [Exgkey operation results in an error). The result is stored in
the answer memory.

oTo recall the contents of the answer memory
&g

oTo use the contents of the answer memory in a calculation

Example 123 + 456 = 579
789 — 579 = 210

MOREHM@GEEE |123+455 5?9|

0] 1Z2+45E -
TE89-Ans

21@

* The largest value that the answer memory can hold is one with 15 digits for the
mantissa and 2 digits for the exponent.

* Answer memory contents are not cleared when you press the key or when
you switch power off.

* Note that answer memory contents are not changed by an operation that assigns
values to value memory (such as: (5] (=) (i (A] (Exg)).

B Performing Continuous Calculations

The unit lets you use the result of one calculation as one of the arguments in the next
calculation. To do so, use the result of the previous calculation, which is currently
stored in Answer Memory.

Example 1+3=

1+3x3=
ERIENENNGE | 13 |
B, 333333333
(Continuing)
1+3
HEE B, ZFFI3IFII3
Ans=3

1

Continuous calculations can also be used with Type A functions (x?, x, x/), +, —, Mx),
xr, o,
49



m Special Functions

50

B Using the Replay Function

The Replay Function automatically stores the last calculation performed into replay
memory. You can recall the contents of the replay memory by pressing @ or ®.
If you press ®, the calculation appears with the cursor at the beginning. Pressing
@ causes the calculation to appear with the cursor at the end. You can make changes
in the calculation as you wish and then execute it again.

Example  To perform the following two calculations
4.12 x 6.4 = 26.368

4.12x 7.1 = 29.252
MEOORXEEHEEY |4.12x5.4

26, 368|

OIOIOIO) |4.12x§.4 |
@O0 |4.12x?. 1_ |
E3 412571

| 29.252|

* A calculation remains stored in replay memory until you perform another calcula-
tion or change modes.

* The contents of the replay memory are not cleared when you press the key,
so you can recall a calculation and execute it even after performing the all clear
operation. Note, however, that replay memory contents are cleared whenever
you change to another mode or menu.

* After you press [Ad), you can press @ or (® to recall previous calculations, in
sequence from the newest to the oldest (Multi-Replay Function). Once you recall
a calculation, you can use ® and @ to move the cursor around the calculation
and make changes in it to create a new calculation. Note, however, that multi-
replay memory contents are cleared whenever you change to another menu.

B Making Corrections in the Original Calculation

Example 14 +0 x 2.3 entered by mistake for 14 + 10 x 2.3

MOOEROxX@ZOEE Td=@xz, =

Ma ERROR
Press @ or ®. |14+EIK2. 3

Cursor is positioned automatically at the
location of the cause of the error.



Special Functions m

Make necessary changes. | 1412, 3 |
@ (R 0§ (1)

Execute it again. | 14182, 3 |
& S22

B Using Multistatements

Multistatements are formed by connecting a number of individual statements for
sequential execution. You can use multistatements in manual calculations and in
programmed calculations. There are two different ways that you can use to connect
statements to form multistatements.

* Colon ()
Statements that are connected with colons are executed from left to right, without
stopping.

¢ Display Result Command (.d)

When execution reaches the end of a statement followed by a display result com-
mand, execution stops and the result up to that point appears on the display. You
can resume execution by pressing the B key.

oTo use multistatements

Example 6.9 x 123 = 848.7
123 + 3.2 = 38.4375

A2 E S W@ E%arg:ra.axﬁ.

(sur7) (i) (Fe) (™) (8 (:) o 242, 7
BEHX @ E(4) Intermediate res;It ::;;nt_
A2

where “d” is used.

EXE|

123+ 6. 9=F.
A+3.2

248.7
35,4375
* Note that the final result of a multistatement is always displayed, regardless of

whether it ends with a display result command.

* You cannot construct a multistatement in which one statement directly uses the
result of the previous statement.

Example 123 x 456: x5

Invalid
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P.309

B Function Menus
This calculator includes five function menus that give you access to scientific func-
tions that are not printed on the key panel.

* The contents of the function menu differ according to the mode you entered from
the Main Menu before you pressed the key. The following examples show
function menus that appear in the RUN or PRGM Mode.

eHyperbolic Calculations (HYP)

(o) (F8) (™) [F2 (HYP) T ) T T T
@ 2 6 )
(F1) (sinh) ........ Hyperbolic sine
(F2) (cosh) ....... Hyperbolic cosine
(tanh) ........ Hyperbolic tangent
(sinh) ...... Inverse hyperbolic sine
(F5) (cosh™) ..... Inverse hyperbolic cosine
(tanh™) ...... Inverse hyperbolic tangent

eProbability/Distribution Calculations (PROB)

() e (>) [E3) (PROB)
[ ! [nPefnCr JRan

B B2 B @

(N E) - Input a value and select this item to obtain the factorial of the
value.

(F2 (nPr) ......... Permutation

(F3) (nCr) ......... Combination

(Ran#) ...... Pseudo random number in the range of 0 to 1 (10 decimal
places).

(>3 T Next menu

F9(>)

F) PO e Probability P (1)
(AR (CX( — Probability Q (7)
FI (RO e Probability R (7)
(0 P Normalized variate f (x) value
(>3 ISP Previous menu
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eNumeric Calculations (NUM)

(>)E4 (NUM)
F 2 B F
(F1) (Abs)......... Select this item and input a value to obtain the absolute value
of the value.
(2 (Int) ........... Select this item and input a value to extract the integer part of
the value.
(3 (Frac)........ Select this item and input a value to extract the fraction part of
the value.
(Rnd) ........ Rounds off the value used for internal calculations to 10 sig-

nificant digits (to match the value in the Answer Memory), or to
the number of decimal places (Fix) and number of significant
digits (Sci) specified by you.

(F5) (Intg) ......... Select this item and input a value to obtain the largest integer
that is not greater than the value.

eAngle Units, Coordinate Conversion, Sexagesimal Operations (ANGL)

> ANGL
o 9 () B9 : |ﬂ“ﬂmrﬁlT|

B B2 B FE B

(GO - Specifies degrees for a specific input value.
(AN FE— Specifies radians for a specific input value.
(<) I Specifies grads for a specific input value.
(°77) v Specifies degrees (hours), minutes, seconds when inputting a
sexagesimal value.

T . .
F3 (°"7) e Converts decimal value to sexagesimal value.
(> ISP Next menu

Fe)(>)

FolifRec] re_
FE

F) (Pol() ........ Rectangular-to-polar coordinate conversion
(F2 (Rec() ....... Polar-to-rectangular coordinate conversion
(3 ISP Previous menu

(_
* The °’” menu option appears only when there is a calculation result shown on
the display.

53



m Function Calculations

54

eoEngineering Notation Calculations (ESYM)

> > ESYM
e 9 () B8 (=) B : |IEIIEIII“IT|

ED (M) o milli (10-9) 6B @Z B )
(A1) I— micro (10°%)
(GO - nano (107°)
(<) I pico (10772
F8 () oo femto (107'°)
(> IS Next menu
B®) [k I ]G] TIF [

kilo (10°)
mega (10°)
giga (10°)
tera (10'?)
peta (10)
Next menu

|l:=l|mre'ﬁﬁ‘ e
6 B2 B

(GOR(S R exa (10'®)

(F2 (ENG) ....... Shifts the decimal place of the displayed value three digits to
the left and decreases its exponent by three. When you are
using engineering notation, the engineering symbol is also
changed accordingly (i.e. m — ).

(%) ....... Shifts the decimal place of the displayed value three digits to
the right and increases its exponent by three. When you are
using engineering notation, the engineering symbol is also
changed accordingly (i.e. L — m).

(> ISP Previous menu

-
* The ENG and ENG menu options appear only when there is a calculation result
shown on the display.
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P.6

P.5

Bl Angle Units

Function Calculations m

* Once you specify an angle unit, it remains in effect until you specify a different

one. The specification is retained even if you switch power off.

* Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal

Setting Mode.

Example

Operation

Display

To convert 4.25 rad to degrees:

47.3° + 82.5rad = 4774.20181°

QQOO®
(F1)(Deg) [Exm 4.25 [oemi) [Fe) ()
[E5(ANGL) [E2)(r) &9

47.3@82.5F2(r)

243.5070629

4774.20181

B Trigonometric and Inverse Trigonometric Functions

* Be sure to set the angle unit before performing trigonometric function and inverse
trigonometric function calculations.

T

(90° = 3

radians = 100 grads)

* Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal

Setting Mode.

Example

Operation

Display

sin 63° = 0.8910065242

cos (%rad) =05

tan (— 35gra) =
—0.6128007881

2 .sin 45° x cos 65°
=0.5976724775

1
cosec 30° = =2
¢ sin30°

sin0.5 = 30°
(x when sinx = 0.5)

EE)®@OO®
(F1) (Deg) [Exm)
En63Eg

) ) @ ©® @ @
(F2)(Rad) [EXT)
ty [0 @R (@ E B0 6

) ) @ ©® @ @
(F3)(Gra) (X
(en) 3569

fRERICICIGIO)
(1) (Deg) ExT)
2(X] (sin) 45 (X] [co3 65 [Exg) *!

1) En30E9

s70.5"(9

0.8910065242

0.5

-0.6128007881

0.5976724775

2

30

*1 (X) can be omitted.

*2 |nput of leading zero is not necessary.
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m B Logarithmic and Exponential Functions

P.5 * Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example Operation Display
log 1.23 (log101.23)
=8.990511144 x 102 (og) 1.23 Ex 0.08990511144
In 90 (log.90) = 4.49980967 (In) 90 (Exg) 4.49980967

10'2% = 16.98243652
(To obtain the antilogarithm
of common logarithm 1.23) [1091.23 g 16.98243652

e*5=90.0171313
(To obtain the antilogarithm

of natural logarithm 4.5) e94.5E9 90.0171313
(=3)* = (=3) x (=3) x (=3)

x (~3) = 81 O@E30) N4Ee 81
—3¢=—(3x3x3x3)=-81 ©3R4E8 - 81

1

7123 (= 1237)

= 1.988647795 76 912369 1.988647795
2+3x%6d —4=10 23X 3ER 64460 10

*1A(x*)and*\  take precedence over multiplication and division.

m B Hyperbolic and Inverse Hyperbolic Functions

P.5 * Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example Operation Display
sinh 3.6 = 18.28545536 F8) (>) [ (HYP)
(Fi) (sinh)3.6 B8 18.28545536
cosh 1.5—sinh 1.5 F8) (>) (F2 (HYP)
= 0.2231301601 [F2)(cosh)1.5[=] [F1) (sinh)1.5 %) 0.2231301601
=e® (in) (suF7) (ans) (EXE) -15
(Proof of cosh x + sinh x = ¢*)
cosh-! <12—g> - 0.7953654612 (>)ED(HYP)
(F5)(cosh™)([J20(=]150) 0.7953654612

Determine the value of x
when tanh 4 x = 0.88

Y= tanh" 0.88
4 (>)E3(HYP)
=0.3439419141 (F8) (tanh~")0.88 () 4 g 0.3439419141
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* Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal

Setting Mode.

Example Operation Display
V2 +V5 =3.65028154 )2 569 3.65028154
(=3 =(=3)x(-3)=9 KO @kINFRIEE 9
—#=-(3x3)=-9 @3 -9
=12 03ER B S4@ B 0
1 1 -
S &g 12
8 (=1x2x3x....x8) 8o (F8) () (F3) (PROB)
= 40320 FD) (<) B9 40320
336 x 42 x 49 = 42 &R 0 [Q36X)42X)1490) B9 42
Random number generation (Fe) (=) (F3) (PROB)
(pseudo random number (F3)(Ran#)[E&g | (Ex.) 0.4810497011
between 0 and 1.)
What is the absolute value of
the common logarithm of % ?
llog 2 | = 0.1249387366 @m [E9) () E3 (NUM)
4 1) (Abs) (g ([3F 40D 0.1249387366
What is the integer part of (F8) (™) (Fa) (NUM)
-3.5? F(nt)©)3.5E9 -3
What is the decimal part of (™) (F3) (NUM)
-3.5? (F3) (Frac) (@) 3.5 -0.5
What is the nearest integer (F8) (&) (Fa) (NUM)
not exceeding — 3.5? (F5)(Intg) (&) 3.5(x9 -4
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B Coordinate Conversion

® Rectangular Coordinates ® Polar Coordinates

P(r,0)

» With polar coordinates, 6 can be calculated and displayed within a range of
—180°< 0 = 180° (radians and grads have same range).

P.5 * Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example To calculate r and 6°when x = 14 and y = 20.7

Operation Display

() ) @ @ @ @ [ED(Deg) D
™ (F8) (>) (F5) (ANGL) (F8) (>)

(FI(Pol()14(>]20.7 0] (g Ans
1 [124.98971 — 24.98979792 (r)

2 155,928 | — 55.92839019 (6)

Example To calculate x and y when r = 25 and 6 = 56°

Operation Display

@A) ) @ @ @ @ [E)(Deg) XM
() (8} (>) [E5) (ANGL) [E8) (>)

(F2)(Rec()25(3]56 () Ans
1 M13.979 — 13.97982259 (x)

2 20.725 ] — 20.72593931 (y)

B Permutation and Combination

® Permutation e Combination
n! nl
}’lPI’ = (I’l—_l’)' nCr = m
P.5 * Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal

Setting Mode.
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Example To calculate the possible number of different arrangements
using 4 items selected from among 10 items
Formula Operation Display
10P4 = 5040 10{r1y (F8) (™) (F3) (PROB)
F2(.P.)4 5040
Example To calculate the possible number of different combinations of
4 items that can be selected from among 10 items
Formula Operation Display
10Cs =210 10 Py (Fe) (>) (F3) (PROB)
(:C4 e 210

B Fractions

* Fractional values are displayed with the integer first, followed by the numerator
and then the denominator.

* Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example Operation Display
2.i87=313 2@5 31 @46 3113.20
=3.65 (Conversion to decimal*") F-D 3.65
1 1 2
578 * 4575 122578 (F) 1([2)4572[E) | 6.066202547:—04

= 6.066202547 x 104 (Norm 1 display format)

% x 0.5 =0.25 182X (569 0.25*
=12 1@ [01@3@B1@4DE 1157
37

*' Fractions can be converted to decimal values and vice versa.

*2When the total number of characters, including integer, numerator, denominator and
deliminater marks exceeds 10, the input fraction is automatically displayed in decimal for-
mat.

*3 Calculations containing both fractions and decimals are calculated in decimal format.

*# You can include fractions within the numerator or denominator of a fraction by putting the
numerator or denominator in parentheses.
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m B Engineering Notation Calculations

P.16 Input engineering symbols using the engineering notation menu.

P.5 * Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example Operation Display

QICIGIOIO)
@ ® ® @ F(Eng)
999k (kilo) + 25k (kilo) 999 (7]
=1.024M (mega) (F8) (>) (F8) (>) FD(ESYM)
(Fe) (>) (F1) (k) () 25 FD (k) g 1.024M

9+ 10 = 0.9 = 900m (milli) 9=)10E8 900.m
[Fe)(>) [Fe) (>) ED(ESYM)
Ee) (>)Ee) (>)

-
) (ENG)*! 0.9

(_
3 (ENG)™ 0.0009k

[F2(ENG)*2 0.9
[F2J(ENG)* 900.m

** Converts the displayed value to the next higher engineering unit, by shifting the decimal
point three places to the right.

*2 Converts the displayed value to the next lower engineering unit, by shifting the decimal
point three places to the left.
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Function Calculations m

B Logical Operators (AND, OR, NOT)

The logical operator menu lets you select the operator you need.

() 8} (>) 8 () 4 (LOGIC) |EEEIIEI! |

B B 6B
(F) (And) ........ AND (logical multiplication)
(F2 (Or)........... OR (logical addition)
(F3) (Not) ......... NOT (negation)

* Be sure to specify “Comp” for Calculation/Binary, Octal, Decimal, Hexadecimal
Setting Mode.

Example  What is the logical product of A and B when A =3 and B = 2?
AANDB =1

Operation Display

3] (M (&) (e

2(=) [@H (6] B

() (&) o) (F8) () (F8) (>)
(F3)(LOGIC) [Fl) (And) (78 (B) B9 1

Example  What is the logical sum of Aand BwhenA=5and B=1?
AORB=1

Operation Display

5(=) () (A) e

1= (8 (B) @9

() (A) [er) (Fe) (™) (E6) (™)
(F4(LOGIC) F2) (Or) (el (B) B9 1

Example Negate A when A =10.

NOTA =0
Operation Display
10(=) [ (A) ()
8 (>)[Fe(>)
3 (LOGIC) F3) (Not) i) (&) =) 0
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m Function Calculations

About Logical Operations

* A logical operation always produces either 0 or 1 as its result.

* The following table shows all of possible results that can be produced by AND
and OR operations.

Value or Expression A | Value or ExpressionB || AANDB | AORB
AF0 B0 1 1
AF0 B=0 0 1
A=0 B0 0 1
A=0 B=0 0 0

* The following table shows the results produced by the NOT operation.

Value or Expression A NOT A

AF0 0

A=0 1
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Solve, Differential/Quadratic
Differential, Integration,
Maximum/Minimum Value,
and > Calculations

3-1 Function Analysis Menu

3-2 Solve Calculations

3-3 Differential Calculations

3-4 Quadratic Differential Calculations

3-5 Integration Calculations

3-6 Maximum/Minimum Value Calculations
3-7 X Calculations



3-1 Function Analysis Menu

The following describes the items that are available in the menus you use when
performing Solve, differential/ quadratic differential, integration, maximum/minimum
value, and Z calculations.

When the option menu is on the display, press (CALC) to display the function
analysis menu.

(CALO) [Folue]d d ity oz | [
FE 2 B
(F1) (Solve) ..... Used in Solve calculations
(F2) (d/dx) ........ Used in differential calculations
(F3) (ldx?) ..... Used in quadratic differential calculations

(Jdx) cooeene. Used in integration calculations
(B>) v Previous menu
=) Frin JFras] Z1 | e
B B
(F1) (FMin) ...... Used in minimum calculations
(Fa (FMax) ..... Used in maximum calculations
(G| I—— Used in X calculations
(=0 I Previous menu
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3-2 Solve Calculations

A

P.64

To solve calculations, first display the function analysis menu, and then input the
values shown in the formula below to determine root x values in the function f(x).

@(Solve)f(x)E]_?_E]aE]b

Initial estimate value Upper limit
Lower limit

With Solve calculations, the root of a function is determined using Newton’s method.

oNewton’s Method

y=f(x)

This method is based on the assumption that f(x) can be approximated by a linear
expression within a very narrow range.

First, a starting value (predicted value) x, is given. Using this starting value as a
base, approximate value x; is obtained, and then the left side and right side calcula-
tion results are compared. Next, approximate value x: is used as the initial value to
calculate the next approximate value x2. This procedure is repeated until the differ-
ence between the left side and right side calculated values is less than some minute
value.

oTo perform solve calculations

Example To calculate the value of root x in the following formula when

the initial estimated value is n = 1, the lower limitis a = 0, and the
upper limitis b = 1:

2x2+7x-9=0
Input the function f(x).
(F3) (CALC) [F1)(Solve) |5-:-1ueﬂ2:=<i+?:=<—9:

@ e (@ B @ e = @) &

[Folue]didaddiidid oot | T
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m Solve Calculations

Input initial estimated value n.
OO |Snlue(2HE+?H—9,1, |

Input lower limit @ and upper limit b.
O0Oo |Snlve(2HE+?H—9=1,E=1)|

EXE|

SolvetZHE+TE-9: 1.8:12 ‘
1

« In the function f(x), only X can be used as a variable in expressions. Other vari-
ables (A through Z, r, 6) are treated as constants, and the value currently as-
signed to that variable is applied during the calculation.

« Input of the closing parenthesis, lower limit a and upper limit 5 can be omitted.
» Roots obtained using Solve may include errors.

@ « Since Solve uses Newton’s method, the following can sometimes occur.

—~Certain initial estimated values can make it impossible to obtain roots. In this
case, try inputting another value that you assume to be near the root and per-
form the calculation again.

—The calculator may be unable to obtain a root, even though a root exists.

Due to certain idiosyncrasies of Newton’s method, roots for the following types
of functions tend to be difficult to calculate.

—Periodic functions (i.e. sin x = 0)
—Functions whose graph produce sharp slopes (i.e. ¢* = 0, '/x = 0)
—Discontinuous functions (i.e. Vx = 0)

+ Note that you cannot use a Solve, differential, quadratic differential, integration,
maximum/minimum value or X calculation expression inside of a Solve calcula-
tion term.
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3-3 Differential Calculations

A

P.64

« To perform differential calculations, first display the function analysis menu, and
then input the values shown in the formula below.

FA(dldx) flx) D aBDax0]

Increase/decrease of x

Point for which you want to determine the derivative

i (109, 0,0 0 = f (@)

The differentiation for this type of calculation is defined as:

fla+Ax)—f(a)
Ax

r@=jmn,

In this definition, infinitesimal is replaced by a sufficiently small Ax, with the value in
the neighborhood of f'(a) calculated as:

NAx) —
f,(a),;f(a+ Az fl@)

In order to provide the best precision possible, this unit employs central difference to
perform differential calculations. The following illustrates central difference.

y
[

Ay y=f{x)
Ax

fla+Ax)—f(a—Ax)

2Ax \

w
Vx

0 a—Ax a a+Ax

The slopes of point a and point a + Ax, and of point a and point a — Ax in function
y = f(x) are as follows:

fla+dy-f@ B fl@-fla—Av) DOy

Ax Ax Ax Ox

In the above, Ay/Ax is called the forward difference, while Oy/UOx is the backward
difference.To calculate derivatives, the unit takes the average between the value of
Ay/Ax and Oy/Ox, thereby providing higher precision for derivatives.
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m Differential Calculations

This average, which is called the central difference, is expressed as:

f.(a):%< farbo @, f(a)ffA(xafo)>
_ flat ) ~f(a—Av)
- 2Ax

oTo perform a differential calculation

Example To determine the derivative at point x = 3 for the function
y=x%+4x2+x -6, when the increase/decrease of x is defined as
Ax=1e-5

Input the function f(x).

(ad) @™ (F4) (CALC) [F2)(d/dx) drdu i A AR B+ H G
BAE@®
=606

Input point x = a for which you want to determine the derivative.

B0 |dfdx'iH’“3+4HE+H—Eu3:_ |

Input Ax, which is the increase/decrease of x.

D@ BE O |dz5'u§ix(H“3+4HE+H—E-,3=1|-:|
E&9 dggix{:x:“3+4:x:3+:x:—6: I e
5z

* In the function f(x), only X can be used as a variable in expressions. Other vari-
ables (A through Z, r, 6) are treated as constants, and the value currently as-
signed to that variable is applied during the calculation.

* Input of Ax and the closing parenthesis can be omitted. If you omit Ax, the calcu-
lator automatically uses a value for Ax that is appropriate for the derivative value
you are trying to determine.

« Discontinuous points or sections with drastic fluctuation can adversely affect pre-
cision or even cause an error.
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Differential Calculations m

B Applications of Differential Calculations

« Differentials can be added, subtracted, multiplied and divided with each other.

Example  —— /(@ =/ @), ——g @ =g'@)
Therefore:

f'@) +g'(@), f'@) xg'@)

« Differential results can be used in addition, subtraction, multiplication, and divi-
sion, and in functions.

Example 2 xf(a),log (f'(a))

 Functions can be used in any of the terms (f (x), a, Ax) of a differential.

Example d% (sinx + cosx, sin0.5)

* Note that you cannot use a Solve, differential, quadratic differential, integration,

maximum/minimum value or Z calculation expression inside of a differential cal-
culation term.

* Pressing during calculation of a differential (while the cursor is not shown
on the display) interrupts the calculation.

» Always perform trigonometric differentials using radians (Rad Mode) as the
angle unit.
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3-4 Quadratic Differential Calculations

A

P.64

After displaying the function analysis menu, you can input quadratic differentials
using either of the two following formats.

B)(@*/dx*) f(x)BJalDn

Final boundary (n = 1 to 15)
Differential coefficient point

d2 dz
2z @.am b == fa)

Quadratic differential calculations produce an approximate differential value using
the following second order differential formula, which is based on Newton's polyno-
mial interpretation.
—flx—2h) + 16 f(x — h) — 30 f(x) + 16 f(x + h) — f(x + 2h)

1217

f'e)=

In this expression, values for “sufficiently small increments of x” are sequentially
calculated using the following formula, with the value of m being substituted as m =
1,2, 3 and so on.

h=——
Srn

The calculation is finished when the value of f"(x) based on the value of & calcu-
lated using the last value of m, and the value of f"(x) based on the value of &
calculated using the current value of m are identical before the upper n digit is reached.

« Normally, you should not input a value for n. It is recommended that you only
input a value for n when required for calculation precision.

* Inputting a larger value for n does not necessarily produce greater precision.

oTo perform a quadratic differential calculation

Example To determine the quadratic differential coefficient at the point
where x = 3 for the function y =x%+ 4x2+x -6
Here we will use a final boundary value of n = 6.
Input the function f(x).
(A [opm) (F4) (CALC) (F3) (d*/dx?) A2 a2 CRAIHHE HE -,
1AGBHG@

o) =) (6] =) MR [
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Quadratic Differential Calculations m

Input 3 as point a, which is differential coefficient point.
G0 dE w2 O FHdE -5 Fa

Input 6 as n, which is final boundary.
B0 |g§xde{H“3+4HE+H—E=3,

EXE|

E;fde{H“3+4HE+H—E-:3:
26

* In the function f(x), only X can be used as a variable in expressions. Other vari-
ables (A through Z, r, 6) are treated as constants, and the value currently as-
signed to that variable is applied during the calculation.

« Input of the final boundary value n and the closing parenthesis can be omitted.

« Discontinuous points or sections with drastic fluctuation can adversely affect pre-
cision or even cause an error.

B Quadratic Differential Applications

« Arithmetic operations can be performed using two quadratic differentials.
& woy A o
Wf(a)—f (a), g g (a)=g"(a)
Therefore:
fa) + g'(@), f'(a)* g"(a)

» The result of a quadratic differential calculation can be used in a subsequent
arithmetic or function calculation.

2%/ @, log (f @)

Functions can be used within the terms (f(x), a, n) of a quadratic differential
expression.

2

s (sin x + cos x, sin 0.5)

Note that you cannot use a Solve, differential, quadratic differential, integration,
maximum/minimum value or X calculation expression inside of a quadratic differ-
ential calculation term.

» Use only integers within the range of 1 to 15 for the value of final boundary n.
Use of a value outside this range produces an Ma ERROR.

« You can interrupt an ongoing quadratic differential calculation by pressing the
key.

* You should always specify radians (Rad) as the unit of angle unit before per-
forming a quadratic differential calculation using trigonometric functions.
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3-5 Integration Calculations

A

P.64

To perform integration calculations, first display the function analysis menu, and then
input the values shown in the formula below.

F(Jax) f) B a @D b B n

Number of Divisions (value forn in N = 2",
n is an integer from 1 through 9)

e

End Point
Start Point
J'(f(x), a,b,n) 0 I * f(x)dx, N = 2"
y
f(b) y=7
fla) y=7()

Area of Ib f(x)dx is calculated
a

X

|

b

N number of divisions

Integration calculations are performed by applying Simpson’s Rule for the f (x) func-
tion you input. This method requires that the number divisions be defined as N = 2",
where the value of n is an integer in the range of 1 through 9. If you do not specify a
value for n, the calculator automatically assigns a value in accordance with the inte-
gration being performed.

As shown in the illustration above, integration calculations are performed by calcu-
lating integral values from a through b for the function y = f (x) where a= x < b, and

f(x)z 0*. This in effect calculates the surface area of the shaded area in the illustra-
tion.

* If f (x) < 0 where a =x b, the surface area calculation produces negative values
(surface area x — 1).
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Integration Calculations m

oTo perform an integration calculation

Example  To perform the integration calculation for the function

J'ls @x* + 3x + 4) dx
Input the function f (x).
() @™ (F3) (CALC) ) (Jelx) (2] (kéD) (3 |I(2HE+3H+4,_ |
(3 @

Input the start point and end point.

OEOBEM |J‘(2HE+3H+4:1=5:_ |

Input the number of divisions.

E0 |I{2KE+3K+4= 1.5.67_ |
EXE TiZRe+imtd, 1,0, 62
134, CEBEELT

« In the function f(x), only X can be used as a variable in expressions. Other vari-
ables (A through Z, r, 6) are treated as constants, and the value currently as-
signed to that variable is applied during the calculation.

« Input of n and the closing parenthesis can be omitted. If you omit n, the calculator
automatically selects the most appropriate value.

« Calculation precision is theoretically +1 at the least significant digit of the dis-
played result.

B Application of Integration Calculation

* Integrals can be used in addition, subtraction, multiplication and division.

Example I:f(x) dx + Ld gx)dx

« Integration results can be used in addition, subtraction, multiplication and divi-
sion, in functions.

Example 2 x J’” f@) dx, log (J"’ fx) dx)

» Functions can be used in any of the terms ( f(x), a, b, n) of an integral.

Example I“’s ** (sin x + cos x) dx = I(sinx + €0s x, sin 0.5, cos 0.5, 5)
E— in 0.5

sin
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m Integration Calculations

©

» Note that you cannot use a Solve, differential, quadratic differential, integration,
maximum/minimum value or X calculation expression inside of an integration cal-
culation term.

* Pressing during calculation of an integral (while the cursor is not shown on
the display) interrupts the calculation.

« Always perform trigonometric integrations using radians (Rad Mode) as the
angle unit.

« This unit utilizes Simpson’s rule for integration calculation. As the number of
significant digits is increased, more calculation time is required. In some cases,
calculation results may be erroneous even after considerable time is spent per-
forming a calculation. In particular, when significant digits are less than 1, an
ERROR (Ma ERROR) sometimes occurs.

« Integration involving certain types of functions or ranges can result in relatively
large errors being generated in the values produced.

Note the following points to ensure correct integration values.

(1) When cyclical functions for integration values become positive or negative for
different divisions, perform the calculation for single cycles, or divide between
negative and positive, and then add the results together.

f(x)

Positive
part (S)

0 | a c Negative part (S) b

[ oo = [ feod+ (- fwd
I

I
Positive part (S)  Negative part (S)

(2) When minute fluctuations in integration divisions produce large fluctuations in
integration values, calculate the integration divisions separately (divide the large
fluctuation areas into smaller divisions), and then add the results together.

f(x)

- » X
0 | a X1 X2 X3 Xa b
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3-6 Maximum/Minimum Value Calculations

A

P.64

After displaying the function analysis menu, you can input maximum/minimum cal-
culations using the formats below, and solve for the maximum and minimum of a
function within interval a S x < b.

oMinimum Value

E8)(>) ED(FMin) fx) CJ a I b B n

Precision n =1 ~9)
End point of interval
Start point of interval

eMaximum Value

E(>)EA(FMax) o a B3 b (O n

Precision n =1 ~9)
End point of interval

Start point of interval

oTo perform maximum/minimum value calculations

Example 1 To determine the minimum value for the interval defined by start

pointa = 0 and end point b = 3, with a precision of n = 6 for the
functiony =x2-4x +9

Input f(x).
(Ac) [orT) (F4) (CALC) |FMin'::==:E—4H+9=_ |
[F8)(> ) ED(FMin)
XD (@3 (& @ (ken) (B () ] Frdin JFra] =i | e
D

Input the intervala = 0, b = 3.
OHEOE |anc><2—4><+9,|a,3,_ |

Input the precision n = 6.
0] |FMin(HE—4H+9,EI=3,Eu}_ |

EXE| Anz

o[-
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m Maximum/Minimum Value Calculations

Example 2 To determine the maximum value for the interval defined by start
pointa = 0 and end point b = 3, with a precision of n = 6 for the
functiony = —x2 + 2x + 2

Input f(x).
(&) @M [F8 (CALC) |Fr~1ax-: “HEAERAE |
[Fe)(>) (F2) (FMax)
@ @203 Frtin JFraz] =t | r
)]
Input the intervala = 0, b = 3.
OO |Frf|ax-:—><E+2><+2,|a,3,_ |
Input the precision n = 6.

E0 |FMax{-HE+2H+2=B:3=E}_|

EXE|

o[-

An= ‘

« In the function f(x), only X can be used as a variable in expressions. Other vari-
ables (A through Z, r, 6) are treated as constants, and the value currently as-
signed to that variable is applied during the calculation.

Input of n and the closing parenthesis following the precision value can be omit-
ted.

Discontinuous points or sections with drastic fluctuation can adversely affect pre-
cision or even cause an error.

Note that you cannot use a Solve, differential, quadratic differential, integration,
maximum/minimum value or X calculation expression inside of a maximum/mini-
mum calculation term.

.

Inputting a larger value for n increases the precision of the calculation, but it also
increases the amount of time required to perform the calculation.
« The value you input for the end point of the interval (b) must be greater than the
value you input for the start point (a). Otherwise an Ma ERROR is generated.
* You can interrupt an ongoing maximum/minimum calculation by pressing the
key.

« You can input an integer in the range of 1 to 9 for the value of n. Using any
value outside this range causes an error (Arg ERROR).
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3-7 X Calculations

To perform X calculations, first display the function analysis menu, and then input the
values shown in the formula below.

FECBEaBDiBbaE@ LB

Distance between patrtitions
Last term of sequence {ax}
Initial term of sequence {ax}

Variable used by sequence {ax}
B
Z (ak k, a, B, n) = Zak
k=a

> calculation is the calculation of the partial sum of sequence {a4}, using the follow-
ing formula.

S=ada+aa+ +.... +aB=73 ax
B Example % Calculation

Example To calculate the following:

6
Z(k2—3k+5)

k=2
Use n = 1 as the distance between partitions.

Input sequence {ax}
(F4)(CALC) [Fe)(>) (3 (=() |E'1KE—3K+5,_ |
KEEE KB GG

Input variable used by sequence {ai}
(e (K] ) |E{KE—3K+5,K,_ |

Input the initial term of sequence {ax} and last term of sequence {ax}.

@E@E} E(KE_3K+5:K:2:E:_

Input n.

ER]0) ECHE—3K+5: K- 2atal_
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WA > Calculations

EXE ErkE-FE+T. K 2a 6,10
55

» You can use only one variable in the function for input sequence {ax}.

« Input integers only for the initial term of sequence {a:} and last term of sequence
{aq.

« Input of n and the closing parentheses can be omitted. If you omit n, the calcula-
tor automatically uses n = 1.

B > Calculation Applications

e Arithmetic operations using X calculation expressions
Expressions: Sn= Z ar, Tn = Z br
k=1 k=1
Possible operations: S, + T, S» — T, etc.
e Arithmetic and function operations using > calculation results
2 x Su, log (Sn), etc.
eFunction operations using > calculation terms (ax, k)
2 (sink, k, 1, 5), etc.

» Note that you cannot use a Solve, differential, quadratic differential, integration,
maximum/minimum value or X calculation expression inside of a X calculation
term.

B > Calculation Precautions
» Make sure that the value used as the final term S is greater than the value used
as the initial term a. Otherwise, an Ma ERROR will occur.

« To interrupt an ongoing X calculation (indicated when the cursor is not on the dis-
play), press the (g key.
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/

Complex Numbers

This calculator is capable of performing the following operations

using complex numbers.

* Arithmetic operations (addition, subtraction, multiplication, divi-
sion)

» Calculation of the reciprocal, square root, and square of a com-
plex number

» Calculation of the absolute value and argument of a complex
number

» Calculation of conjugate complex numbers

» Extraction of the real number part

« Extraction of the imaginary number part

4-1 Before Beginning a Complex Number Calculation
4-2 Performing Complex Number Calculations
4-3 Complex Number Calculation Precautions



4-1 Before Beginning a Complex Number
Calculation

Before beginning a complex number calculation, press (F3) (CPLX) to display
the complex number calculation menu.

[E3)(CPLX)

[i_JRks]Aralton [Rer]ine

& 2 B FE B FE

[ ) — Input of imaginary unit i

(F2) (Abs) ........ Calculation of absolute value

(F3) (Arg) ......... Calculation of argument

(Conj) ....... Calculation of conjugate

(F5) (ReP) ....... Extraction of real number part
(ImP) ........ Extraction of imaginary number part
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4-2 Performing Complex Number Calculations

The following examples show how to perform each of the complex number calcula-
tions available with this calculator.

B Arithmetic Operations

Arithmetic operations are the same as those you use for manual calculations. You
can even use parentheses and memory.

Example 1 (1 + 2i) + (2 + 3i)

&9 @M 3 (CPLX) R T ¥ -
OOHEDEND® i
DEEIEODE

"3 Jr3]Aralion ] ReF e,

Example2 (2 +i) x(2-1)

(&9 @ [F3) (CPLX) e B E &
OE@HEAGOGOEDX ?
@EE6O0EY

| i [Rks]Ara]coni]ReF]ImP]

ED

B Reciprocals, Square Roots, and Squares

Example (3 + i)

E (CPLX) Toaas 1. 7TSSI1TIAZ
BEAENOD +8, 254545 7R3
| i JAks]Aralioni]ReP InF|
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m Performing Complex Number Calculations

B Absolute Value and Argument

The unit regards a complex number in the format Z = a + bi as a coordinate on a
Gaussian plane, and calculates absolute value |Z| and argument (arg).

Example  To calculate absolute value (r) and argument (6) for the complex
number 3 + 4i, with the angle unit set for degrees

Imaginary Number Axis
) S
|
|
|
r |
|
i
6 |
‘3 Real Number Axis
0
(F3) (CPLX)[F2) (Abs) Abs Ca+day -
GBHG@EOO
(Calculation of absolute value)
| i | Cobi] ReF] InP ]

FE
(F3) (CPLX) [E3) (Arg) Ara Ca+dis
OE®EAOENODE 23, 13818235
(Calculation of argument)
| i JAk3]aralioni]Rer] InE ]|

)

 The result of the argument calculation differs in accordance with the current an-
gle unit setting (degrees, radians, grads).

Bl Conjugate Complex Numbers

A complex number of the format a + bi becomes a conjugate complex number of the
format a — bi.

Example To calculate the conjugate complex number for the complex
number 2 + 4i

(E3) (CPLX) 4 (Conj) Comds Le+dis
BEE@AEGND E
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Performing Complex Number Calculations m

B Extraction of Real and Imaginary Number Parts

Use the following procedure to extract real part a and imaginary part b from a com-

plex number with the format a + bi.

Example  To extract the real and imaginary parts of the complex number

2+ 50

(ad [oem) [F3] (CPLX) [E8) (ReP)
BHEEH0] EY

(Real part extraction)

(&d) [oeh) (E3) (CPLX) [E8)(ImP)
2BEEEGOOEE

(Imaginary part extraction)

ReF (2+5i7
2
| i |AbSIAralconiRerlInE |
ED E3)
ImF (Z+517
5
| i |AbSIAralconiRerlInE |
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4-3 Complex Number Calculation Precautions

» The input/output range of complex numbers is normally 10 digits for the mantissa
and two digits for the exponent.

» When a complex number has more than 21 digits, the real number part and im-
aginary number part are displayed on separate lines.

* When either the real number part or imaginary number part equals zero, that part

m is not displayed.

P.25 » 20 bytes of memory are used whenever you assign a complex number to a vari-
able.

« The following functions can be used with complex numbers.
MR -0«
Int, Frac, Rnd, Intg, Fix, Sci, ENG, ENG,°’”,°"”, a %/, d/c, F=D
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5

Binary, Octal, Decimal, and
Hexadecimal Calculations

This calculator is capable of performing the following operations
involving different number systems.

* Number system conversion
* Arithmetic operations

* Negative values

* Logical operations

5-1 Before Beginning a Binary, Octal, Decimal, or
Hexadecimal Calculation

5-2 Selecting a Number System
5-3 Arithmetic Operations
5-4 Negative Values and Logical Operations



5-1 Before Beginning a Binary, Octal, Decimal, or
Hexadecimal Calculation

A

P.5

You can use the RUN Mode and binary, octal, decimal, and hexadecimal settings to
perform calculations that involve binary, octal, decimal and hexadecimal values. You
can also convert between number systems and perform logical operations.

» You cannot use scientific functions in binary, octal, decimal, and hexadecimal
calculations.

» You can use only integers in binary, octal, decimal, and hexadecimal calcula-
tions, so fractional values are not allowed. If you input a value that includes a
decimal part, the unit automatically cuts off the decimal part.

« If you attempt to enter a value that is invalid in the number system (binary, octal,
decimal, hexadecimal) you are using, the calculator displays an error message.
The following shows the numerals that can be used in each number system.

Binary: 0, 1

Octal: 0,1,2,3,4,5,6,7

Decimal: 0, 1,2, 3,4,5,6,7,8,9

Hexadecimal: 0, 1, 2, 3,4,5,6,7,8,9,A,B,C,D,E, F

» The alphabetic characters used in the hexadecimal number appear differently on
the display to distinguish them from text characters.

Normal Text: A, B, C, D, E, F
Hexadecimal Values: /A, B, C, D, E, F

» Negative binary, octal, and hexadecimal values are produced using the two’s
complement of the original value.

» The following are the display capacities for each of the number systems.

Number System Display Capacity
Binary 16 digits
Octal 11 digits

Decimal 10 digits
Hexadecimal 8 digits

» The following are the calculation ranges for each of the number systems.
Binary Values
Positive: 0 = x = 11111 1111111111
Negative: 1000000000000000 = x = 1111111111111111
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Octal Values

Positive: 0= x = 17777777777

Negative: 20000000000 = x = 37777777777
Decimal Values

Positive: 0 = x £2147483647

Negative: 2147483648 = x = -1
Hexadecimal Values

Positive: 0 = x = 7FFFFFFF

Negative: 80000000 = x = FFFFFFFF

oTo perform a binary, octal, decimal, or hexadecimal calculation

1. In the main menu, select RUN icon.

2. Press and then specify the defalut number system by pressing (F2) (Dec),
(Hex), (Bin), or (F8 (Oct).

(F2)(Dec)
[l e e N
2

3. Press to change to the screen for calculation input.

EXIT

E

(F) (d~o) ........ Number system specification menu
(F3 (LOG)....... Logical operation menu
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5-2 Selecting a Number System

You can specify decimal, hexadecimal, binary, or octal as the default number system
using the set up screen. After you press the function key that corresponds to the
system you want to use, press [Exd.

oTo convert a displayed value from one number system to another

Example To convert 2210 (default number system) to its binary or octal

value
(F2) (Dec) [Exm) (F1) (d~o) [Fi)(d) |d22 |
DE®E 22
[F4)(Bin
) 8 () (Bin) ) | EIIEIEIEIEIIEIBBEIEIEIII311EI|
SHIFT) (SETUP) Oct) [EXT) ExE
(O Em | HEEEEEREE LG |

oTo specify a number system for an input value

You can specify a number system for each individual value you input. While binary,
octal, decimal, or hexadecimal is set as the default number system, press (F1) (d~0)
to display a menu of number system symbols. Press the function key that corre-
sponds to the symbol you want to select and then input the value you want.

d~
B~ e e

(FD (d) v Specifies decimal for input E& @
value

(FQ () oo Specifies hexadecimal for
input value

(F3) (b) oo Specifies binary for input value

(o) I Specifies octal for input value

oTo input values of mixed number systems

Example  To input 12310 or 10102, when the default number system is

hexadecimal
(strr) (ser0R) (F3) (Hex) (EX) |d123 |
BERAEETE
(ad [FD) (d~o)[E) () D 2 (3)
(B OIEI)EE) |b1EIlEI |
GERAGAERA
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5-3 Arithmetic Operations

Example 1 To calculate 101112 + 110102

) W (F3) (Bin) (XM 16111+11010
OO0 AREEEEAREE1 18681
OO 000 e

Example 2 To input and execute 123s x ABC1, when the default number
system is decimal or hexadecimal

@) & (3 (Dec) B [oTZ5<hREC
R’J[F)(d~0)F (0D 2 B X
F(h) @ E) € E

228054 |

(D) (1) (E3) (Hex) (EX) (Bxg
BEETTAF4
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5-4 Negative Values and Logical Operations

While binary, octal, decimal, or hexadecimal is set as the default number system,
press (F2) (LOG) to display a menu of negation and logical operators.

[Hed]Hot]and | o Jxor]xnot]

Neg) ........ negation ) [ )

B Negative Values

Example  To calculate the negative of 1100102

(4F]) (€17 (F9) (Bin) BT Hes 110010
& F3 (LOG) F) (Neg) 11111
OO0 O

11111881118

B Logical Operations

Example 1 To input and execute “1201¢ and AD1s”

(E3) (Hex) [Exm) 1ZAandAl
@D @ @ [F)(LOG)
(F3)(and)(A) (@

BEEEEEZE

Example 2 To calculate “36s or 11102 to its octal value

() (&) (F5) (Oct) (EX) Seorblli|
@) ® [F(LOG)

(F4) (or) (& (E1) (d~0) [E3) (b)

SR ER)

BRAEERREEZE

Example 3 To negate 2FFFED1s

& W F3) (Hex) B Mol ZFFFED
(ad) (F2) (LOG) (F2) (Not)
@QEEHGEEMGE

FFLaEE]1 2
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Chapter

Matrix Calculations

26 matrix memories (Mat A through Mat Z) plus a Matrix Answer
Memory (MatAns), make it possible to perform the following matrix
operations.

+ Addition, subtraction, multiplication

» Scalar product calculations

* Determinant calculations

» Matrix transposition

» Matrix inversion

* Matrix squaring

+ Raising a matrix to a specific power

* Absolute value, integer part extraction, fractional part extraction,
maximum integer calculations

» Matrix modification using matrix commands

6-1 Before Performing Matrix Calculations

6-2 Matrix Cell Operations

6-3 Modifying Matrices Using Matrix Commands
6-4 Matrix Calculations




6-1 Before Performing Matrix Calculations

In the Main Menu, select the MAT icon and press (e to enter the Matrix Mode and
display its initial screen.
2 (row) x 2 (column) matrix

Matrix !

(F1) (DEL) ....... Delete specific matrix
(2 (DEL-A).... Delete all matrices Not dimension preset

» The maximum matrix dimension (size) is 255 (rows) x 255 (columns).

Bl About Matrix Answer Memory (MatAns)

The calculator automatically store matrix calculation results in Matrix Answer Memory.
Note the following points about Matrix Answer Memory.

» Whenever you perform a matrix calculation, the current Matrix Answer Memory
contents are replaced by the new result. The previous contents are deleted and

m cannot be recovered.

P.106 * Inputting values into a matrix does not affect Matrix Answer Memory contents.

B Creating a Matrix

To create a matrix, you must first define its dimensions (size) in the MATRIX list.
Then you can input values into the matrix.

oTo specify the dimensions of a matrix

Example To create a 2-row x 3-column matrix in the area named Mat B
Highlight Mat B.
® Matriz
Mat A L
| L = I T

Specify the number of rows.

@ Matriz
. Mat. H 2w 2
Specify the number of columns. Mat E P
3
EXE] E T H E]
1 0 1] 1]
a[-u o u]
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Before Performing Matrix Calculations m
« All of the cells of a new matrix contain the value 0.

« If “Mem ERROR” remains next to the matrix area name after you input the dimen-
sions, it means there is not enough free memory to create the matrix you want.

oTo input cell values

Example  To input the following data into Matrix B :

|: 12 3
4 5 6
Select Mat B.
) Matrix
Mat, H dw 2
Highlighted cell (up to six digits
can be displayed)
EXE E 1 g 3
1 1 a 3
NEDREGEE L 0 ool |
@ 6 EE 66
(Data is input into the highlighted cell. &
Each time you press (&g, the highlight- | [ [P W

ing move to the next cell to the right.)
Value in currently highlighted cell

« Displayed cell values show positive integers up to six digits, and negative inte-
gers up to five digits (one digit used for negative sign). Exponential values are
shown with up to two digits for the exponent. Fractional values are not displayed.

* You can see the entire value assigned to a cell by using the cursor keys to move
the highlighting to the cell whose value you want to view.

» The amount of memory required for a matrix is ten bytes per cell. This means that
a 3 x 3 matrix requires 90 bytes of memory (3 x 3 x 10 = 90).

B Deleting Matrices

You can delete either a specific matrix or all matrices in memory.

oTo delete a specific matrix

1. While the MATRIX list is on the display, use @ and ® to highlight the matrix
you want to delete.

2. Press [F1) (DEL).

(D) (DEL)
[FES G
ED
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m Before Performing Matrix Calculations

3. Press (F1) (YES) to delete the matrix or (NO) to abort the operation without
deleting anything.

» The indicator “None” replaces the dimensions of the matrix you delete.

oTo delete all matrices
1. While the MATRIX list is on the display, press (F2) (DEL-A).

(2 (DEL-A) i -
ED

2. Press (F1) (YES) to delete all matrices in memory or (NO) to abort the opera-
tion without deleting anything.

« The indicator “None” is shown for all the matrices.
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6-2 Matrix Cell Operations

You can perform any of the following operations involving the cells of a matrix on the
display.

* Row swapping, scalar product, addition
* Row deletion, insertion, addition
» Column deletion, insertion, addition

Use the following procedure to prepare a matrix for cell operations.

1. While the MATRIX list is on the display, use @ and @ to highlight the name of
the matrix you want to use.

2. Press [Exg.

1 2 = I -
MatrixA=| 3 4 ;[-3 f‘,]
E] g B

5 6
1
(F1) (R-OP) ..... Row calculation menu [R-OPJROn oL )
2 (ROW)...... Row operation menu 2 [

(F3) (COL) ....... Column operation menu

All of the following examples use Matrix A recalled by the above operation.

B Row Calculations

The following menu appears whenever you press (F1) (R*OP) while a recalled matrix
is on the display.

(F1(R-OP)
[EwaF (R [RFwr [Fous

B B2 B B

Swap) ..... Row swap

xRw+) ..... Addition of scalar product of specific row to another row

ED) (

(F2 (xRw) ....... Scalar product for a specific row

E3) (

(Rw+) ....... Addition of contents of specific row to another row

oTo swap two rows

Example  To swap rows two and three of the following matrix :

1 2
Matrix A = |: 3 4 :|
5 6
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m Matrix Cell Operations

[E1)(R-OP) [E1) (Swap) |m‘? _ |
Swap Row m=Row N

Input the number of the rows you want to swap.

(2) A ] ]
Bl I I 2 ‘
-

oTo calculate the scalar product of a row

Example To calculate the scalar product of row 2 of the following matrix by 4 :

1 2
MatrixA=|: 3 4 :|
5 6

F)(R-OP) | k?
E2J(xRw)

" kxRoW mEROW M |

Input multiplier value.

(@ g

Specify row number.

2

[=] ] g
I[ | E] ‘
2 12 1]
3 s I

oTo calculate the scalar product of a row and add the result to

another row

Example To calculate the scalar product of row 2 of the following matrix
by 4 and add the result to row 3 :

1 2
MatrixA=|: 3 4 :|
5 6

(F1)(R-OP) k7
@(XRW+) ExRow m+Row n2Row f
Input multiplier value.
@eg A I £
Specify number of row whose scalar product é[ ; -j]
should be calculated. 3 1M
@ 6
Specify number of row where result should be
added.
EICE
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Matrix Cell Operations m
oTo add two rows together

Example To add row 2 to row 3 of the following matrix :

1 2
MalrixA=|: 3 4 :|
5 6

F1)(R-OP) e - , |
Ll m+ROW ROl R
3 (Rw+)

Specify number of row to be added.

@ A 1 _&_
Specify number of row to be added to. é[ 5', 5] ‘
@ 3 s T

Bl Row Operations

The following menu appears whenever you press (F2) (ROW) while a recalled matrix
is on the display.

(ROW)
DEL [TH= [AOD RO >
(F1) (DEL) ....... Delete row E9
(F3) (INS) ........ Insert row

3 (ADD)........ Add row

oTo delete a row

Example  To delete row 2 of the following matrix :

1 2
MatrixA=|: 3 4 :|
5 6

F(ROW)® R 1 _ &

3
DEL [IHZ [AOD <ROW=

(F9(DEL)

A 1
d— ]
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m Matrix Cell Operations
oTo insert a row

Example To insert a new row between rows one and two of the following

matrix :
1 2
MatrixA=|:3 4:|
5 6
FA(ROW)® A 1 _&_
é[-' E]
3 5 5
3
[OEL [THZ [ADD < RO =
3]
(F2(INS) A 1 3
é[—i E]
3 3 y
y 5 B

oTo add a row

Example  To add a new row below row 3 of the following matrix :

1 2
MatrixA=|: 3 4:|
5 6

FR(ROW)® @ R 1 _ &

]
OEL [IH= [AOD <ROW=

(F3)(ADD) A 1 H
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Bl Column Operations

The following menu appears whenever you press (3] (COL) while a recalled matrix
is on the display.

(F3) (COL)
[CELC [TAE [AOD  =COL=
(F) (DEL) ....... Delete column B B B
(F3 (INS) ........ Insert column

(3 (ADD)........ Add column

oTo delete a column

Example To delete column 2 of the following matrix :

1 2
MatrixA=|: 3 4:|
5 6

(F3(COL) > A 1 F]

DEL [IHE [ADD oL =

(F1)(DEL) A 0

oTo insert a column

Example  To insert a new column between columns 1 and 2 of the
following matrix :

1 2
MatrixA=|: 3 4 :|
5 6

EJ(CcoL) ® A l 2

2
OEL [IH= [AOD <COL =
E2
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EJ(INS)

®To add a column

Example To add a new column to the right of column 2 of the following

matrix :
1 2
MatrixA=|:3 4:|
5 6
(FJ(COL) > A I z
l[ |‘]
= 3 u
3 5 B
2
[CGEC [TRz [AOD < COL =
(F3)(ADD) =] ] ] 3
! 1 2 [
a[ 3 y u]
3 5 3 0
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6-3 Modifying Matrices Using Matrix Commands

P.31

P.105

In addition to using the MATRIX list to create and modify a matrix, you can also use
matrix commands to input data and create a matrix without actually displaying it.

oTo display the matrix commands

1. From the Main Menu, select the RUN icon and press [Exg.
2. Press to display the option menu.
3. Press (MAT) to display the matrix operation menu.

[EJ(MAT)

[Mat [l [Det | Tra|AuS|NE

E E2 F (9

The following describes only the matrix command menu items that are used for
creating matrices and inputting matrix data.

F) (Mat) ........ Mat command (matrix specification)
(FA M-L)...... Mat - List command (assign contents of selected column to
list file)
(F3 (Aug) ........ Augment command (link two matrices)
(>) e Next menu
B) e
G
(FD (Iden) ....... Identity command (identity matrix input)
(F3 (Dim) ........ Dim command (dimension check)
(F3) (Fill) .......... Fill command (identical cell values)
(>) e Previous menu

B Matrix Data Input Format

The following shows the format you should use when inputting data to create a
matrix using the matrix operation menu’s Mat command.

an atz ., atn
azt a2 ., aan
amt am2 .., amn

=[[am, ar, ..., aw] [az1, @z, ..., @2 .... [ami, @nz, ..., @mi] |
- Mat [letter A through Z]

* The maximum value of both m and n is 255.
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m Modifying Matrices Using Matrix Commands

P.101

P.101

Example 1 To input the following data as Matrix A :

|:1 3 5

2 4 6

) (E2)(MAT)

&n O ODOH0EEE

EDENDEH@AHE
G (3 @R (3 (=) ED(Mat) (@65 (&)

|E|[1:3:5][2:4:E-]]-}Ma1;

[EETA [E [T B EE]

EXE Matrix name —{f 1 H F]

» An error (Mem ERROR) occurs if memory becomes full as you are inputting data.
» You can also use the above format inside a program that inputs matrix data.

oTo input an identity matrix

Use the matrix operation menu’s Identity command ( (F1)) to create an identity matrix.

Example 2 To create a 3 x 3 identity matrix as Matrix A

™ 2 (MAT) [Tdentity 33Hat A
(E8)(>) [E)(Iden) (3)

Number of rows/columns [T [CEM [T WVa e ©
(F8) (>) [ED) (Mat) (el (A)

EXE|

oTo check the dimensions of a matrix

Use the matrix operation menu’s Dim command ((F2)) to check the dimensions of an
existing matrix.

Example 3 To check the dimensions of Matrix A, which was input in

Example 1
(™ F2)(MAT) |[:-im Mat A_
F8)(>) (2 (Dim) (F8) (>) (F) (Mat)
[Em
@ [ETA CEM [SEXA R Gl &
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Modifying Matrices Using Matrix Commands m

EXE]} HI"IE
Number of rows |[-.
Number of columns :*: g a]
The display shows that Matrix A consists of two rows and three columns.

B Modifying Matrices Using Matrix Commands

You can also use matrix commands to assign values to and recall values from an
existing matrix, to fill in all cells of an existing matrix with the same value, to combine
two matrices into a single matrix, and to assign the contents of a matrix column to a
list file.

oTo assign values to and recall values from an existing matrix

Use the following format with the matrix operation menu’s Mat command (1)) to
specify a cell for value assignment and recall.

Mat X [m, n]
X, matrix name (A through Z, or Ans)
Mociviiiiinnnann. row number
T column number

Example 1 Assign 10 to the cell at row 1, column 2 of the following matrix :

1 2
MatrixA=|: 3 4 :|
5 6

(1 (@ =) b (F2(MAT) [E1) (Mat) |1EHHaL ACl:21]
) @6 (O D G @)D @

EXE|
[GETA [TET [T W CE] [

1El|

Example 2 Multiply the value in the cell at row 2, column 2 of the above
matrix by 5
(o) (F2) (MAT) (1) (Mat) |HaL ALZ. Z21#5
AEODDDED =8
X &
& CEA CEM [ had BVEl [ -
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m Modifying Matrices Using Matrix Commands

A

P.101

P.101

oTo fill a matrix with identical values and to combine two matrices
into a single matrix

Use the matrix operation menu’s Fill command ((F3)) to fill all the cells of an existing
matrix with an identical value and the Augment command ((F§) ) to combine two ex-
isting matrices into a single matrix.

Example 1 To fill all of the cells of Matrix A with the value 3

(e (F2)(MAT) |F111|:3,|~1at A_
E>)B(FiINE ]
Fi//e:l\_/a/ue [Fat [ML [Det | Trn [AuS] R
(E8) (>) (F1) (Mat) (ee) (A) F)
EXE] Fill(Z.Mat A
Do
W To combine the following two matrices :
1
A= |: :| B= |: 3 :|
2 4
[F2(MAT) |F|u9me-hLliHaL A:Mat. B_ |
(F8) (Aug) (F1) (Mat) (i (A) (5]
Mat
[l (M) G [Fat [zl [Det ] Ten [Au3] IR
ED
EXE| Ars | g
| 3]
2 2 y

» The two matrices you combine must have the same number of rows. An error
(Ma ERROR) occurs if you try to combine two matrices that have different num-
bers of rows.

oTo assign the contents of a matrix column to a list file

Use the following format with the matrix operation menu’s Mat - List command ((F2))
to specify a column and a list file.

Mat - List (Mat X, m) - Listn
X = matrix name (A through Z, or Ans)
m = column number
n = list number
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Example  To assign the contents of column 2 of the following matrix to list

file 1:
1 2
Matrix A = |: 3 4 :|
5 6
(ori) (B2 (MAT) gafl,-bLisL{HaL R.Z22+L1i=
FI(M- L) [F)(Mat) Daore
ADE
ColumI'lumber Lizt JL=+H]Dim]Fill § 529 3
ED(LIST) [ED(List) (3 B ED

You can use Matrix Answer Memory to assign the results of the above matrix
input and edit operations to a matrix variable. To do so, use the following syntax.

« Fill (n, Mat a) - Mat B
* Augment (Mat a, Mat ) - Mat y

In the above, a, B, and yare variable names A through Z, and n is any value. The
above does not affect the contents of Matrix Answer Memory.
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6-4 Matrix Calculations

A

P.31

Use the matrix command menu to perform matrix calculation operations.

oTo display the matrix commands

1. From the Main Menu, select the RUN icon and press [Exg.
2. Press to display the option menu.
3. Press (F2) (MAT) to display the matrix command menu.

[EJ(MAT)

[EETA [TE [T W EEl [

E) F

The following describes only the matrix commands that are used for matrix arithme-
tic operations.

(F) (Mat) ........ Mat command (matrix specification)
(F3) (Det)......... Det command (determinant command)
(Trn) ......... Trn command (transpose matrix command)
( Next menu
(>) :
[Tden] D] T-
i)
(F1) (Iden) ....... Identity command (identity matrix input)
(>) e Previous menu

All of the following examples assume that matrix data is already stored in memory.

B Matrix Arithmetic Operations

The following is the format for matrix arithmetic operations.

Matrix 1 Arithmetic operator key Matrix 2

Mat:A Mat:A
Mat Z % Mat Z =
MatAns MatAns

106



Matrix Calculations m

Example 1 To add the following two matrices (Matrix A + Matrix B) :

A=|:1 1:| B= 2 3:|
2 1 2 1

F) (Mat) (@@ &) @ [t Pt B_
ED(Mat) () (B)
[rat [mL [Oet [ Tren [rus]

™
><
m

This display indicates the following result.
A+B=|:3 4]
4 2

Example 2 To multiply the two matrices in Example 1 (Matrix A x Matrix B)

DD [Fi=t Feiat &
FD) (Mat) (@ (B)
[GETA R W W EE] &

This display indicates the following result.
A><B=|:4 4]
6 7

» The two matrices must have the same dimensions in order to be added or sub-
tracted. An error (Dim ERROR) occurs if you try to add or subtract matrices of
different dimensions.

» For multiplication, the number of columns in Matrix 1 must match the number of
rows in Matrix 2. Otherwise, an error (Dim ERROR) occurs.

arithmetic format. Use the matrix command menu’s Identity ((F1)) command to

I » You can use an identity matrix in place of Matrix 1 or Matrix 2 in the matrix
input the identity matrix.
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m Matrix Calculations

Example 3 To multiply Matrix A (from Example 1) by a 2 x 2 identity matrix

(F1) (Mat) () (&) (X) |HaL A=ldenlity 2_ |
(Fe) (™) (i) (Iden) (2
Number of rows and columns. LdenfDim] E
)
EXE|

This display indicates the following result.
11
AXxE= |: :|
2 1

B Matrix Scalar Product

The following is the format for calculating a matrix scalar product, which multiplies
the value in each cell of the matrix by the same value.

Scalar value Matrix
Mat A
k Mat Z &g
MatAns

Example Calculate the scalar product of the following matrix using a
multiplier value of 4 :

i 1 2
Matrix A = |: :|
3 4

(@) [ED) (Mat) (aeig) (A) |4rf|at A_
[Hat [+l [Det ] Trn [FuS] R

This display indicates the following result.

4A=|:4 8
12 16
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B Determinant

The following is the format for obtaining a determinant.

Matrix

Mat A

(F3) (Det) Mat Z (g
MatAns

Example  Obtain the determinant for the following matrix :

1 2 3
MatrixA=|: 4 5 6:|

-1 -2 0
(F3) (Det) (F1) (Mat) (i) (A] (Exg) |DEL Matl A 5
[t =L [Det [ T lAuS

ED

This display indicates determinant |A| = -9.

» Determinants can be obtained only for square matrices (same number of rows
and columns). Trying to obtain a determinant for a matrix that is not square pro-
duces an error (Dim ERROR).

» The determinant of a 2 x 2 matrix is calculated as shown below.
ai  amr

|A]= :|=ana22—a1za21
a2t az2

* The determinant of a 3 x 3 matrix is calculated as shown below.

art a2 as
|A|= |: Q1 a2 az: :|
a1t A2 ass

= attdz2ass + dt12dz3ast + aizdzi1as2
— atidzsasz — dt2ad21ass — a13az2ast
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B Matrix Transposition
A matrix is transposed when its rows become columns and its columns become
rows. The following is the format for matrix transposition.

Matrix

Mat A

(Tm) Mat 2 =
MatAns

Example  To transpose the following matrix:

1 2
MatrixA=|: 3 4:|
5 6

(3 (Trn) ) (Mat) (ks (&) |Tr'~r'| Mal A_ |
[EFTA [TEM [ R EOE]
ED
&g Ans_1_ 2 3
| El 5
a[ 2 u s]
This operation produces the following result.
A= |:1 3 5
2 4 6

B Matrix Inversion

The following is the format for matrix inversion.

Matrix
Mat A
Mat Z Ed
MatAns
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Example  To invert the following matrix :

MatrixA=|:1 2]
3 4

(1) (Mat) (i) (A] (s |Mat AT_
[t =L [Det [ T lAuS

This operation produces the following result.
[ 75 a5
A=
1.5 -05

» Only square matrices (same number of rows and columns) can be inverted. Try-
ing to invert a matrix that is not square produces an error (Dim ERROR).

» A matrix with a value of zero cannot be inverted. Trying to invert a matrix with
value of zero produces an error (Ma ERROR).

» Calculation precision is affected for matrices whose value is near zero.
» A matrix being inverted must satisfy the conditions shown below.

AA"=AA=E= [1 O]
0 1

« The following shows the formula used to invert Matrix Ainto inverse matrix A-".
|: a b
A=
c d
1 |: d -b ]
ad - bc - a Note that ad — bc = 0.

-1 =

B Squaring a Matrix

The following is the format for squaring a matrix.

Matrix
Mat A
Mat Z &g
MatAns
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Example To square the following matrix :

MatrixA=|:1 2:|
3 4

) (Mat) (@5 (&) @ [Fi=t e
EA CEM [SEA had EVEl [

This operation produces the following result.
A2 = |: 7 10:|
15 22

B Raising a Matrix to a Power

The following is the format for raising a matrix to a power.

Matrix Natural number
Mat A
Mat Z K &g
MatAns

Example To raise the following matrix to the third power :

MatrixA=|:1 2:|
3 4

(1) (Mat) (rsd B (A) (3) |Hat A3 |
[Fat ML Dt ] Ten lAuS ] IR
)
9 Ans__1_ __ 2 ‘
1 sy
g2 Bl 118

This operation produces the following result.

oo [ ¥ 54:|
81 118
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Matrix Calculations m

B Determining the Absolute Value, Integer Part, Fraction
Part, and Maximum Integer of a Matrix

The following is the format for using a matrix in built in functions to obtain an abso-
lute value, integer part, fraction part, and maximum integer.

Function command Matrix

Abs Mat A

Frac :

Int Mat Z &g
Intg MatAns

Example  To determine the absolute value of the following matrix :

1 -2
Matrix A = |: :|
-3 4

orm) (E6) (™) (F4) (NUM) (F) (Abs) |F|b5 Mat A_
@™ [F2) (MAT) (1) (Mat) () (A)

[Mat [MxL Dt [ Ten ] AUS S

This operation produces the following result.
1 2
Abs A = |: ]
3 4

» Determinants and inverse matrices are calculated using the elimination method,
S0 errors (such as dropped digits) may be generated.

» Matrix operations are performed individually on each cell, so calculations may
required considerable time to complete.

» The calculation precision of displayed results for matrix calculations is + 1 at
the least significant digit.

« If a matrix calculation result is too large to fit into Matrix Answer Memory, an
error (Mem ERROR) occurs.

* You can use the following operations to transfer Matrix Answer Memory con-
tents to another matrix (or when Matrix Answer Memory contains a determinant
to a variable).

MatAns - Mat a

In the above, a is a variable name A through Z. The above does not affect the
contents of Matrix Answer Memory.

113



Chapter

Equation Calculations

Your graphic calculator can solve the following three types of equa-
tions:

« Linear equations with two to six unknowns
* Quadratic equations
* Cubic equations

7-1 Before Beginning an Equation Calculation
7-2 Linear Equations with Two to Six Unknowns
7-3 Quadratic and Cubic Equations

7-4 What to Do When an Error Occurs




7-1 Before Beginning an Equation Calculations

Before beginning an equation calculation you have to first enter the correct mode,
and you must also clear the equation memories of any data that might be left over
from a previous calculation.

B Entering an Equation Calculation Mode
Highlight the EQUA icon on the Main Menu and then press [Bxg.

Equation

Select Twre
Fl:Sinultaneous
FZiPolxnomial

E E2

F(SIML) ....... Linear equation with two to six unknowns
(FJ(POLY) ...... Quaderatic or cubic equation

B Clearing Equation Memories

After entering an equation calculation mode (SIML or POLY), clear the calculation
memory for that mode. In the case of SIML, use the function keys to specify the
number of unknowns, from two ((F1) to six (([F5)). In the case of POLY, use the func-
tion keys to specify either two ((F1)) or three ((F2)) polynomials.

| I CLR |

E2
E2OED | [TEZ LN |
ED

Press (F1) (YES) to clear the equation memories of that mode (SIML or POLY), or
(NO) to abort the clear operation without clearing anything.
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7-2 Linear Equations with Two to Six Unknowns

You can use the procedures described here to solve linear equations with unknowns
that match the following formats:

Two unknowns  aix + b1y = ct
ax + b2y = c2

Six unknowns ax + b;y + c1z + dit + etu + fiv = g1
a2 + b2y + c2z + dot + e2u + fov = g2
asx + bay + c3z + dst + esu + f3v = g3
aax + bay + caz + dat + eau + fav = ga
asx + bsy + csz + dst + esu + fsv = gs
aex + bey + cez + dst + esu + fov = go

 You can also solve linear equations with three, four, and five unknowns. In each
case, the format is similar to those shown above.

B Entering the Linear Equation Mode for Two to Six
Unknowns

While the Equation Mode is displayed, press (F1) (SIML).

F)(SIML) SimulLanseous
Ho Data In Memory

Linear equation with two unknowns
.. Linear equation with three unknowns
Linear equation with four unknowns
Linear equation with five unknowns

Linear equation with six unknowns
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Linear Equations with Two to Six Unknowns

B Solving Linear Equations with Three Unknowns

Example To solve the following linear equations for x, y, and z:

dx + y-2% = -
X +6y + 3
-5x +4y + 2

]
-7

While in the Linear Equation Mode (SIML), press (F2) (3), because the linear equa-
tions being solved have three unknowns.

F2(3) SR HTnZ=dn ]
Coefficient input cells ——I[‘ o 0 u]

E [ i i i

3 i i i i

5}

ol (AW LR |

Value being input into highlighted cell —

Input each coefficient.

@eg D e @2 g anAtbn+CnZ=dn ]
© 0 1 u 1 -2 -1
NEIEE®EDE :[ 4 ?-J]
OE®EDEEDEE -7
[ FEWELR

ED

Each time you press [, the input value is registered in the highlighted cell. Each
press of [ inputs values in the following sequence:

coefficient a1 — coefficient b1 — coefficient c1 — coefficient di -
coefficient a2 - coefficient b2 — coefficient c2 - coefficient d= -
coefficient as — coefficient bs — coefficient cs — coefficient ds

* You can input fractions and value memory contents as coefficients.

After inputting the coefficients, solve the equations.

[F(SOLV) aritbn+CnE=dn
]

¥ -1

z 2

REFT

ED

Highlighted solution cell value
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Linear Equations with Two to Six Unknowns

« Internal calculations are performed using a 15-digit mantissa, but results are dis-
played using a 10-digit mantissa and 2-digit exponent.

« This unit performs simultaneous linear equations by placing the coefficients in-
side of a matrix. Because of this, as the coefficient matrix approaches zero, pre-
cision in the inverse matrix is reduced and so precision in the results produced
also deteriorates. For example, the solution for a linear equation with three un-
knowns would be calculated as shown below.

X ar b1 ¢ di
|: y :| = |: a b2 c2 :| |:d2 :|
z as bz 3 ds
» An “Ma ERROR” occurs whenever the unit is unable to solve the equations.
- Pressing (F1) (REPT) returns to the initial display of the Linear Equation Mode.

Depending on the coefficients that you use, it may take considerable time for
the calculation result of simultaneous linear equations to appear on the dis-
play. Failure of a result to appear immediately does not mean that the unit is
not functioning properly.

B Changing Coefficients

You can change a coefficient either before or after you register it by pressing [Ex.

eTo change a coefficient before registering it with Exg

Press the key to clear the current value and then input another one.

oTo change a coefficient after registering it with

Use the cursor keys to highlight the cell that contains the coefficient that you want to
change. Next, input the value that you want to change to.

B Clearing All the Coefficients

While in the Linear Equation Mode, press the (CLR) function key. This operation
clears all the coefficients to zero.

CLR
EICLR ERDEL J:Y
F3)
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7-3 Quadratic and Cubic Equations

This calculator can also solve quadratic and cubic equations that match the following

formats (when a % 0):

« Quadratic: ax®> +bx +¢c =0
« Cubic: ax® +bx?+cx+d=0

B Entering the Quadratic/Cubic Equation Mode
While in the Equation Mode, press (F2) (POLY).

(F2)(POLY) Folxnomial
Ho Data In Memory

............. Quadratic equation
.... Cubic equation

B Solving a Quadratic or Cubic Equation

Example To solve the following cubic equation:
x3-2x2-x+2=0

Press (F2) (3) to enter the Cubic Equation Mode.

a3+ ok +d=0
4 b 4 d

(B
j 0 0 01

Cell for input of coefficients —

5]

DL JIFN3 |
Value being input into highlighted cell ]

Input each coefficient.

@ 2) g aK3+baKE+c,>§+d=lac 4
(1 &9 (2 B9 r 1 -2 -1 IE2
2
EEE DEL J AN
D
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Quadratic and Cubic Equations

« Each time you press [Exg, the input value is registered in the highlighted cell. Each

press of [ inputs values in the following sequence:
coefficienta - coefficient b . coefficient ¢ - coefficient d

Input for coefficient d is required only for cubic equations.
 You can input fractions and value memory contents as coefficients.

After inputting the coefficients, press (SOLV) to solve the equations.

and +be 2+or+od=8

[F)(SOLV)
i

REFT

2
|
[

Highlighted solution cell value

« Internal calculations are performed using a 15-digit mantissa, but results are dis-
played using a 10-digit mantissa and 2-digit exponent.

» An “Ma ERROR?” occurs whenever the unit is unable to solve the equations.

- Pressing (F1) (REPT) returns to the initial display of the Cubic Equation Mode.

B Quadratic equations that produce multiple root (1 or 2)
solutions or imaginary number solutions

The following examples illustrate how multiple-root solutions and imaginary number

solutions are handled.

oTo solve a cubic equation that produces a multiple-value solution

Example  To solve the following cubic equation:
X3 -4x2+5x-2=0

DO @G RO E 6 SRTHERE oA =0

SOLV
F o) -

REFT
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Quadratic and Cubic Equations

solution

xX*+x2+x-3=0

DE DD B e
F1(SOLV)

oTo solve a cubic equation that produces an imaginary number

Example To solve the following cubic equation:

e ok EH+E,:==I+-:!=EI

-1+1. 4142135621

REFT

It may take considerable time for the calculation result of cubic equations to
appear on the display. Failure of a result to appear immediately does not mean
that the unit is not functioning properly.

B Changing Coefficients

E3J(CLR)

B Clearing All the Coefficients

While in the Quadratic or Cubic Equation Mode, press the (CLR) function key.
This operation clears all the coefficients to zero.

eTo change a coefficient before registering it with Exg

Press the key to clear the current value and then input another one.

oTo change a coefficient after registering it with

ol (AW LR

You can change a coefficient either before or after you register it by pressing (.

Use the cursor keys to highlight the cell that contains the coefficient that you want to
change. Next, input the value that you want to change to.

)
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7-4 What to Do When an Error Occurs

oError during coefficient value input

Press the key to clear the error and return to the value that was registered for the
coefficient before you input the value that generated the error. Try inputting a new
value again.

oError during calculation

Press the key to clear the error and display coefficient a. Try inputting values for
the coefficients again.
» Note that even when you press the key, the values assigned for coefficients
are retained.
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A collection of versatile graphing tools plus a large 127 x 63-dot
display makes it easy to draw a variety of function graphs quickly

and easily. This calculator is capable of drawing the following types
of graphs.

» Rectangular coordinate (Y =) graphs

* Polar coordinate (r =) graphs

» Parametric graphs

» X = constant graphs

* Inequality graphs

* Integration graphs (in the RUN mode only)

A selection of graph commands also makes it possible to incorpo-
rate graphing into programs.

8-1 Before Trying to Draw a Graph

8-2 View Window (V-Window) Settings
8-3 Graph Function Operations

8-4 Graph Memory

8-5 Drawing Graphs Manually

8-6 Other Graphing Functions

8-7 Picture Memory

8-8 Graph Background




8-1 Before Trying to Draw a Graph

B Entering the Graph Mode

On the Main Menu, select the GRAPH icon and enter the GRAPH Mode. When you
do, the Graph Function menu appears on the display. You can use this menu to store,
edit, and recall functions and to draw their graphs.

Memory area
Use @ and @ to change selection.

Vi
SEL TS [DRAL

() =)
(SEL)........ Draw/non-draw status
(DEL) ....... Graph delete
(TYPE) ..... Graph Type Menu
(GMEM) ... Graph memory save/recall
(DRAW).... Draws graph
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8-2 View Window (V-Window) Settings

Use the View Window to specify the range of the x-and y-axes, and to set the spac-
ing between the increments on each axis. You should always set the View Window
parameters you want to use before drawing a graph. Press (F3) to display the
View Window.

1. Press (F3) to display the View Window.

(swFT) (F3] (V-Window) Ll bLlipdaw
max_  fh.
scaleil

Ymin 5-3.

P.129 (FD (INIT) ........ View Window initial settings
P.129 (F2 (TRIG)...... View Window initial settings using specified angle unit
P.130 (F3) (STD) ....... Standardized View Window settings
P.130 (STO) ....... Store View Window settings to View Window memory.
P.130 (F5 (RCL) ....... Recall View Window settings from View Window memory.
Xmin ..o, Minimum x-axis value
Xmax .ccooevens Maximum x-axis value
Xscale ........... Spacing of x-axis increments
Ymin ... Minimum y-axis value
Y max ........... Maximum y-axis value
Y scale ........... Spacing of y-axis increments

The following illustration shows the meaning of each of these parameters.

N
i Y max
Xmin X scale -—] (x,y)
[+ Y scale /
Ymin | X max
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¥ view Window (V-Window) Settings

2. Input a value for a parameter and press [xg. The calculator automatically selects
the next parameter for input.
« You can also select a parameter using the @ and @ keys.
» There are actually nine View Window parameters. The remaining three param-
eters appear on the display when you move the highlighting down past the Y
scale parameter by inputting values and pressing ®.

Liew Window
T:‘B

max Sk,
Fitchid,BEZ3E185

THIT [TRIG[ETD

T,0 min.......... T, @ minimum values
T, 0 max......... T, 6 maximum values
T, 6 pitch ........ T, 6 pitch

The following illustration shows the meaning of each of these parameters.

jtch (r, 0 or
pitci //Z/ 9 %)

max

3. To exit the View Window, press or (Qum).
- Pressing (B without inputting any value also exits the View Window.

§ « The following is the input range for View Window parameters.
—9.9999E+97 to 9.99999E+97
- You can input parameter values up to 14 digits long. Values greater than 107 or

less than 10?, are automatically converted to a 7-digit mantissa (including nega-
tive sign) plus a 2-digit exponent.

« The only keys that enabled while the View Window is on the display are: (0] to
0.0 8 0 ®, @ & H 8. X, & O, 0, @,
(Exm), (@m). You can use or (=) to input negative values.

» The existing value remains unchanged if you input a value outside the allow-
able range or in the case of illegal input (negative sign only without a value).

* Inputting a View Window range so the min value is greater than the max value,
the axis is inverted.

* You can input expressions (such as 2m) as View Window parameters.

» When the View Window setting does not allow display of the axes, the scale for
the y-axis is indicated on either the left or right edge of the display, while that for
the x-axis is indicated on either the top or bottom edge.
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View Window (V-Window) Settings [IFTWA

* When View Window values are changed, the graph display is cleared and the
newly set axes only are displayed.

« View Window setting may cause irregular scale spacing.

 Setting maximum and minimum values that create too wide of a View Window
range can result in a graph made up of disconnected lines (because portions of
the graph run off the screen), or in graphs that are inaccurate.

» The point of deflection sometimes exceeds the capabilities of the display with
graphs that change drastically as they approach the point of deflection.

« Setting maximum and minimum values that create to narrow of a View Window
range can result in an error (Ma ERROR).

B Initializing and Standardizing the View Window

oTo initialize the View Window

a. Press (V-Window) (F1) (INIT) to initialize the View Window to the following
settings.

Xmin =-6.3 Ymin =-3.1
Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1

b. Press (F3) (V-Window) (F2) (TRIG) to initialize the View Window to the follow-
ing settings.

Deg Mode
Xmin =-540 Ymin =-1.6
Xmax = 540 Ymax = 1.6
Xscale = 90 Yscale = 0.5
Rad Mode
Xmin  =-9.4247779
Xmax = 9.42477796

Xscale = 1.57079632

Gra Mode
Xmin  =-600
Xmax = 600
Xscale = 100

» The settings for Y min, Y max, Y pitch, T/6 min, T/6 max, and T/6 pitch remain
unchanged when you press (F2) (TRIG).
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¥ view Window (V-Window) Settings

oTo standardize the View Window
Press (V-Window) (STD) to standardize the View Window to the follow-

ing settings.
Xmin  =-10 Ymin =-10
Xmax = 10 Ymax = 10
Xscale = 1 Yscale = 1

B View Window Memory

You can store up to six sets of View Window settings in View Window memory for
recall when you need them.

oTo save View Window settings

Example To save the following View Window settings :

Xmin =-5 Ymin =-5
Xmax = 5 Ymax = 5
Xscale = 1 Yscale = 1

LIiy bindow

max H

scaletl
min -5
max =]

scaletl
IHIT [TRIG[ETD

(STO)

[FO(V-W1)

« Storing View Window settings in a memory area (V-W1 through V-W6) that al-
ready contains settings replaces the existing settings with the new ones.

oTo recall View Window settings

Example  To recall the View Window settings in V-W1

IHIT [TRIG[ETD

Es(RCL)
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View Window (V-Window) Settings [IFTWA

E(V-W1) Uiz Lindow

max H

scaletl
IHIT [TRIG[ETD

» Recalling View Window settings causes the settings currently on the display to be
deleted.

* You can change View Window settings in a program using the following syntax.
View Window [X min value], [X max value], [X scale value],
[Y min value], [Y max value], [Y scale value],
[T, @min value], [T, @ max value], [T, 8 pitch value]
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8-3 Graph Function Operations

You can store up to 20 functions in memory. Functions in memory can be edited,
recalled, and graphed. The types of functions that can be stored in memory are:
rectangular coordinate functions, polar coordinate functions, parametric functions,
inequalities, and X = constant expressions.

B Specifying the Graph Type

Before you can store a graph function in memory, you must first specify its graph
type.

1. While the Graph Function Menu is on the display, press (F3) (TYPE) to display a
Graph Type Menu.

F3)(TYPE)

(Y =)o Rectangular coordinate 6 B2 ®
graph

F=) e Polar coordinate graph

Parm)...... Parametric graph

...... X = constant graph

EEEE B
s =%

>) e Next menu
Fe)(>)
[ e w2 [ve I

F)(Y>) ... Y > f(x) inequality F) (2 ()
FJ (Y<) ... Y < f(x) inequality
F3) (Y2)......... Y = f(x) inequality
Y9 oo Y = f(x) inequality
(=3 I Previous menu

2. Press the function key that corresponds to the graph type you want to specify.

B Storing Graph Functions

oTo store a rectangular coordinate function (Y =)

Example To store the following expression in memory area Y1 :
y=2x2-5

E3)(TYPE)FED(Y =) EPEPhEFunG PH=
(Specifies rectangular coordinate Vi=ZnE-S-
expression.)

@2k & (= B

(Inputs expression.)
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Graph Function Operations m

EXE G Ph Func %= |
(Stores expression.) W1 =

» You will not be able to store the expression in an area that already contains a
parametric function. Select another area to store your expression or delete the
existing parametric function first. This also applies when storing r = expressions,
X = constant expressions, and ineqalities.

oTo store a polar coordinate function (r =)

Example To store the following expression in memory area r2 :

r=5sin36
F)(TYPE)[F2(r =) Giraph Fupc ir=
(Specifies polar coordinate expression.) re=3sin e
B En B8]
(Inputs expression.)
EXE Grarh Func ir=
rZBo=sin Fa

(Stores expression.)

oTo store a parametric function

Example To store the following functions in memory areas Xt3 and Yt3 :

x=3sinT
y=3cosT

(F3)(TYPE) (F3) (Parm)

(Specifies parametric expression.)

Grarh Func i Faram

(3) (sin) (e (B

(Inputs and stores x expression.)

Grarh Func iParam
aliBisin T

(3] g (ko) (B

(Inputs and stores y expression.)

Grarh Func fFParam
AL3B3=in T
VYLEB3Cos T

* You will not be able to store the expression in an area that already contains a
rectangular coordinate expression, polar coordinate expression, X = constant
expression or inequality. Select another area to store your expression or delete
the existing expression first.
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m Graph Function Operations
oTo store an X = constant expression

Example To store the following expression in memory area X4 :
X=3

(F3)(TYPE) [Fa) (X = c) Grarh Func fx=const
(Specifies X = constant expression.) =3
)

(Inputs expression.)

g Grarh Func HE=const
(Stores expression.) 483

« Inputting X, Y, T, r, or 8for the constant in the above procedures causes an error
(Syn ERROR).
oTo store an inequality

Example To store the following inequality in memory area Y5 :

y>x2-2x-6
(E3)(TYPE) F&)(™>) ED(Y>) Grarh Func Y5
(Specifies an inequality.) WEFRESZH-G
=@ ke) (= 6
(Inputs expression.)
Eg rarh Func 24
VSEHE 2HEE

(Stores expression.)

B Editing Functions in Memory

oTo edit a function in memory

Example To change the expression in memory area Y1 fromy = 2x2—-5

toy=2x2-3
® Brarh Func =
(Displays cursor.) V1=ZrE-3-
(CICICICIE]
(Changes contents.)
&g Grarh Func Y=
Y1B2KE-3

(Stores new graph function.)
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Graph Function Operations m

oTo delete a function

1. While the Graph Function Menu is on the display, press @ or ® to display the
cursor and move the highlighting to the area that contains the function you want
to delete.

2. Press (F2) (DEL).

[FEs e
ED

3. Press (F1) (YES) to delete the function for (NO) to abort the procedure with-
out deleting anything.

Parametric functions come in pairs (Xt and Yt).

When editing a parametric function, clear the graph functions and re-input from the
beginning.

B Drawing a Graph

Before actually drawing a graph, you should first make the following specification.

oTo specify the draw/non-draw status of a graph

You can specify which functions out of those stored in memory should be used for a
draw operation.

+ Graphs for which there is no draw/non-draw status specification are not drawn.

Example To select the following functions for drawing :

Y1 =2x2-5

r2 = 5 sin36

Use the following View Window parameters.

Xmin =-5 Ymin =-5

Xmax = 5 Ymax = 5

Xscale = 1 Yscale = 1

®® Grarh _Func  fv=
W1BZKE-5

(Select a memory area that contains a  |2B5=in 28
function for which you want to specify =

CoOs
non-draw.)

=3
BHE-2H-5
SEL TYPE T [oRa

ED

==
P

(F)(SEL) ETEEEEFEHG ihH=
(Specify non-draw.) reB5sin 36

=aC0s

Unhighlights

135



m Graph Function Operations

@ @ [EN(SEL)
@ [ED(SEL)

(Fe)(DRAW) or g
(Draws graphs.) /Jé::;

« Pressing (GoT)or returns to the Graph Function Menu.

* You can use the set up screen settings to alter the appearance of the graph
screen as shown below.

» Grid: On
This setting causes dots to appear at the grid intersects on the display.

[l

« Axes: Off
This setting clears the axis lines from the display.

« Label: On
This setting displays labels for the x- and y-axes.

136



Graph Function Operations m

« A polar coordinate (r =) or parametric graph will appear coarse if the settings
you make in the View Window cause the T, 8 pitch value to be too large, relative
to the differential between the T, @min and T, 6 max settings. If the settings you
make cause the T, 8 pitch value to be too small relative to the differential be-
tween the T, 6min and T, 8 max settings, on the other hand, the graph will take
a very long time to draw.

» Attempting to draw a graph for an expression in which X is input for an X =
constant expression results in an error (Syn ERROR).
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8-4 Graph Memory

Graph memory lets you store up to six sets of graph function data and recall it later
when you need it.

A single save operation saves the following data stored in graph memory.

« All graph functions in the currently displayed Graph Function Menu (up to 20)
» Graph types

» Draw/non-draw status

» View Window settings (1 set)

oTo save graph functions in graph memory

Example To store the graph functions shown on the screen below in graph

memory GM1
EPaPh Func &%=
=1Rn 3H
HLE J=sin T
VY3=3cos T
H4 3
X —EK—E-
EEL Tl [TRat
(F5) (GMEM) ] |
(F1)(STO)
GM1 [GME [EM3 [GHY [GHE [GHE |
)
F)(GM1)

« Storing data in a memory area (GM1 through GMB6) that already contains data
replaces the existing data with the new data.

« If the data exceeds the calculator’s remaining memory capacity, an error (Mem
ERROR) occurs.
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Graph Memory m
oTo recall graph functions from graph memory

Example To recall the data in graph memory GM1

ENDEL JTHPE, H]]]FIDRW'

(8 (GMEM) |
)]

RCL
E2(RCL |Eﬁ?ﬁﬁ?ﬁﬁiﬁﬁ?ﬁﬁ?ﬁﬁ?|

ED

F1)(GM1) GraFh Func ==

I E ]
AL3=3=in T
WLE=3cos T

n4=3
Yohka_ou-g
BRI [

» Recalling data from graph memory causes any data currently on the Graph Func-
tion Menu to be deleted.
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8-5 Drawing Graphs Manually

Example

1.

2.

After you select the RUN icon in the Main Menu and enter the RUN Mode, you can
draw graphs manually. First press (Sketch) (F5) (GRPH) to recall the Graph
Command Menu, and then input the graph function.

[ =] = Jratnif = cbs-rd - I

B B2 B FE B B

[ v = s | o

B 2 B (&

(Sketch)
(F5) (GRPH)
F) (Y =)o Rectangular coordinate graph
A (r=).unene Polar coordinate graph
(F3 (Parm)...... Parametric graph
(X=0¢) e X = constant graph
(3 (Gfdx) ....... For drawing integration graphs
(T>) e Next menu
E9(>)
F) (Y >) . Y > f(x) inequality
FJ (Y <) . Y < f(x) inequality
F3IJ (YD) ....... Y 2 f(x) inequality
(Y9 ... Y =f(x) inequality
(>) e Previous menu

To graphy =2x2+3x -4

oTo graph using rectangular coordinates (Y =)

You can graph functions that can be expressed in the format y = f{x).

Use the following View Window parameters.
=-10

Xmin =-5
Xmax = 5
Xscale = 2 Yscale

() W @ ED (Y =) ExT

(suFm) (F3) (Sketch) (F1)(Cls) (g
F&)(GRPH)ED(Y =)
@ @& =M@

Ymin
Ymax

10
5

In the set-up screen, specify the appropriate graph type for Func Type.

Input the rectangular coordinate (Y =) expression.

Cl=
Grarh Y=ZRH2+3RE-4 _
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Drawing Graphs Manually m

3. Press (&g to draw the graph.

\_|/

]

* You can draw graphs of the following built-in scientific functions.

e sinx * COS X e tan x

e sin' x s cos™ x e tan”' x
* sinh x » cosh x  tanh x
e sinh™' x e cosh™' x e tanh™' x
o X o X2 *log x

* Inx * 10" o et

oy o 3x

View Window settings are made automatically for built-in graphs.

oTo graph using polar coordinates (r =)

You can graph functions that can be expressed in the format r = f(6).

Example To graphr =2 sin360

Use the following View Window parameters.

Xmin =-3 Ymin =-2
Xmax =3 Ymax = 2
Xscale = 1 Yscale =

T,6min = 0 T,6max = 1

T, Opitch = 1136
1. In the set-up screen, specify the appropriate graph type for Func Type.

EE®E(-)

2. Set the default unit of angular measurement to radians (Rad).

® @ @ F2(Rad) BM
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m Drawing Graphs Manually

3. Input the polar coordinate expression (r =).

(3 (Sketch) E1)(Cls) @8 Fiz
F9(GRPH)E(r =) Grarh reZsin 3.
DBE

4. Press to draw the graph.

EXE|

* You can draw graphs of the following built-in scientific functions.

- sin 6 +cos 0 tan 6

- sin' 6 scos' 6B stan-' @
«sinh 6 «cosh 6 * tanh 6
e sinh™ @ «cosh™ 6 s tanh™ 6
-G . 62 *log 6
«Inf +10° . ef

. G 3O

» View Window settings are made automatically for built-in graphs.

oTo graph parametric functions

You can graph parametric functions that can be expressed in the following format.

(X, Y) = (f(T), g(T))

Example  To graph the following parametric functions:
x=7cosT-2cos 3.5T
y=7sinT-2sin 3.5T

Use the following View Window parameters.

Xmin =-20 Ymin =-12
Xmax = 20 Ymax = 12
Xscale = 5 Yscale = 5
T,06min = 0 T, 6max = 41
T, O pitch = 11=36
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Drawing Graphs Manually m

1. In the set-up screen, specify the appropriate graph type for Func Type.

@ [E3) (Parm)
2. Set the default angle unit to radians (Rad).

® @ @ F2(Rad) B1

3. Input the parametric functions.

(F4) (Sketch) [FI)(Cls) g Cls
]
(F5)(GRPH) [E3)(Parm) Graphif.Yr=(Tcos T-Zc

D& EE A E G G FE D D§T§.5T,?51n T-2=in 3

(@) i) (61 (=) (@) (in) (B) (] (8] (k6D O

4. Press (&g to draw the graph.

EXE|

2,
Sy

oTo graph X = constant
You can graph functions that can be expressed in the format X = constant.
Example To graph X=3

Use the following View Window parameters.

Xmin =-5 Ymin =-5
Xmax = 5 Ymax = 5
Xscale = 1 Yscale = 1

1. In the set-up screen, specify the appropriate graph type for Func Type.
@ FI(X=0)

2. Input the expression.

(F3) (Sketch) E0)(Cls) @8 Flz
F9(GRPH) E)(X = ¢) @) Grarh H=I_ E’
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m Drawing Graphs Manually

3. Press to draw the graph.

EXE|

oTo graph inequalities
You can graph inequalities that can be expressed in the following four formats.

*y>f)

Example To graph the inequalityy >x2—-2x -6

Use the following View Window parameters.

Xmin =-6 Ymin =-10
Xmax = 6 Ymax = 10
Xscale = 1 Yscale= 5

1. In the set-up screen, specify the appropriate graph type for Func Type.

@ E(>)ED(Y>) BXT

2. Input the inequality.

(F3) (Sketch) (FQ)(Cls) & Cls a
(F8(GRPH)E8(>) Grarh Y rHE-2FE-6_

E(Y>) ke (23 (5 (2 (eD) (=) (6]

3. Press to draw the graph.

&8
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Drawing Graphs Manually m

oTo draw an integration graph

You can graph an integration calculation performed using the function y = f{x).

Example  To graph the following:

I_;(x+2) (x=1) (x - 3)dx

Use the following View Window parameters.

Xmin =-4 Ymin =-8
Xmax = 4 Ymax =12
Xscale = 1 Yscale = 5

1. In the set-up screen, specify the appropriate graph type for Func Type.

() (W) @ ED (Y =) ExT)

2. Input the integration graph expression.

) ([F3) (Sketch) [F1) (Cls) &9 B
[E8)(GRPH) () (GJd) (D @ Bramh S OH+EY -1 (o
E]E]E]@ Ta-2a1.5_
OeOEOmE

3. Press (g to draw the graph.

EXE|

Jdx=15.75

- Before drawing an integration graph, be sure to always press (Sketch)
(F1) (Cls) to clear the screen.

» You can also incorporate an integration graph command into programs.
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P.6

The functions described in this section tell you how to read the x- and y-coordinates
at a given point, and how to zoom in and zoom out on a graph.

» These functions can be used with rectangular coordinate, polar coordinate, para-
metric, X = constant, and inequality graphs only.

Bl Connect Type and Plot Type Graphs (Draw Type)
You can use the Draw Type setting of the set-up screen to specify one of two graph
types.

« Connect

Points are plotted and connected by lines to create a curve.

* Plot

Points are plotted without being connected.

B Trace

With trace, you can move a flashing pointer along a graph with the @, ®, @, and
® cursor keys and obtain readouts of coordinates at each point. The following
shows the different types of coordinate readouts produced by trace.

» Rectangular Coordinate Graph » Polar Coordinate Graph
|x=—a.u55eanu55 =5, BI52B3UYYY | |r=|.1aau5uau15 %=1, JYI0E5A5039 |
» Parametric Function Graph » X = Constant Graph

T=0."85388 16338
w=E."1915065333 Y¥=U. |BU3B0E03S

|x=a V=0 |

* Inequality Graph

|x=-5.a <38. 59 |

oTo use trace to read coordinates

Example  To determine the points of intersection for graphs produced by

the following functions:

Y1=x2-3
Y2=-x+2

Use the following View Window parameters.

Xmin =-5 Ymin =-10
Xmax = 5 Ymax = 10
Xscale = 1 Yscale = 2
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1. After drawing the graphs, press (F1 (Trace) to make the pointer appear at the far
left of the graph.

(F1)(Trace) Ti=HE—3

« The pointer may not be visible on the graph when you press (F1 (Trace).

2. Use ® to move the pointer to the first intersection.

®~® Vi=Wi—3

x/y coordinate values Hi==2. 1111777111 _Y=U. 1160493821

» Pressing @ and ® moves the pointer along the graph. Holding down either
key moves the pointer at high speed.

3. Use @ and ® to move the pointer between the two graphs.
4. Use ® to move the pointer to the other intersection.

®~® Wi=KE-3

w=1." 403146 Y=0. 0UBE2EBSH|

« To abort a trace operation, press (F1) (Trace).
» Do not press the key while performing a trace operation.

oTo display the derivative

If the Derivative item in the set-up screen is set to “On”, the derivative appears on
the display along with the coordinate values.

Y1=re=3

l

dY/di=-5. 555
w==2. TT11177717 Y¥=U. 71160493821
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P.141

P.6

» The following shows how the display of coordinates and the derivative changes
according to the Graph Type setting.

» Rectangular Coordinate Graph * Polar Coordinate Graph

d¥/di==5. 555 dFfdé=U. BUZE dY//dH=0. G602
HW=-da 171117717717 ¥=U. 7160433821 F=l.UIU2I35683 6=0.2E179938719

» Parametric Function Graph » X = Constant Graph

|dH."dT=3 J1/4T=0 |

dv/dH=ERROR
T=0 di di=0

|x=a V=1

* Inequality Graph

41 di==12.5
W=-6.3 f+38. 68

» The derivative is not displayed when you use trace with a built-in scientific func-
tion.

I « Setting the Coord item in the set-up screen to “Off” turns display of the coordi-
nates for the current pointer location off.

Yi=xE-3

e

eScrolling

When the graph you are tracing runs off the display along either the x- or y-axis,
pressing the ® or @ cursor key causes the screen to scroll in the corresponding
direction eight dots.

 You can scroll only rectangular coordinate and inequality graphs while tracing.
You cannot scroll polar coordinate graphs, parametric function graphs, or X =
constant graphs.

» The graph on the screen does not scroll when you are tracing while the Dual
Screen Mode is set to “Graph” or “G to T".

« Trace can be used only immediately after a graph is drawn. It cannot be used
after changing the settings of a graph.

« The x- and y-coordinate values at the bottom of the screen are displayed using
a 12-digit mantissa or a 7-digit mantissa with a 2-digit exponent. The derivative
is displayed using a 6-digit mantissa.

* You cannot incorporate trace into a program.

* You can use trace on a graph that was drawn as the result of an output com-
mand (), which is indicated by the “-Disp-" indicator on the screen.
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H Scroll

You can scroll a graph along its x- or y-axis. Each time you press @, @, @, or
®, the graph scrolls 12 dots in the corresponding direction.

B Graphing in a Specific Range

You can use the following syntax when inputting a graph to specify a start point and
end point.

<function> (3] (0) <start point> (3] <end point> @ &g

Example To graphy =x2 + 3x — 5 within the range of -2 =x =4

Use the following View Window parameters.

Xmin =-3 Ymin =-10
Xmax = 5 Ymax = 30
Xscale = 1 Yscale= 5
E(TYPE) ED(Y =) |I3r*a|=~h Func Y= |
- Y1BHE+3E-5,[-2.4]
(Specifies graph type.)

(o1 (3 (B () kel (=) (8] (&)
& (0@ @2 &) @6 @ e

(Stores expression.)

| ZEL TYPE TR nﬁnw|

(F§(DRAW) or
(Draws graph.)

* You can specify a range for rectangular coordinate, polar coordinate, parametric,
and inequality graphs.

B Overwrite

Using the following syntax to input a graph causes multiple versions of the graph to
be drawn using the specified values. All versions of the graph appear on the display
at the same time.

<function with one variable> (3] (0 <variable name> =
<value> (2] <value> (2] .... <value> @ &g
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P.8

Example To graphy = Ax2 -3, substituting 3, 1, and -1 for the value of A

Use the following View Window parameters.

Xmin =-5 Ymin =-10
Xmax = 5 Ymax = 10
Xscale = 1 Yscale = 2
EY(TYPE) ED(Y =) |EFEP|“|EFUHE RS |
(Specifies graph type.) YBRK2-3Z,.[A=3.1.-11
Ak (3 = E 6
OO0@OEI@EY
(Stores expression.)
(Fe)(DRAW)
(Draws graph.)
o
!
O
!

» The function input using the above syntax can have only one variable.
» You cannot use X, Y, r, 6, or T as the variable name.
 You cannot assign a variable to the variable in the function.

» When the set-up screen’s Simul Graph item is set to “On,” the graphs for all the
variables are drawn simultaneously.

 You can use overwrite with rectangular coordinate, polar coordinate, parametric,
and inequality graphs.
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Other Graphing Functions m

B Zoom

The zoom feature lets you enlarge and reduce a graph on the display.

eBefore using zoom

Immediately after drawing a graph, press [F2) (Zoom) to display the Zoom Menu.

(F2)(Zoom)
[Eos [T [ouT [AuTe &
F &)
(F) (BOX)....... Graph enlargement using box zoom
(F2) (FACT) ..... Displays screen for specification of zoom factors
(F3) (IN) ... Enlarges graph using zoom factors
(OUT)....... Reduces graph using zoom factors
(F5) (AUTO) .... Automatically sizes the graph so it fills the screen along the y-
axis.
(=0 I Next menu
) [GRIG [FER [RHD[THTE [FRE[ &
FE 2 B )
(F) (ORIG) ..... Original size
(F2 (SQR)....... Adjusts ranges so x-range equals y-range.
(RND)....... Rounds coordinates at current pointer location.
(INTG)...... Converts x- and y-axis values to integers.
(F3 (PRE) ....... After a zoom operation, returns View Window parameters to

previous settings.
........... Previous menu

@
v

®To use box zoom

With box zoom, you draw a box on the display to specify a portion of the graph, and
then enlarge the contents of the box.

Example  To use box zoom to enlarge a portion of the graph y = (x + 5)
(x+4)(x+3)

Use the following View Window parameters.

Xmin =-8 Ymin =-4
Xmax = 8 Ymax = 2
Xscale = 2 Yscale = 1
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m Other Graphing Functions

1. After graphing the function, press (F2) (Zoom).

(F2)(Zoom)

]
B0 [P [ IH [00T [AUTo[ &

2. Press [F1) (BOX), and then use the cursor keys (@, ®, @, ®) to move the
pointer to the location of one of the corners of the box you want to draw on the
screen. Press [ to specify the location of the corner.

ED(BOX)
©- oo N

+

w=-2. 031 B0 I Y¥=-I

3. Use the cursor keys to move the pointer to the location of the corner that is
diagonally across from the first corner.

OREONCRNC) ] ’

W=-5.96B2539602 V'=|.0322580EUS

4. Press to specify the location of the second corner. When you do, the part of
the graph inside the box is immediately enlarged so it fills the entire screen.

~ ]
/ e

- To return to the original graph, press (F2) (Zoom) (>) (F) (ORIG).

» Nothing happens if you try to locate the second corner at the same location or
directly above the first corner.

* You can use box zoom for any type of graph.
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oTo use factor zoom
With factor zoom, you can zoom in or zoom out on the display, with the current
pointer location being at the center of the new display.

 Use the cursor keys (@, ®, @, ®) to move the pointer around the display.

Example  Graph the two functions below, and enlarge them five times in
order to determine whether or not they are tangential.

Yi=(x+4)(x+1)(x-3)
Y2=3x +22

Use the following View Window parameters.

Xmin =-8 Ymin =-30
Xmax = 8 Ymax = 30
Xscale = 5 Yscale = 10

1. After graphing the functions, press (Zoom), and the pointer appears on the
screen.

Iﬁl&m ouT [AUTo[ &

2. Use the cursor keys (@, ®, @, ®) to move the pointer to the location that
you want to be the center of the new display.

e A

BDX# IH [ouT [AuTe[ T

3. Press (F2) (FACT) to display the factor specification screen, and input the factor
for the x- and y-axes.

(F2(FACT) F§$LDE_ =
B@EE CAETA RS
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4. Press to return to the graphs, and then press (F3) (IN) to enlarge them.

EXIT

E3J(IN)

B0 IH [o0T [T T

This enlarged screen makes it clear that the graphs of the two expressions are not
tangential.

Note that the above procedure can also be used to reduce the size of a graph (zoom
out). In step 4, press (OuT).

» The above procedure automatically converts the x-range and y-range View Win-
dow values to 1/5 of their original settings. Pressing (™) (F8 (PRE) changes
the values back to their original settings.

« You can repeat the factor zoom procedure more than once to further enlarge or
reduce the graph.

oTo initialize the zoom factor
Press (F2) (Zoom) (F2) (FACT) (F1) (INIT) to initialize the zoom factor to the following
settings.
Xfact =2 Yfact =2
§ * You can use the following syntax to incorporate a factor zoom operation into a
program.

Factor <X factor>, <Y factor>
* You can specify only positive value up to 14 digits long for the zoom factors.
* You can use factor zoom for any type of graph.

B Using the Auto View Window

The auto View Window feature automatically adjusts y-range View Window values
so that the graph fills the screen along the y-axis.

Example To graphy =x2 -5 with Xmin = -3 and Xmax = 5, and then use
auto View Window to adjust the y-range values

1. After graphing the function, press (F2) (Zoom).

(F2)(Zoom)
[Eoe [P [TH [ouT Ao o
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2. Press (F5 (AUTO).

[F5)(AUTO)

* You can use auto View Window with any type of graph.

* You cannot use auto View Window inside a program.

* You can use auto View Window with a graph produced by a multi-statement
connected by “”, even if the multi-statement includes non-graph operations.

* When auto View Window is used in a statement that uses a display result com-
mand () to draw a graph, auto View Window parameters are applied up to

the display result command, but any graphs drawn after the display result com-
mand are drawn according to normal graph overdraw rules.

B Adjusting the Ranges of a Graph (SQR)

This function makes the View Window x-range value the same as the y-range value.
It is helpful when drawing circular graphs.

Example  To graph r = 5sin 0 and then adjust the graph.

Use the following View Window parameters.

Xmin =-8 Ymin =-1
Xmax = 8 Ymax = 5
Xscale = 1 Yscale = 1

1. After drawing the graph, press ([F2) (Zoom) >).

(F2)(Zoom) [Fe) (>)

[GFIE [E5R [RHD [TATE [FRE] &
()

2. Press ([F2) (SQR) to make the graph a circle.

FJ(SQAR)
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N

* You can use SQR with any type of graph.

* You cannot use SQR inside a program.

* You can use SQR with a graph produced by a multi-statement connected by “:”,
even if the multi-statement includes non-graph operations.

» When SQR is used in a statement that uses a display result command ( 4) to
draw a graph, Graph Adjust parameters are applied up to the display result

command, but any graphs drawn after the display result command are drawn
according to normal graph overwrite rules.

B Rounding Coordinates (RND)

This feature rounds the coordinate values at the pointer location to the optimum
number of significant digits. Rounding coordinates is useful when using trace and
plot.

Example To round the coordinates at the points of intersection of the two

graphs drawn on page 146

Use the same View Window parameters as in the example on page
146.

. After graphing the functions, press (F1 (Trace) and move the pointer to the first
intersection.

(F1)(Trace) VWi=HE-3
®~®

w==2. 111717717 _Y¥=U. 1160U93821

. Press (F2) (Zoom) (>).

Z >
2 (Zoom) E9() [oRIG [FER [RMO[INTG [FRE &

F3)

. Press (F3) (RND) and then (F1) (Trace). Use ® to move the pointer to the other
intersection. The rounded coordinate values for the pointer position appear on
the screen.

[F3)(RND) T1=vE-3
(F1)(Trace)
®~®
H=-2."1HH f=U. 112944
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* You can use RND with any type of graph.

* You cannot use RND inside a program.

* You can use RND with a graph produced by a multi-statement connected by “:”,
even if the multi-statement includes non-graph operations.

* When RND is used in a statement that uses a display result command ( 4) to
draw a graph, Rounding Coordinate parameters are applied up to the display
result command, but any graphs drawn after the display result command are
drawn according to normal graph overwrite rules.

B Converting x- and y-axis Values to Integers (INTG)

This feature converts View Window values to the following, and redraws the graph
with the current pointer position as the center point.

Xmin = center point —63.5 Ymin = center point -31.5
Xmax = center point +63.5 Ymax = center point +31.5
Xscale = 10 Yscale = 10

Example To graphy =x2?- 3 and then redraw it using INTG

Use the following View Window parameters.

Xmin =-5 Ymin =-10
Xmax = 5 Ymax = 10
Xscale = 1 Yscale = 2

1. Press (F2) (Zoom) (>>) after drawing the graph.

(F2)(Zoom) (Fg) (™) \ l /

ORI [S&F [RHO[INTG [FRE[

2. Press (INTG).

F4(INTG)
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§ * You can use INTG with any type of graph.
* You cannot use INTG inside a program.

* You can use INTG with a graph produced by a multi-statement connected by
“”, even if the multi-statement includes non-graph operations.

» When INTG is used in a statement that uses a display result command ( 4) to
draw a graph, Integer parameters are applied up to the display result com-
mand, but any graphs drawn after the display result command are drawn ac-
cording to normal graph overwrite rules.

B Returning the View Window to Its Previous Settings

The following operation returns View Window parameters to their original settings
following a zoom operation.

() 8 (PRE)

* You can use PRE with a graph altered by any type of zoom operation.
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8-7 Picture Memory

You can save up to six graphic image in picture memory for later recall. You can
overdraw the graph on the screen with another graph stored in picture memory.

oTo store a graph in picture memory

The following operation stores all points and lines currently on the screen.

Example To store the graph drawn in the example on page 146 into picture
memory Pic1

D
PICT
EJ(PICT) |
D
(F1)(STO)
D
(F1)(Pic1)

« Storing a graph in a memory area (Pic1 through Pic6) that already contains a
graph replaces the existing graph with a new one.

oTo recall a graph from memory
Example To recall the graph stored in picture memory Pic1

+ In the GRAPH Mode:
) (ED(PICT) F (RCL)

|Iﬁlmlﬁlmlﬁlm
ED

o et
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Picture Memory

» Dual Graph screens or any other type of graph that uses a split screen cannot be
saved in picture memory.
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8-8 Graph Background

A

P.7

P.223
P.207

You can use the set-up screen to specify the memory contents of any picture memory
area (Pict 1 through Pict 6) as the Background item. When you do, the contents of
the corresponding memory area is used as the background of the graph screen.

» You can use a background in the RUN, STAT, GRAPH, DYNA, TABLE, RECUR,
CONICS Modes.

Example 1 With the circle graph X? + Y2 = 1 as the background, use
Dynamic Graph to graph Y = X? + A as variable A changes value
from —1 to 1 in increments of 1.

Recall the background graph.
(X2+Y2=1)

£
~LA

Draw the dynamic graph.

(Y=X2+1) VD= AR >l‘<
T

11

(Y =X?) V2=KE+R W
T

11

(Y=X2-1) VE:HHHW
N ¢

» See “14. Implicit Function Graphs” for details on drawing a circle graph, and “13.
Dynamic Graph” for details on using the Dynamic Graph feature.
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P.283

Example 2 With a statistical histogram as the background, graph a normal

distribution

Recall the backgound graph.
(Histogram)

Graph the normal distribution.

» See “18. Statistical Graphs and Calculations” for details on drawing a statistical
graphs.
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Chapter

Graph Solve

You can use any of the following methods to analyze function graphs
and approximate results.

* Root extraction

* Determination of the maximum and minimum

* Determination of the y-intercept

* Determination of the intersection of two graphs

* Determination of the coordinates at any point (y for a given x/x for
agiveny)

* Determination of the integral for any range

9-1 Before Using Graph Solve
9-2 Analyzing a Function Graph
9-3 Graph Solve Precautions



9-1 Before Using Graph Solve

After using the GRAPH Mode to draw the graph, press (F5) (G-Solv) to display
the graph solve menu.

G-Solv
(&) (F5)( ) |l el o e ] e

FD (ROQT) .... Root F 2 3
(F2 (MAX)....... Maximum
(F3) (MIN) ........ Minimum
(Y-ICPT) ... y-intercept
(F5 (ISCT) ...... Intersections of two graphs
(0 I Next menu
B>) [¥-CRL [R-CAL [Fds e
() =)

(F1) (Y-CAL) .... y-coordinate for a given x-coordinate
(F2) (X-CAL).... x-coordinate for a given y-coordinate
F3) (Jdx) ... Integral for a given range

(T>) v Previous menu
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9-2 Analyzing a Function Graph

The following two graphs are used for all of the examples in this section, except for
the example for determining the points of intersection for two graphs.

Memory location Y1 = x + 1
Memory location Y2 = x(x + 2)(x — 2)
Use the View Window to specify the following parameters.

(A) Xmin =-5  Ymin = -5 (B) Xmin = -6.3 Ymin = -3.1
Xmax = 5 Ymax = 5 Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1 Xscale = 1 Yscale = 1

B Determining Roots

Example To determine the roots fory = x(x + 2)(x — 2)
View Window: (B)

G-Solv
— ) |WWWWWIT|

ED
(EN(ROOT) Vi=R+]
(This puts the unit into standby waiting }
for selection of a graph.)

U RooT

« A“ B 7 cursor appears on the graph that has the lowest memory area number.

Specify the graph you want to use.

® VIR A2 A2

* Use @ and ®» to move the cursor to the

graph whose roots you want to find. /Jf/ v

Eoat
Determine the root.
<) ISR H+Z I CH—2 )
» Roots are found starting from the left. )'J/ }I
h /J 00T
n=-g =0
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m Analyzing a Function Graph

Search for the next root to the right.

® WE=HOHAZ I =20
« If there is no root to the right, nothing happens }J/ }
when you press ®. /{/ h }I
R0t
n=0 W=0
® v2=x{x+7}3>j—/2:-}l
/{/ h /J k00T
= =0

* You can use @ to move back to the left.

- If there is only one graph, pressing (F1) (ROOT) directly displays the root (selec-
tion of the graph is not required).

 Note that the above operation can be performed on rectangular coordinate (Y=)
and inequality graphs only.

B Determining Maximums and Minimums

Example To determine the maximum and minimum fory =x (x + 2) (x — 2)
View Window: (A)

(F8)(G-Solv)
FeO0T [MA [MIM e [I5eT [ &

2
3 (MAX) W1=H+l
(This puts the unit into standby waiting 4/
for selection of a graph.)

=/f/ \/ A%
Specify the graph and determine the maximum.

(OJGE WISHIR+Z ) (A2

[Ll:H]
W=-1. 1541005358 Y¥=3. 0192014356
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(F3)(G-Solv)
Fo00T [MAs [MIH [ [TEcT [ o
=)
Specify the graph and determine the minimum.
EIMIN) @ B9 WE=HLA+Z(H—20

MIH
w=1. 1547005263 Y=-3.07920 14356

« If there is more than one maximum/minimum, you can use @ and @® to move
between them.

« If there is only one graph, pressing [F2 (MAX) / (F3) (MIN) directly displays the
maximum/minimum (selection of the graph is not required).

 Note that the above operation can be performed on rectangular coordinate (Y=)
and inequality graphs only.

B Determining y-intercepts

Example  To determine the y-intercept fory =x + 1
View Window: (B)

(F3)(G-Solv) | o |
Ro0T [MA [MIM [RFTIEcT [ =

F4(Y-ICPT) Vi=H+1

(This puts the unit into standby waiting J( }1 }

for selection of a graph.)

/}j/ \] ¥-ICFT
Determine the y-intercept.

9 PEERTY }

/J V-ICFT

n=0 =1

« y-intercepts are the points that the graph intersects the y-axis.

« If there is only one graph, pressing (Y-ICPT) directly displays the y-intercepts
(selection of the graph is not required).

* Note that the above operation can be performed on rectangular coordinate (Y=)
and inequality graphs only.
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m Analyzing a Function Graph

View Window: (A)

Graph A:y=x + 1
GraphB:y=x (x +2) (x - 2)
Graph C: y = x2

(F3(G-Solv)

F3)(ISCT)

(This puts the unit into standby waiting
for selection of a graph.)

Specify Graph A.

EXE|

« Pressing Exg changes “ B " into “ [1 ” for speci-
fication of the first graph.

®

» Use @ and ® to move “ B ” on the second
graph.

« Intersections are found starting from the left.

®

» The next intersection to the right is found. If
there is no intersection to the right, nothing
happens when you perform this operation.

« You can use @ to move back to the left.

tions (selection of the graph is not required).

B Determining Points of Intersection for Two Graphs

Example To draw the following three graphs and then determine the points
of intersection for the Graph A and Graph C.

Ro0T MR [MIH PR [T5cT [ |

(F3)
Y1=k+1
val
AV \/‘ IZECT
RS A =T
val
ﬁ \/‘ IZECT

Specify the second graph (Graph C, here) to determine the points of intersection.

§

A

K

N

w=1.6180339881 V=Z. 51803396881

« If there are only two graphs, pressing [F5 (ISCT) directly displays the intersec-
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Analyzing a Function Graph m

 Note that the above operation can be performed on rectangular coordinate (Y=)

and inequality graphs only.

B Determining a Coordinate (x for a given y/y for a given x)

Example  To determine the y-coordinate for x = 0.5 and the x-coordinate for
y=3.2inthegraphy =x (x +2) (x - 2)

View Window: (B)

E3(G-Solv) B (>)

F)(Y-CAL)

Specify a graph.

(GQJEE)

« At this time, the unit waits for input of an x-
coordinate value.

Input the x-coordinate value.

OO®

Determine the corresponding y-coordinate value.

EXE|

E3(G-Solv) B (>)

|Iﬁ|ﬁlm IT|
ED

Yi=k+1

[ )
AV

b
Y

—

T

=

HEEL S

WESHOHAZ I =20

AN

n=0.5 ¥=-1.815

(@)

169



m Analyzing a Function Graph

Specify a graph.

FJ(X-CAL) @ (8 M

« At this time, the unit waits for input of a y-coor- /{/ h }{
dinate value. H-CAL

Input the y-coordinate value.

B3
V=3.2

Determine the corresponding x-coordinate value.

EXE Ya=nim+2 (=22

b4
e

#=2.3194091055  W=3.

« If there is more than one x-coordinate value for a given y-coordinate value or
more than one y-coordinate value for a given x-coordinate value, use ® and @
to move between them.

—

» The display used for the coordinate values depends on the graph type as shown
below.

« Polar Coordinate Graph | |
Fz1.7320508075 =0, IU30E565039

- Parametric Graph T=0."185398 1 63319
n=h."1915065333 V=U. IBY3IBOEO3S

« Inequality Graph | |
n=l -1

» Note that you can not determine a y-coordinate for a given x-coordinate with a
parametric graph.

- If there is only one graph, pressing (F1) (Y-CAL) / (F2) (X-CAL) directly displays
the x-coordinate/y-coordinate (selection of the graph is not required).
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Analyzing a Function Graph m

B Determining the Integral for Any Range

Example J‘fj X (x+2) (x—2)dx

View Window: (A)

G-Sol >
@) [F3) (G-Solv) F8 (™) e IT|
3
(E3) (Jdx) Y1=H+1

(Graph selection standby)

a

Select graph.

@ B9 VRSl Ht I L2

* The display is prompting input of the lower limit
of the integration range.

%

LOLJER
W=-da UBODI1TUED0T ¥=-5.0514303311

Move the pointer and input the lower limit.
®~® g WESHIRTE (A2

a

UFFEFR
w=-1.58M3015813 Y=&.3498582078

Input the upper limit and determine the integral.

®~®

de=3. 45208404274

» The lower limit must be less than the upper limit when specifying the integration
range.

* Note that the above operation can be performed on rectangular coordinate (Y=)
graphs only.
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9-3 Graph Solve Precautions

» Depending on the View Window parameter settings, there may be some error in
solutions produced by Graph Solve.

« If no solution can be found for any of the above operations, the message “Not
Found” appears on the display.

» The following conditions can interfere with calculation precision and may make it
impossible to obtain a solution.

* When the solution is a point of tangency to the x-axis.
* When the solution is a point of tangency between two graphs.
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Chapter

Sketch Function

The sketch function lets you draw lines and graphs on an existing
graph.

* Note that Sketch function operation in the STAT, GRAPH, TA-
BLE, RECUR and CONICS Modes is different from Sketch func-
tion operation in the RUN and PRGM Modes.

10-1 Before Using the Sketch Function
10-2 Graphing with the Sketch Function



10-1 Before Using the Sketch Function

P.188
P.176
P.177
P.178

P.179
P.182
P.184
P.185
P.185

P.185
P.186

Press (Sketch) to display the sketch menu.

STAT, GRAPH, TABLE, RECUR, CONICS Mode

D (Sketch) [C1% [Tand Herm [T [T
B F B
(1) (Cls) ......... Clears drawn line and point
(F2) (Tang)....... Tangent
(F3) (Norm)...... Line normal to a curve
(INV) oo Inverse graph
(= I Next menu

(>)

« [F2) (Tang), (F3) (Norm), and (Inv) appear only when you display the sketch
menu while in the GRAPH and TABLE Modes.

[FLOT]LIHE J P G

B B2 B FE B

(F) (PLOT) ..... Plot menu
(F2) (LINE) ...... Line menu
(F3) (Crcly ........ Circle
(Vert) ........ Vertical line
(F5) (Hztl) ........ Horizontal line
(>) e Next menu
*) [FEH [Teqt [EE
D

(F) (PEN) ....... Freehand drawing
(F2) (Text) ........ Comment text
(>>) e Previous menu
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Before Using the Sketch Function m

RUN, PRGM Mode

(Sketch)

| C1s JTan3fHotmd This JGREHI
B B2 B E3)

(F8 (GRPH) .... Graph command menu

Fe (>) : .
FLOTJLIHEJCrel [WerfHzt 1| I
() =)
e (>)
T-
[ &
P.187 (F3) (PIXL)....... Pixel menu
P.188 (Test) ........ Tests pixel on/off status

« Other menu items are identical to those in the STAT, GRAPH, TABLE, RECUR,
CONICS Mode menu.
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10-2 Graphing with the Sketch Function

The sketch function lets you draw lines and plot points on a graph that is already on
the screen.

All the examples in this section that show operations in the STAT, GRAPH, TABLE,
RECUR, and CONICS Modes are based on the assumption that the following func-
tion has already been graphed in the GRAPH Mode.

Memory Area Y1 =x(x + 2)(x — 2)

The following are the View Window parameters used when drawing the graph.

Xmin =-5 Ymin =-5

Xmax = 5 Ymax = 5

Xscale = 1 Yscale = 1
B Tangent

This function lets you draw a line that is tangent to a graph at any point.

oTo draw a tangent in the GRAPH or TABLE Mode

Example To draw a line that is tangent to point (x =2,y = 0) of y = x(x + 2)
(x-2)

1. After graphing the function, display the sketch menu and press (F2 (Tang).

(Sketch)(F2) (Tang)

2. Use the cursor keys (®, @, @, ®) to move the pointer the position of the
point where you want to draw the line.

®~® WIsH (2 (a2

w=1.984I2E984| Y=-O. 1254764 10U

3. Press (&g to draw the line.

g TR A2 =)

n=l.3984I26984] Y=-D0. 1612303225
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Graphing with the Sketch Function [ETVEN3

oTo draw a tangent in the RUN or PRGM Mode

The following is the command syntax for drawing a tangent in these modes.
Tangent <graph function>, <x-coordinate>

« Use the variable data (VARS) menu to specify the function to be graphed.

Example To draw a line that is tangent to point (x =2,y = 0) of y = x(x + 2)
(x-2)

1. Enter the RUN Mode, display the sketch menu, and then perform the following
input.

(s (F4) (Sketch) (F2) (Tang) |Tahger'|t iz |
WRs) (F4) (GRPH)
FEVMOO®

KN N A EA EE

)

2. Press [ to draw the tangent line.

)
N

n=g =0

B Line Normal to a Curve

With this function you can draw a line that is normal to the curve at a specific point.

« Aline that is normal to the curve at a given point is one that is perpendicular to
the tangent line at that point.

oTo draw a line normal to a curve in the GRAPH or TABLE Mode

Example To draw a line that is normal to the curve at point (x =2, y = 0) of
y=x(x+2)(x-2)

1. After graphing the function, display the sketch menu and press (F3) (Norm).

(F4) (Sketch) (F3) (Norm)
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EDI¥ Graphing with the Sketch Function

P.33

2. Use the cursor keys (@, @, @, ®) to move the pointer the position of the

point where you want to draw the line.

®~®

3. Press to draw the line.

68

Yil=mim+Zd (n-22

w=1.984I2E984| Y=-O. 1254764 10U

M =R+ (n=20

w=1.984I26984| Y=-0. 1612903225

eoTo draw a line normal to a curve in the RUN or PRGM Mode

The following is the syntax for drawing a line normal to a curve in these modes.

Normal <graph function>, <x-coordinate>

+ Use the variable data (VARS) menu to specify the function to be graphed.

B Graphing an Inverse Function

This function lets you graph the inverse of the function used to produce your original

graph.

oTo graph an inverse function in the GRAPH or TABLE Mode

Example  To graph the inverse of y = x(x + 2)(x — 2)

After graphing the function, display the sketch menu and press (Inv).

(F4) (Sketch) [F4) (Inv)

)/,_

T

» When graphing an inverse function when there is more than one graph function
stored in memory, select one of the functions and then press (Exg.
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Graphing with the Sketch Function [ETVEN3

oTo graph an inverse function in the RUN or PRGM Mode

The following is the syntax for graphing an inverse function in these modes.
Inverse <graph function>
« Use the variable data (VARS) menu to specify the function to be graphed.

» You can only graph the inverse of functions whose graph type is specified as
rectangular coordinate type.

B Plotting Points

When plotting points on a graph, first display the sketch menu and then press
(>) (F1) (PLOT) to display the plot menu.

(Fe) (> PLOT

) B ) [FIc [FI-On [FT-0FF FT-ih3
B B2 B

Plot) ........ Plot a point

(
(PI+On) ..... Plot point at specific coordinates

(PIOff) ..... Delete point at specific coordinates

(F3) (PI-Chg) ... Switch status of point at specific coordinates

ED
F2
)

oTo plot points in the STAT, GRAPH, TABLE, RECUR and CONICS
Modes

Example  To plot a point on the graph ofy = x(x + 2)(x — 2)

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(F3) (Sketch) (Fg) (>) (F1) (PLOT) 1) (Plot)

2. Use the cursor keys (®, @, @, ®) to move the pointer the locations of the
points you want to plot and press [ to plot.

* You can plot as many points as you want.

(CRECIORIO)
= ~ -

w=1.03174E0317  Y¥=1.935UB38708

I = The current x- and y-coordinate values are assigned respectively to variables X
and.
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EDI¥ Graphing with the Sketch Function

oTo plot points in the RUN or PRGM Mode

The following is the syntax for plotting points in these modes.

Plot <x-coordinate>, <y-coordinate>

Example To plot a point at (2, 2)

Use the following View Window parameters.

Xmin =-5 Ymin =-10
Xmax = 5 Ymax = 10
Xscale = 1 Yscale = 2

1. After entering the RUN Mode, display the sketch menu and perform the following
operation.

8 (F4) (Sketch) [F8) (™) |F'1|:|L 2.7 |

E(PLOT)ED (Plot) (2) (1] (2
[FLot]el-onfrl-fFl i

ED

2. Press and the pointer appears on the display. Press again to plot a point.

B E

+

|
.

« You can use the cursor keys (@, @, @, ®) to move the pointer around the
screen.

w=1.984| 26384 | |. 335UB3B708

« If you do not specify coordinates, the pointer is located in the center of the
graph screen when it appears on the display.

« If the coordinates you specify are outside the range of the View Window param-
eters, the pointer will not be on the graph screen when it appears on the dis-
play.

» The current x- and y-coordinate values are assigned respectively to variables X
and.
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B Turning Plot Points On and Off

Use the following procedures to turn specific plot points on and off.

oTo turn plot points on and off in the STAT, GRAPH, TABLE, RECUR
and CONICS Modes

« To turn a plot point on

1. After drawing a graph, display the sketch menu and then perform the following
operation to make the pointer appear at the center of the screen.

(F3) (Sketch) [E8) (=) 1) (PLOT) [2) (Pl-On)

2. Use the cursor keys (@, @, @, ®) to move the pointer to the location where
you want to plot a point and then press [Exg.

« To turn a plot point off

Perform the same procedure as described under “To turn a plot point on” above,
except press (F3) (Pl-Off) in place of (F2) (PI+On).

- To change the on/off status of a plot point

Perform the same procedure as described under “To turn a plot point on” above,
except press (PlChg) in place of (F2) (PIOn).

oTo turn plot points on and off in the RUN or PRGM Mode

The following are the syntax for turning plot points on and off in these modes.

« To turn a plot point on
PlotOn <x-coordinate>, <y-coordinate>

« To turn a plot point off
PlotOff <x-coordinate>, <y-coordinate>

- To change the on/off status of a plot point
PlotChg <x-coordinate>, <y-coordinate>

181



EDI¥ Graphing with the Sketch Function

B Drawing a Line

To draw a line on a graph, first display the sketch menu and then press (™) (P
(LINE) to display the line menu.

(Fe) (> LINE

BBE ) Cine [FLne
)

(F1) (Line) ........ Draw a line between two plotted points

(F2) (F-Line) .... Draw aline

oTo draw a line between two plotted points in the STAT, GRAPH,
TABLE, RECUR and CONICS Modes

Example To draw a line between the two points of inflection on the graph
ofy =x(x + 2)(x - 2)

Use the same View Window parameters as in the example on page
176.

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(F4) (Sketch) [F8) () (1) (PLOT) D (Plot)

2. Use the cursor keys (@, @, @, ®) to move the pointer to one of the points of
inflection and press to plot it.

OREOICRIO)
A

W==la LLINLNNTTD ¥=3.0BUSIRI2S

3. Use the cursor keys to move the pointer to the other point of inflection.

(CRECIGRSC)

wela L1 ¥=-3.06U51E129
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4. Display the sketch menu and perform the following operation to draw a line be-
tween the two points.

(F8) (Sketch) [Fg)(>)
F2)(LINE) ) (Line) /\l /
w=la i1l Y=-3.06USI6129

oTo draw a line in the STAT, GRAPH, TABLE, RECUR and CONICS
Modes

Example To draw a line between two points of inflection on the graph of
y=x(x+2)(x-2)

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(F3) (Sketch) [F8) () [F3) (LINE) 3 (F-Line)

2. Use the cursor keys (@, @, @, ®) to move the pointer to one of the points of
inflection and press (Exg.

§2~@®~® /N /

wE=la L1111 ¥=3.06USIEI2S

3. Use the cursor keys to move the pointer to the other point of inflection and press
[Exg to draw the line.

CRECICGREC) /\\l /

Asla LEEINNNNNT Y=-3.0BUS1RI28

eTo draw a line in the RUN or PRGM Mode

The following is the syntax for drawing lines in these modes.
F-Line <x-coordinate 1>, <y-coordinate 1>, <x-coordinate 2>, <y-coordinate 2>
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B Drawing a Circle

You can use the following procedures to draw a circle on a graph.

oTo draw a circle in the STAT, GRAPH, TABLE, RECUR and CONICS
Modes

Example To draw a circle with a radius of R = 1 centered at point (1, 0)
on the graph of y = x(x + 2)(x — 2)

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(F4) (Sketch) [F8) (™) (F3) (Crcl)

2. Use the cursor keys (@, @, @, ®) to move the pointer to the location where
you want the center point of the circle to be and press [Exg to plot it.

- N

w=1.0311M4E0317  v=0

3. Use the cursor keys to move the pointer to a point on the circumference of the
circle (here to point x = 0) and then press (e to draw the circle.

e N
N

eoTo draw a circle in the RUN or PRGM Mode

The following is the syntax for drawing circles in these modes.
Circle <center point x-coordinate>, <center point y-coordinate>, <radius R value>

@ I - Certain View Window parameters can make a circle appear as an ellipse.
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B Drawing Vertical and Horizontal Lines

The procedures presented here draw vertical and horizontal lines that pass through
a specific coordinate.

oTo draw vertical and horizontal lines in the STAT, GRAPH, TABLE,
RECUR and CONICS Modes

Example  To draw a vertical line on the graph of y = x(x + 2)(x — 2)

1. After graphing the function, display the sketch menu and perform the following
operation to display the pointer and draw a vertical line through its current loca-
tion.

(F3) (Sketch) [8) (> ) @) (Vert)

2. Use the @ and ® cursor keys to move the line left and right, and press [Ex to
draw the line at the current location.

®~®

EXE|

w=1.9841269841  v=0

To draw a horizontal line, simply press (F5) (Hztl) in place of (Vert), and use the
@ and @ cursor keys to move the horizontal line on the display.

oTo draw vertical and horizontal lines in the RUN or PRGM Mode
The following is the syntax for drawing vertical and horizontal lines in these modes.

« To draw a vertical line
Vertical <x-coordinate>

« To draw a horizontal line

Horizontal <y-coordinate>

B Freehand Drawing

This function lets you make freehand drawings on a graph, just as if you were using
a pen.

» Freehand drawing is available only in the STAT, GRAPH, TABLE, RECUR and
CONICS Modes.
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Example  To draw on the graph of y = x(x + 2)(x — 2)

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(F4)(Sketch) (E8) (™) (E8) (>) (ED(PEN)

2. Use the cursor keys (@, @, @, ®) to move the pointer to the location where

you want to start drawing and press [Exg to plot it.

W=l LLELDNNTTT Y=2. 0367741935

3. Use the cursor keys to move the pointer, drawing a line as it moves. Press B4 to
stop the draw operation of the pointer.

o)
ey

w==-2. TT11171717117 Y¥=-1.9354838708

* Press to quit the freehand draw operation.

H Comment Text

Use the following procedure to insert text for comments and labels into a graph.

oTo insert text in the STAT, GRAPH, TABLE, RECUR and CONICS
Modes

Example To insert the graph function as comment text into the graph of
y=x(x+2)(x-2)

1. After graphing the function, display the sketch menu and perform the following
operation to cause the pointer to appear on the graph screen.

(Sketch) (8} (>) [E8) (>) (E2) (Text)

2. Use the cursor keys (@, @, @, ®) to move the pointer to the location where
you want to insert the comment text, and then input the text.
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CRICICRC
B8] /\l ?:Hci{a:cx -art
OEECOQMEE0 f kj

w=H.'IB 19047619  Y=2. 0967741935

oTo insert text in the RUN or PRGM Mode

The following is the syntax for inserting text in these modes.
Text <line number>, <column numbers, “<text>"

» The line number can be specified within the range of 1 to 63, while the column
number can be specified in the range of 1 to 127.

» The following are the characters that can be used inside of comment text in the
STAT, GRAPH, TABLE, RECUR, or CONICS Mode.
A~Z, r, 6, space, 0~9, ., +,—, x, +, (), EXP, L Ans, 4, (,), [, ], {, }, comma, -, 22,
Alog, In, N, 10, e, %, x1, sin, cos, tan, sin"', cos™, tan™"

» A newline operation cannot be performed when inserting comment text. To
input multiple lines, you have to perform the above comment text insert opera-
tions more than once.

B Turning Pixels On and Off

The following procedure lets you turn each individual screen pixel on and off. You
can specify any pixel from the upper left-hand corner (1, 1) to the lower right-hand
corner (63, 127) of the screen.

Line range: 1 to 63
Column range: 1 to 127

» Note that you can turn pixels on and off only in the RUN and PRGM Modes.

When turning pixels on and off, first display the sketch menu and then press (>)
(>) (F3) (PIXL) to display the pixel menu.

Fe) (™) [Fe) (> PIXL

(Fe)(>) [E8) (™) E3)(PIXL) T O
(F9) (On).......... Turn specified pixel on

(F2) (Off) .......... Turn specified pixel off

(F3) (Chg) ........ Switch status of specified pixel
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®To turn pixels on and off

« To turn a pixel on
PxIOn <line number>, <column number>

« To turn a pixel off
PxIOff <line number>, <column number>

- To change the on/off status of a pixel
PxIChg <line number>, <column number>

oTo check the on/off status of a pixel

While the sketch menu is on the screen, press >) >) (Test) and then
input the command shown below to check the status of the specified pixel. 1 is
returned when the pixel is on, and 0 is returned when the pixel is off.

PxITest <line number>, <column number>

§  Specify a line in the range of 1 to 63 and a column in the range of 1 to 127.

» Trying to perform one of the above operations without specifying a line and
column number results in an error (Syn ERROR).

« Pixel operations are valid only within the allowable line and column ranges.

B Clearing Drawn Lines and Points

The following operation clears all drawn lines and points from the screen.

®To clear lines and points in the STAT, GRAPH, TABLE, RECUR and
CONICS Modes

Lines and points drawn using sketch menu functions are temporary. Display the
sketch menu and press (F1 (Cls) to clear drawn lines and points, leaving only the
original graph.

oTo clear drawn lines and points in the RUN or PRGM Mode

The following is the syntax for clearing drawn lines and points, as well as the graph
itself.

Cls EXE
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Dual Graph

Dual Graph lets you split the display between two different screens,
which you can then use to draw different graphs at the same time.
Dual Graph gives you valuable graph analysis capabilities.

* You should be familiar with the contents of “8-3 Graph Function
Operations” before reading this chapter.

11-1  Before Using Dual Graph

11-2 Specifying the Left and Right View Window
Parameters

11-3 Drawing a Graph in the Active Screen
11-4 Displaying a Graph in the Inactive Screen




11-1 Before Using Dual Graph

A

P.8

P.126

From the Main Menu, enter the GRAPH Mode and set the Dual Screen setting to
“Graph”.

@ @ [ED(Grph)

| GFFF [GteT [OFF

D
EXIT Grarh Func  i4=
et
i
i
SE.L TR [DRaL

B B2 B B [

« For further details about the function key menu at the bottom of the display, see
“8-1 Before Trying to Draw a Graph”.

» 8,192 bytes of memory are used whenever you set the Dual Screen setting to
“Graph”.

Bl About Dual Graph Screen Types

The screen on the left side of the display is called the active screen, and the graph
on the left side of the display is called the active graph. Conversely, the right side is
the inactive screen containing the inactive graph. Any function that you execute while
using Dual Graph is always applied to the active graph. To execute a function on the
right-side inactive graph, you must first make it active by moving it into the active
screen.

Active Screen T

Actual graph drawing is done here. }

Inactive Screen |

Use this screen to make copies of active screen
graphs, and for the result of Zoom operations.
You can also set different View Window param-
eters for the active and inactive screens.
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« Indicators appear to the right of the formulas in the function memory list to tell
where graphs are drawn with Dual Graph.

Er‘

Indicates inactive graph (on right side of display)
Indicates graph drawn on both sides of display

| ZEL i [Er nnnw|

If you redraw graphs in the situation shown above, the function marked “[§]” is
drawn as the inactive graph, while “[g]” is drawn using both sides of the display.

If you press (F1) (SEL), the “[f” and “[F]” indicators are cleared, and the graphs
are drawn as active graphs.
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11-2 Specifying the Left and Right View Window
Parameters

P.129
P.129
P.130
P.130
P.130

P.127

You can specify different View Window parameteres for the left and right sides of the
graph display.

oTo specify View Window parameters

Press (V-Window) to display the View Window parameter setting screen for
the active (left side) graph.

(stFT) (F3) (V-Window) Licw Window:left

max &

scaleil
IHIT [TRIG[ETD RIGHT

B B2 B FE B

INIT) ........ Initialization of View Window values

TRIG)....... Initialization of View Window values to match trigonometric units
STD) ....... View Window standard settings

....... Store settings in memory

RCL) ....... Recall settings from memory

RIGHT)] ...Swap active (left) screen and inactive (right) screen View
LEFT) Window settings

N R
_|
S

» Use the procedures described under “View Window (V-Window) Settings” to in-
put parameter values.

» Use the following key operations to change to different screens while inputting
View Window parameters for the left and right side screens.

While the View Window parameter setting screen for the active graph is shown:

(RIGHT) .eeveeneee. Displays the inactive graph View Window param-
eter setting screen
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Specifying the Left and Right View Window Parameters m

While the View Window parameter setting screen for the inactive graph is shown:

(LEFT) woreiiee Displays the active graph View Window parameter
setting screen
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11-3 Drawing a Graph in the Active Screen

You can draw graphs only in the active screen. You can then copy or move the graph
to the inactive screen.

eDrawing a graph in the active screen

Example  To draw the graphofy = x (x + 1) (x — 1)

Use the following View Window parameters:

Licw Window:Left

max -
scaleid, D
Ymin f-2
max 12

scaletd

1
IHIT [TRIG[ETD RIGHT

Input the function.

&1 ([ ken) (B @D OJ Grarh Func —1%=
Q@S OO P R
Store the function.
g |I3r'~a|=~h Func 4= |
VIBMCE+FL 2 =10
| ZEL TYPE TR nﬁnw|
Draw the graph.
(DRAW) or [Exg /
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11-4 Displaying a Graph in the Inactive Screen

P.159

There are two methods you can use to display a graph in the inactive screen. You
can copy a graph from the active screen to the inactive screen, or you can move the
graph from the active screen to the inactive screen. In both cases, you must first
draw the graph in the left-side active screen.

B Before Displaying a Graph in the Inactive Screen

After drawing a graph in the active screen, press @, and the Dual Graph function
menu appears at the bottom of the display.

OPTN
CoF T [ZWAF P

B B2 B

(F1) (COPY) .... Copies active graph to inactive screen
(F2) (SWAP) .... Switches active screen and inactive screen
(F3 (PICT) ...... Picture function

B Copying the Active Graph to the Inactive Screen

Example To draw the graph fory =x (x + 1) (x — 1) on the active screen and
the inactive screen

Use the following View Window parameters:

Active (Left) Screen Inactive (Right) Screen
View Window parameters View Window parameters
Uigw Windowsleft. Uiew Window:Eiaht
max & max &
=caleid. S =caleil
Ymin -2 Ymin -3
max 2 max i3
scaleil scaleil
IHIT [TRIG[ETD RIGHT [THIT [TRIG[ZTC ERNEP HWP [LEFT

Assume that the function being graphed is stored in memory area Y1.

Draw the graph in the active

screen.
(8 (DRAW)
[ZEC. TR [DRAL
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m Displaying a Graph in the Inactive Screen

Copy the graph to the inactive (right) screen.

I iy
(1

» The graph is reproduced using the inactive screen View Window parameters.

B Switching the Contents of the Active and Inactive Screens
Example  To switch the screens produced by the preceding example

Switch the screens.

(F2(SWAP) / /
» Note that using (SWAP) to switch the screens also switches their View
Window parameters.

B Drawing Different Graphs on the Active Screen and
Inactive Screen

Example To draw the graphs of the following functions on the screens
noted:
Active Screen:y =x (x + 1) (x - 1)

Inactive Screen:y = 2x2—-3

Use the View Window parameters shown below.

Active (Left) Screen Inactive (Right) Screen
View Window parameters View Window parameters
Ligw Windows:left. Liew Window:Riaht
max_ f max
=caleil =caleid, S
“Ymin -5 Ymin 5-2
max =5 ax =2
scaleil scaleil
IHIT [TRIG[ETOD H RIGHT [IHIT [TrRIG[ETD ERP AW [LEFT

Assume that the functions being graphed are stored in memory areas Y1 and Y2.
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Displaying a Graph in the Inactive Screen m

Select the function for the graph that you want to end up in the inactive (right) screen.

(ED(SEL)

()

Draw the graph in the active screen.

(DRAW) \ /

Swap the screens so the graph is on the inactive (right) screen.

E2J(SWAP) \ /

Select the function for the graph that you want in the now-empty active (left) screen.

(F1)(SEL) Graeh Func Y=
: ; ."'. AL E il
| ZEL TEE nﬁnw|
Draw the graph.

T,

/ A/

« At this point, you could perform a copy operation and superimpose the active
graph over the inactive graph.
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m Displaying a Graph in the Inactive Screen

ED(COPY) / \
» Pressing (G - T) lets you switch between display of the active and
inactive graphs, using the entire display for each.

() FB)(G - T) Lot /

stFT) (F8) (G~ T) Fidht \ j

Ergphuﬁun;“ 1 4=

sFT) (F8) (G~ T)
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P.146

Displaying a Graph in the Inactive Screen m

B Other Graph Functions with Dual Graph

After drawing a graph using Dual Graph, you can use the trace, zoom, sketch and
scroll functions. Note, however, that these functions are available only for the active
(left) graph. For details on using these functions, see “8-6 Other Graphing Func-
tions”.

» To perform any of the above operations on the inactive graph, first move the
inactive graph to the active screen.

» The graph screen will not scroll while a trace operation is being performed on the
active graph.

The following shows some example operations using the zoom function.

Example 1 To use box zoom to enlarge the graph ofy =x (x + 1) (x — 1)

Use the following View Window parameters for the active graph.

Licw Window:Left

max -
scaleid, D
Ymin f-2
max 12

scaleil
IHIT [TRIG[ETD RIGHT

Assume that the function is already stored in memory area Y1.

G-arh u ty= |

| ZEL ] nnnw|

Draw the graph.
(Fe)(DRAW) or /
Specify one corner of the area to be enlarged.
(F2)(Zoom) [E)(BOX)
©-0®- o i
 Use the cursor keys to move the pointer to the
location you want. n=0. 19354B3A109 Y=-0.3870967741
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m Displaying a Graph in the Inactive Screen

Move the pointer to the other corner of the area to be enlarged.

T Iy
o

W=-0. 3225806451 'Y=0.381086177418

Enlarge the graph.

EXE]}

il /
/ N
» The View Window parameters of the inactive screen are always changed by a

Zoom operation, so if there is a graph already on the inactive screen, it is cleared
before the result of the Zoom operation is drawn there.
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Chapter

Graph-to-Table

With this function, the screen shows both a graph and a table. You

can move a pointer around the graph and store its current coordi-

nates inside the table whenever you want. This function is very

useful for summarizing graph analysis results.

* Be sure to read “Chapter 8 Graphing” and “Chapter 9 Graph Solve”
before trying to perform any of the operations described in this
chapter.

12-1 Before Using Graph-to-Table
12-2 Using Graph-to-Table
12-3 Graph-to-Table Precautions



12-1 Before Using Graph-to-Table

A

P.8

{3

P.126

1. In the Main Menu, select the GRAPH icon and enter the GRAPH Mode. Next,
use the set up screen to set the Dual Screen item to “G to T".

@@FE(GT)
| i L

2. Press and the Graph-to-Table menu appears.

EXIT Grarh to Tableil's
WA
L
=L
YE:
ZEL DRAL

» For the meaning of the items in the function menu at the bottom of the screen,
see “8-1 Before Trying to Draw a Graph”.

» Whenever the set up screen’s Dual Screen item is set to “G to T”, you can only
store rectangular coordinate (Y=), polar coordinate (r=), and parametric func-
tion graphs in memory.

* You cannot use Graph-to-Table to display split graph/table screens using
X=constant or inequality graphs of functions stored in the GRAPH or TABLE
Mode.
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12-2 Using Graph-to-Table

A

P.6

oTo store graph pointer coordinates in a table

« If the Derivative item in the set up screen is turned on, the following operation
also stores derivatives in the table.

Example To store the points of intersection and the coordinates for the

following graphs where X = 0:

Y1=x2-3

Y2=—x+2

Use the following View Window parameters.
Xmin =-5 Ymin =-10
Xmax = 5 Ymax = 10
Xscale = 1 Yscale = 2

. Input the two functions.

Vigke—3
V=

Grarh to TabletV= ‘

| ZEL TRAW |

. Press (DRAW) to draw the graph in the left half of the screen.

[F8)(DRAW) or

" |

. Press (F1) (Trace) and then use ® to move the pointer to the first intersection.

[ED(Trace) Ti=HE-—3
®~®

" |

x/y-coordinate value —#=-2." 419354838 ¥=U. 5182101971

. Press to store the coordinates of the pointer location in the table on the right
side of the screen.

g Ti=HE-—3
W il

[-2.741 U.5182

W=-da 419354838 Y=U. 5182101971
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m Using Graph-to-Table

P.159

5. Use ® to move the pointer the point where X = 0 and then press [Ex§ to store the
coordinates in the table.

®~® Wi=HE—3 ; N
@ [—E."II-II U. 5182
1] -3

w=0 Y¥=-3

®~-® T1=HE-3 .
@ |:-E.'1lll Uy.5182
1] -3
I TTHT Oa T
H=1a1T419354A3  Y=0. |4T6E2THTIN

6. Pressing causes the cursor (H) to appear in the table. You can then use the
cursor keys to move the cursor around the table and check its values. Press
again to return the pointer to the graph screen.

" vl
-2. Ul H.51B2
i -3
0. 1U11

[TRCE. TEPIT ;Y (R [ T

oTo save numeric table values in a list file

You can save columns of values into list files. Up to six values can be stored in a list
file.

» The cursor can be located in any row of the column whose data you want to save
in the list.

Example To save the x-coordinate data of the previous example in List 1.

1. Starting from the screen that appears in step 6 of the previous example, press [0rN.

OPTN

[ERHG
B B2 B

(CHNG) .... Changes the active screen (between left and right)
(LMEM) .... Save table column to list file.
(PICT) ...... Save graph data to graph memory.

BEE
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Using Graph-to-Table m

2. Press (F2) (LMEM).

3 (LMEM) |

ED

3. Press (F1) (List1) to store the data in the x-coordinate column into List 1.
* Table data uses the same memory as TABLE menu table data.
» Always be sure to store table data into a list.
 Any of the following operations causes table data to be deleted.
« Editing expression data
» Changing set up screen or View Window settings
» Changing to a different mode
« If you save data into a list that already contains data, the previous data is re-

m placed with the new data.

P.263 « For details on recalling numeric data saved in a list file, see “17. List Function”.

205



12-3 Graph-to-Table Precautions

» The only coordinates that can be saved in the table are those where the pointer
can move to using trace and graph solve.

 The only graph functions that can be used with a graph produced using the Graph-
to-Table are: trace, scroll, zoom, and graph solve (excluding integration calcula-
tions).

» Graph functions cannot be used while the cursor is blinking in the table. To clear
the cursor and make the graph side the active screen, press (F1) (CHNG).

. key operation is disabled whenever a graph and table are both on the screen
and there is no numeric data in the table, and when the screen is not split (i.e.
when either the graph or table only is on the display).

» An error occurs if a graph for which a range is specified or an overwrite graph is
included among the graph expressions.
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Chapter

Dynamic Graph

The Dynamic Graph Mode of this calculator shows you real-time
representations of changes in a graph as coefficients and terms
are changed. It lets you see what happens to a graph when such
changes are made. For example, you can see the graph change as
illustrated here as the value of coefficient A changes in the formula
y=Ax2

y = 2x2 ———>
y = 3x?
y = 4x?

lo >
13-1 Before Using Dynamic Graph

13-2 Storing, Editing, and Selecting Dynamic Graph
Functions

13-3 Drawing a Dynamic Graph
13-4 Using Dynamic Graph Memory
13-5 Dynamic Graph Application Examples



13-1

Before Using Dynamic Graph

208

P.210
P.218

In the Main Menu, select the DYNA icon and enter the DYNA Mode. When you do
the dynamic function list appears on the screen.

[enamic Funci=

Selected memory area

Press ® and @ to move.

Y5

ILIIl::-'r:-'lT.l. [TYPE ] AR JE-TH [
B FR B s

(F1) (SEL) ........ Dynamic Graph draw/non-draw status

(F2) (DEL)......... Function delete

(F3) (TYPE) ..... Function type specification

(VAR)......... Coefficient menu

(F5 (BeIN)........ Menu of built-in functions*
(RCL)........ Recall and execution of Dynamic Graph conditions and screen
data

* The built-in function menu contains the following seven functions.
°Y=AX+B
°Y=A(X+B)>+C
oY=AX?+BX+C
Y=AX"3+BX?+CX+D
*Y=Asin(BX+C)
*Y=Acos(BX+C)
eY=Atan(BX+C)



13-2 Storing, Editing, and Selecting Dynamic
Graph Functions

In addition to the seven built-in functions, you can input 20 of your own Dynamic
Functions. Once a function is stored in memory, it can be edited and selected when
needed for graphing.

All of the procedures you need to use for storing, editing, and selecting Dynamic
m Graph functions are identical to those you use in the GRAPH Mode. For details, see

P.132 “8-3 Graph Function Operations”.
* Dynamic Graphs can be one of the following three types only: rectangular coor-
dinate (Y=), polar coordinate (r=), and parametric.

* You cannot use Dynamic Graph with X=constant or inequality graphs of func-
tions stored in the GRAPH or TABLE Mode.

e |f you try to use Dynamic Graph with a function that does not contain a variable,
an error occurs “No Variable”. If this happens, press to clear the error.
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13-3 Drawing a Dynamic Graph

The following is the general procedure you should use to draw a Dynamic Graph.
1. Select or input a function.
2. Define the dynamic coefficient.

* This is a coefficient whose value changes in order to produce the different graphs.

¢ If the dynamic coefficient is already defined from a previous operation, you can
skip this step.

3. Assign values to each of the coefficients of the function.
4. Specify the range of the dynamic coefficient.

* If the range of the dynamic coefficient is already defined from a previous opera-
tion, you can skip this step.

5. Specify the speed of the draw operation.
¢ If the speed is already defined from a previous operation, you can skip this step.
6. Draw the Dynamic Graph.

oTo set Dynamic Graph conditions

Example To use Dynamic Graph to graph y = A (x—1)? -1 as the value of A
changes from 2 to 5 in increments of 1

Use the following View Window parameters.

Xmin = -6.3 Ymin =-3.1
Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1

1. Input the function you want to graph. Here we will edit a built-in function to input
our function.

F5(BeIN) ﬁiﬁ?ﬁﬁg!!l!lllllllll
= + +
Y=HxZ+BH+C
W=HHIHEEE+CH+D
Y=Asin (BR+LC)
W=Hcos (BR+C)
Y=Atan C(Bx+CD
=8t
FD
@ [F)(SEL) Lrramic Funci'= |
EHC=+B e+ |
EENDEL JTYFES AR JE-TH ][N
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Drawing a Dynamic Graph

2. Display the coefficient menu.

(F3) (VAR) or (&g

Function being graphed YW =ACH+EY 2+C
Coefficient whose value will change

[ramic War fH

S

Coefficients in function

C=i

[SEL [T EED  [Auts 070
B B2 B B FE9

(F) (SEL) ........ Selects dynamic coefficient
(F2) (RANG) .... Dynamic coefficient range settings
(F3) (SPEED) ... Dynamic Graph drawing speed

(F5 (AUTO)..... Automatic setting of end and pitch values to match coefficient
values

(DYNA) ..... Dynamic Graph draw operation

* The calculator automatically makes the first variable it finds the dynamic coeffi-
cient. To select a different coefficient, use ® and @ to move the highlighting to
the coefficient you want to use, and the press (F1 (SEL).

* The letters representing each coefficient are variables, and so the values that
appears on the screen are those currently assigned to each variable. If a com-
plex number is assigned to a variable, only the integer part appears.

* All variables contained in the currently selected function appear on the display in
alphabetical order.

e |f there is more than one function that can be drawn using Dynamic Graph, the
message “Too Many Functions” appears on the display.

¢ |f the value of the dynamic variable is zero and you press (F5 (AUTO), the dy-
namic variable automatically changes to 1 and Dynamic Graphing is performed.

3. Specify the value of each coefficient.

2) &9 EI=H'::3=:+BEJE+E_H N

m@ E;%nﬂc E=] A

@JERJEE R E—
ZEL [TIIP I [AUTa [OVHA

)

« |If there is more than one coefficient, use @ and & to move the highlighting to
each coefficient and input its value.

* Values you input for coefficients are also assigned to the corresponding variable.
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m Drawing a Dynamic Graph

4. Recall the dynamic coefficient range setting menu.

(F2) (RANG) Y1=ACkA+BIE+C
Cernamic Ranae
Dynamic coefficient —H
Start value —||
End value — ER B
Increment — Fitch:l

* The range you set remains in effect until you change it.

5. Change the range settings.

2 @9 VI=ACH+EI 240
[rramic Ranae
Start:2
Fi1Lch:

EXIT

* If you want to change the Dynamic Graph speed, press (F3) (SPEED).

(F3)(SPEED) Sreed Conlraol
Ceramic SFreed @ I+
StoriGol ik
S1amw :
EE :

ZEL
ED

m You can set the Dynamic Graph speed to any one of the following settings.

P.216 Stop & Go: Each step of the Dynamic Graph draw operation is performed each

time you press [exg.
Slow: 1/2 Normal

Normal:  Default speed
Fast: Double Normal

1. Use @ and @ to move the highlighting to the speed you want to use.

2. Press (F1) (SEL) to set the highlighted speed.
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Drawing a Dynamic Graph m

oTo start the Dynamic Graph draw operation
There are three different variations for Dynamic Graphing.

* 10-time continuous drawing
 Continuous drawing
» Stop and go drawing

B 10-time Continuous Drawing

Select Stop as the draw type (Dynamic Type) to perform 10-time continuous draw-
ing. With this drawing style, 10 versions of the graph are drawn and then the draw
operation stops automatically.

Example To use 10-time continuous drawing to draw the same graph that
you drew in the previous example (page 210)

Display the coefficient value specification display and specify Stop as the draw type.

(F2) (Stop) ramic
| TRt [ETaf
F2

EXIT Yi=ACE+E 2+C |
Detiamic War i - B

|IEIEIE|§EI| mm|

Start drawing of the Dynamic Graph.

(DYNA) |

Orne Moment Flease!

2
Y1=Alx+B)2+C

IU

A=z
Graph is drawn 10 times. T

213



m Drawing a Dynamic Graph

214

P.7

Y1=AtH+BIE+C

¥
=3 l

T
Yi1=AoH+BIE+D

W
=4 l

"
Y1=AtH+BIE+C

IU

F=5

* While the message “One Moment Please!” is shown on the display, you can
press to interrupt drawing of the graph and return to the coefficient range
setting display.

* Pressing while the Dynamic Graph is being drawn changes to the drawing
speed setting display. The draw operation is suspended at this time, and you can
view the graph by pressing (GeT).

* If you do not want the function and coefficient values shown on the display with
the graph, use the graph function set up display to switch Graph Func off.

* Pressing (AUTO) draws up to 11 versions of the Dynamic Graph, starting
from the start (Start) value of the dynamic coefficient.



Drawing a Dynamic Graph m

B Continuous Drawing

When the Dynamic Graph draw type (Dynamic Type) is set to continuous (Cont),
drawing of the Dynamic Graph continues until you press (Ad).

Example  To continuously draw the same graph that you input in the
previous example (page 210)

Display the coefficient value specification display, and specify Cont as the draw type.

[ED(Cnt) Jrrhamlc | xFe:Lonl
| Chit. [StoF
ED

EXIT Y=ACE+BY 2+C |
Detiamic War i - B

Irrmrap |

Start drawing of the Dynamic Graph.

(F}(DYNA) Y1=ACH+E) 240
b
A=z
: 7
1

Yi=Atx+BIE+C

* Pressing while the Dynamic Graph is being drawn changes to the drawing
speed setting display. The draw operation is suspended at this time, and you can
view the graph by pressing (G T).

» Selecting Cont and then executing a Dynamic Graph operation causes the
graphing operation to repeat until you press (Ad. Be sure that you do not forget to
stop the Dynamic Graph operation after you are finished. Allowing it to continue
will run down the batteries.
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m Drawing a Dynamic Graph

216

B Stop & Go Drawing

By selecting STOP & GO > as the graph drawing speed, you can draw graphs one
by one. A graph is drawn each time you press [Exg.

Example To use Stop & Go to draw the same graph that you drew in the

previous example (page 210)

Display the coefficient value specification display and press (F3) (SPEED).
Use @ and ® to select STOP & GO (I>>) and press (F1) (SEL).

(F3)(SPEED) @ @ SFreed ConLrol
[etiamic SFeed § [
=171 :
Hormal & F
Fast HE
ZEL
F)(SEL) ExM VI=FCH+E) E+0

[rnamic Var A ANE |

|IEIEIE|§EI| mm|

Start drawing of the Dynamic Graph.

(F8)(DYNA) Vi=ACH+E S 2+0

l:
Y1=Al=+BD)2+C

IU

F=5

* Pressing while the Dynamic Graph is being drawn changes to the drawing
speed setting display. The draw operation is suspended at this time, and you can
view the graph by pressing (G T).



P.218

P.219

Drawing a Dynamic Graph

oTo adjust the Dynamic Graph speed
You can use the following procedure to adjust the Dynamic Graph speed while the
draw operation is taking place.

1. While a Dynamic Graph draw operation is being performed, press to change
to the speed adjustment menu.

Y1=A{x+BrE+C
[rramic Ranaes

Start:iz
End 5
Fitchil
e = [F % [ETo =W
FE P /B @ B F

Stop & Go

Slow (1/2 Normal)
Normal (default speed)
Fast (double Normal)

Store graph conditions and screen data in Dynamic Graph
memory

(DEL) ........ Delete Dynamic Graph screen data

2. Press the function key ((F1) to (F4)) that corresponds to the speed you want to
change to.

* To clear the speed adjustment menu without changing anything, press [ExJ.
* Press (G«>T) to return to the graph screen.
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13-4 Using Dynamic Graph Memory

218

You can store Dynamic Graph conditions and screen data in Dynamic Graph memory
for later recall when you need it. This lets you save time, because you can recall the
data and immediately begin a Dynamic Graph draw operation. Note that you can
store one set of data in memory at any one time.

The following is all of the data that makes up a set.
¢ Graph functions (up to 20)
* Dynamic Graph conditions
* Set up screen settings
* View Window contents
* Dynamic Graph screen

oTo save data in Dynamic Graph memory

1. While a Dynamic Graph draw operation is being performed, press to change
to the speed adjustment menu.

e [+ (¢ [ Ero 0w
F

2. Press (F§ (STO) to store the data.

o If there is already data stored in Dynamic Graph memory, the above operation
replaces it with the new data.

oTo recall data from Dynamic Graph memory

1. Display the Dynamic Graph function list.

ESM0EL JTHPES. AR JE-TH ][

2. Press (RCL) to recall all the data stored in Dynamic Graph memory.

* Data recalled from Dynamic Graph replaces the calculator’s current graph func-
tions, draw conditions, and screen data. The previous data is lost when it is re-
placed.



Using Dynamic Graph Memory m

oTo delete Dynamic Graph screen data

[ad) (Fe) (DEL.
Ll = !
)

Press (F1) (YES) to delete the Dynamic Graph Screen data, or (NO) to abort the
operation without deleting anything.
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13-5 Dynamic Graph Application Examples

220

Example To use Dynamic Graph to graph the parabolas produced by balls
thrown in the air at an initial velocity of 20m/second, at angles of
30, 45, and 60 degrees. (Angle: Deg)

Use the following View Window parameters.

Xmin =-1 Ymin =-1
Xmax =42 Ymax =16
Xscale = 5 Yscale = 2

With the initial velocity defined as V and the angle defined as 6, the parabolas can be
obtained using the following expressions.

y
X=VcosoT
Y = Vsin 0T - (1/2)gT?
g = 9.8 meters per second v
0 Ly
ol

1. Input the functions, making sure to specify them a parametric (Param) type.

Dyhamlc Func F ar~am ‘
[y .0s H )

[EM0EL JTVFESARJE-TH I

2. Display the coefficient menu and specify the dynamic coefficient.

4 (VAR) (3] (@ 9 f1={28coz A3Ts 2Bsin

[ramic Wark f

|lﬁmmmu mm|
F

3. Display the coefficient range menu and specify the range values.

ED(RANG) fl=CZAcos AT (Z28sin
AOEE0MODEEE E}'hamm Ranas
Start:3a
Erd :EQ




Dynamic Graph Application Examples m

4. Start the Dynamic Graph draw operation.

(& [F8) (DYNA) Tl=t@hcos A Ts L2B=in

=3

z T

fl={ZBco= H)T:(EBSln

L\
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Chapter

Implicit Function Graphs

You can graph any one of the following types of implicit functions
using the calculator’s built-in functions.

« Parabolic graph
» Circle graph

» Elliptical graph

* Hyperbolic graph

14-1 Before Graphing an Implicit Function
14-2 Graphing an Implicit Function

14-3 Implicit Function Graph Analysis

14-4 Implicit Function Graphing Precautions



14-1 Before Graphing an Implicit Function

B Entering the CONICS Mode

1. In the Main Menu, select the CONICS icon and enter the CONICS Mode. When
you do, the following built in function menu appears on the screen.

Selecl. Equal.ion
[ ]
L]

HERYEHEYAHC
W=R{H-HIE+E

-l
REIb]

2. Use @ and & to highlight the built-in function you want, and then press [Exg.

The following nine functions are built in.

Graph Type

Function

Parabola

X =A(Y-K?+H
X =AY2+BY +C
Y =A(X-H)2+K
Y = AX2+BX + C

Circle

(X=H)?+(Y-K)?=R?
AX2+ AY2+BX+CY+D=0

Ellipse

Hyperbola

(X=H?  _(Y-Kp
At !

(X=H? (V=K@ _,
A? B?

(Y=KP __(X=H? _,
A2 B2
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14-2 Graphing an Implicit Function

Example 1 To graph the circle (X -1)2+ (Y —-1)2=22

Use the following View Window parameters.

Xmin =-6.3 Ymin =-3.1
Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1

1. Select the function whose graph you want to draw.

CIGIOIO) Select Equation
V=R E—HI2+E

W=FHE+EN+D LA

2. Press and the variable input screen appears.

B Graph function — ¢ &—H 32+ Y—F 12 =R:2

Function variables { =
R=8

DRAL

» The values that appear are the values currently assigned to each variable, which
are general variables used by the calculator. If the values include an imaginary
part, only the real part appears on the display.

3. Assign values to each variable.

(EBJCT
Cr—HIE+ N -K 2 =RE
e -
@ k=1
| R=e |
* You can also use @ and ® to highlight a TRAT
variable and then input a value.

4. Press (DRAW) to draw the graph.

(DRAW)
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m Graphing an Implicit Function

m « Certain View Window parameters can make a circle graph come out looking like
an ellipse. When this happens, you can use the graph correction function (SQR)

P.155 to make corrections and produce a perfect circle.
_— (X -3)2 (Y-1)2
Example 2 To graph the hyperbola 22 - o =
Use the following View Window parameters.
Xmin =-8 Ymin =-10
Xmax =12 Ymax = 10
Xscale = 1 Yscale = 1

1. Select the function whose graph you want to draw.

QIO

Select Equation

ArE+RYE+ER+CY+D=0
il L o 1 =1
HE Eid

1

2. Press and the variable input screen appears.

cx—H»e LYK a2 =1
6 B2 ﬁ

EXE|

H=]

k=1
TRAL

3. Assign values to each variable.

@& ES LIS S ==

@ A=z

® E=s
k=1 |

(EB]CE]

[ORALE

4. Press (DRAW) to draw the graph.

(DRAW)

el

I
]
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Graphing an Implicit Function m

« A parabola is the locus of points equidistant from fixed line / and fixed point F
not on the line. Fixed point F is the “focus,” fixed line [ is the “directrix,” the
horizontal line that passes through the focus directrix is the “axis of symmetry,”
the length of a straight line that intersects the parabola, passes through the
locus, and is parallel to fixed line / is the “latus rectum,” and point A where the
parabola intersects the axis of symmetry is the “vertex.”

Directrix [
I
y
g
: P(xy)
i |
Latus rectum
. 'Vertdx A x
Axis of symmetry > +
! 0 Focus F (p, 0)
I
I
]
I

« An ellipse is the locus of points the sum of the distances of each of which from
two fixed points F and F’ is constant. Points F and F’ are the “foci,” points A, A,
B, and B’ where the ellipse intersects the x- and y-axes are the “vertexes,” the
x-coordinate values of vertexes A and A’ are called x-intercepts, and the y-
coordinate values of vertexes B and B’ are called y-intercepts.

y
y-intercept B
P(x,y)

x-intercept A’ / x-intercept A

Focus F* 0 Focus F | *

y-intercept B’

.

A hyperbola is the locus of points related to two given points F and F’ such that
the difference in distances of each point from the two given points is constant.
Points F and F’ are the “foci,” points A and A where the hyperbola intersects
the x-axis are the “vertexes,” the x-coordinate values of vertexes Aand A are
called x-intercepts, the y-coordinate values of vertexes A and A’ are called y-
intercepts, and straight lines i and ', which get closer to the hyperbola as they
move away from the foci are “asymptotes.”

Asymptote [ y
P(x,y)
Focus F' N> Vertex Focus F
A A i X
0
Asymptote '

227



14-3

Implicit Function Graph Analysis

You can determine approximations of the following analytical results using implicit
function graphs.

» Focus/vertex calculation

« Latus rectum calculation

« Center/radius calculation

« x-/y-intercept calculation

« Directrix/axis of symmetry drawing and analysis
» Asymptote drawing and analysis

After graphing an implicit function, press (G-Solv) to display the Graph Analysis
Menu.

» Parabolic Graph Analysis

(F1) (FOCS) .... Determines the focus. Fes ek LT TN

F4]
(F3 (SYM)....... Draws the axis of symmetry. BE 6
(F3 (DIR) ........ Draws the directrix.
(VTX) ....... Determines the vertex.
(F5 (LEN) ....... Determines the latus rectum.
- Circle Graph Analysis | T |
CHTF [RADS
(F1) (CNTR) .... Determines the center. )
(F2) (RADS) .... Determines the radius.
- Ellipse Graph Analysis | e [ |
FOLE [IH [¥IH
(F1) (FOCS) .... Determines the focus. )

(F2 (X-IN) ....... Determines the x-intercept.
(F3) (Y-IN)........ Determines the y-intercept.

* Hyperbolic Graph Analysis
(F) (FOCS) .... Determines the focus.
(F3 (X-IN) ....... Determines the x-intercept.

[FOE [FIH [7IH [T [REvH
E F2 E3)

(
(F3) (Y-IN)........ Determines the y-intercept.
(VTX) ....... Determines the vertex.
(F5) (ASYM) .... Determines the asymptote.

The following examples show how to use the above menus with various types of
implicit function graphs.
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oTo calculate the focus and vertex

To determine the focus and vertex for the parabola

Use the following View Window parameters.

Example
X=(Y-2)2+3.
Xmin =-1
Xmax =10
Xscale = 1
(F5) (G-Solv)
(F1) (FOCS)

(Calculates the focus.)

(F5) (G-Solv)

(VTX)
(Calculates the vertex.)

Ymin
Ymax
Yscale

Implicit Function Graph Analysis m

-5
5
1
| [FoeE [EvH [OTr [T [CER |
()
H=FCY—KI2+H =
t {H——_
| FocLls
#=3.25 =g
| [Facs [5vm [O1R [T e |
M=RA Y-k 32+H =
t {-H“——_
| UEETEH
#=3 =g

« When calculating two foci for an ellipse or hyperbolic graph, press ® to calcu-
late the second focus. Pressing @ returns to the first focus.

« When calculating two vertexes for a hyperbolic graph, press ® to calculate the
second vertex. Pressing @ returns to the first vertex.

oTo calculate the latus rectum

To determine the latus rectum for the parabola X = (Y -2)2 + 3

Use the following View Window parameters.

Example
Xmin =-1
Xmax =10
Xscale = 1
(F5) (G-Solv)

Ymin
Ymax
Yscale

-5
5
1

FoCs [5vH [DIR [T+ [CEH

B
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m Implicit Function Graph Analysis

) (LEN) H=RCY-K2+H =
(Calculates the latus rectum.) i (-_H_h“—
| LEHGTH
L=1

oTo calculate the center and radius

Example  To determine the center and radius for the circle X* + Y- 2X —

2Y-3=0
Use the following View Window parameters.
Xmin =-6.3 Ymin =-3.1
Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1
(F5) (G-Solv)
| THTR [RADS |
E
(F1) (CNTR) : :
(Calculates the center.) FRE+AY +B:‘I::+I|:V++D_j‘
l CEMTER
n=1 Y=1
(F5) (G-Solv)
| THTR [RADS |
2
(F2) (RADS)

= = =
(Calculates the radius.) ARE+RYE+ERFLYD B@

RADILE
F=2. 2360619115
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Implicit Function Graph Analysis m
oTo calculate the x- and y-intercepts

Example To determine the x- and y-intercepts for the hyperbola

(L) N\ k)
22 2 -

Use the following View Window parameters.

Xmin =-6.3 Ymin =-3.1

Xmax = 6.3 Ymax = 3.1

Xscale = 1 Yscale = 1
(F5) (G-Solv)

| FOCS | X-IH |"|"-IH '-.-'T}{|I7|5'|'H |
2

€2 (X-IN) R TR Bre
(Calculates the x-intercept.) R EZ

I
Z 1 N

w=-1.2360679715 Y¥=0

) (G-Solv)
| FOCE [5n [v I [T [hevr |
)
(E3) (Y-IN) TH-HrE_{v—Fora
— e =1
(Calculates the y-intercept.) A2 E2 EE
Mot Found

» Press ® to calculate the second set of x-/y-intercepts. Pressing @ returns to
the first set of intercepts.

oTo draw and analyze the axis of symmetry and directrix

Example To draw the axis of symmetry and directrix for the parabola

X=2(Y-1)2+1
Use the following View Window parameters.
Xmin =-6.3 Ymin =-3.1
Xmax = 6.3 Ymax = 3.1
Xscale = 1 Yscale = 1
(8 (G-Solv) FoLs[5vH [DIR [WT#ILEN

F2)
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m Implicit Function Graph Analysis

& (SYM) H=RCY—Ho2+H ]
(Draws the axis of symmetry.)

. SYMMETRY
) (G-Solv) FOLE [EvH [OIR [WTH[LEH |
& (OIR) =R (Y—K 32 +H =
(Draws the axis of directrix.)

— DIRECTRIR

oTo draw and analyze the asymptotes

Example  To draw the asymptotes for the hyperbola
X=12 __(Y-1y
22 22

Use the following View Window parameters.

=1

Xmin =-6.3 Ymin =-5
Xmax = 6.3 Ymax = 5
Xscale = 1 Yscale =

1
F5) (G-Solv) ()

e s EL A e L =1
Ag [=1]
8 (ASYM) j“ J

(Draws the asymptotes.)

HS\'HPTIJITEE:

§ « Certain View Window parameters can produce errors in graph analysis result
values.

« The message "Not Found” appears on the display when graph analysis is
unable to produce a result.

» The following can result in inaccurate analysis results or may even make it
impossible to obtain a solution at all.

» When the solution is tangent to the x-axis.

* When the solution is a point of tangency between two graphs. 232



14-4 Implicit Function Graphing Precautions

« Assigning the following types of values to variables contained in built-in function
produces an error.

(1) Parabola graph
A=0

(2) Circle graph
R =0 for (X—H)? + (Y — K)? = R?
A=0forAX?+AY2+BX+CY +D=0

(3) Ellipse/hyperbola graph
A=0orB=0

* You cannot overwrite implicit function graphs.

» The calculator automatically clears the screen before drawing a new implicit func-
tion graph.

* You can use trace, scroll, zoom, or sketch after graphing an implicit function.
However, an implicit function graph cannot be scrolled while using trace.

» You cannot incorporate graphing of an implicit function into a program.
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Chapter

Table & Graph

With Table & Graph, you can generate tables of discreet data from
functions and recursion formulas, and then use the values for
graphing. Because of this, Table & Graph makes it easy to grasp
the nature of numeric tables and recursion formulas.

15-1 Before Using Table & Graph

15-2 Storing a Function and Generating a Numeric Table
15-3 Editing and Deleting Functions

15-4 Editing Tables and Drawing Graphs

15-5 Copying a Table Column to a List



15-1

Before Using Table & Graph

When you do, the table function list appears on the display.

First select the TABLE icon on the Main Menu and then enter the TABLE Mode.

ED (
(F2 (DEL) ....... Function delete

(F3) (TYPE) ..... Function type specification

(F5) (RANG) .... Table range specification screen
(TABL)...... Start numeric table generation

is specified for the Variable item in the set up screen.

Table Func
Y3
=L
it
TEL [TTIF [TREL
F P2 B )
SEL) ........ Numeric table generation/non-generation status

« Note that the item for function key (F5) (RANG) does not appear when a list name
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15-2 Storing a Function and Generating a Numeric
Table

oTo store a function

Example  To store the function y = 3x*> — 2 in memory area Y1

Use @ and & to move the highlighting in the TABLE Mode function list to the
memory area where you want to store the function. Next, input the function and
press to store it.

B Variable Specifications

There are two methods you can use to specify value for the variable x when gener-
ating a numeric table.

- Table range method

With this method, you specify the conditions for the change in value of the vari-
able.

- List

With this method, you substitute the values contained in a previously created list
for the value of the variable.

oTo generate a table using a table range

Example To generate a table as the value of variable x change from -3 to 3,
in increments of 1

(F5)(RANG) ﬁable Rarrae
B9 B eI [ B9
Start:-3
End 3

The numeric table range defines the conditions under which the value of variable x
changes during function calculation. The following is the meaning of each of the
numeric table range parameters.

Start ..o Variable x start value
End....ccc.ec... Variable x end value
pitch ................ Variable x value change

After specifying the table range, press to return to the function list.
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m Storing a Function and Generating a Numeric Table

oTo generate a table using a list

Example To generate a table using the values in List 6

gl"‘EF‘EE ELH'IC- SI"I

[al Screen

Off
Simul Grarkh 01T
Lerivative 10ff
Backaround Hone
Angle tRad

Fand
F2

If the highlighting is not located at the Variable item, use @ and ® to move it
there.

F3(LIST) Fg) (List6)

&FEPE Eunc SH

Lual Screen &
Simuyl EbaPh :
Lerivative
Bac karound

nale
Fand

1=

IIIDEID
LT —h—h—h

f
f
f
o
a

After specifying the list you want to use, press to return to the previous screen.
« Note that the RANG item for function key (F5) of the TABLE Menu function list
does not appear when a list name is specified for the Variable item of the set up
screen.

B Generating a Table

Example To generate a table of values for the functions stored in

memory areas Y1 and Y3 of the TABLE Mode function list

Use @ and ® to move the highlighting to the function you want to select for table
generation and press (F1) (SEL) to select it.

The “=" sign of selected functions are highlighted on the screen. To deselect a func
tion, move the cursor to it and press (F1 (SEL) again

Ta@le Func  =Y'=
=41t
YWIBKE
Vi
it
EE.L [T [TREL

Press (F6) (TABL) or to generate a numeric table using the functions you se-

lected. The value of variable x changes according to the range or the contents of the
list you specified.
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P.6

Storing a Function and Generating a Numeric Table m

(Fg)(TABL)
H bl ¥3

25 g
- 1 y
-1 1 |

1} -2 1]

-3
FOkM [P E-CoH[GFLT

Each cell can contain up to six digits, including negative sign.

You can use @, ®, @, and ® to move the highlighting around the table for the
following purposes.

« To display the selected cell’'s value at the bottom of the screen, using the calcula-
tor’s current number of decimal place, number of significant digit, and exponential
display range settings.

« To scroll the display and view parts of the table that do not fit in the display.

« To display at the top of the screen the scientific function that produced the value
the selected cell (in columns Y1, Y2, etc.)

 To change x variable values by replacing values in column X.
Press (F1) (FORM) to return to the TABLE Mode function list.

oTo generate a differential numeric table

In the set up screen, change the setting of the Derivative item to On. Once you do
this, the derivative is shown on the display whenever you generate a numeric table.

Locating the cursor at a differential -dyfdxx o - ‘2
coefficient displays the derived function. e
-2 im -2 uy
-1 1 -E I
o -2 o i uE=
EEIDEL JRoL) F-CoH [GFLT

» An error occurs if a graph for which a range is specified or an overwrite graph is
included among the graph expressions.
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m Storing a Function and Generating a Numeric Table

B Specifying the function type

You can specify a function as being one of three types.
» Rectangular coordinate
« Polar coordinate
» Parametric

To display the menu of function types, press (3] (TYPE) while the function list is on
the screen.

EJ(TYPE) Table Func %=
-ty
WIEKE
Ve
e

Fi-1]
= [ = [Farm
)

Press the function key ((F1), (F2), (F3)) that corresponds to the function type you want
to specify.
* When you generate a numeric table, a table is generated only for the function
type you specify here.

240



15-3 Editing and Deleting Functions

oTo edit a function

Example To change the function in memory area Y1 fromy = 3x2-2 to
y=3x2-5

Use @ and ® to move the highlighting to the function you want to edit.

Ta@le Func &Y=
=41t
WIERE
Vi
it
EE.L [T [TREL

Use @ and ® to move the cursor to the location of the change.

e ®[E Table Func %=
=3KE=5_

™
><
m

(Fe)(TABL)
H bl E

23

-3
Fiki [ROL) E-CoH[GFLT

§ I » The Function Link Feature automatically reflects any changes you make to
functions in the TABLE Mode list in the GRAPH Mode and DYNA Mode lists.

oTo delete a function

Use @ and & to move the highlighting to the function you want to delete and then
press (F2) (DEL).

F2)(DEL
(F2(DEL) ez e
)

Press (F1) (YES) to delete the function or (NO) to abort the operation without
deleting anything.
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15-4 Editing Tables and Drawing Graphs

You can use the table menu to perform any of the following operations once you
generate a table.

+ Change the values of variable x

« Edit (delete, insert, and append) rows
* Delete a table

» Draw a connect type graph

» Draw a plot type graph

While the Table & Graph menu is on the display, press (TABL) to display the

table menu.
(Fe)(TABL
8 ) EEIDEL JRoL) F-oH [GFLT
FE 2 B )
(F1) (FORM).... Display function list
(F2) (DEL) ....... Delete table
m (F3) (ROW)...... Display menu of row operations
P.146 (F5) (G-CON) .. Draw connected type graph
(G*PLT) .... Draw plot type graph

oTo change variable values in a table

Example To change the value in Column x, Row 3 of the table generated
on page 239 from—-1to-2.5

®®
i vl v3
-3 a5 El
-2 1] u
[-] ] ll
[ -2 o
EEIDEL JR 0L, E-CoH[GFLT
= 2.5
BOE | EEIDEL JROL E-CoH [G-FLT |
e

" | W3

RENRE

1} -2

FOkM [P E-CoH TFLT
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Editing Tables and Drawing Graphs m

» When you change a variable value in Column x, all values in the columns to the
right are recalculated and displayed.

« If you try to replace a value with an illegal operation (such as division by zero), an
Ma ERROR occurs and the original value remains unchanged.

* You cannot directly change any values in the other (non-x) columns of the table.

Bl Row Operations

The following menu appears whenever you press (F3) (ROW) while the table menu
is on the display.

ROW
E3)( ) B [T [
E
(F1) (DEL) ....... Delete row
(F2 (INS) ........ Insert row

(3 (ADD)........ Add row

oTo delete a row

Example To delete Row 2 of the table generated on page 239

FB)(ROW)®
H 1 Y3
=3 g5 g
{I 1 u]
- 1 |
I!I -g 1] -
[GEC [T7= [Fo5
)
@ (DEL) H bl | '3
=3 g5 g
{-1 . ul
1] -g 1]
1 1 | -1
[GEL [TRE [FEE
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m Editing Tables and Drawing Graphs
oTo insert a row

Example To insert a new row between Rows 1 and 2 in the table generated

on page 239
F)(ROW) @
H Tl v3
-3 25 g
[‘ 1 ul
-1 1 I
1] -2 1] 2
[GEC [TH= [ADD
)
(F2(INS)
b hl | 3
-3 25 g
{l 1o u]
-2 1o u
-1 1 I 2
[DEL [IHS [AOD

oTo add a row

Example To add a new row below Row 7 in the table generated on page 239

B)(ROW) p i E|
(GIOGIIOIOIO) 1 -2 [
S
25 g =
[GELC [THE [RODC
E3)(ADD) b T v3
1 1 |J
2 1o y
3 25 g
25 g =
[OEL [THE [RODC
H Deleting a Table
1. Display the table you want to delete and then press (F2) (DEL).
DEL
(F2(DEL) e e
)

2. Press (F1) (YES) to delete the table or (NO) to abort the operation without
deleting anything.
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P.238

Editing Tables and Drawing Graphs m

B Graphing a Function
oTo specify the draw/non-draw status of a formula

There are two options for the draw/non-draw status of a function graph.

« For the selected function only
» Overlay the graphs for all functions

To specify the draw/non-draw status, use same procedure as that for specifying

table generation/non-generation status.

oTo graph only a selected function

Example  To graph y = 3x*>— 2, which is stored in memory area Y1,as a

connect type graph.

Use the following View Window parameters.

Xmin = 0 Ymin = -2
Xmax = 6 Ymax = 106
Xscale = 1 Yscale = 2
@ [ED(SEL) Tal-:nleEFuni: iy
(Specifies graph non-draw.) ﬁéiﬁh‘z
No highlighting ——
| ZEL [TTA THBL|
(Fe)(TABL) | |
EEEIDEL JROL) G-Con [G-FLT
(F5)
(F5)(G+CON)

(Specifies connect type graph.)
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m Editing Tables and Drawing Graphs

P.146

oTo graph all of the functions

Example  To use the values in the numeric table generated using the Table

Range and the View Window parameters from the previous ex-
ample to graph all functions stored in memory as plot type graphs.

heo o Y= ‘

| ZEL TYFE [T TF|B:L|

(F8)(TABL) | |
[EIERICEL JROLL F-con [E-FLT
[F8)(GPLT)

(Specifies plot type graph.)

« After you graph a function, you can press (GoT)or to return to the
function’s numeric table.

« After graphing a function, you can use the trace, zoom, sketch functions. For
details, see “8-6 Other Graph Functions”.
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P.8

Editing Tables and Drawing Graphs m

oTo graph a function using Dual Screen

Selecting “T+G” for the Dual Screen item of the set up screen makes it possible to
display both the graph and its numeric table of values.

Example  To graph y = 3x?— 2 in memory are Y1, displaying both the graph
and its table

Use the same View Window parameters as in the example on page

245.

B
@ @ E)(T+C)
(Specifies T+G for Dual Screen.) |

T+ [0FF

)
EXIT

| Eyme e

(Fg) (TABL) \ N

(Shows the table.) -
2 a

| 3 a5

y UE

1

[EIARICEL JROL, F-oon[E-FLT

(F8)(G-PLT) ) .
(Draws plot type graph.) . [ 1
I
a5

* Pressing (G - T) causes the graph on the left side of the Dual Screen to
fill the entire display. Note that you cannot use the sketch function while a graph
is displayed using (GoT).
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15-5 Copying a Table Column to a List

A simple operation lets you copy the contents of a numeric table column into a list.

oTo copy a table to a list

Example  To copy the contents of Column x into List 1

[oeTy) (1) (LIST) F2) (LMEM)

" | W3

25 g
- 1 y
-1 1 |

1} -2 1]

-3
Lizti [LiF 12 [Li5 13 [LiFtd [LiET5 [LiE i

* You can select any row of the column you want to copy.
Press the function key ((F1) to (Fg)) that corresponds the list you want to copy to.

(F1)(List1)
& _ W3
25 sl
-2 1o y
-1 1 I
0 -2 L
List JLMER Dim [ Fill | 5eq [IE
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Chapter

/

Recursion Table and Graph

You can input two formulas for any of the three following types of

recursion, which you can then use to generate a table and draw

graphs.

» General term of sequence {a.}, made up of a. and n

» Formulas for linear recursion between two terms, made up of a1,
an, and n

» Formulas for linear recursion between three terms, made up of
Qne2, Anst, dn, @Nd 1

16-1 Before Using the Recursion Table and Graph Function
16-2 Inputting a Recursion Formula and Generating a Table
16-3 Editing Tables and Drawing Graphs



16-1

Before Using the Recursion Table and
Graph Function

oTo enter the RECUR Mode

On the Main Menu, select the RECUR icon and enter the RECUR Mode. This causes
the Recursion Menu to appear.

Eecursion

Selected storage area
Press @ and ® to move.

[0 EL JTFEJH.in JRAHGI TN
E E

« All recursion formulas that are stored in memory appear in the Recursion Menu.

(F1) (SEL)........ Menu for control of table generation
DEL) ....... Recursion formula delete

oTo specify the recursion formula type

Before inputting a recursion formula, you must first specify its type.

1. In the Recursion Menu, press (TYPE).

E)(TYPE) Select Twre

Elian=An+E
FZ: an+1=Han+Br+C
F3ian+a=Han+1+Ban+t- -

[n [Erer [Ene
6 P B/

« In this display, “a» = An + B” is the general term (a» = A x n + B) of {ax}.
General term of sequence {ax}
Linear recursion between two terms

Linear recursion between three terms

2. Press the function key for the recursion formula type you want to set.

250



16-2

Inputting a Recursion Formula and
Generating a Table

P.258

Example 1 To inputa:+1 = 2a. + 1 and generate a table of values as the

value of n change from 1 to 6

Make a1 = 1.

1. Specify the recursion formula type as linear recursion between two terms and
then input the formula.

2 F (n, an...) Recursion |
()@ @ an+i=Zan+l
I ETN
(@)

2. Press and then press (F5 (RANG) to display the table range setting screen.

[Ex) (F5) (RANG) |Tal:n1e- Fahse nt+l |
== r=r |
& F
(F1) (ao) .eovenee.. Value for ao (bo)
(2 (a1) o Value for a1 (b1)

The table range settings specify the conditions that control the value of variablen in
the recursion formula, and the initial term of the numeric value table. You should also
specify a starting point for the pointer when drawing a convergence/divergence graph
(WEB graph) for a formula for linear recursion between two terms.

Starting value of variable n

Ending value of variable n

Value of 0th term ao/bo (a1, b1 .... Value of 1st term ai/b1)
Pointer starting point for convergence/divergence graph (WEB
graph)

» The value of variable n increments by 1.

3. Specify the range of the table.

F2(a1) TEEIEL_R?HEIE n+l
NEEEDEE End i
a1 H |
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P.9

4. Display the table of the recursion formula. At this time, a menu of table functions
appears at the bottom of the screen.

[F&)(TABL) .
1
Currently selected cell (up to six digits) —— E al
3 1
u 15 |
I DEL LJEE -CiH E-PLT:I

Value in currently highlighted cell

« Displayed cell values show positive integers up to six digits, and negative inte-
gers up to five digits (one digit used for negative sign). Exponential display can
use up to three significant digits.

* You can see the entire value assigned to a cell by using the cursor keys to move
the highlighting to the cell whose value you want to view.

* You can also display the sums of the terms
(Zan or =hs) by turning on X Display. =Dl "“—“I E"“—“I
2 E] ll]
3 1 1
y 15 26 .
FORH [0 WEE HI [HINF

Example 2 To input a2 = a1 + a« (Fibonacci series) and generate a table
of values as the value of n change from 1 to 6
Make a1 =1 and a2 = 1.

1. Specify the recursion formula type as linear recursion between three terms and
then input the formula.

([F3)(TYPE) [E3) (an2) FEecursion
F3(n, an...) A+ E=an+ 1 +ano
@ (an+1) @ (an)

I =TI T T T

B

2. Press and then press (F5 (RANG) to display the table range setting screen.

[ (F5) (RANG) |Table Rahge h+Z2 |
| =ersr |
F @
(F1) (ao) eoeenee Value for ao (bo) and a1 (b1)
(CAR) R Value for a1 (b1) and az (b2)
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Inputting a Recursion Formula and Generating a Table m

The table range settings specify the conditions that control the value of variable n in
the recursion formula, and the initial term of the numeric value table.

Start....cceeeenee. Starting value of variable n
End ..o Ending value of variable n
ao, at, az.......... Values of Oth term ao/bo, 1st term ai/b1, and 2nd term az/bs.

» The value of variable n increments by 1.

3. Specify the range of the table.

F(a1) TEEIELB?nEE n+2
NEEEDED®E End e

EYRR

ag i1

4. Display the table of the recursion formula. At this time, a menu of table functions
appears at the bottom of the screen.

(F9(TABL)
N+l dn+x
1
Currently selected cell (up to six digits) — E |l
3 a
y 3 i
[Fakr F-con [E-FLT

| =

Value in currently highlighted cell

» There can be only one recursion table stored in memory at one time.

» Except for linear expression n, any of the following can be input for general
term {ax} to generate a table: exponential expressions (such as a» = 2" — 1),
fractional expressions (such as a» = (n + 1)/n), irrational expressions (such as
an=\n—-+n—1"), trigonometric expressions (such as a» = sin 2nm).

« Note the following points when specifying a table range.

« If a negative value is specified as a start or end value, the calculator drops
the negative sign. If a decimal value or fraction is specified, the unit uses
only the integer part of the value.

« If the value of ao/bo (or ai/b1) is greater than the start value, the calculator
makes the starting value of variable x the same as the value of ad/bo (or ai/
b1) before generating the table.

- If the start value is greater than the end value, the calculator swaps the two
values before generating the table.

« If the start value is the same as the end value, the calculator generates a
table using the start value of variable x only.

« If the start value is very large, it may take a long time to generate a table for
linear recursion between two terms and linear recursion between three terms.
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m Inputting a Recursion Formula and Generating a Table

» Changing the angle unit setting while a table generated from a trigonometric
expression is on the display does not cause the displayed values to change. To
cause the values in the table to be updated using the new setting, display the
table, press ([F1) (FORM), change the angle unit setting, and then press
(TABL).

oTo specify the generation/non-generation status of a formula

Example To specify generation of a table for recursion formula a.+1 = 2a.+1
while there are two formulas stored

@ (F)(SEL) Fecursion
(Specifies non-generation status.) sntillandtl
Unhighlights this formula
(TABL)
[T Ansa
(Generates table.) |
2 3
3 1]
y 15 |
EEi0EL [WEE G-con[G-FLT

» To change the status of a recursion formula from non-generation to generation,
select the formula and press (F1) (SEL).

oTo change the contents of a recursion formula

Changing the contents of a recursion formula causes the values in the table to be
updated using the current table range settings.

Example To change ax+1 = 2ax+1 t0 an+1 = 2an—3

® Fecursion |
(Displays the cursor.) an+1Bzan=3

eeEEHE [EEMIOEL JTYREJ 4] RAH G REN

(Changes the formula contents.)

(TABL)

ntl An+

LA

1
EEEIDEL LEE F-CoH[3FLT
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oTo delete a recursion formula

1. Display the Recursion Menu and then use @ and @ to highlight the formula
you want to delete.

2. Press (F2) (DEL).

[FEs e
ED

3. Press (F1) (YES) to delete the formula or (NO) to abort the operation without
deleting anything.
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16-3 Editing Tables and Drawing Graphs

P.259
P.146
P.146

You get a choice of four options for editing tables and drawing graphs.

« Deletion of a recursion formula table

» Drawing of a connect type graph

» Drawing of a plot type graph

« Drawing of a graph and analysis of convergence/dievergence (WEB)

You can access these options from the function menu that appears at the bottom of
the screen whenever a table is displayed.

FETIZIOEL J WEE B-CoH [G-FLT
3] (9

(FORM) .... Returns to Recursion Menu.

(DEL) ....... Table delete

[F4 (WEB) ...... Draws convergence/divergence graph (WEB graph).
(G+CON) .. Draws connected type recursion graph.

(GPLT) .... Draws plot type recursion graph.

» The WEB item ([F4)) is available only when a table generated using a formula for
linear recursion between two terms (a»+1 =, bus1 =) is on the display.

oTo delete a recursion table

1. Display the recursion table you want to delete and then press (F2) (DEL).

[FES L
E

2. Press (F1) (YES) to delete the table or (NO) to abort the operation without
deleting anything.
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Editing Tables and Drawing Graphs m

B Before Drawing a Graph for a Recursion Formula

You must first specify the following.
» Draw/non-draw status of for the recursion formula
» The type of data to be plotted
To specify the draw/non-draw status, display the Recursion Menu and then press

D (SEL).

oTo specify the draw/non-draw status of a formula

There are two options for the draw/non-draw status of a recursion formula graph.
» Draw the graph for the selected recursion formula only
« Overly the graphs for both recursion formulas

To specify the draw/non-draw status, use same procedure as that for specifying
generation/non-generation status.

oTo specify the type of data to be plotted (~ Display: On)

You can specify one of two types of data for plotting.
* an» on the vertical axis, n on the horizontal axis
* >a» on the vertical axis, n on the horizontal axis

In the function menu that appears while a table is on the display, press (5 (G*CON)
or (G+PLT) to display the Plot Data Menu.

an_ SELECT TYPE [Zan

E
F) (an) .oeeene.. an on the vertical axis, n on the horizontal axis
(Zan) ... >an on the vertical axis, n on the horizontal axis

Example 1 Draw a graph of a.«1 = 2a» + 1 with a. on the vertical axis and n
on the horizontal axis, and with the points connected.

Set the following parameters in the View Window.

Xmin = 0 Ymin = 0
Xmax = 6 Ymax =65
Xscale = 1 Yscale = 5

(F8) (TABL) [£3) (G-CON)

[Ern SELECT TYFPE [E3n
(Selects connected type.)

ED
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m Editing Tables and Drawing Graphs

E1) (an)

(Draws graph with a. on the vertical
axis.)

Example 2 Draw a graph of a1 = 2a» + 1 with Za. on the vertical axis and n
on the horizontal axis, and with the points unconnected.

Use the same View Window parameters as those provided in Exam-
ple 1.

(TABL) [F6)(G+PLT)

an  SELECT TYPE [Zan
(Selects plot type.)

(Fe)(Zan)
(Draws graph with Za. on the vertical
axis.)

« To input a different recursion formula after a graph is drawn, press (@m. This
displays the Recursion Menu where you can input a new formula.

B Drawing a Convergence/Divergence Graph (WEB graph)

With this feature, you can draw a graph of a.+1 = f(a») where a1 and a» are the terms
of linear recursion between two terms, substituted respectively for y and x in the
function y = f(x). The resulting graph can then be viewed to determine whether or not
the graph is convergent or divergent.

W To determine whether or not the recursion formula a1 = -3a.? +
3ax is convergent or divergent.
Use the following table range.
Start = 0 End =6

0.01 a, Str = 0.01

0.11 b, Str = 0.11

ao
bo

Use the following View Window parameters.

Xmin = 0 Ymin = 0
Xmax = 1 Ymax = 1
Xscale = 1 Yscale = 1
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Editing Tables and Drawing Graphs m

This example assumes that the following two recursion formulas are already stored
in memory.

Eacursiohn
H+1 =k,
SEL (AN [T [FET [TTA [TAEL

1. Press (TABL) to generate a table.

(TABL)

2. Press (WEB) to draw the graph.

o ‘%

3. Press (&g, and the pointer appears at the pointer start point (a.Str = 0.01).

EXE] an+i=-Iani+3an

w=0.01 v=0

» The Y value for the pointer start point is always 0.

4. Each press of draws web-like lines on the display.

&,

an+1=-Ian+3Ian

w=0.236938U4TT_ Y¥=0. 2365384UT1

=
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an+i1=—3ang+3an

#=0. 60435373715 Y¥=0. 717133085224

This graph indicates that recursion formula as1 = —3a«? + 3ax is convergent.

Example 2 To determine whether or not the recursion formula bu.1 =
3b. + 0.2 is convergent or divergent.

Use the following table range.
Start = 0 End =6
bo = 0.02 bn Str = 0.02

Use the View Window parameters from Example 1.

Recursion
an+1E—SanE+San

SEL (AW il [FERF [TTIP [TREL

1. Press (TABL) (WEB) to draw the graph.

(F8)(TABL)
ED(WEB) %

2. Press (&g and then either @ or ® to make the pointer appear at the pointer
start point (b»Str = 0.02).

%=0.03

» The Y value for the pointer start point is always 0.
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Editing Tables and Drawing Graphs m
3. Each press of draws web-like lines on the display.

=,

b+ 1=Fbn+E. 2

n=0.26 ¥=0. 26

e,

b+ 1 =3bntE. 2 +

w=0.98 ¥=0. 98

This graph indicates that recursion formula bu.1 = 3bs + 0.2 is divergent.

« Inputting b. or n for the expression a1, or Inputting a» or n for the expression b1
for linear recursion between two terms causes an error.

oTo draw a recursion formula graph using Dual Screen

Selecting “T+G” for the Dual Screen item of the Set Up Screen makes it possible to
display both the graph and its numerical table of values.

Example To draw the graph of a..1 = 2a.» + 1 from Example 1, displaying
both the graph and its table

@ @ @ [E)(T+G)
(Specifies T+G for Dual Screen.) I
ED

[F8)(TABL)
(Draws the graph and shows the table.)

(GePLT)
(Draws plot type graph.)

* Pressing (G - T) causes the graph on the left side of the Dual Screen to
fill the entire display. Note that you cannot use the sketch function while a graph
is displayed using (GoT).
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Chapter

List Function

Alistis a kind of container that you can use to store multiple data items.
This calculator lets you store up to six lists in a single file, and you
can store up to six files in memory. Stored lists can be used in
arithmetic, statistical, and matrix calculations, and for graphing.

Element number Display range Cell Column
I | '
[ List 1 List 2 List 3 List 4 List 5 List 6 —— List name
1 56 1 107 { 35 4 0
2 37 2 75 6 0 0
3 21 4 122 241 0 0
4 69 8 87 4.4 2 0
5 40 16 298 3 0 0
6 48 32 48 6.8 3 0
7 93 64 338 2 9 O | Row
8 30 128 49 8.7 0 0

17-1 List Operations

17-2 Editing and Rearranging Lists

17-3 Manipulating List Data

17-4 Arithmetic Calculations Using Lists
17-5 Switching Between List Files



List Data Linking

Operation

List internal operations

List I|List @ List U
1 3 B
a 4 1
3 H [
1]
H .
List 2
M [Dim[Fill | 59 [

| B9

List 4

nmowm—

=
LM Dim]Fill [ Se3 (G

List operation

Example:

List 1 + List 2
{1,2,3} +{4,5, 6}
List1+3

/

List graphing

Y1=List 1X

Graph

From a graph to a list
[Table data generated by j

GRAPH TO TABLE to a list

LIST

Memory transfer

List+MatiList 1.List
Z.List

Arzs 1 H 3
- e S E]
E| 3 B ]
1
Matrix

264

Generating a table
defining a list as th
variable.

Memory transfer
Mat+List{Mal A1

o o
~<

Example: To send column 1
of Mat Ato a list

Copying the column of a
specific table to a specific list.

Y1=3K
[ Al
| IE
2 ]
U 12 .
EEOEL JROL) Fi-CoH [G-FLT

OPTN

FED(LIST)
2 (LMEM)

(List4)

Inside list

Table




17-1

List Operations

Select the LIST icon in the Main Menu and enter the LIST Mode to input data into a

list and to manipulate list data.

oTo input values one-by-one

Use @ and ® to move between lists, and @ and (® to move between cells

inside of a list.

The screen automatically scrolls when the cursor is located at the edge of the screen.

ZRT-A [SRT0 [OEL [HEP[IRE

« (®» does not move the cursor to a cell that does not contain a value.
For our example, we will start by locating the cursor in Cell 1 of List 1.

1. Input a value and press [exg to store it in the list.

@&

Lizt I)Lizt 2List I/ List U

n oW —-

ZRkT-A [RT-0 [DEL [[HEP[IRE

JList I List BJList A[List u

sRT-A [ZRT0 [DEC [HEP[IRE

2. The cursor automatically moves down to the next cell for input.

» Note that you can also use the result of an expression as list input. The next
operation shows how to input the value 4 in the second row and then input the

result of 2 + 3 in the next row.

@ @B RE

|List I[List 2[List A|List 4
3
y
5

]
5
ZRT-A [SRT0 [OEL [HEP[IRE

=W -
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List Operations

oTo batch input a series of values

1. Use @ to move the cursor to the list name.

@@O@® ListaListaListu|
I 3 | | |

2. Use @ or ® to move the cursor to another list.

® [Lizt || EEEELList a[List U]
il ]l I ]

3. Press (A, and then input the values you want, pressing (2] between each
one. Press after inputting the final value.

G CJ (6] ) (@ ) (8) (o (3] [List I|WEZEEIList a[List U

1 3

2 y
3 5
u
5

1B T28%

RTA [SRT0 [OEL (AR [TRE

4. Press to store all of the values in your list.

EXE] JLigt IList BList F|List U]
3 d

oW —-
wn

ZRTA [ZRT0 [OEC [HEP[IRE

* Remember that a comma separates values, so you should not input a comma
after the final value of the set you are inputting.

Right: {34, 53, 78}
Wrong: {34, 53, 78,}

You can also use list names inside of a mathematical expression to input values into
another cell. The following example shows how to add the values in each row in List
1 and List 2, and input the result into List 3.

1. Use @, ®, @, and @ to move the cursor to the name of the list where you
want the calculation results to be input.

@® | List I|List & Lizt U |
I
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2. Press and input the expression.

ED(LIST) ED(List) (D
E)(List) (2]

EXIT

EXIT

List Operations

3

L=
Lizt JLam]DinfFill ] Seq g

List ILixt 2JList JIList U

ZRkT-A [RT-0 [DEL [[HEP[IRE
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17-2 Editing and Rearranging Lists

B Editing List Values

oTo change a cell value

Use @ or ® to move the cursor to the cell whose value you want to change. Input
the new value and press [x§ to replace the old data with the new one.

oTo delete a cell
1. Use @, ®, @, or ® to move the cursor to the cell you want to delete.

OX0IG) [Lizt I|Lizt 2| Lizt 3| Lisk U
1 3 B g
2| I 1 1
3 5 8 13
y
5

sKT-A [ZRT0 [DEL [HEP[INE

2. Press (F3) (DEL) to delete the selected cell and cause everything below it to be

shifted up.
[F3)(DEL) [Lizt 1| Lizt 3Lzt A[List U
| 3 B g
2| IE 1 1
3 B 13
y
5
5ETA [FRT0 [DEL [[HEP[IHE
* Note that the above cell delete operation does not affect cells in other lists. If
the data in the list whose cell you delete is somehow related to the data in
neighboring lists, deleting a cell can cause related values to become misaligned.

oTo delete all cells in a list

1. Use @, ®, @ or ® to move the cursor to the name of the list whose cells
you want to delete.

SICICIC)

nCwu—

ZRT-A [SRT0 [OEL [HEP[IRE

268



Editing and Rearranging Lists

2. Press (DEL-A). The function menu changes to confirm whether you really
want to delete all the cells in the list.

F8)(DEL-A)

[FEs G
ED

3. Press (F1) (YES) to delete all the cells in the selected list or (NO) to abort the
delete operation without deleting anything.

(FI(YES)

®To insert a new cell

Use @, ®, @, or @ to move the cursor to the location where you want to insert

the new cell. In this example, we will reinsert a cell containing the value 4, which we

deleted above.

1. Press (F§ (INS) to insert a new cell, which contains a value of 0, causing every-
thing below it to be shifted down.

@ @ @ [FI(INS) [Lizt 1| Lizt aList 3[List 4
-
3 5 g

=kT-A [RkT-0 [DEL AR [IHE
9

2. Input the value you want into the new cell (4 in our example) and press (Exg.

(@) [ [Lizt 1| List BlList A List U
I 3 B
2 y 1
el 5 8
u
5

ZRTA [ZRT0 [OEC [HEP[IRE

data in the list where you insert a cell is somehow related to the data in

I » Note that the above cell insert operation does not affect cells in other lists. If the
neighboring lists, inserting a cell can cause related values to become misaligned.
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B Sorting List Values

You can sort lists into either ascending order or descending order. The current cur-
sor location does not matter in the following procedures.

oTo sort a single list

Ascending order
1. While the lists are on the screen, press [F1) (SRT-A).

(F1)(SRT-A) |List || WEREE|List 3| List 4
3 g

5
4 1

T
=In cwn—

"How Many ListsFiH)

2. The prompt “How Many Lists? (H)” appears to ask how many lists you want to
sort. Here we will input 1 to indicate we want to sort only one list.

(EB]EE) L? _
Select ListiL)

3. Inresponse to the “Select List (L)” prompt, input the number of the list you want to
sort. Here we will input 2 to specify sorting of List 2.

A [Lizt ||WESEE|List a[List U
| 3 5
2 5 1
3 y g
u
5

The values in List 2 are sorted into ascending order.

Descending order

Use the same procedure as that for the ascending order sort. The only difference is
that you should press ([F2) (SRT-D) in place of (Fi) (SRT-A).

oTo sort multiple lists

You can link multiple lists together for a sort so that all of their cells are rearranged in
accordance with the sorting of a base list. The base list is sorted into either ascend-
ing order or descending order, while the cells of the linked lists are arranged so that
the relative relationship of all the rows is maintained.
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Ascending order
1. While the lists are on the screen, press (F1) (SRT-A).

(F1)(SRT-A) |List ||[WEEEE|List 3| List U
3 g
5 5

y 1

T
Jin oW —

“How Many Lists7H)

. The prompt “How Many Lists? (H)” appears to ask how many lists you want to
sort. Here we will sort one base list linked to one other list, so we should input 2.

@ &g BY _
Select Baze ListiE)

. In response to the “Select Base List (B)” prompt, input the number of the list you
want to sort into ascending order. Here we will specify List 1.

EB]CE) L?

Zelect Second ListiL)

. In response to the “Select Second List (L)” prompt, input the number of the list
you want to link to the base list. Here we will specify List 2.

2) g |List || WEEE|Lizt 3| List 4
1 3 [}
] u g
3 5 5
U
5

The values in List 1 are sorted into ascending order, and the cells of List 2 are also
rearranged to keep the same relationship with the List 1 cells.

Descending order

Use the same procedure as that for the ascending order sort. The only difference is
that you should press [F2) (SRT-D) in place of (F1) (SRT-A).

* You can sort up to six lists at one time.
« If you specify a list more than once for a single sort operation, an error occurs.

An error also occurs if lists specified for sorting do not have the same number of
values (rows).
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17-3 Manipulating List Data

List data can be used in arithmetic and function calculations. There is also a collec-
tion of powerful list data manipulation functions that let you do the following.

» Count the number values (Dim)

» Replace all cell values with the same value (Fill)

» Generate a sequence of numbers (Seq)

« Find the minimum value in a list (Min)

* Find the maximum value in a list (Max)

» Find which of two lists contains the smallest value (Min)

« Find which of two lists contains the greatest value (Max)

« Calculate the mean of list values (Mean)

« Calculate the mean of values of specified frequency (Mean)
« Calculate the median of values in a list (Med)

« Calculate the median of values of specified frequency (Med)
« Calculate the sum of values in a list (Sum)

» Calculate the sum of products (Prod)

« Calculate cumulative frequency of each value (Cuml)

« Calculate the percentage represented by each value (%)

« Transfer list contents to Matrix Answer Memory (List » Mat)

You use list data manipulation functions in the RUN, STAT, MAT, LIST, TABLE,
EQUA and PRGM Modes.

B Accessing the List Data Manipulation Function Menu

All of the following examples are performed after entering the RUN Mode.

Press and then (F1) (LIST). This menu has three pages and you can advance to
the next page by pressing (>).

Note that all closing parentheses at the end of the following operations can be omitted.

oTo count the number of values (Dim)
(F1)(LIST) (F3)(Dim) (F1) (List) <list number 1-6> [exg

» The number of cells that contain data in a list is called its “dimension.”

Example To enter the RUN Mode and count the number of values in List 1
(36, 16, 58, 46, 56)

(A9 @™ (FD) (LIST)(F3)(Dim) Dim List 1
E(Lish @ g
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oTo replace all cell values with the same value (Fill)
(F1) (LIST) (Fill) <value> (3] (F1) (List) <list number 1-6> Exg

Example  To replace all values in List 1 (36, 16, 58, 46, 56) with 3

(A9 e ED (LIST) FA (Fill) Filli3.List 1
@) G E(Lish (D O B

Lore

The following shows the new contents of List 1.

Lizt I List B[List |List U

1

g 3
3 3
| 3
5 3

=kT-A [RkT-0 [DEL AR [IHE

oTo generate a sequence of numbers (Seq)

(LIST) (F5) (Seq) <expression> (3] <variable name> (3] <start
value> (2] <end value> (3] <pitch>

» The result of this operation is also stored in ListAns Memory.

Example  To input the number sequence 12, 62, 112 into a list

Use the following settings.
Variable: x

Starting value: 1

Ending value: 11

Pitch: 5
(ad em (F) (LIST) (E8) (Seq) (k6D |5e=|-:>¢a,>¢,1, 11-50
@EEOOO0OOO0EO
EXE] Hr'|5

1
2 as]
il
1
Specifying an ending value of 12, 13, 14, or 15 produces the same result as shown
above, because all of them are less than the value produced by the next increment

(16).
The resulting sequence is input into ListAns Memory.
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oTo find the minimum value in a list (Min)

(F1) (LIST) (™) (F) (Min) (>) (>) [F1) (List) <list number
1-6> Eg

Example  To find the minimum value in List 1 (36, 16, 58, 46, 56)

(A9 (e (FD) (LIST) (Fe) (&) (D) (Min) |Mir'|l:Lis1; ]

8 (>) 68 () ) (Lish) (D 0) B8 1&

oTo find the maximum value in a list (Max)

Use the same procedure as when finding the minimum value (Min), except press
[F2) (Max) in place of [F1) (Min).

oTo find which of two lists contains the smallest value (Min)

F) (LIST) Fg (>) [F) (Min) F8) (>)F8) (>) FD (List) <list number
1-6> (o] (F1) (List) <list number 1-6> Exg

» The two lists must contain the same number of values. If they don’t, an error (Dim
ERROR) occurs.

» The result of this operation is also stored in ListAns Memory.

Example  To find whether List 1 (75, 16, 98, 46, 56) or List 2 (36, 89, 58, 72,
67) contains the smallest value

(ory) (E1) (LIST) (F8) (™) (ED (Min) MimtLisL 1:LisL =27
E8)(>)E8(>) ED(List) (D (2D
ED(List) 2 )
() Ans .
Ul
3 H:]
y 111
5 5B

36

oTo find which of two lists contains the greatest value (Max)

Use the same procedure as that for the smallest value, except press (F2) (Max) in
place of ([F1 (Min).

» The two lists must contain the same number of values. If they don't, an error (Dim
ERROR) occurs.

oTo calculate the mean of list values (Mean)

(F1) (LIST) (>) (Mean) ©) ©) (List) <list number 1-6>
e
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Example To calculate the mean of values in List 1 (36, 16, 58, 46, 56)

(ad e (F1) (LIST) (Fe) (™) F3) (Mean) |HeanliLiS1; 17

F)(>) () E (Lish) (D 0D 68 42.4]

oTo calculate the mean of values of specified frequency (Mean)

This procedure uses two lists: one that contains values and one that contains the
number of occurrences of each value. The frequency of the data in Cell 1 of the first
list is indicated by the value in Cell 1 of the second list, etc.

» The two lists must contain the same number of values. If they don't, an error (Dim
ERROR) occurs.

(LIST) () (F3) (Mean) () (>) (F1) (List) <list number
1-6(data)> (3] (F1) (List) <list number 1-6 (frequency)> Exg

Example To calculate the mean of values in List 1 (36, 16, 58, 46, 56), whose
frequency is indicated by List 2 (75, 89, 98, 72, 67)

ED (LIST)E8(>) [F3) (Mean) |Hean-:LisL
F8)(>) Ee)(>) ED(List) (D D
ED(List) (2

oTo calculate the median of values in a list (Median)

(F1) (LIST) (™) (Med) (™) (>) (F1) (List) <list number 1-6>
GT

Example  To calculate the median of values in List 1 (36, 16, 58, 46, 56)

(A9 (e (F1) (LIST) (Fe) (™) (F4) (Med) |Mediah(Li5L 12

Fe(>)Fe)(>)F)(List D I &9 45|

oTo calculate the median of values of specified frequency (Median)

This procedure uses two lists: one that contains values and one that contains the
number of occurrences of each value. The frequency of the data in Cell 1 of the first
list is indicated by the value in Cell 1 of the second list, etc.

* The two lists must contain the same number of values. If they don't, an error (Dim
ERROR) occurs.

F) (LIST) F8) (>) Fa) (Med) [F8) (=) [F8) () [ (List) <list number
1-6 (data)> (3] (F1) (List) <list number 1-6 (frequency)>

275



Manipulating List Data

Example To calculate the median of values in List 1 (36, 16, 58, 46, 56),
whose frequency is indicated by List 2 (75, 89, 98, 72, 67)

(A9 (e (FD) (LIST) Fe) (™) (F4) (Med) MediamtlLisl 1-.LisL 27
F8)(>) E8) () ED (List) (D ) 4
ED(List)(2) O) &

oTo calculate the sum of values in a list (Sum)
ED (LIST) [F8) ) E8) () [F) (Sum) F8) () [F1) (List) <list number 1-6> B

Example  To calculate the sum of values in List 1 (36, 16, 58, 46, 56)

£S B ED (LIST) 69 (>) B9 () ETEEa:
ED(Sum) 69 (>) ED (List) (D 68

212|

oTo calculate the sum of products (Prod)

(LIST) (>) (>) (F2 (Prod) (>) [F1) (List) <list number
1-6>

Example To calculate the sum of products for the values in List 1 (2, 3, 6, 5, 4)

(ad e (F) (LIST) (Fe) (™) (Fe) (™) |Pmd List 1

3 (Prod) £8(>) ED (Lis) (D) 62 20|

oTo calculate the cumulative frequency of each value (Cuml)

(F1) (LIST) (>) (™) (F3) (Cuml) (>) (F1) (List) <list number
1-6>

Example To calculate the cumulative frequency of each value in List 1
(2,3,6,5,4)

The result is displayed in ListAns Memory.

(ad ) ) (LIST) Ee) (>) Ee) () Cuml List 1
(F3)(Cuml) Fe) (™) (F1) (List) (1
EXE] Ars
1 3

243 —0 1 5

2+3+6= ——————————p 3 1

2+3+6+5= — | 1B

2+3+6+5+4= ————p 5 20 5
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oTo calculate the percentage represented by each value (%)

FD (LIST) 8 (=) 8 (=) F3) (%) 8 (=) [ (List) <list number
1-6> (B

» The above operation calculates what percentage of the list total is represented
by each value.

Example To calculate the percentage represented by each value in List 1
(2,3,6,5,4)

The result is displayed in ListAns Memory.

(ad em (F) (LIST) (Fe) (™) (Fe) (™) |Per*c,er'|t List 1
(F3) (%) E8)(>) ED (List) (D

EE) Ans
2/(2+3+6+5+4) x 100 = — g | .
3/(2+3+6+5+4) x 100 = ——p 2 15
6/(2+3+6+5+4) x 100 = — 3 an
5/(2+3+6+5+4) x 100 = —~ U 25
4/(2+3+6+5+4) x 100 = ——p § 20 18

oTo transfer list contents to Matrix Answer Memory (List — Mat)

FD)(LIST) [F2 (L — M) F) (List) <list number 1-6> (3] [F1) (List) <list
number 1-6> Exg

* You can input the following as many times as necessary to specify more than one
list in the above operation.

(3] <list number 1-6>

Example To transfer the contents of List 1 (2, 3, 6, 5, 4) and List 2 (11, 12,
13, 14, 15) to Matrix Answer Memory

(ad) (or) (FD(LIST) F2)(L — M) L%st-}h‘latﬂList I.Li=t
ED(List) 1D I ED (List) (2)
EXE] Ans___1L_ 2
| 1
2 3 12
3 B 13
U g u
5 u 15
2
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17-4 Arithmetic Calculations Using Lists

You can perform arithmetic calculations using two lists or one list and a numeric
value.

ListAns Memory

List E||: List :| Calculation results are

Numeric Value stored in ListAns Memory.

List
Numeric Value

B Error Messages

« A calculation involving two lists performs the operation between corresponding
cells. Because of this, a Dim ERROR occurs if the two lists do not have the same
number of values (which means they have different “dimensions”).

» An Ma ERROR occurs whenever an operation involving any two cells generates
a mathematical error.

B Inputting a List into a Calculation
There are two methods you can use to input a list into a calculation.
oTo input a specific list by name
Example To input List 6
1. Press to display the first Operation Menu.
« This is the function key menu that appears in the RUN Mode when you press

(R

OPTN

T

2. Press [F1) (LIST) to display the List Data Manipulation Menu.

FD(LIST)

Lizt JL+tffCim|Fill | Seq |3

ED

3. Press (F1) (List) to display the “List” command and input the number of the list you
want to specify.
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Arithmetic Calculations Using Lists

oTo directly input a list of values

You can also directly input a list of values using ((J, (3], and (3].

Example 1 To input the list: 56, 82, 64

(@) (J56 (2182 (2164 [sir) (0] |{_5E-:82=E-4}_
41 6
Example 2 To multiply List 3 ( =| 65 ) by the list| 0
22 4
(em) EN(LIST) [E (List) (3] (X (e (] (6] (=) (@) (2 (@] (r) 0] @9
246
The resulting list| 0 |is stored in ListAns Memory.
88

oTo assign the contents of one list to another list

Use to assign the contents of one list to another list.
Example 1 To assign the contents of List 3 to List 1

E(LIST) FE)(List) B) =) ED (List) (D B9

In place of (F1) (List) (3] operation in the above procedure, you could input i) (1] (4]
O 6E6E @ E ).

Example 2 To assign the list in ListAns Memory to List 1

E(LIST) E(List) (E)(List) (D

oTo input a single list cell value into a calculation

You can extract the value in a specific cell of a list and use it in a calculation. Specify
the cell number by enclosing it between square brackets using the () and (3] keys.

Example  To calculate the sine of the value stored in Cell 3 of List 2

(sin) ) (E9) (LIST) E) (List) (2] () (O (3] (o) (1D (B8
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Arithmetic Calculations Using Lists

P.126

P.248

oTo input a value into a specific cell

You can input a value into a specific cell inside a list. When you do, the value that
was previously stored in the cell is replaced with the new value you input.

Example  To input the value 25 into cell 2 of List 3

2 B &) W E)(LIST) B (List) (3) ) (O (2) @) (3) B

B Recalling List Contents

Example To recall the contents of List 1

ED(LIST) ED(List) (D B9

» The above operation displays the contents of the list you specify and also stores
them in ListAns Memory. You can then use the ListAns Memory contents in a
calculation.

oTo use list contents in ListAns Memory in a calculation

Example  To multiply the list contents in ListAns Memory by 36

ED(LIST) [ED) (List) () (g (X] (3] (6]

« The operation (F1) (LIST) (F1) (List) recalls ListAns Memory contents.
« This operation replaces current ListAns Memory contents with the result of the
above calculation.

B Graphing a Function Using a List

When using the graphing functions of this calculator, you can input a function such
as Y1 = List1 X. If List 1 contains the values 1, 2, 3, this function will produces three
graphs: Y =X,Y=2X,Y =3X.

There are certain limitations on using lists with graphing functions.

B Inputting Scientific Calculations into a List

You can use the numeric table generation functions in the Table & Graph Menu to
input values that result from certain scientific function calculations into a list. To do
this, first generate a table and then use the list copy function to copy the values from
the table to the list.
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B Performing Scientific Function Calculations Using a List

Lists can be used just as numeric values are in scientific function calculations. When
the calculation produces a list as a result, the list is stored in ListAns Memory.

41
Example 1 To use List 3 |: 65 j|to perform sin (List 3)
22

Use radians as the angle unit.

(sin) (o) (1) (LIST) ED) (List) (3] g

-0.158
The resulting list |: 0.8268 :| is stored in ListAns Memory.
—-8E-3

In place of the (F1) (List) (3] operation in the above procedure, you could input

OOOEBEEEEEDC].

1 4
Example 2 To use List 1 |: 2 :|and List 2 |: 5 :|to perform List 14ist2
3 6

List1 A List2 @

This creates a list with the results of 14, 25, 38,

1
The resulting list |: 32 :|is stored in ListAns Memory.
729
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17-5 Switching Between List Files

You can store up to six lists (List 1 to List 6) in each file (File 1 to File 6). A simple
operation lets you switch between list files.

oTo switch between list files

In the Main Menu, select the LIST icon and enter the LIST Mode.
Press to display the LIST Mode set up screen.

3

) tEa
LizFrlaw tHorml

6 P B F3)

Press the function key ((F1) to (Fg)) to select the file you want.

Example To select File 3

(F3)(File3)
nale Ea
LisFrlax fHorml
Filel [Filea [Filed [Filed [Files [Files
EXIT

All subsequent list operations are applied to the lists contained in the file you select
(List File3 in the above example).
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Chapter

Statistical Graphs and
Calculations

This chapter describes how to input statistical data into lists, and
how to calculate the mean, maximum and other statistical values. It
also tells you how to perform regression calculations.

18-1 Before Performing Statistical Calculations
18-2 Paired-Variable Statistical Calculation Examples

18-3 Calculating and Graphing Single-Variable Statistical
Data

18-4 Calculating and Graphing Paired-Variable Statistical
Data

18-5 Other Graphing Functions
18-6 Performing Statistical Calculations

Important!

« This chapter contains a number of graph screen shots. In each case, new data
values were input in order to highlight the particular characteristics of the graph
being drawn. Note that when you try to draw a similar graph, the unit uses data
values that you have input using the List function. Because of this, the graphs
that appears on the screen when you perform a graphing operation will prob-
ably differ somewhat from those shown in this manual.




18-1

Before Performing Statistical Calculations

P.285
P.305

P.270
P.270
P.268
P.269
P.269

P.263

In the Main Menu, select the STAT icon to enter the STAT Mode and display the

statistical data lists.

Use the statistical data lists to input data and to perform statistical calculations.

Use @, @, @ and ® to move —
the highlighting around the lists.

) (GRPH) ....
3 (CALC).....

@
v

List |)Lixt 2JList IList U

GRFHACALE .
E E2

Graph menu
Statistical calculation menu
Next menu

| ZRTA [RT-0 [DEL (4R Iﬁ|T|
() ()

N
L)
n
o

.. Ascending sort
.. Descending sort

Single data item delete

.. Delete all data

Insert data item
Previous menu

» The procedures you should use for data editing are identical to those you use
with the list function. For details, see “17. List Function”.
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18-2 Paired-Variable Statistical Calculation
Examples

Once you input data, you can use it to produce a graph and check for tendencies.
You can also use a variety of different regression calculations to analyze the data.

Example To input the following two data groups and perform statistical
calculations

0.5, 1.2, 2.4, 4.0, 5.2
-2.1,0.3,1.5,2.0,2.4

B Inputting Data into Lists

Input the two groups of data into List 1 and List 2.

ulolalcololel:s: I
DOAREABEEODDE
®
CODE0EOEE
DORECEBEDAEE m- ,T

Lizt 3|Lizt U

Once data is input, you can use it for graphing and statistical calculations.
* Input values can be up to 10 digits long.

* You can use the @, @, @ and ® keys to move the highlighting to any cell in
the lists for data input.

B Plotting Data

Example To specify Graph 1 as non-draw (Off) and Graph 3 as draw (On)
and use Graph 3 to plot the data you input into statistical data
List 1 and List 2 above

While the statistical data list is on the display, press (F1) (GRPH) to display the graph

menu.
(F1)(GRPH) | _ _
GFAL [GFHE [GFAT S
)
(F) (GPH1)..... Graph 1 draw
(F2) (GPH2)..... Graph 2 draw
A ) (GPH3)..... Graph 3 draw
P.287 (SEL)........ Graph (GPH1, GPH2, GPH3) selection
P.288 (SET) ....... Graph settings (graph type, list assignments)
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P.287

* You can specify the graph draw/non-draw status, the graph type, and other gen-
eral settings for each of the graphs in the graph menu (GPH1, GPH2, GPHS3).

* You can press any function key ([F1),[F2), (F3)) to draw a graph regardless of the
current location of the highlighting in the statistical data list.

» The initial default graph type setting for all the graphs (Graph 1 through Graph 3)
is scatter diagram, but you can change to one of a number of other graph types.

B Plotting a Scatter Diagram

It is often difficult to spot the relationship between two sets of data (such as height
and shoe size) by simply looking at the numbers. Such relationships often become
clear however, when we plot the data on a graph, using one set as x-values and the
other set as y-values.

oTo plot a scatter diagram

Example To plot the data we input in statistical data List 1 and List 2

ED(GPH1) _ ;

= [Few e e g a5

» The default setting automatically uses List 1 data as x-axis values and List 2 data
as y-axis values. Each set of x/y data is a point on the scatter diagram.

- To return to the statistical data list, press or (aum) .

B Changing Graph Parameters

Use the following procedures to specify the graph draw/non-draw status, the graph
type, and other general settings for each of the graphs in the graph menu (GPH1,
GPH2, GPH3).
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1. Graph draw/non-draw status (SELECT)

The following procedure can be used to specify the draw (On)/non-draw (Off) status
of each of the graphs in the graph menu.

oTo specify the draw/non-draw status of a graph

1. While the graph menu is on the display, press (SEL) to display the graph On/
Off screen.

(F1)(GRPH) CLatGrarh E .Zl I .al,.,llil T
alLGrarF HET
(F4)(SEL) StatGrarhd  iDrawdff
Tn [OFF DRk
G
(F1) (On).......... Graph On (graph draw)
(Fa) (Off).......... Graph Off (graph non-draw)

(DRAW).... Draw all On graphs
» Note that the StatGraph1 setting is for Graph 1 (GPH1 of the graph menu),
StatGraph?2 is for Graph 2, and StatGraph3 is for Graph 3.
2. Use @ and & to move the highlighting to the graph whose draw (On)/non-draw
(Off) status you want to change and press (F1) (On) or (F2) (Off).

3. To return to the graph menu, press [EXT).

oTo draw a graph

Example To draw a scatter diagram of Graph 3 only

(F1)(GRPH) (F4)(SEL) StatiGrarhl  fDrawlif
Off StatGrarh?  iDrawdff
(F2)(Off) FER AT AETET P ST e T
@ @ [F)(On)
| On [OFF nﬁnw|
F2
(Fg)(DRAW) a

5 [ed e e [ [ 5
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2. General graph settings (SET)

This section describes how to use the general graph settings screen to make the
following settings for each graph (GPH1, GPH2, GPH3).

- Graph Type

The initial default graph type setting for all the graphs is scatter graph. You can select
one of a variety of other statistical graph types for each graph.

« List

The initial default is statistical data List 1 for single-variable data, and List 1 and List
2 for paired-variable data. You can specify which statistical data list you want to use
for x-data and y-data.

« Frequency

Normally, each data item or data pair in the statistical data list is represented on a
graph as a point. When you are working with a large number of data items however,
this can cause problems because of the number of plot points on the graph. When
this happens, you can specify a frequency list that contains values indicating the
number of instances (the frequency) of the data items in the corresponding cells of
the lists you are using for x-data and y-data. Once you do this, only one point is
plotted for the multiple data items, which makes the graph easier to read.

- Mark Type
This setting lets you specify the shape of the plot points on the graph.

oTo display the general graph settings (SET) screen

While the graph menu is on the display, press (SET) to display the general graph
settings screen.

FD(GRPH)
(F&)(SET) WList tListl

Fredauency il
Mark Trre io

[GFHL [GFHE [GFHE.

» The settings shown here are examples only. The settings on your general graph
settings screen may differ.

oTo select the StatGraph area

1. While the general graph settings screen is on the display, use @ and @ to
move the highlighting to the StatGraph item.

W

| GFAL [GFAZ [GFAS |

F1 B B
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2. Use the function key menu to select the StatGraph area you want to select.

(F1) (GPH1)..... Graph 1
(F2 (GPH2)..... Graph 2
(F3) (GPH3)..... Graph 3

oTo select the graph type (Graph Type)

1. While the general graph settings screen is on the display, use @ and @ to
move the highlighting to the Graph Type item.

[Eaees |

E E2

2. Use the function key menu to select the graph type you want to select.

(F1) (Scat) ....... Scatter diagram

(GANES) IR xy line graph
(=0 I Next menu
Ee(>)
[Hist [Eow [Bow MO [Erkn &
B ®@ &)
(F1) (Hist) ........ Histogram (bar graph)
(F2 (Box) ........ Med-box graph
(F3) (Box) -....... Mean-box graph
(NeDis) ..... Normal distribution curve
(F5) (Brkn) ....... Line graph
(2 [P Next menu
BE) | [T N e N X
FE 2
FD (X) e Linear regression graph
(F2 (Med) ....... Med-Med graph
(F3 (X12) ........ Quadratic regression graph
(XA3) e Cubic regression graph
(F5) (X*4) ........ Quartic regression graph
(0 I Next menu
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(™) [CoF [E=F [Fur [T
FE 2 B
(F) (Log) ........ Logarithmic regression graph
(F2) (Exp) ........ Exponential regression graph
(F3) (Pwr) ........ Power regression graph
(™>) e Previous menu

oTo select the x-axis data list (XList)

1. While the graph settings screen is on the display, use @ and & to move the
highlighting to the XList item.

| Liztd [LGiFta [Lista [t [GETs LiStE|

& 2 B FE B FE

2. Use the function key menu to select the name of the statistical data list whose
values you want on the x-axis of the graph.

FD (List1) ....... List 1
(List2) ....... List 2
(List3) ....... List 3

3 (Listd) ....... List 4

(List5) ....... List 5

(List6) ....... List 6

oTo select the y-axis data list (YList)
1. While the graph settings screen is on the display, use @ and & to move the
highlighting to the YList item.

FE P B 5]

2. Use the function key menu to select the name of the statistical data list whose
values you want on the y-axis of the graph.

ED (List1)........ List 1
D (List2) ....... List 2
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F3) (List3) ....... List 3
Listd) ....... List 4

(

(
5 (List5)........ List5
#8) (List6) ....... List 6

oTo select the frequency data list (Frequency)

1. While the general graph settings screen is on the display, use @ and @ to
move the highlighting to the Frequency item.

| FFequency H |

E )

2. Use the function key menu to select the frequency setting you want.
FD () oo Plot all data (1-to-1)
List1) ....... List 1 data is frequency data.
List2) ....... List 2 data is frequency data.
....... List 3 data is frequency data.
List4) ....... List 4 data is frequency data.

EEEEE

D>) e Next menu
>
E) Lizt5[LiztE EE
FE 2

(F1) (List5)....... List 5 data is frequency data.
(F2) (Listb) ....... List 6 data is frequency data.
(>) e Previous menu

oTo select the plot mark type (Mark Type)

1. While the general graph settings screen is on the display, use @ and @ to
move the highlighting to the Mark Type item.

e |
GICEE

2. Use the function key menu to select the plot mark you want to select.
0 ) IS Plot using []
(FA (X) e Plot using X

F3) (*) corrrne Plot using *
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m B Drawing an xy Line Graph

P.289 Paired data items can be used to plot a scatter diagram. A scatter diagram where the
(Graph Type) points are linked is an xy line graph.

(xy) _ /’_,——-

[ [Fea e fog a5

Press or to return to the statistical data list.

B Selecting the Regression Type

After you graph statistical data, you can use the function menu at the bottom of the
display to select from a variety of different types of regression.

[ [Hed g g fma [ o
F P2 B )
) (X) e Linear regression graph
(Fa (Med) ....... Med-Med graph
(F3) (X"2) ........ Quadratic regression graph
(X73) e Cubic regression graph
(F3) (X14) ........ Quartic regression graph
(B>) e Next menu
B [CaT [E=F [Fur [EUAF [T
F P2 B
(F1) (Log) ........ Logarithmic regression graph
(F2) (Exp) ........ Exponential regression graph
(F3) (Pwr) ........ Power regression graph
(2VAR) ..... Paired-variable statistical results
(=0 I Previous menu
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B Displaying Statistical Calculation Results

Whenever you perform a regression calculation, the regression formula parameter
(such as a and b in the linear regression y = ax + b) calculation results appear on the
display. You can use these to obtain statistical calculation results.

Regression parameters are calculated as soon as you press a function key to select
a regression type while a graph is on the display.

Example To display logarithmic regression parameter calculation results

while a scatter diagram is on the display

F8(>)([Fi)(Log) LosFes

g
r=H, 3
w»=z+b- lnx

[COFY [ORALI

B Graphing Statistical Calculation Results

You can use the parameter calculation result menu to graph the displayed regres-
sion formula.

[COFT [aRAt
€5 [

(F5) (COPY) .... Stores the displayed regression formula as a graph function
(DRAW).... Graphs the displayed regression formula

Example  To graph a logarithmic regression

While logarithmic regression parameter calculation results are on the display, press
(DRAW).

E9(DRAW) _ //_‘,_/—r

-fT/IWIWIWIWIT

For details on the meanings of function menu items at the bottom of the display, see
“Selecting the Regression Type”.
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18-3 Calculating and Graphing Single-Variable
Statistical Data

A

P.285

P.289
(Graph Type)
(Hist)

A

P.289
(Graph Type)
(Box)

A

P.289
(Graph Type)
(Box)

Single-variable data is data with only a single variable. If you are calculating the
average height of the members of a class for example, there is only one variable
(height).

Single-variable statistics include distribution and sum. The following five types of
graphs are available for single-variable statistics.

B Drawing a Histogram (Bar Graph)

From the statistical data list, press (F1) (GRPH) to display the graph menu, press
(SET), and then change the graph type of the graph you want to use (GPH1, GPH2,
GPH3) to histogram (bar graph).

Data should already be input in the statistical data list (see “Inputting Data into List”).
Draw the graph using the procedure described under “Plotting Data”.

Set Interwval

FiLch: H. []
[Fs) (DRAW) |_|_|

TRALE 1URF:

The display screen appears as shown above before the graph is drawn. At this
point, you can change the Start and pitch values.

B Med-box Graph (Med-Box)

This type of graph lets you see how a large number of data items are grouped within
specific ranges. A box encloses all the data in an area from the 25th percentile to the
75th percentile, with a line drawn at the 50th percentile. Lines (called whiskers)
extend from either end of the box up to the minimum and maximum of the data.
From the statistical data list, press [F1) (GRPH) to display the graph menu, press
(SET), and then change the graph type of the graph you want to use (GPH1, GPH2,
GPH3) to med-box graph.

B Mean-box Graph

This type of graph shows the distribution around the mean when there is a large
number of data items. A line is drawn at the point where the mean is located, and
then a box is drawn so that it extends below the mean up to the standard deviation
and above the mean up to the standard deviation. Lines (called whiskers) extend

from either end of the box up to the minimum and maximum of the data.
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From the statistical data list, press (F1) (GRPH) to display the graph menu, press
(SET), and then change the graph type of the graph you want to use (GPH1, GPH2,
GPH3) to mean-box graph.

Note : [ I i
I S

This function is not usually used in
the classrooms in U.S. Please use
Med-box Graph, instead.

1UAK

B Normal Distribution Curve

The normal distribution curve is graphed using the following normal distribution func-
tion.

1 (x=x)®

y = —¢ 2)60:»2
(2 ™M) x0.

The distribution of characteristics of items manufactured according to some fixed
standard (such as component length) fall within normal distribution. The more data
items there are, the closer the distribution is to normal distribution.

From the statistical data list, press (F1) (GRPH) to display the graph menu, press
(SET), and then change the graph type of the graph you want to use (GPH1, GPH2,
GPHB) to normal distribution.

1UAE

M Line Graph

A line graph is formed by plotting the data in one list against the frequency of each
data item in another list and connecting the points with straight lines.

Calling up the graph menu from the statistical data list, pressing (SET), changing
the settings to drawing of a line graph, and then drawing a graph creates a box
graph.

Sel Interwal
Fifchi A, O
[Fe) (DRAW)
TRAL T

The display screen appears as shown above before the graph is drawn. At this
point, you can change the Start and pitch values.

295



m Calculating and Graphing Single-Variable Statistical Data

B Displaying Single-Variable Statistical Results

Single-variable statistics can be expressed as both graphs and parameter values.
When these graphs are displayed, the menu at the bottom of the screen appears as
below.

(F) (1VAR) ..... Single-variable calculation result menu

Pressing (F1) (1VAR) displays the following screen.

(F)(1VAR) 1-Uarigble
¥ =3. 844397395
ax =
Zx2 =73
i =2. 14999394
xdm-l =2. 15439516
1] =245
TRAl

» Use @ to scroll the list so you can view the items that run off the bottom of the
screen.

The following describes the meaning of each of the parameters.

T e Mean of data

D2 NIRRT Sum of data

D20 Sum of squares

XON v Population standard deviation

XO1 v Sample standard deviation

T Number of data items

minX ..o, Minimum

(@ I First quartile

Med ... Median

Q3 e Third quartile

X—XOn ceveneaaes Data mean — Population standard deviation
X+XO0n cerennans Data mean + Population standard deviation
maxX ...cccceeennne Maximum

Mod ... Mode

* Press (DRAW) to return to the original single-variable statistical graph.
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A

P.289

(Graph Type)
(Scatter)
(GPH1)
X)

P.289

Under “Plotting a Scatter Diagram,” we displayed a scatter diagram and then per-
formed a logarithmic regression calculation. Let’s use the same procedure to look at
the six regression functions.

B Linear Regression Graph

Linear regression plots a straight line that passes close to as many data points as
possible, and returns values for the slope and y-intercept (y-coordinate when x = 0)
of the line.

The graphic representation of this relationship is a linear regression graph.

) @0 ED(GRPH) E9(SET) ® Creries
=m0, 56799286
ED (Scat) b=-8. 4616223
9 @ ED (GRPH) ER (GPH1) I et
ED(X)
COFY [DRAL)
[F8 (DRAW)
% |Med [Heg [Z~a A

The following are the meanings of the above parameters.

a...... Regression coefficient (slope)
b.... Regression constant term (intercept)
oo Correlation coefficient

B Med-Med Graph

When it is suspected that there are a number of extreme values, a Med-Med graph
can be used in place of the least squares method. This is also a type of linear regres-
sion, but it minimizes the effects of extreme values. It is especially useful in produc-
ing highly reliable linear regression from data that includes irregular fluctuations,
such as seasonal surveys.

(F2)(Med)

Med—-Med
a=H.30ETHLIES
b=-H, 4245704

»=ax+h

[COFT [DRALE
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(F8) (DRAW)

[ [Med g g E-a T

The following are the meanings of the above parameters.
a...... Med-Med graph slope
b.... Med-Med graph intercept

m B Quadratic/Cubic/Quartic Regression Graph

P.289 A quadratic/cubic/quartic regression graph represents connection of the data points
of a scatter diagram. It actually is a scattering of so many points that are close
enough together to be connected. The formula that represents this is quadratic/
cubic/quartic regression.

Ex. Quadratic regression Madres I
=l

FJ(X"2) b=-1,5555533
Cc=3. 739985289

w#=axe+bhx+c

(F8) (DRAW)

[ e [ g e [T

The following are the meanings of the above parameters.

Quadratic regression

a...... Quaderatic regression coefficient
b.... Linear regression coefficient
Cone Regression constant term (intercept)

Cubic regression
a...... Cubic regression coefficient
b.... Quadratic regression coefficient
C ... Linear regression coefficient
d.... Regression constant term (intercept)
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Quartic regression
a...... Quartic regression coefficient
b.... Cubic regression coefficient

C.e. Quadratic regression coefficient
d.... Linear regression coefficient
... Regression constant term (intercept)

B Logarithmic Regression Graph

Logarithmic regression expresses y as a logarithmic function of x. The standard
logarithmic regression formula is y = a + b x logx, so if we say that X = logx, the
formula corresponds to linear regression formulay = a + bX.

F8)(>)(Fi)(Log) LogRea
a=-d,4545843
b=1.874T5256
r=H.98216271

w»=3th- lnx

COFT [DRA
(Fel (DRAW) //3’_/“'_/_r

.fT/IWIWIWIWIT

The following are the meanings of the above parameters.

a...... Regression constant term (intercept)
b.... Regression coefficient (slope)
oo Correlation coefficient

B Exponential Regression Graph

Exponential regression expresses y as a proportion of the exponential function of x.
The standard exponential regression formula is y = a x ¢, so if we take the loga-
rithms of both sides we get logy = loga + bx. Next, if we say Y = logy, and a = loga,
the formula corresponds to linear regression formula Y = a + bx.

E8)(>) B (Exp) ExrFFes
5=5.878TZE85
b=-H.4Z215565
r=-d.3737STE
w»=z=a"bx
| el
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P.290

(F8) (DRAW)

[ Med g g =m0 o

The following are the meanings of the above parameters.

a...... Regression coefficient
b.... Regression constant term
[ Correlation coefficient

B Power Regression Graph

Exponential regression expresses y as a proportion of the power of x. The standard
power regression formula is y = a x x%, so if we take the logarithms of both sides we
get logy = loga + b x logx. Next, if we say X = log x, Y = logy, and a = loga, the
formula corresponds to linear regression formula Y = a + bX.

E8)(>) E3)(Pwr) FowerRea
3=3.TESEZSZ22
b=1. 13890555
=, 92EETIZ
w»=g=x"h
TaFT [BRAT
(F) (DRAW) a
% [ed [rea [ed [ia ] b

The following are the meanings of the above parameters.

a.... Regression coefficient
b.... Regression power
7o Correlation coefficient
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B Displaying Paired-Variable Statistical Results

Paired-variable statistics can be expressed as both graphs and parameter values.
When these graphs are displayed, the menu at the bottom of the screen appears as

below.

[Cod [Ex=F [Fur [EWAF

e

(F4(2VAR) ...... Paired-variable calculation result menu

Pressing (2VAR) displays the following screen.

(2VAR)

2=Uariable
=

=3. 88738158
24

DRAL

» Use @ to scroll the list so you can view the items that run off the bottom of the

screen. The following describes the meaning of each of the parameters.

X e Mean of xList data

IX it Sum of xList data

D25 G Sum of squares of xList data

XON e Population standard deviation of xList data
XOBA e Sample standard deviation of xList data
T Number of xList data items

Vs Mean of yList data

Y i Sum of yList data

Zy? .. .... Sum of squares of yList data

VO e Population standard deviation of yList data
VO e Sample standard deviation of yList data
ZXY e Sum of xList and yList data

minX ...ocooevene Minimum of xList data

maxX ...ccoceenen Maximum of xList data

minY ..o Minimum of yList data

maxy ....cccceeene Maximum of yList data
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P.286

B Copying a Regression Graph Formula to the Graph Mode

After you perform a regression calculation, you can copy its formula to the GRAPH
Mode.

The following are the functions that are available in the function menu at the bottom
of the display while regression calculation results are on the screen.

LosRes
=-H.2342398
b=2.B3527959
r=-1.,8855595
w»=z+b- lnx
[corv [DRAt
F5 (Fe

(F5) (COPY) .... Stores the displayed regression formula to the GRAPH Mode
(DRAW).... Graphs the displayed regression formula

1. Press (5 (COPY) to copy the regression formula that produced the displayed
data to the GRAPH Mode.

(F5)(COPY) Gi-arh Func
VY3
e

WMo

Rt

To Store : [EXE]

Note that you cannot edit regression formulas for graph formulas in the GRAPH

Mode.

2. Press to save the copied graph formula and return to the previous regression
calculation result display.

B Multiple Graphs

You can draw more than one graph on the same display by using the procedure
under “Changing Graph Parameters” to set the graph draw (On)/non-draw (Off) sta-
tus of two or all three of the graphs to draw (On), and then pressing (DRAW).
After drawing the graphs, you can select which graph formula to use when perform-
ing single-variable statistic or regression calculations.

SLalGrarhl fDrawln
ﬁtatﬁﬁaPh DAt f

aAFh.a = Lrawln

On [OFF DRRL
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[F8)(DRAW) SLatGrarhl
ED(X) : .

]
H

Select [T1041

« The text at the top of the screen indicates the currently selected graph (StatGraph1
= Graph 1, StatGraph2 = Graph 2, StatGraph3 = Graph 3).

1. Use @ and ® to change the currently selected graph. The graph name at the
top of the screen changes when you do.

® SialGrarhs

]
H

R

Select [+1041

2. When graph you want to use is selected, press [Ex.

LinearkEea

2=H.8T2TE197

b=-2,6266513

r=-1.,08453584
»=ax+h

[COFT [DRALE

Now you can use the procedures under “Displaying Single-Variable Statistical Re-
sults” and “Displaying Paired-Variable Statistical Results” to perform statistical cal-
culations.
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18-5 Other Graphing Functions

B Manual Graphing

In all of the graphing examples up to this point, values were calculated in accord-
ance with View Window settings and graphing was performed automatically. This
automatic graphing is performed when the Stat Wind item of the View Window is set
to “Auto” (auto graphing). You can also produce graphs manually, when the auto-
matic graphing capabilities of this calculator cannot produce the results you want.

I aF unc  f0R
Backaround iHone

Anale tRad
Coord 0n
Grid 0ff
Hxe= H Y]
Aute [Man

&)

E9 (Man) BLatiing iFermial

Performing this setting does not change View Window values, and the
graph is drawn using the values currently set in the View Window.

B Setting the Width of a Histogram/Line Graph

Selecting histogram or line graph as the graph type causes the following screen to
appear before the graph is drawn.

Set Interwval

FlLchs

DRAL
The following are the meanings of the items that appear in this screen.
Start.....ccooeeeee Histogram/line graph start point (x-coordinate)
pitch .......cc..... Bar spacing, or point spacing (specify as scale unit)

»  When “Auto” is specified for the statistical graph window setting (Stat Wind), the
calculator automatically calculates standard values for Start and pitch.

Example  Start: 0, pitch: 10
While the statistical data list is on the display, perform the following procedure.

(F2(Man)

[EXT) (Returns to previous menu.)
(F1)(GRPH) [F1)(GPH1)

(0] [exg (Start value is x = 0.)

(1) (@] @9 (pitch = 10)
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All of the statistical calculations up to this point were performed after displaying a
graph. The following procedures can be used to perform statistical calculations alone.

oTo specify statistical calculation data lists

You have to input the statistical data for the calculation you want to perform and
specify where it is located before you start a calculation. While the statistical data is
on the display, perform the following procedure.

(F2)(CALC) Fg)(SET)

ar Freq 1
2lar #list  fListl
2lar YList  iList2
2Uar Fres H |

Lizti [Lizt2 [Lizt3 [Lizty [Lists [Lizte

The following is the meaning for each item.

1Var XList ....... Specifies list where single-variable statistic x values (XList)
are located.

1Var Freq ....... Specifies list where single-variable frequency values (Fre-
quency) are located.

2Var XList ....... Specifies list where paired-variable statistic x values (XList)
are located.

2Var YlList ....... Specifies list where paired-variable statistic y values (YList)
are located.

2Var Freq ....... Specifies list where paired-variable frequency values (Fre-

quency) are located.

« Calculations in this section are performed based on the above specifications.

B Single-Variable Statistical Calculations

In the previous examples from “Histogram (Bar Graph)” to “Line Graph,” statistical
calculation results were displayed after the graph was drawn. These were numeric
expressions of the characteristics of variables used in the graphic display.

The following operation produces the same values directly from the statistical data

list.

(F2) (CALC) [F1)(1VAR) 1-Uariable
X =Z.65
ax =13.3
Ex? =5H,49
=dm  =1.7385E51
Tl =%.943?El??9
r‘l =
A ECARES )
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P.301

Now you can press @ and ® to view variable characteristics.

For details on the meanings of these statistical values, see “Displaying Single-Vari-
able Statistical Results”.

B Paired-Variable Statistical Calculations

In the previous examples from “Linear Regression Graph” to “Power Regression
Graph,” statistical calculation results were displayed after the graph was drawn. These
were numeric expressions of the characteristics of variables used in the graphic
display.

The following operation produces the same values directly from the statistical data
list.

(23 (CALC) F3) (2VAR) Z-Uariable
X =Z.65
ax =13.3
Zx2 =0[,. 49
zdn =1.T3856E51
xdn- =%. S4ETATTS
r‘l =
A ETREG,)

Now you can press @ and ® to view variable characteristics.

For details on the meanings of these statistical values, see “Displaying Paired-Vari-
able Statistical Results”.

B Regression Calculation

In the explanations from “Linear Regression Graph” to “Power Regression Graph,”
regression calculation results were displayed after the graph was drawn. Here, the
regression line and regression curve is represented by mathematical expressions.

You can directly determine the same expression from the data input screen.
Perform the following key operation.

(F2) (CALC) [F3)(REG) LirearEea
. 54595623
ED(X) =-d, 4525436
1635

10AE [2UnRk [P

Single variable regression parameters are displayed.
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Next, you can use the following.

F) (X) e Linear regression

(F2) (Med) ....... Med-Med regression
(F3 ( ... Quadratic regression

(XA3) ........ Cubic regression

(F5) (X*4) ........ Quartic regression

(P>) e Next menu

(F) (Log) -....... Logarithmic regression
(F2) (Exp) ........ Exponential regression
(F3) (Pwr) ........ Power regression

(0 I Previous menu

The meanings of the parameters that appear on this screen are the same as those
for “Linear Regression Graph” to “Power Regression Graph”.

B Estimated Value Calculation (z, )
After drawing a regression graph with the STAT Mode, you can use the RUN Mode
to calculate estimated values for the regression graph's x and y parameters.

» Note that you cannot obtain estimated values for a Med-Med, quadratic regres-
sion, cubic regression, or quartic regression graph.

Example  To perform power regression using the following data and
estimate the values of j and * when xi = 40 and yi = 1000

xi yi

28 | 2410
30 | 3033
33 | 3895
35 | 4491
38 5717

1. In the Main Menu, select the STAT icon and enter the STAT Mode.

2. Input data into the list and draw the power regression graph*.

w_ [Med A8 a0 6

3. In the Main Menu, select the RUN icon and enter the RUN Mode.
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*
" (Graph Type) |
(Scatter)
(XList)
(YList)
(Frequency)
(Mark Type)
(Auto)
(Pwr)

|
|
|
|
|
|
|
L

4. Press the keys as follows.

(@) (0] (value of xi) ETE EEET. ET4559
(E5)(STAT) 2 (9) e )
ENER
& F
The estimated value y is displayed for xi = 40.
(1) (@] (0] (@] (value of yi) 4R £557. 674589
BEE 1aaa: el 2:5225681
[ = ] & |
The estimated value X is displayed for yi = 1000.
- BerRPHBEEN® 7|
(Fi)(Scat) @ |
(F)(List1) ® |
(F2)(List2) ® |
ANH® |
(E) (o) Exm) |
(E) (Auto) (&xm) (1) (GRPH) [ (GPH1) [E8) ()
(F3) (Pwr) (Fg) (DRAW) _!

B Probability Distribution Calculation and Graphing

You can calculate and graph probability distributions for single-variable statistics.

eProbability distribution calculations

You can perform probability distribution calculations in the RUN Mode. Pressing
in the RUN Mode displays a menu of probability distribution functions.

[Prl @il ROJ 0] rr_

e (Fe) () (E3) (PROB) [E8) ()

F 2
F) (PO eeeenenne Calculation of probability P(f) value
((Cl) p— Calculation of probability Q(z) value
(GIR(RI I—— Calculation of probability R(7) value
(£() veeeeeeanne Calculation of normalized variate #(x) value
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 Probability P(7), Q(7), and R(f), and normalized variate #(x) are calculated using
the following formulas.

1.

P(r) Q(r) R()
At B A _pr A
@f_me 2dt Van Jo € 2dt @fz e 2di
1(x)
t= X—X

on

Example The following table shows the results of measurements of the

height of 20 college students. Determine what percentage of the
students fall in the range 160.5 cm to 175.5 cm. Also, in what
percentile does the 175.5 cm tall student fall?

Class no. |Height (cm)|Frequency
158.5 1

160.5
163.3
167.5
170.2
173.3
175.5
178.6
180.4
186.7

Y

Olo|N|o|o| AW

=N R|W|ND|ND| =

—_
o

In the STAT Mode, input the height data into List 1 and the frequency data into
List 2.

List 1 List 2
158.5 1

160.5
163.3
167.5
170.2
173.3
175.5
178.6
180.4
186.7

Olo|N|oO|O| ||| —

=[N [N =

—
o

309



m Performing Statistical Calculations

4.

[F2)(CALC) (F8)(SET)
® [ (List2) @ D (1VAR)

2. Use the STAT Mode to perform the single-variable statistical calculations.

1-Uariable

¥ =172, 885

nx =344E, 1

Zx@  =592THG,H9

wirm  =r.@04162445

k-l =£é22455425

r‘l i

A EEREG )

3. Press (i) to display the Main Menu, and then enter the RUN Mode.

In the RUN Mode, display the probability calculation menu.

* You obtain the normalized variate immediately after performing single-variable

statistical calculations only.

e Fe) (™) E3) (PROB) [E8) ()

FE) DE0M0EOE

(Normalized variate ¢ for 160.5cm)

B(HOOEEEDDE

(Normalized variate ¢ for 175.5cm)

APCIEE®EODE
APIEEOOEBE®EDEE

(Percentage of total)

BRIDOBEEDE

(Percentile)

[Prf @i RO 0] e

Result: —1.633855948
(5-1.634)

Result: 0.4963343361
(= 0.496)

Result: 0.638921
(63.9% of total)

Result: 0.30995
(31.0 percentile)
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B Probability Graphing
You can graph a probability distribution with Graph Y = in the Sketch Mode.

Example To graph probability P(0.5)

Perform the following operation in the RUN Mode.

(F3) (Sketch) D) (Cls) @8
F8)(GRPH) ED(Y=) (>)[E3) (PROB)
F>)FPN@QEEOIEY

PrLi=d.e3146

The following shows the View Window settings for the graph.

Ymin ~ Ymax
-0.1 0.45

Xmin ~ Xmax
-3.2 3.2
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19-1

Before Programming

P.332
P.332

P.325
P.328

The programming function helps to make complex, often-repeated calculations quick
and easy. Commands and calculations are executed sequentially, just like the manual
calculation multistatements. Multiple programs can be stored under file names for
easy recall and editing.

File Name I - -

File Name File Name

Program
E— Program Program | eoeeeee

—

Select the PRGM icon in the Main Menu and enter the PRGM Mode. When you do,
a program list appears on the display.

Proaram List

Selected memory area
(use @ and @ to move)

FEw)
ED ) (F9)
(F1) (EXE) ....... Execute program
(F2 (EDIT) ...... Program edit
(F3) (NEW) ...... New program
(DEL) ....... Specific program delete
(5 (DEL-A).... Delete all
(2 I Next menu
BE) |WIEF e
& &

(F1) (SRC)....... File name search
(F3 (REN)....... File name change
(2 JE— Previous menu

« If there are not programs stored in memory when you enter the PRGM Mode, the
message “No Programs” appears on the display and only the NEW item ((F3)) is
shown in the function menu.
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P.323

Example 1 To calculate the surface area and volume of three regular

octahedrons of the dimensions shown in the table below

Store the calculation formula under the file name OCTA.

Length of One Side (A) | Surface Area (S) Volume (V)

4A 7 cm cm? cm®
10cm cm? cmsd
_/A

15¢cm cm? cm?

The following are the formulas used for calculating surface area S and volume V of a
regular octahedron for which the length of one side is known.

V2
3

S=2V3A, V= A3

When inputting a new formula, you first register the file name and then input the
actual program.

®To register a file name

Example To register the file name OCTA

 Note that a file name can be up to eight characters long.

1. While the program list is on the display, press (NEW).

(F3)(NEW) |F'r'~n:|9r*am Hame |
[F| ]
| FUH [ERSE [= 5 ml|
E F &)
(F1) (RUN)....... For input of general calculation programs
(F2) (BASE)..... For input of programs containing number base specifications
(F3) (mO) .......... Password registration

(SYBL) ..... Symbol menu

2. Input the name of the file.

Qo@O®E P
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» The cursor changes form to indicate alpha character input.

» The following are the characters you can use in a file name:
Athrough Z, r, 6, spaces, [, 1,{,},’,”, ~, O through 9, ., +, —, %, +

m contains binary, octal, decimal, or hexadecimal calculations.

« Note, however, that and (2] cannot be input for the name of a program that

P.5  Use (F1) (RUN) to input a program for general calculations (a program to be ex-

indicated by & to the right of the file name.

F 2 F

character you want to delete and pressing [0EJ .

File name

ecuted in the COMP Mode). For programs that involve number system specifica-
tions, use (F2) (BASE). Note that programs input after pressing (F2) (BASE) are

 Pressing (SYBL) displays a menu of symbols that can be input.

SYBL
Fol ) I .

* You can delete a character while inputting a file name by moving the cursor to the

3. Press to register the file name and change to the program input screen.

X [F=====0CTA

* Registering a file name uses 17 bytes of memory.
ting a file name.

ing a file name, press .

name.

oTo input a program

Use the program input screen to input the contents of a program.

[ToF [ETr ST T [3YEL)

 The file name input screen remains on the display if you press without input-
« To exit the file name input screen and return to the program list without register-

* When you register the name of a program that contains binary, octal, decimal, or
hexadecimal calculations, the indicator [B is appended to the right of the file

A Gl NG)
P.328 (F1) (TOP) ....... Top of program
P.328 (Fa (BTM)....... Bottom of program
P.327 (F3) (SRC)....... Search
(MENU) .... Mode menu
(SYBL) ..... Symbol menu

[ToF [ETr ST S YL
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oTo change modes in a program

* Pressing (MENU) while the program input screen is on the display causes a
mode change menu to appear. You can use this menu to input mode changes into
your programs. For details on each of these modes, see “To select an icon”, as
well as the sections of this manual that describe what you can do in each mode.

2 (MENU)
STATIMATIL TS T GRPH 0 YH AT I
F F2 F
>
Ee)(>) THEL JRECE) re_
F

» The following menu appears whenever you press (MENU) while inputting a
program that involves number base specifications.

) (MENU)

* Pressing (SYBL) displays a menu of symbols that can be input into a pro-

gram.
[Fe) (SYBL
B ) | 1 "1~ 1 %] ~1=#]

B @2 B B 6B B

* Pressing displays a menu of commands that can be used to change set
up screen settings inside a program. For details on each of these commands,
see “To change a mode set up”.

& [AHGLYCO0RJSRIDJAAESJL AEL I

B P2 B M B

>
B [ [T TR (T [

E B B B

E(>) [FUHCESIMLE-WIHLTST, e
GICHE
w()
T-URREJED05E] [
B E

317



m Programming Examples

P.333

The following function key menu appears if you press while inputting a
program that contains binary, octal, decimal, or hexadecimal calculation.

Oz JHe JEin JOct]

) I ) I G R )

Actual program contents are identical to manual calculations. The following shows
how the calculation of the surface area and volume of a regular octahedron would be
calculated using a manual calculation.

Surface Area S .. (2) (@) X) <value of A> Exg

Volume V ........... e ) (2 (B (B3] (X) <value of A> (A (3] B9

You could also perform this calculation by assigning the value for the length of one
side to variable A.
Length of One Side A
............ <value of A> (=] () (&)
Surface Area S .. 2) (X 3B X) (e (A) (=] (9
Volume V ........... o) V) (2) () (B) (X) (e (A) (A (3] Bx)

If you simply input the manual calculations shown above however, the calculator
would execute them from beginning to end, without stopping. The following com-
mands make it possible to interrupt a calculation for input of values and display of
intermediate results.

? : This command pauses program execution and displays a question mark as a
prompt for input of a value to assign to a variable. The syntax for this command
is: ? - <variable name>.

A: This command pauses program execution and displays the last calculation re-
sult obtained or text. It is similar to pressing [ in a manual calculation.

« For full details on using these and other commands, see “Useful Program Com-
mands”.

The following shows examples of how to actually use the ? and .4 commands.

E3(?) () Ee(>) 3 (:) ======0CTR_~ ======
DREEEREDED FHAEESHA
E8(>)([FE)( )
COMJCTLROMEY = | 4 (I
)
@ E] @ @ @ @ ======_TH ======
PR ERTIRAZ,
J2+3A™3 2
or |F'r'~-:|gr'~am List |
ety ]
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oTo run a program

Programming Examples m

1. While the program list is on the display, use @ and @ to highlight the name of

the program you want to run.

2. Press [F1) (EXE) or to run the program.

Let’s try running the program we input above.

(F1) (EXE) or

(Value of A)

EROET)

Length of One Side (A) | Surface Area (S) Volume (V)
7cm 169.7409791 cm? | 161.6917506 cm®
10cm 346.4101615 cm? 471.4045208 cm®
15¢cm 779.4228634 cm? | 1590.990258 cm?
|;:r'"1c|‘9r:am List. |

|[EEANEOTIIHELLJDEL JOEL Al I

E

|‘?‘

El
3

les. T4Ea7a]

1ZF =

|
Intermediate result produced by 4

34t 4181615

1=F —
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EXE] T
169, 7439791
. 161,691 75AE
ia
46, 4181615
471. 4045283

» Pressing while the program’s final result is on the display re-executes the
m program.
P.334 * You can also run a program while in the RUN Mode by inputting:
Prog "<file name>" (&xg.
» An error (Go ERROR) occurs if the program specified by Prog "<file name>”
cannot be found.
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19-3 Debugging a Program

P.399

P.323

P.328

A problem in a program that keeps the program from running correctly is called a
“bug,” and the process of eliminating such problems is called “debugging.” Either of
the following symptoms indicates that your program contains bugs and that debug-
ging is required.

» Error messages appearing when the program is run
» Results that are not within your expectations
oTo eliminate bugs that cause error messages

An error message, like the one shown below, appears whenever something illegal
occurs during program execution.

Ma  EREREOE

When such a message appears, press @ or ® to display the location where the
error was generated, along with the cursor. Check the “Error Message Table” for
steps you should take to correct the situation.

* Note that pressing @ or ® will not display the location of the error if the pro-
gram is password protected.

oTo eliminate bugs that cause bad results

If your program produces results that are not what you normally expect, check the
contents of the program and make necessary changes. See “Editing File Names
and Program Contents” for details on how to change program contents.
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19-4 Calculating the Number of Bytes Used by a
Program

P.28

This unit comes with 26 kbytes of memory. A byte is a unit of memory that can be
used for storage of data.

There are two types of commands: 1-byte commands and 2-byte commands.

» Examples of 1-byte commands: sin, cos, tan, log, (, ), A, B, C, 1, 2, etc.
» Examples of 2-byte commands: Lbl 1, Goto 2, etc.

While the cursor is located inside of a program, each press of @ or ® causes the
cursor to move one byte.

* You can check how much memory has been used and how much remains at any
time by selecting the MEM icon in the Main Menu and entering the MEM Mode.
See “Memory Status (MEM)” for details.
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19-5 Secret Function

P.315

When inputting a program, you can protect it with a password that limits access to
the program contents to those who know the password. Password protected pro-
grams can be executed by anyone without inputting the password.

oTo register a password

Example To create a program file under the name AREA and protect it with
the password CASIO

1. While the program list is on the display, press (NEW) and input the file name
of the new program file.

il (Frena |
@R EG’]
| RUH [ERSE | EL
(9
2. Press (F5 (m0) and then input the password.
(F8)(r0) Froaram Mame
[AFEA
AE0OO Faszsword?
[CASIORE 1

| s |

» The password input procedure is identical to that used for file name input.

3. Press to register the file name and password. Now you can input the contents
of the program file.

 Registration of a password uses 16 bytes of memory.

* Pressing without inputting a password registers the file name only, without a
password.

4. After inputting the program, press to exit the program file and return to
the program list. Files that are password protected are indicated by an asterisk to
the right of the file name.

Program List

* ‘
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m Secret Function
oTo recall a program

Example To recall the file named AREA which is protected by the
password CASIO

1. In the program list, use @ and @ to move the highlighting to the name of the
program you want to recall.

2. Press (F2) (EDIT).

[F23(EDIT) Froaram Hame
[ARERA ]
Faz=sword?
[Q 1

3. Input the password and press to recall the program.
» The message “Mismatch” appears if you input the wrong password.
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19-6 Searching for a File

P.323

You can search for a specific file name using any of the three following methods.
» Scroll Search — scroll through the file names in the program list.
« File Name Search — input the name of the file.
« Initial Character Search — input the first few letters of the name of the file.

oTo find a file using scroll search
Example To use scroll search to recall the program named OCTA

1. While the program list is on the display, use @ and @ to scroll through the list
of program names until you find the one you want.

Proaram List.

*

2. When the highlighting is located at the name of the file you want, press (F2) (EDIT)
to recall it.

@(EDIT) ======[TH ======
2R 2HIEMAR .
T2+3=A"3

oTo find a file using file name search

Example To use file name search to recall the program named OCTA

1. While the program list is on the display, press (NEW) and input the name of
the file you want to find.

« If the file you are looking for is password protected, you should also input the
password.

F3)(NEW) F
OEOHE [

2. Press to recall the program.

« If there is no program whose file name matches the one you input, a new file is
created using the input name.
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m Searching for a File
oTo find a file using initial character search
Example To use initial character search to recall the program named OCTA

1. While the program list is on the display, press (>) (F) (SRC) and input the
initial characters of the file you want to find.

E9)(>)FE)(SRO) B
©© [

ki an Proaram |

| s |

2. Press to search.

EXE Proaram List

A ENTTIHELLIOEL JOEL ]I

« All files whose file names start with the characters you input are recalled.

« If there is no program whose file name starts with the characters you input, the
message “Not Found” appears on the display. If this happens, press to clear
the error message.

3. Use @ and @ to highlight the file name of the program you want to recall and
then press [F2) (EDIT) to recall it.
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19-7 Searching for Data Inside a Program

Example  To search for the letter “A” inside the program named OCTA

1. Recall the program, press (F3) (SRC), and input the data you want to search for.

======]_TH ====== ‘
2R 2R SHAR
T2+3HA™3
ToF [ETH EEE I e
(F3)(SRC) Search For Texl
(EDIEY)
A_

YL

* You cannot specify the newline symbol () or display command ( 4) for the search
data.

2. Press to begin the search. The contents of the program appears on the screen
with the cursor located at the first instance of the data you specified.

EXE|

======{CTH ====== ‘
TR 2T EHAE,
T2+3=A3

| “Search= SVEL)

Indicates search operation is in progress

3. Press to find the next instance of the data.

======]_TH ======

A ZHIIHAR,

T2+3=A3

« If there is no match inside the program for the data you specified, the contents of
the program appear with the cursor located at the point from which you started
your search.

» Once the contents of the program are on the screen, you can use the cursor keys
(@, @, @, ®) to move the cursor to another location before searching for
the next instance of the data. Only the part of the program starting from the
current cursor location is searched when you press [Bx.

» Once the search finds an instance of your data, inputting characters or moving
the cursor causes the search operation to be cancelled (clearing the Search indi-
cator from the display).

« If you make a mistake while inputting characters to search for, press to clear

your input and re-input from the beginning.
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19-8 Editing File Names and Program Contents

P.23

oTo edit a file name
Example  To change the name of a file from TRIANGLE to ANGLE

1. While the program list is on the display, use @ and @& to move the highlighting
to the file whose name you want to edit and then press (™) (F2) (REN).

[Fe) (™) (F(REN) |Rename |
[ERIAMGLE]
| @
2. Make any changes you want.
Rename |
[AHELE ]

3. Press (&g to register the new name and return to the program list.

« If the modifications you make result in a file name that is identical to the name of
a program already stored in memory, the message “Already Exists” appears.
When this happens, you can perform either of the following two operations to
correct the situation.

» Press ® or @ to clear the error and return to the file name input screen.
* Press to clear the new file name and input a new one.

oTo edit program contents

1. Find the file name of the program you want in the program list.

2. Recall the program.

» The procedures you use for editing program contents are identical to those used
for editing manual calculations. For details, see “Editing Calculations”.

» The following function keys are also useful when editing program contents.

2R 23R,
T2+3RA™3

(F2 (BTM)....... Moves the cursor to the bottom of the program

AR A EHAR
L2+3%AE 2
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Example 2 To use the OCTA program to create a program that calculates
the surface area and volume of regular tetrahedrons when the
length of one side is known

Use TETRA as the file name.

\A Length of One Side (A) | Surface Area (S) Volume (V)
\ 7 cm cm? cm?

10 cm cm? cm?

15¢cm cm? cm?

The following are the formulas used for calculating surface area S and volume V of a
regular tetrahedron for which the length of one side is known.

S=V3 A V=T€A3

Use the following key operations when inputting the program.

Length of One Side A .. (?)(=) (e (&) (Fe) () (F3) (2)

Surface Area S .......... () (2 (B) (X) (emy) (A) (23 (Fe) (B>) (FB) (4)
Volume V oo, NV R@EOR X EARAE

Compare this with the program for calculating the surface area and volume of a
regular octahedron.

Length of One Side A .. ()= (ew (A Fe) () [FB) (2)

Surface Area S ... @ X & ) @) X @wH @) I Fe () FE(4)
Volume V ....cccccuiuennee &2 E R X @A A B

As you can see, you can produce the TETRA program by making the following changes
in the OCTA program.

« Deleting (2] (underlined using a wavy line above)
« Changing (3] to (1] (2 (underlined using a solid line above)

Let’s edit OCTA to produce the TETRA program.
1. Edit the program name.

|PP09Pam List |
e

|[EEANEDITIHELJOEL JOEL A I

[F8)(™>)F(REN) (@ (B (M ® (&) Rename |
[TETRRE 1
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m Editing File Names and Program Contents

EXE Proaram List |
=

A ENTTIHELLIOEL JOEL I

&)
2. Edit the program contents.
@(ED'T) ======TETER ======
2R 2T ENAR
T2+34A™E
@@@@ ====== [=T5] =—=====
7+A: IEKFI E
T2+3%A™E
@ @ @ m @ ======T [=T5] ======
3Rz [3RE,
T2+123=[A3
DEL ====== | ======
FEGLE G
F2+17%A~3"
Let’s try running the program.
Length of One Side (A) | Surface Area (S) Volume (V)
7cm 84.87048957 cm? | 40.42293766 cm®
10 cm 173.2050808 cm? 117.8511302 cm?
15¢cm 389.7114317 cm? 397.7475644 cm?®

(F1) (EXE) or

G
(Value of A)

™
><
m

Proaram List |
[ [ E]

A ENTTIHELLIOEL JOEL I

E

I’ |
B
4
24, 2TE4235T
- Di=sF -
B
3
24, 87842957
4, 42293TER
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EXE ]
4
24, 8T7a42957
- 48, 42293766
0O EE T
24, 8Ta42957
- 4H, 42293 TEE
im
173, ZESE20S
- Di=sF -
EXE] T
24, 87842957
- 48, 42293766
im
173. ZESA0AS
117.25113@

331



19-9 Deleting a Program

There are two different ways to delete a file name and its program.
» Specific program delete
« All program delete

oTo delete a specific program

1. While the program list is on the display, use @ and @& to move the highlighting
to the name of the program you want to delete.

2. Press (DEL).

DEL
(F4)(DEL) i R
)

3. Press [F1) (YES) to delete the selected program or (NO) to abort the opera-
tion without deleting anything.

oTo delete all programs

1. While the program list is on the display, press (F5) (DEL-A).

(F5)(DEL-A
( ) TES HO
)
2. Press (F1) (YES) to delete all the programs in the list or (NO) to abort the
m operation without deleting anything.
P.30 * You can also delete all programs using the MEM Mode. See “Clearing Memory

Contents” for details.
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19-10 Useful Program Commands

calculations quick and easy.

Program Menu
Press to display the program menu.

Program Command Menu (COM)

command menu.

(F1(COM)
(GO - If command
(F2) (Then) ...... Then command
(F3) (Else) ....... Else command
(I*End) ...... IfEnd command
(0 I Next menu

In addition to calculation commands, this calculator also includes a variety of rela-
tional and jump commands that can be used to create programs that make repeat

COMJCTLRPUME] = | 4 [
ED (9
(F) (COM) ...... Program command menu
(F2) (CTL)........ Control command menu
(F3) (JUMP)..... Jump command menu
( Input command
F3) ( Output command
( Next menu
Fa(>) _
CLRJDISEJREL JT 0] @ [
FE @ (9
(F1) (CLR) ....... Clear command menu
(F2) (DISP)...... Display command menu
(F3) (REL) ....... Conditional jump relational operator menu
(1/0) .......... Input/output command menu
(G 6 — Multi-statement command
(>) e Previous menu

While the program menu is on the display, press (F1) (COM) to display the program

[ If [Then]ElseflEnd e

B B2 B R
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m Useful Program Commands

Fe)(>)

[For | To [5teplHest] [
B P2 /B

(F1) (For) ......... For command

(F2) (TO) ..cvvnvee To command

(F3) (Step) ....... Step command

(Next) ....... Next command

(0 I Next menu

B LitlefLEnd] Do JLp-L .

0 ) R ) R )

(F) (Whle) ...... While command

(F2) (WENd)..... WhileEnd command
(F3) (Do) .......... Do command
(Lp*W)....... LpWhile command
(= I Previous menu

Control Command Menu (CTL)

While the program menu is on the display, press (F2) (CTL) to display the control
command menu.

F3(CTL) __
ED =)
(F) (Prog) ....... Prog command
(F3 (Rtrn) ....... Return command
(F3) (Brk) ......... Break command
(

Stop) ....... Stop command

Jump Command Menu (JUMP)

While the program menu is on the display, press (F3) (JUMP) to display the jump
command menu.

JUMP
= ) [Lbl Gotof = JIsz]0Osz]

B @2 6B @ B

ED (Lol .......... Lbl command

(F2) (Goto)....... Goto command

(G (] 0O (jump) command
({74 I— Isz command

(F3) (Ds2) ........ Dsz command
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Clear Command Menu (CLR)

While the program menu is on the display, press (>) (F1) (CLR) to display the
clear command menu.

[F8(>)[FD(CLR) T T
B P
(F1) (Text) ........ ClrText command
(F2) (Grph) ...... ClrGraph command
(F3) (List) ......... ClrList command

Display Command Menu (DISP)

While the program menu is on the display, press (™) (DISP) to display the
display command menu.

B()E2(DISP) [2tatfareh J0wnalF TR T,
B P2 ® 9
(F1) (Stat) ........ DrawStat command

(F2) (Grph) ...... DrawGraph command
(F3) (Dyna)...... DrawDyna command
(FeThl) ...... Table & Graph command menu

(F3) (R-Thl)...... Recursion calculation and recursion formula graph command
menu

Pressing (F+Tbl) while the display command menu is on the display causes the
Table & Graph command menu to appear.

(F+Tbl)

[Tab2]G-confiF1t|

B P2 ®
(F1) (Tabl) ........ DispF-Tbl command
(F2) (G+Con).... DrawFTG-Con command
(F3) (G-Plt) ...... DrawFTG-PIt command
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m Useful Program Commands

Pressing (F5) (R<Tbl) while the display command menu is on the display causes the
recursion calculation and recursion formula graph command menu to appear.

(F3(R-Thl)

[Tabdf Web Bn-thfza-(rgan-F1EES-F

&) (9
(F1) (Tabl ........ DispR-Tbl command
(F2) (Web) ....... DrawWeb command
F3) (an-Cn ..... DrawR-Con command
(Za-Cn) .... DrawRz-Con command
(F5) (an<PI)...... DrawR-PIt command
(F§) (za-Pl)...... DrawRZz-PIt command

Conditional Jump Relational Operator Menu (REL)

While the program menu is on the display, press (>) (3 (REL) to display the
conditional jump relational operator menu.

Fg(>) [EJ(REL)

Relational operator =
.. Relational operator %
Relational operator >
Relational operator <

2) Relational operator >
= I Relational operator <

Input/Output Commands Menu (I/O)

While the program menu is on the display, press >) (1/O) to display the
input/output command menu.

8 (>)EQ(1/0)
(F1) (Lcte)........ Locate command
(F2) (Gtky) ....... Getkey command
(F3) (Send) ...... Send ( command
(Recv) ...... Receive ( command

» The appearance of the function menu differs slightly for a program that contains
binary, octal, decimal, or hexadecimal calculation, but the functions in the menu
are the same.

336



19-11

Command Reference

B Command Index

BrEaK .. s 343
CIrGIapN .o 347
ClrList

ClrText

DispF-Tbl, DiSPR-TOI ....cccuiiiiiiiieiieceeeee e 347
DO~LPWNRIIE ... e 342
DrawbDyNa .....c.ooviiiiiieie e 348
DrawFTG-Con, DrawFTG-Plt .......cccoeeiiieiiieeeeeeeeee, 348
DrawGraph .....coveieeieienieeee e 348
DrawR-Con, DrawR-Plt .......ccccvvieiiiiiiiieee e 348
DrawRZ-Con, DrawRZ-Plt ........cooveieiiiiiiiieee e 349
DIrawSTat ....coueiiieieeee e 349

? (Input ComMmMANd) ...cuveeiiieiieeeee e
A (Output CommaNd) .......eerviiriiiiiierie e
: (Multi-statement Command) .........cccovveiiiieieiieieceeeeeee
« (Carriage Return) .......cccceiieiiiieieieeeseeecee e
O (JUMP COAB) it
=, ¥, >, <, 2, < (Relational Operators)
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The following are conventions that are used in this section when describing the vari-
ous commands.

Boldface Text ............. Actual commands and other items that always must be in-
put are shown in boldface.
{Curly Brackets} ......... Curly brackets are used to enclose a number of items, one

of which must be selected when using a command. Do not
input the curly brackets when inputting a command.

[Square Brackets] ...... Square brackets are used to enclose items that are op-
tional. Do not input the square brackets when inputting a
command.

Numeric Expressions. Numeric expressions (such as 10, 10 + 20, A) indicate con-
stants, calculations, numeric constants, etc.

Alpha Characters ....... Alpha characters indicate literal strings (such as AB).

B Basic Operation Commands

? (Input Command)

Function: Prompts for input of values for assignment to variables during program
execution.

Syntax: ? - <variable name>
Example: ? - A d
Description:

1.

This command momentarily interrupts program execution and prompts for input
of a value or expression for assignment to a variable. When the input command is
executed, “?” to appears on the display and the calculator stands by for input.

Input in response to the input command must be a value or an expression, and
the expression cannot be a multi-statement.

4 (Output Command)

Function: Displays and intermediate result during program execution.
Description:
1.

This command momentarily interrupts program execution and displays alpha
character text or the result of the calculation immediately before it.

. The output command should be used at locations where you would normally

press the key during a manual calculation.

: (Multi-statement Command)

1

Function: Connects two statements for sequential execution without stopping.
Description:
. Unlike the output command ( 4), statements connected with the multi-statement

command are executed non-stop.

2. The multi-statement command can be used to link two calculation expressions or

two commands.
338



Command Reference BEERA

3. You can also use a carriage return indicated by «l in place of the multi-statement
command.

| « (Carriage Return)

Function: Connects two statements for sequential execution without stopping.
Description:

1. Operation of the carriage return is identical to that of the multi-statement com-
mand.

2. Using a carriage return in place of the multi-statement command makes the dis-
played program easier to read.

B Program Commands (COM)

| Ii~Then |

Function: The Then-statement is executed only when the If-condition is true (non-
zero).

Syntax:

«l «l
If <condition> : Then <statement> : <statement>
numeric expression 4 V'

Parameters: condition, numeric expression

Description:

1. The Then-statement is executed only when the condition is true (non-zero).
2. If the condition is false (0), the Then-statement is not executed.

3. An If-condition must always be accompanied by a Then-statement. Omitting the
Then-statement results in an error (Syn ERROR).
Example: IfA=0
Then”A =0"

| I~Then~IfEnd |

Function: The Then-statement is executed only when the If-condition is true (non-
zero). The IfEnd-statement is always executed: after the Then-statement is executed
or directly after the If-condition when the If-condition is false (0).

Syntax:

pu |
If <condition> {: } Then <statement>

numeric expression 4
«l «
. p <statement> : ¢ IfEnd
Vi Vi

Parameters: condition, numeric expression
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Description:

This command is almost identical to If~Then. The only difference is that the IfEnd-
statement is always executed, regardless of whether the If-condition is true (non-
zero) or false (0).

Example: IfA=0
Then”A=0"
IfEnd
"END”

[ 1f~Then~Else |

Function: The Then-statement is executed only when the If-condition is true (non-
zero). The Else-statement is executed when the If-condition is false (0).

Syntax:

« «
If <condition> .+ Then <statement> . » <statement>
numeric expression 4 4

R | «
: Else <statement> : <statement>
4 y

Parameters: condition, numeric expression

Description:

1. The Then-statement is executed when the If-conditions is true (non-zero).
2. The Else-statement is executed when the If-conditions is false (zero).

Example: fA=0
Then "TRUE”
Else "FALSE”

| If~Then~Else~IfEnd |

Function: The Then-statement is executed only when the If-condition is true (non-
zero). The Else-statement is executed when the If-condition is false (0). The IfEnd-
statement is always executed following either the Then-statement or Else-statement.

Syntax:

« «
If <condition> . » Then <statement> . » <statement>
numeric expression A4 4

« « «
: Else <statement> .+ <statement> : IfEnd
A A V]

Parameters: condition, numeric expression
Description:

This command is almost identical to If~Then~Else. The only difference is that the
IfEnd-statement is always executed, regardless of whether the If-condition is true
(non-zero) or false (0).
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Example: Lbl 1:? - A

fA>0ANdA<10 &

Then "GOOD” &

Else Goto 1«

IfEnd
The above program displays the message “GOOD” whenever a value that is greater
than zero and less than 10 is input. Any other value prompts for input again.

For~To~Next

Function: This command repeats everything between the For-statement and the
Next-statement. The starting value is assigned to the control variable with the first
execution, and the value of the control variable is incremented by one with each
execution. Execution continues until the value of the control variable exceeds the
ending value.

Syntax:

o
For <starting value> - <control variable name> To <ending value>

o
<statement> : Next
A

Parameters:
« control variable name: Ato Z
« starting value: value or expression that produces a value (i.e. sin x, A, etc.)
» ending value: value or expression that produces a value (i.e. sin x, A, etc.)
Description:

1. When the starting value of the control variable is greater than the ending value,
execution continues from the statement following Next, without executing the
statements between For and Next.

2. A For-statement must always have a corresponding Next-statement, and the Next-
statement must always come after its corresponding For-statement.

3. The Next-statement defines the end of the loop created by For~Next, and so it
must always be included. Failure to do so results in an error (Go ERROR).
Example: For1 - ATo 104
Ax3 - Bd
B 4
Next

For~To~Step~Next

Function: This command repeats everything between the For-statement and the
Next-statement. The starting value is assigned to the control variable with the first
execution, and the value of the control variable is changed according to the step
value with each execution. Execution continues until the value of the control variable
exceeds the ending value.
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Syntax: |
For <starting value> - <control variable name> To <ending value> Step <step value> { : }
V'

Next

Parameters:

« control variable name:Ato Z

« starting value: value or expression that produces a value (i.e. sin x, A, etc.)
« ending value: value or expression that produces a value (i.e. sin x, A, etc.)
« step value: numeric value (omitting this value sets the step to 1)

Description:

1. This command is basically identical to For~To~Next. The only difference is that
you can specify the step.

2. Omitting the step value automatically sets the step to 1.

3. Making the starting value less than the ending value and specifying a positive
step value causes the control variable to be incremented with each execution.
Making the starting value greater than the ending value and specifying a negative
step value causes the control variable to be decremented with each execution.

Example: For1 -~ ATo 10 Step 0.1
Ax3 - Bd
B 4
Next

| Do~LpWhile

Function: This command repeats specific commands as long as its condition is true
(non-zero).

Syntax:

«
Do { : } ~ LpWhile <expression>
4

Parameters: expression
Description:

1. This command repeats the commands contained in the loop as long as its condi-
tion is true (non-zero). When the condition becomes false (0), execution pro-
ceeds from the statement following the LpWhile-statement.

2. Since the condition comes after the LpWhile-statement, the condition is tested
(checked) after all of the commands inside the loop are executed.

Example: Do <
? - Ad
Ax2 . Bd
B 4
LpWhile B >10

| While~WhileEnd

Function: This command repeats specific commands as long as its condition is true
(non-zero).
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Syntax:
|
: ~ WhileEnd

While <expression> {
4

Parameters: expression
Description:

1. This command repeats the commands contained in the loop as long as its condi-
tion is true (non-zero). When the condition becomes false (0), execution pro-
ceeds from the statement following the WhileEnd-statement.

2. Since the condition comes after the While-statement, the condition is tested
(checked) before the commands inside the loop are executed.

Example: 10 - Ad
While A> 0«
A-1-5Ad
"GOOD” 4
WhileEnd

B Program Control Commands (CTL)

| Break

Function: This command breaks execution of a loop and continues from the next
command following the loop.

Syntax: Break «
Description:

1. This command breaks execution of a loop and continues from the next command
following the loop.

2. This command can be used to break execution of a For-statement, Do-state-
ment, and While-statement.

Example: While A>0 &
fA>2d
Then Break «
IfEnd
WhileEnd
A 4d I Executed after Break

Prog

Function: This command specifies execution of another program as a subroutine. In
the RUN Mode, this command executes a new program.

Syntax: Prog "file name” «
Example: Prog "ABC”
Description:

1. Even when this command is located inside of a loop, its execution immediately
breaks the loop and launches the subroutine.

2. This command can be used as many times as necessary inside of a main routine
to call up independent subroutines to perform specific tasks.
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3. Asubroutine can be used in multiple locations in the same main routine, or it can
be called up by any number of main routines.

Main Routine Subroutines

¢ E m™ 1 ™ !
—Prosi “E”: Pro:g "I”Q/L_/-Pm:g "J":’.)_¥ E
\ ]\ |\ |\ /
Level 1 Level2 Level 3 Level 4

4. Calling up a subroutine causes it to be executed from the beginning. After execu-
tion of the subroutine is complete, execution returns to the main routine, continu-
ing from the statement following the Prog command.

5. AGoto~Lbl command inside of a subroutine is valid inside of that subroutine only.
It cannot be used to jump to a label outside of the subroutine.

6. If a subroutine with the file name specified by the Prog command does not exist,
an error (Go ERROR) occurs.

7. In the RUN Mode, inputting the Prog command and pressing launches the
program specified by the command.

Return

Function: This command returns from a subroutine.
Syntax: Return «
Description:

Execution of the Return command inside a main routine causes execution of the
program to stop.

Example: Prog "A” Prog "B”
15 Ad ForA - BTo 104
Prog "B” B+1-.Cd
C 4 Next «
Return

Executing the program in File A displays the result of the operation (11).

Stop |

Function: This command terminates execution of a program.
Syntax: Stop

Description:

1. This command terminates program execution.

2. Execution of this command inside of a loop terminates program execution with-
out an error being generated.
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Example: For2 - 1 To 10
fl=5«
Then "STOP” : Stop«l
IfEnd <
Next

This program counts from 2 to 10. When the count reaches 5, however, it terminates
execution and displays the message “STOP.”

B Jump Commands (JUMP)

| Dsz

Function: This command is a count jump that decrements the value of a control
variable by 1, and then jumps if the current value of the variable is zero.

Syntax:
Variable Value * 01

Pu
Dsz <variable name> : <statement> { : } <statement>

J

|—Variable Value =0

Parameters:
Variable Name: Ato Z, r, 6
[Example] Dsz B : Decrements the value assigned to variable B by 1.
Description:
This command decrements the value of a control variable by 1, and then tests (checks)
it. If the current value is non-zero, execution continues with the next statement. If the
current value is zero, execution jumps to the statement following the multi-statement
command (:), display command ( 4), or carriage return ().
Example: 10 -~ A:0 - C:
Lbl1:? - B:B+C - C:
DszA:Goto1:C+10
This program prompts for input of 10 values, and then calculates the
average of the input values.

Goto~Lbl

Function: This command performs an unconditional jump to a specified location.
Syntax: Goto <value or variable> ~ Lbl <value or variable>

Parameters: Value (from 0 to 9), variable (Ato Z, r, 6)

Description:

1. This command consists of two parts: Goto n (where n is a value from 0 to 9) and
Lbl n (where n is the value specified for Goto). This command causes program
execution to jump to the Lbl-statement whose value matches that specified by
the Goto-statement.

2. This command can be used to loop back to the beginning of a program or to jump
to any location within the program.
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P.352

3. This command can be used in combination with conditional jumps and count
jumps.
4. If there is no Lbl-statement whose value matches that specified by the Goto-
statement, an error (Go ERROR) occurs.
Example: ? -~ A:? - B:Lbl1:
? oX:AxX+B 4
Goto 1
This program calculates y = AX + B for as many values for each variable that you
want to input. To quit execution of this program, press [Ad.

Isz

Function: This command is a count jump that increments the value of a control
variable by 1, and then jumps if the current value of the variable is zero.

Syntax:
Variable Value % 01

Pu
Isz <variable name> : <statement> { : } <statement>

J s

|—Variable Value =0

Parameters:
Variable Name: Ato Z, r, 6

[Example] Isz A : Increments the value assigned to variable Aby 1.
Description:

This command increments the value of a control variable by 1, and then tests (checks)
it. If the current value is non-zero, execution continues with the next statement. If the
current value is zero, execution jumps to the statement following the multi-statement
command (:), display command ( 4), or carriage return ().

| 0 (Jump Code)

Function: This code is used to set up conditions for a conditional jump. The jump is
executed whenever the conditions are false.

Syntax:

True
pu
<left side> <relational operator> <right side> [J <statement> : ¢ <statement>

I < 4

False

Parameters:

left side/right side: variable (Ato Z, r, 6), numeric constant, variable expression (such
as: A x2)

relational operator: =, #, >, <, 2, <
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Description:

1. The conditional jump compares the contents of two variables or the results of two
expressions, and a decision is made whether or not to execute the jump based
on the results of the comparison.

2. If the comparison returns a true result, execution continues with the statement
following the 0 command. If the comparison returns a false result, execution
jumps to the statements following the multi-statement command (:), display com-
mand (), or carriage return ().

Example: Lbl1:? - A:

Az0OV A M4

Goto 1
With this program, inputting a value of zero or greater calculates and displays the
square root of the input value. Inputting a value less than zero returns to the input
prompt without calculating anything.

B Clear Commands (CLR)

| ClrGraph

Function: This command clears the graph screen.
Syntax: ClrGraph &
Description: This command clears the graph screen during program execution.

CirList |

Function: This command clears list data.
Syntax: ClrList

Description: This command clears the contents of the currently selected list (List 1
to List 6) during program execution.

| ClirText |

Function: This command clears the text screen.
Syntax: ClrText«
Description: This command clears text from the screen during program execution.

B Display Commands (DISP)

| DispF-Tbl, DispR-Tbl

Function: These commands display numeric tables.
Syntax:

DispF-Tbl

DispR-Tbl
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Description:

1. These commands generate numeric tables during program execution in accord-
ance with conditions defined within the program.

2. DispF-Tbl generates a function table, while DispR-Tbl generates a recursion ta-
ble.

DrawDyna

Function: This command executes a Dynamic Graph draw operation.
Syntax: DrawDyna

Description: This command performs a Dynamic Graph draw operation during
program execution in accordance with the drawing conditions defined within the
program.

DrawFTG-Con, DrawFTG-PIt

Function: These commands graph functions.
Syntax:

DrawFTG-Con

DrawFTG-Plt <
Description:

1. These commands graph functions in accordance with conditions defined within
the program.

2. DrawFTG-Con produces a connect type graph, while DrawFTG-PIt produces a
plot type graph.

DrawGraph

Function: This command draws a graph.
Syntax: DrawGraph <

Description: This command draws a graph in accordance with the drawing condi-
tions defined within the program.

DrawR-Con, DrawR-PIt

Function: These commands graph recursion expressions, with a.(b») as the vertical
axis and n as the horizontal axis.

Syntax:
DrawR-Con <
DrawR-Plt &

Description:

1. These commands graph recursion expressions, with a.(b.) as the vertical axis
and n as the horizontal axis, in accordance with conditions defined within the
program.
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2. DrawR-Con produces a connect type graph, while DrawR-PIt produces a plot
type graph.

DrawRz-Con, DrawRZ-PIt

Function: These commands graph recursion expressions, with Za.(~b») as the ver-
tical axis and n as the horizontal axis.

Syntax:
DrawRZ-Con
DrawRZ-Plt

Description:

1. These commands graph recursion expressions, with Za.(<b.) as the vertical axis
and n as the horizontal axis, in accordance with conditions defined within the
program.

2. DrawRz-Con produces a connect type graph, while DrawRZ-PIt produces a plot
type graph.

DrawStat

Function: This draws a statistical graph.
Syntax:

DrawStat «
Description:

This command draws a statistical graph in accordance with conditions defined within
the program.

| DrawWeb

Function: This command graphs convergence/divergence of a recursion expres-
sion (WEB graph).

Syntax: DrawWeb [name of recursion expression], [number of lines] «

Example: DrawWeb a1 (bns1), 5«

Description:

1. This command graphs convergence/divergence of a recursion expression (WEB
graph).

2. Omitting the number of lines specification automatically specifies the default value
30.
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B Input/Output Commands (I/O)

| Getkey

Function: This command returns the code that corresponds to the last key pressed.
Syntax: Getkey

Description:

1. This command returns the code that corresponds to the last key pressed.

©
N
D@ @@ D)
GO @D
GD

E

@ElES]E]E]E
NN NN

COE=HOEmOE
N B N N )

N L N I\ J N I J
NN N NN
N B N B\ ) N )
N NN NN
\N J J J J I
. J

2. Avalue of zero is returned if no key was pressed previous to executing this com-
mand.

3. This command can be used inside of a loop.

Locate

Function: This command displays alpha-numeric characters at a specific location
on the text screen.

Syntax:
Locate <column number>, <line number>, <value>
Locate <column number>, <line number>, <variable name>
Locate <column number>, <line number>, "<string>"

[Example] Locate 1, 1, "AB”
Parameters:

* line number: number from 1to 7

» column number: number from 1 to 21
« value: numeric value

« variable name: Ato Z

« string: character string
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Description:

1. This command displays values (including variable contents) or text at a specific
location on the text screen.

2. The row is designated by a value from 1 to 7, which the column is designed by a
value from 1 to 21.

1.1 -0 g - @1,1)

(157) - I:l I:l « (21,7)

Example: Cls
Locate 7, 1, "CASIO FX”
This program displays the text “CASIO FX” in the center of the screen.
» In some cases, the ClrText command should be executed before running the
above program.

Receive (

Function: This command receives data from an external device.
Syntax: Receive (<data>)
Description:
1. This command receives data from an external device.
2. The following types of data can be received by this command.
« Individual values assigned to variables
» Matrix data (all values - individual values cannot be specified)
« List data (all values - individual values cannot be specified)
* Picture data

| Send (

Function: This command sends data to an external device.
Syntax: Send (<data>)
Description:
1. This command sends data to an external device.
2. The following types of data can be sent by this command.
« Individual values assigned to variables
» Matrix data (all values - individual values cannot be specified)
« List data (all values - individual values cannot be specified)
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B Conditional Jump Relational Operators (REL)

Function: These relational operators are used in combination with the conditional
jump command.

Syntax:
o

. } <statement>

<left side> <relational operator> <right side> O <statement>
Vi
Parameters:

left side/right side: variable (Ato Z, r, 6), numeric constant, variable expression (such
as: A x2)

relational operator: =, #, >, <, 2, <
Description:

1. The following six relational operators can be used in the conditional jump com-
mand

<left side> = <right side> : true when <left side> equals <right side>

<left side> ¥ <right side> : true when <left side> does not equal <right side>

<left side> > <right side> : true when <left side> is greater than <right side>

<left side> < <right side> : true when <left side> is less than <right side>

<left side> > <right side> : true when <left side> is greater than or equal to <right side>
<left side> < <right side> : true when <left side> is less than or equal to <right side>

2. See “0 (Jump Code)” for details on using the conditional jump.
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You can include text in a program by simply enclosing it between double quotation
marks. Such text appears on the display during program execution, which means
you can add labels to input prompts and results.

Program Display
?-X ?
"X="7 5 X X="7?

« If the text is followed by a calculation formula, be sure to insert a display com-
mand (.4 ) between the text and calculation.

« Inputting more than 21 characters causes the text to move down to the next line.
The screen scrolls automatically if the text causes the screen to become full.
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m B Using Matrix Row Operations in a Program

P.92 These commands let you manipulate the rows of a matrix in a program.

« For this type of program, be sure to use the MAT Mode to input the matrix, and
then switch to the PRGM Mode to input the program.

oTo swap the contents of two rows (Swap)

Example 1 To swap the values of Row 2 and Row 3 in the following matrix:

1 2
Matrix A = |:3 4:|
5 6

The following is the syntax to use for this program.
Swap % 2,3

Matrix name
Executing this program produces the following result.
(MAT Mode) A | H ‘

oTo calculate a scalar product ( %k Row)

Example 2 To calculate the scalar product of Row 2 of the matrix in Example 1,
multiplying by 4

The following is the syntax to use for this program.

*Row 4, A, 2
Matrix name
Multiplier
Executing this program produces the following result.
(MAT Mode) R I _ &
St .E] ‘
3 5 B
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oTo calculate a scalar product and add the results to another row
(% Row+)

Example 3 To calculate the scalar product of Row 2 of the matrix in Example 1,
multiplying by 4, and add the result to row 3

The following is the syntax to use for this program.
* Row+4,A, 2,3

Matrix name
Multiplier
Executing this program produces the following result.
(MAT Mode) AR I _ &
e ] ‘
3 | L]

oTo add two rows (Row+)

Example 4 To add Row 2 to Row 3 of the matrix in Example 1
The following is the syntax to use for this program.

Row+ A, 2,3
Matrix name
Executing this program produces the following result.
(MAT Mode)

A __1__ 2 ‘

B Using Graph Functions in a Program

You can incorporate graph functions into a program to draw complex graphs and to
overlay graphs on top of each other. The following shows various types of syntax you
need to use when programming with graph functions.
« View Window

View Window -5,5,1,-5,5,1 «
» Graph function input

Y =Typed ..... Specifies graph type.

X-3" 5 Y1d
« Graph draw operation

DrawGraph «

Example Program

DClrGraph « @ (suiT) (PRaM) (Fe) (F1) (F2)
@View Window —10, 10, 2, —120, 150, 50 @ (st (F3) (F1) (EXM)
oY =Typed © F4) (F4) (F3) (D)
"X N 4=X N 3-24X2 + 4X + 80" - Y1 @ (ixes) (F4) (F1) (ExTT) (BxT)
@
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©G Selon 1.4 © [F) (2 E) F) 6
©DrawGraph ® F2F

Executing this program produces the result shown here.

LA\
TV

B Using Dynamic Graph Functions in a Program

Using Dynamic Graph functions in a program makes it possible to perform repeat

Dynamic Graph operations. The following shows how to specify the Dynamic Graph
range inside a program.

- Dynamic Graph range
1 - D Startd
5 D Ended
1 - D pitchd

Example Program

ClrGraph«
View Window -5,5,1,-5,5,1
Y=Typed
AX+17 5 Y1d @ (rs) (F2) (F1) (ExT) (EXT)
2D Selon 1+ *AEEE
®D VarA«d % [F3
1. @D Started @ (rg) (F3) (F1)
59D Ende % (F)
1 - ®D pitch«d © (F3)
@ DrawDyna @ )
Executing this program produces the result shown here.
Y1=RH+1 |//
A=1 |
1
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B Using Table & Graph Functions in a Program

Table & Graph functions in a program can generate numeric tables and perform
graphing operations. The following shows various types of syntax you need to use
when programming with Table & Graph functions.

« Table range setting
1 - F Startd
55 F Endd
1 - F pitch«d

» Numeric table generation
DispF-Tbl

 Graph draw operation
Connect type: DrawFTG-Con«<
Plot type: DrawFTG-Plt

Example Program

ClrGraph«

ClrText«

View Window 0, 6, 1, -2, 106, 2.«

Y =Typed

BXE—2" L Y1d
®T SelOn 1. @ (F3) (Fe) (FD) (F1)

0 - @F Started @ (ues) (Fe) (F1) (F1)

6 ~ OF Ended ©F2

1 - @F pitch « @ (F3)
© DispF-Tbl 4 © (sr) (7RGl (F8) (F2) (F4) (E)
®DrawFTG-Con ® (F2) (F3) (F2

Executing this program produces the results shown here.

Numeric Table

.

Graph

EXE|
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B Using Recursion Table & Graph Functions in a Program

Incorporating Recursion Table & Graph functions in a program lets you generate
numeric tables and perform graphing operations. The following shows various types
of syntax you need to use when programming with Recursion Table & Graph func-
tions.

 Recursion formula input
anv1 Type« .... Specifies recursion type.
"Ban + 2" - ani A
"4bn + 6" - bu1 A
« Table range setting
1 - R Started
55 R Endd
15 acd
2 - boed
1 - an Startd
3 - bn Started
* Numeric table generation
DispR-Tbl
» Graph draw operation
Connect type: DrawR-Conl, DrawRZ-Con«
Plot type: DrawR-Plt, DrawRZ-Plt
« Statistical convergence/divergence graph (WEB graph)
DrawWeb an+1, 10

Example Program
ClrGraph«
View Window 0, 1,1,0,1, 1
D gt Type o @ [F4) (Fe) (F2 [F3) (F2) [
3a? 4 3ar — o 2 [Fa[F
"8bn—0.2" - bui A
0 - @R Starte © (is) (F8) (F2) (F2) (F1)
6 - R Endd
0.01 - aoed
0.11 = bod
0.01 - an Start«d
0.11 - bn Started

@ DispR-Thl 4 @ (surr) (PR (F8) (F2) (FB) (F1)
5 DrawWeb .1, 30 © (s (R (F8) (F2) (F8) (F2) (BxT) (D) (EX)
© (F4) (Fe) (F2 (F3) (F3)
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Executing this program produces the results shown here.

Numeric Table
Eg " 001 0.1l
1 0.0237 D0.13
2 D.0BE4 u.|5]
3 0.2363 0.31

Recursion graph

&8

B Using List Sort Functions in a Program

These functions let you sort the data in lists into ascending or descending order.

» Ascending order
o) ®
SortA (List 1, List 2, List 3)
Lists to be sorted (up to six can be specified)

(4 (F3) () (X
2w EDE)

» Descending order
SortD (List 1, List 2, List 3)
Lists to be sorted (up to six can be specified)

B Using Statistical Calculations and Graphs in a Program

Including statistical calculations and graphing operations into program lets you cal-
culate and graph statistical data.

oTo set conditions and draw a statistical graph

Following “StatGraph”, you must specify the following graph conditions:
* Graph draw/non-draw status (DrawOn/DrawOff)
» Graph Type
* x-axis data location (list name)
* y-axis data location (list name)
* Frequency data location (list name)
» Mark Type

The graph conditions that are required depends on the graph type. See “Changing
Graph Parameters”.
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 The following is a typical graph condition specification for a scatter diagram or x,
y line graph.

S-Gph1 DrawOn, Scatter, List1, List2, 1, Square «
In the case of an x, y line graph, replace “Scatter” in the above specification with
“xyLine”.
» The following is a typical graph condition specification for a single-variable graph.
S-Gph1 DrawOn, Hist, List1, List2 «

The same format can be used for the following types of graphs, by simply replac-
ing “Hist” in the above specification with the applicable graph type.

Histogram: ........cccccoeeeeee. Hist
Median Box: .......cccecuenee. MedBox
Mean BoX: .....cccccereennnnn. MeanBox
Normal Distribution: ........ N-Dist
Broken Line: .....cc.coceeens Broken

» The following is a typical graph condition specification for a regression graph.
S-Gph1 DrawOn, Linear, List1, List2, List3 «

The same format can be used for the following types of graphs, by simply replac-
ing “Linear” in the above specification with the applicable graph type.

Linear Regression: ......... Linear
Med-Med: ........ccevrienene Med-Med
Quadratic Regression:.... Quad
Cubic Regression: .......... Cubic
Quartic Regression : ...... Quart
Logarithmic Regression: .. Log
Exponential Regression: Exp . B ED
Power Regression : ........ Power 2 (G
® (F1) B
Example Program “FIFIEEFE
CIrGraph « ® (F1) (F1) (Exm
$-Wind Auto * @ [ 6D
{1,2,3}—.%ist1d i@
® ¢ FE)
{1,2,3} - List 2

@ ® ® @
S-Gph1 DrawOn, Scatter, List1, List2, 1, Square «
®

DrawStat

Executing this program produces the scatter diagram shown here.
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B Performing Statistical Calculations
« Single-variable statistical calculation
®1-Variable List1, List2
Frequency data (Frequency)
x-axis data (XList)

@ [F4) (1) (Fe) (F1)

1-Uariable

E =%a33333333
x =

Zx? =35

oin =H. 74335599

oG-l =E.81649658

r'l =

« Paired-variable statistical calculation
2-Variable List1, List2, List3

Frequency data (Frequency)
y-axis data (YList)
x-axis data (XList)

2=lariable

x -

¥ =6

zxg =14

zdn =H,21849558
Tdn-1=

3 =3

» Regression statistical calculation
@ LinearReg List1, List2, List3
Calculation Frequency data (Frequency)

type y-axis data (YList)
x-axis data (XList)
@ F3) [F) FD
LinearREea
a=1
b=
r=1
w»=zx+h

* Any one of the following can be specified as the calculation type.

LinearReg....... linear regression
Med-MedLine . Med-Med calculation
QuadReg ........ quadratic regression
CubicReg ....... cubic regression
QuartReg ....... quartic regression
LogReg........... logarithmic regression
ExpReg .......... exponential regression

PowerReg....... power regression



Chapter

Data Communications

This chapter tells you everything you need to know to transfer pro-
grams between the fx-9750G and certain CASIO Graphic Scientific
Calculator models connected with an optionally available SB-62
cable. To transfer data between a unit and a personal computer,
you will need to purchase the separately available CASIO FA-122
Interface Unit.

This chapter also contains information on how to use the optional
SB-62 cable to connect to a CASIO Label Printer to transfer screen
data for printing.

20-1 Connecting Two Units

20-2 Connecting the Unit with a Personal Computer

20-3 Connecting the Unit with a CASIO Label Printer
20-4 Before Performing a Data Communication Operation
20-5 Performing a Data Transfer Operation

20-6 Screen Send Function

20-7 Data Communications Precautions



20-1 Connecting Two Units

The following procedure describes how to connect two units with an optional SB-62
connecting cable for transfer of programs between them.

oTo connect two units
1. Check to make sure that the power of both units is off.
2. Remove the covers from the connectors of the two units.
» Be sure you keep the connector covers in a safe place so you can replace them

after you finish your data communications.

3. Connect the two units using the SB-62 cable.

C C

i irecs2 fiririarice:
RN BN U RS P . | R Y [ S S .
RS RS PR DU S i RN [ R S DS P )
A | I
R Y )
N A S Y
) ) ) J
SB-62 cable
@ I - Keep the connectors covered when you are not using them.
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20-2 Connecting the Unit with a Personal
Computer

To transfer data between the unit and a personal computer, you must connect them
through a separately available CASIO FA-122 Interface Unit.

For details on operation, the types of computer that can be connected, and hardware
limitations, see the user’s manual that comes with the FA-122.

oTo connect the unit with a personal computer

1. Check to make sure that the power of the unit and the personal computer is off.
2. Connect the personal computer to the FA-122 Interface Unit.
3. Remove the cover from the connector of the unit.
» Be sure you keep the connector cover in a safe place so you can replace it after
you finish your data communications.
4. Connect the unit to the FA-122 Interface Unit.
5. Switch on the power of the unit, followed by the personal computer.

« After you finish data communications, switch off power in the sequence: the unit
first, and then the personal computer. Finally, disconnect the equipment.

rierialcs2
RS [N U DU U s |
RS N R RS U |
JRS DRS DRS JR
JJ J )
JJJ 3

RN R D D P |

x-9750G
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20-3 Connecting the Unit with a CASIO Label
Printer

After you connect the unit to a CASIO Label Printer with an optional SB-62 cable,
you can use the Label Printer to print screen shot data from the unit. See the User’s
Manual that comes with your Label Printer for details on how to perform this opera-
tion.

» The operation described above can be performed using the following Label Printer
models: KL-2000, KL-2700, KL-8200 (as of October 1996).

oTo connect the unit with a Label Printer

1. Check to make sure that the power of the unit and the Label Printer is off.
2. Connect the optional SB-62 cable to the Label Printer.
3. Remove the cover from the connector of the unit.
» Be sure you keep the connector cover in a safe place so you can replace it after
you finish your data communications.

4. Connect the other end of the SB-62 cable to the unit.

5. Switch on the power of the unit, followed by the Label Printer.

x-9750G

SB-62 cable

« After you finish data communications, switch off power in the sequence: the unit
first, and then the Label Printer. Finally, disconnect the equipment.
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20-4 Before Performing a Data Communication
Operation

P.372

In the Main Menu, select the LINK icon and enter the LINK Mode. The following data
communication main menu appears on the display.

Communication
Imags Setiln
FliTransmil

FZiReceive
F&: Image Set Mode
1

TR [RECH
FE
Image Set:Off ...... Indicates the status of the graphic image send features.

Off:  Graphic images not sent.
On: Pressing sends graphic images.

(F1) (TRAN)..... Menu of send settings
(F2) (RECV) .... Menu of receive settings
(IMGE) ..... Menu of graphic image transfer settings

Communications parameters are fixed at the following settings.
» Speed (BPS): 9600 bits per second
« Parity (PARITY): NONE
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20-5 Performing a Data Transfer Operation

Connect the two units and then perform the following procedures.

Receiving unit
To set up the calculator to receive data, press [F2) (RECV) while the data communi-
cation main menu is displayed.

F2)(RECV) Receiting- - -
AC: Cancel

The calculator enters a data receive standby mode and waits for data to arrive.
Actual data receive starts as soon as data is sent from the sending unit.

Sending unit

To set up the calculator to send data, press (F1 (TRAN) while the data communica-
tion main menu is displayed.

(F1) (TRAN) Select Trans Trre

FliSelect
FZ: Current
F&: Backur

CRHT, EACK)

& [F2

Press the function key that corresponds to the type of data you want to send.
(F1) (SEL)........ Selects data items and sends

(F2) (CRNT) .... Selects data items from among previously selected data items
and sends

(BACK)..... All memory contents, including mode settings

oTo send selected data items
Press (F1) (SEL) or (F2) (CRNT) to display a data item selection screen.

(F1)(SEL) or [F2) (CRNT) Select Trans Data

Data items Mat. A

SEL TRAE

ED
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Performing a Data Transfer Operation m

(F1) (SEL)........ Selects data item where cursor is located.
(TRAN)..... Sends selected data items.

Use the @ and @ cursor keys to move the cursor to the data item you want to
select and press (F1) (SEL) to select it. Currently selected data items are marked
with “»”. Pressing (TRAN) sends all the selected data items.

- To deselect a data item, move the cursor to it and press (F1) (SEL) again.

Only items that contain data appear on the data item selection screen. If there are
too many data items to fit on a single screen, the list scrolls when you move the
cursor to the bottom line of the items on the screen.

The following are the types of data items that can be sent.

Overwrite |Password

Data Iltem Contents Check* | Check*
Program Program contents Yes Yes
Mat n Matrix memory (A to Z) contents Yes

List n List memory (1 to 6) contents Yes

File n List file memory (1 to 6) contents Yes

Graph expressions, graph write/
Y=Data non-write status, View Window No
contents, zoom factors

G-Mem n | Graph memory (1 to 6) contents Yes
V-Win n View Window memory contents No
Picture n Picture (graph) memory (1 to 6) data No
DynaMem | Dynamic Graph functions Yes
Equation Equation calculation coefficient values No
Variable Variable assignments No
F-Mem Function memory (1 to 6) contents No

* No overwrite check: If the receiving unit already contains the same type of data, the existing
data is overwritten with the new data.

With overwrite check: If the receiving unit already contains the same type of data, a mes-
sage appears to ask if the existing data should be overwritten with the new data.
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m Performing a Data Transfer Operation

Data item name —[RA ]
Already Exists
Oyerwrite?
Fl:lYes

FE&:Ho
AC:Cancel

[FEE G
€1

(F1 (YES) ....... Replaces the receiving unit’s existing data with the new data.
(NO) ......... Skips to next data item.

*2With password check: If a file is password protected, a message appears asking
for input of the password.

) Program Hame
Name of password protected file —-LA ]

) ) Fas=word?
Password input field —-[ 1

(SYBL) ..... Symbol input

After inputting the password, press [Ex.

oTo execute a send operation

After selecting the data items to send, press (TRAN). A message appears to
confirm that you want to execute the send operation.

[F8) (TRAN) Transmit QK7
Fl:Yes=s
F&iHo
TES o
()

(F1) (YES) ....... Sends data.
(NO) ......... Returns to data selection screen.

Press (F1) (YES) to send the data.

[F(YES) Transmitting. - -
AC: Cancel

* You can interrupt a data operation at any time by pressing (ad).
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Performing a Data Transfer Operation m

The following shows what the displays of the sending and receiving units look like
after the data communication operation is complete.

Sending Unit Receiving Unit
Communicat.ion Communical.ion
ComrFlete! Comrlete!

Prezs:[AC] Preszs :[AC]

Press to return to the data communication main menu.

oTo send backup data

This operation allows you to send all memory contents, including mode settings.

While the send data type selection menu is on the screen, press (BACK), and
the back up send menu shown below appears.

(BACK)

Press (TRAN) to start the send operation.

(Fg) (TRAN)

Backur Transmit
F&: Transmitl
AC:Cancel
TRAN
Transmittina- - .
AC: Cancel

The following shows what the displays of the sending and receiving units look like
after the data communication operation is complete.

Sending Unit Receiving Unit
Communicat.ion Communical.ion
ComrFlete! Comrlete!

Prezs:[AC] Preszs :[AC]

Press to return to the data communication main menu.

» Data can become corrupted, necessitating a RESET of the receiving unit, should
the connecting cable become disconnected during data transfer. Make sure
that the cable is securely connected to both units before performing any data

communication operation.
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20-6 Screen Send Function

[

P.365

P.366

The following procedure sends a bit mapped screen shot of the display to a con-
nected computer.

®To send the screen

1. Connect the unit to a personal computer or to a CASIO Label Printer.

2. In the data communication main menu, press (IMGE), and then select “On”
for Image Set.

[F8)(IMGE) Imzae Sel Mode
ZHiy
[F-Clkex:Cor:x
[oFF [6H_
F F
(F1)(OFF) ........ Graphic images not sent
(F(ON) .......... Bit map

3. Display the screen you want to send.

4. Set up the personal computer or Label Printer to receive data. When the other
unit is ready to receive, press to start the send operation.

You cannot send the following types of screens to a computer.
» The screen that appears while a data communication operation is in progress.
* A screen that appears while a calculation is in progress.
» The screen that appears following the reset operation.
» The low battery message.

« The flashing cursor is not included in the screen image that is sent from the
unit.

« If you send a screen shot of any of the screens that appear during the data
send operation, you will not be able to then use the sent screen to proceed with
the data send operation. You must exit the data send operation that produced
the screen you sent and restart the send operation before you can send addi-
tional data.

* You cannot use 6mm wide tape to print a screen shot of a graph.
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20-7 Data Communications Precautions

Note the following precautions whenever you perform data communications.

+ ATRANSMIT ERROR occurs whenever you try to send data to a receiving unit
that is not yet standing by to receive data. When this happens, press to clear
the error and try again, after setting up the receiving unit to receive data.

+ A RECEIVE ERROR occurs whenever the receiving unit does not receive any
data approximately six minutes after it is set up to receive data. When this hap-
pens, press to clear the error.

+ ATRANSMIT ERROR or RECEIVE ERROR occurs during data communications
if the cable becomes disconnected, if the parameters of the two units do not
match, or if any other communications problem occurs. When this happens, press
to clear the error and correct the problem before trying data communications
again. If data communications are interrupted by key operation or an error,
any data successfully received up the interruption will be in the memory of the
receiving unit.

AMEMORY FULL occurs if the receiving unit memory becomes full during data
communications. When this happens, press to clear the error and delete
unneeded data from the receiving unit to make room for the new data, and then
try again.

« To send picture (graph) memory data, the receiving unit need 1-kbytes of memory
for use as a work area in addition to the data being received.
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Chapter

/

Program Library

Prime Factor Analysis
Greatest Common Measure
t-Test Value

Circle and Tangents
Rotating a Figure

a B~ WON =

Before using the Program Library

* Be sure to check how many bytes of unused memory is remain-
ing before attempting to perform any programming.

* This Program Library is divided into two sections: a numeric cal-
culation section and a graphics section. Programs in the numeric
calculation section produce results only, while graphics programs
use the entire display area for graphing. Also note that calcula-
tions within graphics programs do not use the multiplication sign
(x) wherever it can be dropped (i.e. in front of open parenthesis).



CASIO PROGRAM SHEET

Program for

No.
Prime Factor Analysis ° 1

Description

Produces prime factors of arbitrary positive integers

(Overview)

Example

Preparation and operation

For1<m< 10"
Prime numbers are produced from the lowest value first. “END” is displayed at the end
of the program.

m is divided by 2 and by all successive odd numbers (d =3, 5,7, 9, 11, 13, ....) to check
for divisibility.

Where d is a prime factor, mi = mi-1/d is assumed, and division is repeated until
Nmi+1=d.

[1]

119=7 x17

[2]

440730 =2 x3 x3 x5 x 59 x 83
[3]

262701 =3 x3x17x17 x101

« Store the program written on the next page.
» Execute the program as shown below.

Step | Key operation Display Step| Key operation Display
1 F(EXE) | M? 11 [Exg 83
2 119 [ 7| 12 @8 | END
3 B 17 || 13 Exg | M?
4 Eg | END 14 262701 [xg 3
5 Eg | M? 15 (Exg 3
6 440730 (e 2 || 16 (Exg 17
7 E5] 3| 17 E8 17
8 Exg 3| 18 (Exg 101
9 EZ 5| 19 @9 | END
10 (Exg 59 || 20
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CASIO PROGRAM SHEET

Program for No.

Greatest Common Measure

Description

Euclidean general division is used to determine the greatest common measure for two interers

aand b.

For |al, |b| < 109, positive values are taken as < 10
(Overview)

no = max (|al, |b|)

nt =min (|al, |b])

ni-2
=Nk2— | —— | Nkt
Nk = Nk-2 el KL

k=2,3..
If nk = 0, then the greatest common measure (c) will be 7i-1.

Example [1] 2] [3]

When a =238 a=23345 a=522952
b =374 b=9135 b =3208137866
1 1 1
c=34 c=1015  ¢=998

Preparation and operation

« Store the program written on the next page.
» Execute the program as shown below.

Step | Key operation Display Step| Key operation Display
1 F(EXE) | A? 11
2 238(exg | B? 12
3 374 (e 34 || 13
4 B9 | A? 14
5 23345(xg | B? 15
6 9135(xg 1015 || 16
7 Exg | A? 17
8 522952 B | B? 18
9 [3208137866 [Exg 998 || 19
10 20
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CASIO PROGRAM SHEET

Program for No.
t-Test Value 3
Description
The mean (sample mean) and sample standard deviation can be used to obtain a 7-test value.
f= (Xx-m) ¥  :meanofxdata
XOn—1 xon-1 : sample standard deviation of x data
n n : number of data items
m : hypothetical population standard deviation (normally repre-
sented by p, but m is used here because of variable name
limitations)

Example To determine whether the population standard deviation for sample data 55, 54, 51,
55, 53, 53, 54, 52, is 53.

Perform a t-test with a level of significance of 5%.

Preparation and operation

« Store the program written on the next page.
» Execute the program as shown below.

Step | Key operation Display Step| Key operation Display

1 F)(EXE) | M? 3
2 5369 | |- 4
0.7533708035

The above operation produces a t-test value of #(53) = 0.7533708035. According to the rdistribution
table in the next page, a level of significance of 5% and a degree of freedomof 7 (n—-1=8-1=7)
produce a two-sided r-test value of approximately 2.365. Since the calculated r-test value is lower
than the table value, the hypothesis that population mean m equals 53 is accepted.
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CASIO PROGRAM SHEET

Program for . No.
Circle and Tangents 4

Description

Formula for circle:
X24+y2=72

Formula for tangent line passing
through point A (x', y"):

y=y'=m{x-x)
. - / * m represents the slope of the

tangent line

With this program, slope m and intercept b (= y' — mx") are obtained for lines drawn from point
A(x',y") and are tangent to a circle with a radius of r. The trace function is used to read out the
coordinates at the points of tangency, and factor zoom is used to enlarge the graph.

Example
To determine m and b for the following values:
r=1
x'=3
y'=2
Notes

* The point plotted for A cannot be moved. Even if it is moved on the graph, the calculation is
performed using the original value.

* An error (Ma ERROR) occurs when r = x'.

« Be sure to always perform a trace operation whenever you select trace and the message
TRACE is on the display.

Preparation and operation

« Store the program written on the next page.
» Execute the program as shown below.

N|<|x|S|<

Memory Contents
OMmgoo|m >
ZIZ | X|e|—|xT
C|H|» 31O T O
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Program for

No.
Circle and Tangents 4
Step Key Operation Display
ED(EXE) HE+YE=F g
F=7
1
169
2 il
LS
EXE|
HE+VE=REd
fald
3 Gy W bane
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3Eg
- AN
4
B3
ﬁ/
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Program for

No.

Circle and Tangents 4
Step Key Operation Display
Exg —
Z
Lare
6 Lore
M=
B. 3169872981
- Di=Fp -
@ Crore
b= Lare
7 H. 31898372921
E=
1.849632106
- DisFp -
Ej Be H. 3189872981
1.849632165
TREACE7&
8 YES*la
HO*E
o
0
ﬁ-\%/
9 kﬁjf
@ HOFE
7
H
M= Lok
10 1.183R127@2
- DisF -




Program for . No.
Circle and Tangents 4
Step Key Operation Display
B2 3
= Crore
11 B: 1. 153612762
B -1.549632106
- Di=Fp -
g b 1.18Z81 2782
~ -1.549035106
TRACE
12 YESE Ta
HOS6A
?
1 (ExE
TRACE 7
YESE L
HO3a
?
13 i
TRACE _
- DisFr -
@R D (TRCE) M
14 \jy/
H=-6.3 Y=-9.0020181216
o el
15
nw=0.8 F=-0. 60262794l |
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Program for . No.
Circle and Tangents 4
Step Key Operation Display
B8 TRACE 7
YESF 14
HOza
16 i
TRACE
Factor MiM=%
46d [
17 kﬂah_
B2 7
iRHEE HiH=7
18 43':- o =M=

Lore
EHD:
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CASIO PROGRAM SHEET

Program for . . No.
Rotating a Figure 5
Description
Formula for coordinate transforma-
Y tion:
i ) - (L)

x'=xcos 6—ysin 0

y'=xsin@+ycos 0

P C(Xa, y:a)
' \N Bz y2)
B I

Graphing of rotation of any geometric figure by 6 degrees.

Example
To rotate by 45° the triangle defined by points A (2, 0.5), B (6, 0.5), and C (5, 1.5)

Notes

» Use the cursor keys to move the pointer around the display.

« To interrupt program execution, press while the graphic screen is on the display.

« The triangle cannot be drawn if the result of the coordinate transformation operation exceeds
View Window parameters.

Preparation and operation

« Store the program written on the next page.
» Execute the program as shown below.

A X1 H y'1 O V
£ B V1 [ X’ P W
% C X2 J y'z Q 0 X
2 |D ye K X3 R Y
s |E xa L Vs S z
2 |F Vs M T

G x’1 N U
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Program for . . No.
Rotating a Figure 5
Step Key Operation Display
(D (EXE) CH1L YL
®1=?
1
29
0.5[Exg
2
+
n=g ¥=0.5
EXE|
ni=7
2
Elg?
3 ) Dore
CHTL Y2
W=7
6Eq
0.5[Exg
4
+
H=B T=0.5
S HZ=7
[
P2=7
B.5
5 Lok
CHE.YIe
WI=7
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Program for No.

Rotating a Figure 5
Step Key Operation Display
4.5 Exg
1.5
6
+
n=la 5 - ;|'=I.5
®-®
(Locate the pointer at X = 5)
7
+
n=8 ;|'=I 5
EXE|
8
T
S Aa=7
4.5
W3=7
1.5
9 Lone
Lobe
AMGLE: Dea?
45 [Exg
10 #
N

Continue, repeating from step 8.
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Appendix A Resetting the Calculator

©.

P.13

Warning!

The procedure described here clears all memory contents. Never perform this op-
eration unless you want to totally clear the memory of the calculator. If you need

the data currently stored in memory, be sure to write it down somewhere before
performing the RESET operation.

oTo reset the calculator

1. Press ([N to display the main menu.

2. Highlight the MEM icon and press [Eg, or press .

[l o

2Se

To Select:
o Se :

3. Use ® to move the highlighting down to “Reset” and then press [Exg.

Aok R R kR ok Rk
* RESET *
eoeoeokooboboR b ok ook ok ook ok
RESET ALL MEMORIES?

[Fi] LFel
wEZ _RESETALL [AO

4. Press (F1 (YES) to reset the calculator or (NO) to abort the operation without
resetting anything.

e ko o bbb ok ok kR
¥

=

¥
i MEMORY CLERRED! *

=

*
e ko o bR R ok kR
FRESS [MEHUI KEY

5. Press (iEN).

- If the display appears to dark or dim after you reset the calculator, adjust the
contrast.
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Resetting the Calculator Appendix A

Resetting the calculator initializes it to the following settings.

ltem Initial Setting
Icon RUN
Mode Comp
Angle Unit Rad
Exponent Display Range Norm 1
Variable Memory Clear
Function Memory Clear
Answer Memory (Ans) Clear
Graphic Display/Text Display Clear
Matrix Contents Clear
Equation Calculation Memory Clear
View Window Clear (initialized)
View Window Memory Clear
Graph Function Clear
Graph Memory Clear
Enlargement/Reduction Factor Clear (initialized)
Dynamic Graph Data Clear
Table & Graph Data Clear
Recursion Calculation Memory Clear
List Data Clear
Statistical Calculation/Graph Memory Clear
Program Clear
Input Buffer/AC Replay Clear
« If the calculator stops operating correctly for some P button
reason, use a thin, pointed object to prgss the P L_l_J
button on the back of the calculator. This should =

make the RESET screen appear on the display.
Perform the procedure to complete the RESET op-
eration.

« Pressing the P button while an internal calculation is being performed (indi-
cated by a blank display) will cause all data in memory to be deleted.
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Appendix B Power Supply

This unit is powered by four AAA-size (LRO3 (AM4) or R03 (UM-4)) batteries. In
addition, it uses a single CR2032 lithium battery as a back up power supply for the
memory.

If the following message appears on the display, immediately stop using the calcula-
tor and replace batteries.

b o Rk b kR R

Low batterwl

Eak o
Eak o

Ao o bRk b kR ok

If you try to continue using the calculator, it will automatically switch power off, in
order to protect memory contents. You will not be able to switch power back on until
you replace batteries.

Be sure to replace the main batteries at least once every two years, no matter how
much you use the calculator during that time.

Warning!

If you remove both the main power supply and the memory back up batteries at the
same time, all memory contents will be erased. If you do remove both batteries,
correctly reload them and then perform the reset operation.

B Replacing Batteries

Precautions:

Incorrectly using batteries can cause them to burst or leak, possibly damaging the
interior of the unit. Note the following precautions:

» Be sure that the positive (+) and negative (-) poles of each battery are facing in
the proper directions.

» Never mix batteries of different types.

» Never mix old batteries and new ones.

» Never leave dead batteries in the battery
compartment.

» Remove the batteries if you do not plan to
use the unit for long periods.

» Never try to recharge the batteries sup-
plied with the unit.

» Do not expose batteries to direct heat, let
them become shorted, or try to take them
apart.

(Should a battery leak, clean out the battery compartment of the unit immedi-
ately, taking care to avoid letting the battery fluid come into direct contact with
your skin.)
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Power Supply Appendix B

Keep batteries out of the reach of small children. If swallowed, consult with a
physician immediately.

oTo replace the main power supply batteries

* Never remove the main power supply and the memory back up batteries from
the unit at the same time.

* Never replace the main power supply battery compartment cover or switch the
calculator on while the main power supply batteries are removed from the cal-
culator or not loaded correctly. Doing so can cause memory data to be deleted
and malfunction of the calculator. If mishandling of batteries causes such prob-
lems, correctly load batteries and then perform the RESET operation to resume
normal operation.

* Be sure to replace all four batteries with new ones.

1. Press to turn the calculator off.
Warning!

* Be sure to switch the unit off before replacing batteries. Replacing batteries
with power on will cause data in memory to be deleted.

2. Making sure that you do not accidently press the key, slide the case onto the
calculator and then turn the calculator over.

3. Remove the back cover from the calculator by press-
ing it in the direction indicated by arrow (1), and then
sliding it in the direction indicated by arrow @).

4. Remove the four old batteries.

5. Load a new set of four batteries, making sure that their
positive (+) and negative (—) ends are facing in the
proper directions.

6. Replace the back cover.

7. Turn the calculator front side up and slide off its case.
Next, press to turn on power.

» Power supplied by memory back up battery while the main power supply batter-
ies are removed for replacement retains memory contents.
» Do not leave the unit without main power supply batteries loaded for long peri-
ods. Doing so can cause deletion of data stored in memory.
« If the figures on the display appear too light and hard to see after you turn on
power, adjust the contrast.
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Appendix B s Supply

G2

oTo replace the memory back up battery

* Before replacing the memory back up battery, switch on the unit and check to
see if the “Low battery!” message appears on the display. If it does, replace the
main power supply batteries before replacing the back up power supply bat-
tery.

* Never remove the main power supply and the memory back up batteries from
the unit at the same time.

* Be sure to replace the back up power supply battery at least once 2 years,
regardless of how much you use the unit during that time. Failure to do so can
cause data in memory to be deleted.

1. Press to turn the calculator off.
Warning!
* Be sure to switch the unit off before replacing batteries. Replacing batteries
with power on will cause data in memory to be deleted.

2. Making sure that you do not accidently press the key, slide the case onto the
calculator and then turn the calculator over.

3. Remove the back cover from the calculator by press-
ing it in the direction indicated by arrow (), and then
sliding it in the direction indicated by arrow ).

4. Remove screw ® on the back of the calculator, and
remove the back up battery compartment cover.

5. Remove the old battery.

6. Wipe off the surfaces of a new battery with a soft, dry
cloth. Load it into the calculator so that its positive (+)
side is facing up.

7. Install the memory protection battery cover onto the
calculator and secure it in place with the screw. Next,
replace the back cover.

8. Turn the calculator front side up and slide off its case.
Next, press to turn on power.

B About the Auto Power Off Function

The calculator switches power off automatically if you do not perform any key opera-
tion for about 6 minutes. To restore power, press (A .
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Appendix C Error Message Table

Message Meaning Countermeasure
Syn ERROR (@ Calculation formula contains an @ Use @ or ® to display the
error. point where the error was
generated and correct it.
@ Formula in a program contains @ Use @ or ® to display the point
an error. where the error was generated
and then correct the program.
Ma ERROR (@ Calculation result exceeds D2B®
calculation range. Check the input numeric value
@ Calculation is outside the input and correct it.
range of a function. When using memories, check
@ lllogical operation (division by that the numeric values stored
zero, etc.) in memories are correct.
@ Poor precision in ¥ calculation
results.
® Poor precision in differential ® Try using a smaller value for Ax
calculation results. (x increment/decrement).
® Poor precision in integration ® Try using a larger value for n
calculation results. (number of partitions).
@ Cannot find results of equation @ Check the coefficients of the
calculations. equation.
Go ERROR @ No corresponding Lbl n for @ Correctly input a Lbl 7 to corres-
Goto n. pond to the Goto n , or delete
the Goto n if not required.
@ No program stored in program (@ Store a program in program
area Prog “file name”. area Prog “file name”, or delete
the Prog “file name” if not
required.
Ne ERROR » Nesting of subroutines by Prog « Ensure that Prog “file name” is
“file name” exceeds 10 levels. not used to return from
subroutines to main routine. If
used, delete any unnecessary
Prog “file name”.

» Trace the subroutine jump
destinations and ensure that no
jumps are made back to the
original program area. Ensure
that returns are made correctly.
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Appendix CE; Message Table

Message Meaning Countermeasure

Stk ERROR Execution of calculations that Simplify the formulas to keep
exceed the capacity of the stack stacks within 10 levels for the
for numeric values or stack for numeric values and 26 levels
commands. for the commands.

Divide the formula into two or
more parts.

Mem ERROR Not enough memory to input a Keep the number of variables
function into function memory. you use for the operation within
Not enough memory to create a the number of variables
matrix using the specified currently available.
dimension. Simplify the data you are trying
Not enough memory to hold to store to keep it within the
matrix calculation result. available memory capacity.
Not enough memory to store Delete no longer needed data
data in list function. to make room for the new data.
Not enough memory to input
coefficient for equation.
Not enough memory to hold
equation calculation result.
Not enough memory to hold
function input in the Graph
Mode for graph drawing.
Not enough memory to hold
function input in the DYNA
Mode for graph drawing.
Not enough memory to hold
function or recursion input.

Arg ERROR Incorrect argument specification Correct the argument.
for a command that requires an Lbl n, Goto n : n = integer from
argument. 0 through 9.

Dim ERROR lllegal dimension used during Check matrix or list dimension.
matrix calculations.

Com ERROR Problem with cable connection Check cable connection.
or parameter setting during
program data communications.

TRANSMIT Problem with cable connection Check cable connection.

ERROR! or parameter setting during
data communications.

RECEIVE Problem with cable connection Check cable connection.

ERROR! or parameter setting during
data communications.

MEMORY FULL! Memory of receiving unit Delete some data stored in the
became full during program receiving unit and try again.
data communications.
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Appendix D

Input Ranges

Function Input ranges In;?;ﬂ:' Accuracy Notes
sinx (DEG) |x| < 9 x 10°° As arule, However, for tanx:
cosx (RAD) |x| < 5 x 107rrad 15 digits | accuracyis | |x| % 90(2n+1):DEG
tanx (GRA) x| < 1 x 10'°grad +1 at the |x| # w2(2n+1):RAD
10th digit. |x| ¥ 100(2n+1):GRA
sin~'x
cos'x =1
tan-'x |x| <1 x 1010
sinhx For sinh and tanh, when
coshx x| = 230.2585092 x =0, errors are cumula-
" " tive and accuracy is af-
tanhx |x|] <1 x10100 fected at a certain point.
sinh~'x |x] <5 x10%
cosh'x 1sx<5x10% " "
tanh™'x x| <1
logx 1x10%°sx<1x 1010 \ \
Inx
10" -1 x 10" <x <100
& —1 x 1010 " "
< x =230.2585092
X 0sx<1x10'0
x? [x] <1 x 10%°
1/x x| <1 x10"°, x %0
S\x |x| <1 x 1010
x! 0=sx=69
(x is an integer) " "
Result < 1 x 10100
nPr n, r (n and r are integers)
nCr Osrsn, " "
n<1x1010
Pol (x, y) X2 +y?<1 %1010 " "
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Appendix D Input Ranges

Function

Input ranges

Internal
digits

Accuracy

Notes

Rec

(r.9

0sr<1x1010
(DEG) |6] <9 x 10%
(RAD) |8] <5 x107mtrad
(GRA) |8] < 1 x 10'"°grad

15 digits

As arule,
accuracy is
+1 at the
10th digit.

However, for tanf:
|8] *90(2n+1):DEG
|8] ¥ w2(2n+1):RAD
|8 ¥ 100(2n+1):GRA

lal, b, ¢ < 1x 1010
0=bh,c

[x] <1 x 1010
Sexagesimal display:
[x[=1 %107

" xY)

x>0:

-1 x10" < ylogx < 100
x=0:y>0

x<0:

y=n, QrZﬁ (n is an integer)
However;

-1 x 1010 <7Iog |x] < 100

Ny

y>0:x%0

-1 x10" < —logy < 100
y=0:x>0x 1

y<0 :x=2n+1,7

(n ¥ 0, nis an integer)
However;

- ><101°0<17Iog y| < 100

c

* Results

Total of integer, numerator
and denominator must be
within 10 digits (includes di-
vision marks).

* Input

Result displayed as a frac-
tion for integer when integer,
numerator and denominator
are less than 1 x 10'°.

STAT

|x] <1 x10%

[yl <1 x10%

|n] <1 %1010

XOn, YOu, X, 5, a, b, ¢, d, e, r:
n¥0

XOn-t, yOn: n ¥ 0, 1
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Input Ranges Appendix D

Function Input ranges
Binary, Values fall within following ranges after conversion:
octal, DEC: 2147483648 = x = 2147483647
decimal, BIN: 1000000000000000 = x
hexadecimal = 1111111111111111 (negative)
calculation 0 =x=0111111111111111 (0, positive)

OCT: 20000000000 = x = 37777777777 (negative)
0=x=17777777777 (0, positive)

HEX: 80000000 = x = FFFFFFFF (negative)
0 = x = 7FFFFFFF (0, positive)

*Errors may be cumulative with internal continuous calculations such as * (x’), Vy, x/, 3Jx, some-
times affecting accuracy.
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Appendix E 2-byte Command Table

Spaces in the following commands are indicated by “u”.

Commands available with the key

Ifui, Thenwy, Elsews, IfEnd, Forus, wiTows, wiStepu, Next, Whilews, WhileEnd, Do,
LpWhileLs, Return, Break, Stop, LocateLs, Send(, Getkey, Receive(, ClrText, ClrGraph,
ClrList, DrawGraph, DrawDyna, DrawStat, DrawFTG-Con, DrawFTG-PIt, DrawR-
Con, DrawR-PIt, DrawRZ-Con, DrawRZ-Plt, DrawWebw., DispF-Tbl, DispR-Tbl

Commands available with the (i) key in the PRGM Mode

1-VariableLy, 2-VariableL, LinearRegs, Med-MedLinews, QuadRegw, CubicRegLy,
QuartRegu, LogRegLs, ExpReguy, PowerRegu, S-Gph1ui, S-Gph2u1, S-Gph3u,
Square, Cross, Dot, Scatter, xyLine, Hist, MedBox, MeanBox, N-Dist, Broken, Lin-
ear, Med-Med, Quad, Cubic, Quart, Log, Exp, Power, Y=Type, r=Type, ParamType,
X=cType, Y>Type, Y<Type, YZType, Y=Type, DiVaroy, arType, an1Type, arn2Type,
StoGMEMwi, RcIGMEML, SortA(, SortD(, GiSelOnw, GuiSelOffu, TwiSelOnwy,
TuSelOffu, DLiSelOnwy, DuiSelOff, RuiSelOnwy, RuiSelOffu, DrawOn, DrawOff,
List1, List2, List3, List4, List5, List6

VARS menu commands

D Start, D End, Duipitch, RightXmin, RightXmax, RightXscl, RightYmin,
RightYmax, RightYscl, RightT@min, RightT6max, RightT 6ptch, SimwuResult,
Ply_iResult, Q1, Qs, x1, y1, x2, y2, x3, y3, X, ¢, d, e

Commands available with the key in the PRGM Mode

S-WindAuto, S-WindMan, G-Connect, G-Plot, DualGraph, DualGtoT, DualT+G,
DualOff, BG-None, BG-Picts, GridOff, GridOn, VarRange, FuncOn, FuncOff,
SimulOn, SimulOff, AxesOn, AxesOff, CoordOn, CoordOff, LabelOn, LabelOff,
DerivOn, DerivOff, ZdispOn, ZdispOff, VarList1, VarList2, VarList3, VarList4, VarList5,
VarList6, File1, File2, File3, File4, File5, File6

Commands available with the key

GraphwiX=, StoV-Winw, RelV-Winwy, Tangents, Normaloy, Inversev, Vertical, Hori-
zontaluy, Textu, Circlewy, F-Linews, PlotOnwy, PlotOffu, PlotChguy, PxIOnLy, PxIOffL,
PxIChgu, PxITestu

OPTN menu commands

StoPict, RelPicty, Max(, Min(, Mean(, Median(, d?dx?(, Solve(, FMin(, FMax(, Seq(,
Dimw, Fill(, Identitys, Augment(, List -~ Mat(, Mat - List(, Sumws, Produ, PercentL,
Cumlu, List, LAndus, 1Oros, Notu

Commands available during recursion calculations
bn, bnit, bus2, bo, b1, b2, anStart, b.Start, a2, ao, a1, az
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Appendix F Specifications

Model: fx-9750G

Calculations

Basic calculation functions:

Negative numbers; exponents; parenthetical addition, subtraction, multiplication, di-
vision (with priority sequence judgement function - true algebraic logic)

Built-in scientific functions:

Trigonometric/inverse trigonometric functions (angle units: degrees, radians, grads);
hyperbolic/inverse hyperbolic functions; logarithmic/exponential functions; reciprocals;
factorials; square roots; cube roots; powers; roots; squares; negative signing; expo-
nential notation input; 1t parenthetical calculations; internal rounding; random num-
bers; angle unit specification; fractions; decimal-sexagesimal conversion; coordi-
nate transformation; engineering calculations; permutation; combination; logical op-
erators (And, Or, Not); number of decimal place and significant digit specification;
engineering notation symbols (11 types)

Built-in functions:
Exponential notation range; delete, insert, answer functions; replay; memory status
display (bytes used/unused); multistatements; output command input

Solve Function: Extraction of function’s root using Newton’s Method

Maximum/minimum value calculation:
Extraction of function’s maximum/minimum within a specific interval

Differentials:
Extraction of derivative using differential from center point

Quadratic differentials:
Extraction of quadratic differential using second order value differential formula

Integrations: Using Simpson’s rule

¥ Calculations: Calculation of partial sum of sequence {ax}

Complex number calculations:

Addition, subtraction, multiplication, division, reciprocal, square root, square, abso-

lute number/argument calculations; conjugate complex number extraction; real
number part/imaginary number part extraction
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EYTENERAE  specifications

Binary, octal, decimal, hexadecimal calculations:

Addition, subtraction, multiplication, division; base specification; negative values (two’s
complement); logical operations

Matrix calculations:

Addition, subtraction, multiplication, division; scalar product; transposition; determi-
nant; inversion; squaring; raising to a power; absolute value; integer/decimal part
extraction; maximum integer; row operation; dimension specification/checking; identity
matrix input; matrix fill, combination; assignment of column content to list file

Equation calculations:

Solution of linear equations with two to six unknowns, cubic and quadratic equa-
tions; recall of equation coefficients and solutions

List calculations:

Data sorting (ascending, descending); maximum value; minimum value; average,
median; sum; sum of products; cumulative frequency; percent calculations; numeric
sequence generation

Logical operations:
And, Or, Not

Variables: 28

Calculation range:
+1 x 107%° t0 £9.999999999 x 10% and 0. Internal operations use 15-digit mantissa.

Exponential display range: Norm 1: 102> |x|, |x| = 10"
Norm 2: 109> x|, |x| =107

Rounding:
Performed according to the number of specified significant digits and decimal places.

| Graph Functions |

Built-in function graphs (rectangular and polar coordinates) :

(40 types) sin, cos, tan, sin-', cos™, tan', sinh, cosh, tanh, sinh-', cosh~', tanh~', log,
In, 10% e, 0%, %, x!

Graph Types:

Rectangular coordinate:  y = f(x)

Polar coordinate: r=£(6)

Parametric: (x,y) = (f(T), g(T))

Inequality: O >f),y <fx),y2fx),y =f(x))
X = constant

Integral

406



Graph Function Memory:

Graph function storage, editing, selection, drawing, analysis (root, maximum and
minimum, y-intercepts, intersects for two graphs, coordinate values at any point,
derivative for any range)

Graph Functions:

View Window specification; trace; scroll; graph range specification; overwrite; zoom
[box, factor (zoom in, zoom out), Auto V-Win, ORIG, SQR, RND, INTG, PRE]; View
Window memory; graph memory; graph save; graph function display; graph back-
ground selection; simultaneous drawing of multiple graphs

Sketch Functions:

Plot; line; plot on/off; plot change; tangent line; normal line; inverse; circle; horizon-
tal/vertical line; pen; pixel on/off; pixel change; pixel test; text; manual graph; clear
screen

Dual Graph:
Range settings for left and right screens; drawing in main window; copy, swap

Graph-to-Table:

Split display for function (rectangular, polar, parametric) graph and table; storage of
pointer coordinates in numeric table/list file

Dynamic Graph:

Storage, editing, drawing of Dynamic Graph functions (rectangular, polar, paramet-
ric); drawing speed control; Dynamic Graph memory; seven built in graph functions

Implicit Function Graph:

Drawing/analysis of 9 types (focus, vertex, latus rectum, center, radius, x/y-inter-
cept, directrix, axis of symmetry, asymptote)

Table & Graph:

Input/editing of rectangular, polar, parametric function (up to 20 can be input); nu-
meric table generation (from range or list file data); graph drawing; numeric table
delete, insert, add

Recursion Calculations and Graph:

Storage/editing of two recursion types; numeric table generation; graphing; numeric
table delete, insert, add; recursion formula convergence/divergence graph (WEB
graph)

Statistics:

Standard deviation: number of data; mean; standard deviation (two types); sum;
sum of squares; statistical calculations (mode, median, maximum, minimum, first
quartile point, third quartile point); normal probability distribution; single-variable sta-
tistical graphs (histogram bar graph; box graph for mean and median; normal distri-
bution curve; line graph)
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EYTENERAE  specifications

Regression: number of data; mean of x; mean of y; standard deviation of x (two
types); standard deviation of y (two types); sum of x; sum of y; sum of squares of x;
sum of squares of y; sum of squares of x and y; constant term; regression coeffi-
cient; correlation coefficient; Med-Med calculations; regression graphs (linear re-
gression graph; Med-Med graph; quadratic/cubic/quartic regression graph; logarith-
mic regression graph; exponential regression graph; power regression graph)

Plotting of scatter diagrams; drawing of xy line graphs

Input, storage, recall, execution of programs in program area; editing and deletion of
file names and program contents; recall by file name; secret feature

Program commands:

Loop (If, For, Do, While); Control (Prog [subroutine], Stop, nesting up to 10 levels);
Unconditional jump (Goto, Lbl); Conditional jump (O ); Count jump (Isz, Dsz); Rela-
tional operators (=, ¥, >, <, 2, <); Clear (ClrText, ClrGraph, ClrList); Display (function
graph, statistical graph, Dynamic Graph, Table & Graph, recursion calculation and
graph); I/O (Locate, Getkey, Send, Receive); Input (?); Output (.d); Delimiter (:)

General Commands:
Matrix (4); function graph (15); Dynamic Graph (3); function table (5); recursion table
(13); list (2); statistical (42)

Check Function: program check, debugging, etc.

Program capacity: 26 kbytes (max.)

Data Communications |

Functions:

Program contents and file names; function memory data; matrix memory data; list
data; variable data; Table & Graph data; graph functions; equation calculation coef-
ficients

Method: Start-stop (asynchronous), half-duplex

Transmission speed (BPS): 9600 bits/second
Parity: none
Bit length: 8 bits
Stop bit:
Send: 2 bits
Receive: 1 bit
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Specifications m

Display system:

21-character x 8-line liquid crystal display; 10-digit mantissa and 2-digit exponent for
calculations: displays binary, octal, decimal, hexadecimal, sexagesimal, fraction,
complex number values

Text display:
Up to 128 characters for function commands, program commands, alpha characters

Error check function:

Check for illegal calculations (using values greater than 10'%), illegal jumps, etc.
Indicates by error message display.

Power supply:
Main: Four AAA-size batteries (LR03 (AM4) or R0O3 (UM-4))
Back-up: One CR2032 lithium battery

Power consumption: 0.06 W

Battery life

Main:

LRO3 (AM4): Approximately 300 hours (continuous display of main menu)
Approximately 2 years (power off)

RO3 (UM-4): Approximately 200 hours (continuous display of main menu)
Approximately 2 years (power off)

Back-up: Approximately 2 years

Auto power off:

Power is automatically turned off approximately six minutes after last operation ex-
cept when drawing dynamic graphs.

The calculator automatically turns off if it is left for about 60 minutes with a calcula-
tion stopped by an output command (.4), which is indicated by the “-Disp-” message
on the display.

Ambient temperature range: 0°C to 40°C

Dimensions: 19.7 mm (H) x 83 mm (W) x 175.5 mm (D)
34" (H) x 3 /4" (W) x 6 7/s" (D)

Weight: 190g (including batteries)
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BEFORE USING THE CALCULATOR
FOR THE FIRST TIME...

This calculator does not contain any main batteries when you purchase it. Be sure to perform
the following procedure to load batteries, reset the calculator, and adjust the contrast before
trying to use the calculator for the first time.

1. Remove the back cover from the calculator by pressing it in the direction indicated by
arrow (1), and then sliding it in the direction indicated by arrow 2.

2. Load the four batteries that come with calculator.
» Make sure that the positive (+) and negative (=) ends of the batteries are facing correctly.

'

3. Remove the insulating sheet at the location marked “BACK UP” by pulling in the direction
indicated by the arrow.

4. Replace the back cover onto the calculator and turn the calculator front side up, which
should automatically turn on power and perform the memory reset operation.

R o o Ok ek R
* *




. Press [@] .

If the Main Menu shown to the right is not on the display,
press the P button on the back of the calculator to perform
memory reset.

L J
°E) P button

. Use the cursor keys{()@, @ @ @) to select the CONT icon and press

or simply press @ to display the contrast adjustment screen.

PSS FER R s s EES TS S S S
* COMTRAST *
okokokok bk Rk ok Rk kol
LIGHT DARE
L+1 [+]

. Use @ and @ to adjust contrast.

g @ makes figures on the screen lighter, while @ makes them darker.
» Holding down @ or @ changes the contrast setting at high speed.

. After adjusting the contrast, press @] to return to the Main Menu.
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Alpha Lock

Normally, once you press and then a key to input an alphabetic character, the keyboard
reverts to its primary functions immediately. If you press and then (i, the keyboard
locks in alpha input until you press again.
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Welcome to the world of graphing calculators and the CASIO fx-9750G.

Quick-Start is not a complete tutorial, but it takes you through many of the most common
functions, from turning the power on to graphing complex equations. When you'’re done, you'll
have mastered the basic operation of the fx-9750G and will be ready to proceed with the rest
of this manual to learn the entire spectrum of functions available.

Each step of the examples in Quick-Start is shown graphically to help you follow along
quickly and easily. When you need to enter the number 57, for example, we’ve indicated it as

follows:
Press @

Whenever necessary, we've included samples of what your screen should look like.
If you find that your screen doesn’t match the sample, you can restart from the beginning by
pressing the “All Clear” button .

SWITCHING POWER ON AND OFF
To switch power on, press .

OFF

To switch power off, press .

AUTO POWER OFF FUNCTION

Note that the unit automatically switches power off if you do not perform any operation for
about six minutes (about 60 minutes when a calculation is stopped by an output command

().

USING MODES

The fx-9750G makes it easy to perform a wide range of calculations by simply selecting
the appropriate mode. Before getting into actual calculations and operation examples, let’s
take a look at how to navigate around the modes.

To select the RUN Mode
1. Press @ to display the Main Menu.

Vi



2. Use @ @ @ (¥ 1o highlight RUN and then
press .

This is the initial screen of the RUN mode, where you
can perform manual calculations, and run programs.

BASIC CALCULATIONS

With manual calculations, you input formulas from left to right, just as they are written on
paper. With formulas that include mixed arithmetic operators and parentheses, the calculator
automatically applies true algebraic logic to calculate the result.

Example: 15 x 3 + 61

1. Press to clear the calculator.
2. press (1] (5] E] (6] (3] [xg). tsrel 166

Parentheses Calculations
Example: 15 x (3 + 61)

1. Press m @ @ taavel 186
@ m . 15=CF+51 2 acn

Built-In Functions

The x-9750G includes a number of built-in scientific functions, including trigonometric and
logarithmic functions.

Example: 25 x sin 45°

Important!

Be sure that you specify Deg (degrees) as the angle unit before you try this
example.
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1. Press .

SET UP

. . Mode = iCome |
2. Press |SHIFT @ to switch the set up display. Wnc R R
Cray Trpe tConnect

Derivative 101

Anale tRad

Coord 0k
HNE

Grid
CemF [0 [HE= [Ein [OCT

3. Press @ @ @ @ [F1] (Deg) to specity Fone Toee 142"

i Draw Txee :Connect
degrees as the angle unit. Dierival ive OFT

sk
Grid 0ff
Oed [Rad [Gra

4. Press |EXIT] to clear the menu.
5. Press to clear the unit.

6. Press (2] (5] (X] (sin) (4] (5] [Exg). i 43 o erTessss

REPLAY FEATURES

With the replay feature, simply press @ or @ to recall the last calculation that was
performed. This recalls the calculation so you can make changes or re-execute it as it is.

Example: To change the calculation in the last example from (25 x sin 45°) to (25 x sin 55°)

1. Press @ to display the last calculation. cﬁ@
>

2. Press @ twice to move the cursor under the 4.

25x=in 55
3. Press @ 28.47888111

4. Press to execute the calculation again.
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FRACTION CALCULATIONS

You can use the key to input fractions into calculations. The symbol “ 4" is used to
separate the various parts of a fraction.

Example: 1 '5/¢ + %7/g
1. Press .

2. Press

- 1.153,16+37.9

(5)
(8] (@) (%

6.7.144

B
B
e

m
<
m

(=)

Indicates 6 7/144

Converting a Mixed Fraction to an Impropsr Fraction

While a mixed fraction is shown on the display, press |SHIFT to convert it to an

improper fraction.
d/c

Press |SHIFT again to convert back to a mixed fraction.

1.15.16+37.3

2Tl.144

Converting a Fraction to Its Decimal Equivalent

While a fraction is shown on the display, press to convert it to its decimal equivalent.
Press again to convert back to a fraction.

1.15.16+37,3
e EdER11111




EXPONENTS

Example: 1250 x 2.065

1.Press.
2.press (1] (2] (8] (0] (%) (2) (4] (@] (€]

3. Press and the * indicator appears on the display.

4. Press @ . The A5 on the display indicates that 5 is
an exponent.

19502, B6~5
5. Press @ : 363ITE. IE2IT




GRAPH FUNCTIONS

The graphing capabilities of this calculator makes it possible to draw complex graphs
using either rectangular coordinates (horizontal axis: x ; vertical axis: y) or polar coordinates

(angle: 6; distance from origin: r).

Example 1: To graph Y = X(X + 1)(X - 2)

1. Press @]

2. Use @ @, @ and @ to highlight GRAPH,
and then press .

3. Input the formula.

xen (AJ (xe7 () (1)
=2 0) ke

4. Press (DRAW) or (EXE] to draw the graph.

Example 2: To determine the roots of Y = X(X + 1)(X — 2)

Grarh Func  i4=

-1
ZEL Tl [CRat

===
m&]

VE:
SEL TS [DRAL

1. Press [SHIFT) (F5) (G-solv).

4

Ro0T [MA [MIH [FIFT[TEcT [ o

ED

Xi



2. Press @ (ROQT). W=HCE L Oa-20

Press @ for other roots.
/ [\-/ R0 T
V=0

n==1

Example 3: Determine the area bounded by the origin and the X = —1
root obtained for Y = X(X + 1)(X - 2)

1. Press (SHIFT @ (G-Solv). VI=HH+1D j—zn}{

EodT
R00T [MAX [MIM [Pt [IEcT [ &

2. Press (>). Ml=min+ld(n=22

3. Press (Ja). WI=H{H+1 D H—2)
[ LaLIER
n==1.5 ¥=-g. 625
4. Use @ to move the pointer to the location where X =—1, }
and then press . Next, use @ again to move the

pointer to the location where X = 0, and then press

to input the integration range, which becomes shaded

Jdx=H. 4l e REEEET

on the display.
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DUAL GRAPH

With this function you can split the display between two areas and display two graphs on
the same screen.

Example: To draw the following two graphs and determine the points of intersection

Y1=X(X+1)(X-2)
Y2=X+1.2

1. Press SETUP @ @ @(Grph) to specify ?SﬁhTFZﬁc :nc.t,

“Graph” for the Dual Screen setting. al Bcresh

Derivalive :0Off
Bac karound EHDHE

Anale ad
GFF R [GEEeT [0FF
ED

2. Press |EXIT], and then input the two functions. BrEch. fyne, 1Y=
ord =l W

ka1 (A ke1) () (4 i —
= (2] i
O8E S

3. Press (DRAW) or to draw the graphs. J
A

il

==
n

BOX ZOOM

Use the Box Zoom function to specify areas of a graph for enlargement.

1. Press (F2) (zoom) (F1) BOX).
2. Use @ @ @,and @ to move the pointer J/J ,

to one corner of the area you want to specify and then

press .

#=0. 60967141935 Y¥=-0.3
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3. Use @ @ @,and @ to move the pointer

again. As you do, a box appears on the display. Move
the pointer so the box encloses the area you want to
enlarge.

4. Press , and the enlarged area appears in the in-
active (right side) screen.

DYNAMIC GRAPH

A {

w=-1.B2580B6USI6 Y=1. |

£ |1

Dynamic Graph lets you see how the shape of a graph is affected as the value assigned to

one of the coefficients of its function changes.

Example: To draw graphs as the value of coefficient A in the following

function changes from 1 to 3

Y = AX?

1. Press @

2. Use @, B, @ and P to highlight DYNA,
and then press .

3. Input the formula.

() (A) (x.67) (x7) (Exe

[ramic Funcs Y=

1]
=EL [ i PEEP EEGP[RoC

Xiv



4. Press (VAR) E] to assign an initial value

of 1 to coefficient A.

5. Press (F2] (rang) (1] (Exg) (3] (exg) (1)

to specify the range and increment of change in coeffi-
cient A.

6. Press .

7. Press (DYNA) to start Dynamic Graph drawing.
The graphs are drawn 10 times.

Y1=Hx2
[vmamic Var 0 < F

[SEL [T S0 [ALUTS [BHA

(F2)

Y1=RxE
[rramic Ranas

Startil
Erd 3

Ore Moment Please!
[ |
!
Y1=Rx2
\/
A=1 l
1
Y1=RxE
\/
A=z l
1
W1=Rx2
Y/
A=3 l
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TABLE FUNCTION

The Table Function makes it possible to generate a table of solutions as different values
are assigned to the variables of a function.

Example: To create a number table for the following function

Y = X (X+1) (X=2)

1. Press @]
2. Use @ @ ®,and @ to highlight TABLE, 'TE!aF_ble Func Y=

and then press . "r'3:
press (69 i

-1
ZEL [TRI [TREL

3. Input the formula. ﬁ
[X,g,'[] [X,g,'[] E] _
(D &eD (=) 2 O] &9 e

[ESMICEL JTVPE, TP [TREL

4. Press (TABL) or to generate the number

table. 2
2 1]
3 12
U un

EEEIDEL JR 0L | R

After you've completed this Quick-Start section, you are well on your way to becoming an
expert user of the CASIO fx-9750G.

To learn all about the many powerful features of the fx-9750G, read on and explore!
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Handling Precautions

* Your calculator is made up of precision components. Never try to take it apart.
« Avoid dropping your calculator and subjecting it to strong impact.

Do not store the calculator or leave it in areas exposed to high temperatures or humidity, or large
amounts of dust. When exposed to low temperatures, the calculator may require more time to display
results and may even fail to operate. Correct operation will resume once the calculator is brought back
to normal temperature.

« The display will go blank and keys will not operate during calculations. When you are operating the
keyboard, be sure to watch the display to make sure that all your key operations are being performed
correctly.

» Replace the main batteries once every 2 years regardless of how much the calculator is used during
that period. Never leave dead batteries in the battery compartment. They can leak and damage the
unit.

» Keep batteries out of the reach of small children. If swallowed, consult with a physician immediately.

« Avoid using volatile liquids such as thinner or benzine to clean the unit. Wipe it with a soft, dry cloth, or
with a cloth that has been dipped in a solution of water and a neutral detergent and wrung out.

« In no event will the manufacturer and its suppliers be liable to you or any other person for any damages,
expenses, lost profits, lost savings or any other damages arising out of loss of data and/or formulas
arising out of malfunction, repairs, or battery replacement. The user should prepare physical records of
data to protect against such data loss.

 Never dispose of batteries, the liquid crystal panel, or other components by burning them.

* When the “Low battery!” message appears on the display, replace the main power supply batteries as
soon as possible.

« Be sure that the power switch is set to OFF when replacing batteries.

« If the calculator is exposed to a strong electrostatic charge, its memory contents may be damaged or
the keys may stop working. In such a case, perform the All Reset operation to clear the memory and
restore normal key operation.

« If the calculator stops operating correctly for some reason, use a thin, pointed object to press the P
button on the back of the calculator. Note, however, that this clears all the data in calculator memory.

* Note that strong vibration or impact during program execution can cause execution to stop or can
damage the calculator’s memory contents.

+ Using the calculator near a television or radio can cause interference with TV or radio reception.

» Before assuming malfunction of the unit, be sure to carefully reread this manual and ensure that the
problem is not due to insufficient battery power, programming or operational errors.
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Be sure to keep physical records of all important data!

The large memory capacity of the unit makes it possible to store large amounts of data. You should note,
however, that low battery power or incorrect replacement of the batteries that power the unit can cause
the data stored in memory to be corrupted or even lost entirely. Stored data can also be affected by
strong electrostatic charge or strong impact.

Since this calculator employs unused memory as a work area when performing its internal calculations,
an error may occur when there is not enough memory available to perform calculations. To avoid such
problems, it is a good idea to leave 1 or 2 kbytes of memory free (unused) at all times.

In no event shall CASIO Computer Co., Ltd. be liable to anyone for special, collateral, incidental, or
consequential damages in connection with or arising out of the purchase or use of these materials.
Moreover, CASIO Computer Co., Ltd. shall not be liable for any claim of any kind whatsoever against the
use of these materials by any other party.

» The contents of this manual are subject to change without notice.
» No part of this manual may be reproduced in any form without the express written consent of the
manufacturer.

» The options described in Chapter 20 of this manual may not be available in certain geographic
areas. For full details on availability in your area, contact your nearest CASIO dealer or distributor.
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Getting Acquainted
— Read This First!

The symbols in this manual indicate the
following messages.

@ : Important notes

§ - Notes
m : Reference pages
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1. Key Markings

quickly and easily.

Many of the calculator’s keys are used to perform more than one function. The func-
tions marked on the keyboard are color coded to help you find the one you need

@—10* B—®
log
|
@
Function Key Operation
@ log
@ 10+
€) B

The following describes the color coding used for key markings.

Color

Key Operation

Orange

Press and then the key to perform the marked
function.

Red

Press and then the key to perform the marked
function.




2. Selecting Icons and Entering Modes

This section describes how to select an icon in the Main Menu to enter the mode you want.

oTo select an icon
1. Press [N to display the Main Menu.

([ED)

Currently selected icon

2. Use the cursor keys (@, ®, @, @) to move the highlighting to the icon you
want.

3. Press to display the initial screen of the mode whose icon you selected.

» You can also enter a mode without highlighting an icon in the Main Menu by
inputting the number or letter marked in the lower right corner of the icon.

» Use only the procedures described above to enter a mode. If you use any other
procedure, you may end up in a mode that is different than the one you thought
you selected.

The following explains the meaning of each icon.

Icon Meaning
Fun Use this mode for arithmetic calculations and func-
= tion calculations, and for calculations involving
binary, octal, decimal and hexadecimal values.
ZTAT, Use this mode to perform single-variable (stand-
v ard deviation) and paired-variable (regression) sta-
tistical calculations, and to draw statistical graphs.
H;IJ Use this mode for storing and editing matrices.
(23]
LI=T Use this mode for storing and editing numeric
data.
GRAFH Use this mode to store graph functions and to
% draw graphs using the functions.
O HA Use this mode to store graph functions and to
haldd draw multiple versions of a graph by changing the
values assigned to the variables in a function.
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Icon Meaning
THELE Use this mode to store functions, to generate a
GEE1 numeric table of different solutions as the values

assigned to variables in a function change, and
to draw graphs.

RECLIF Use this mode to store recursion formulas, to gen-
erate a numeric table of different solutions as the
values assigned to variables in a function change,
and to draw graphs.

-
=
=
=
L

Use this mode to draw graphs of implicit func-
tions.

Use this mode to solve linear equations with two
through six unknowns, quadratic equations, and
cubic equations.

n
=

FRIGHM Use this mode to store programs in the program
|EM area and to run programs.

LIHE Use this mode to transfer memory contents or
HRE back-up data to another unit.

CONT Use this mode to adjust the contrast of the dis-
g play.

HMEM Use this mode to check how much memory is
T used and remaining, to delete data from memory,

and to initialize (reset) the calculator.

B Using the Set Up Screen

The first thing that appears when you enter a mode is the mode’s set up screen,
which shows the current status of settings for the mode. The following procedure
shows how to change a set up.

eTo change a mode set up
1. Select the icon you want and press [ enter a mode and display its initial screen.
Here we will enter the RUN Mode.

2. Press to display the mode’s set up
screen.

Lray Trpe fConnect
« This set up screen is just one possible exam- |DErivative i0fT
. nale fRad
ple. Actual set up screen contents will differ | Caard :0n
according to the mode you are in and that |&tid Iﬂff

mode’s current settings. [cam [oeC [Hex [Ein ':'E]c:

F P BE @
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3. Use the @ and & cursor keys to move the highlighting to the item whose
setting you want to change.

4. Press the function key ((F1) to (F§)) that is marked with the setting you want to
make.

5. After you are finished making any changes you want, press to return to the
initial screen of the mode.

B Set Up Screen Function Key Menus

This section details the settings you can make using the function keys in the set up
display.

eCalculation/Binary, Octal, Decimal, Hexadecimal Setting Mode (Mode)
(F) (Comp)..... General Arithmetic Calcula- | |FEEEIEV=TT=

tion Mode
Dec) ........ Specifies decimal values as
2 (Deo) d:;Cullt Tork [DEC [HEX [Eim [OGE
(F3) (Hex) ........ Specifies hexadecimal val- ED
ues as default
(Bin) ......... Specifies binary values as default
(F8 (Oct) ......... Specifies octal values as default

eGraph Function Type (Func Type)
FD (Y=) e Rectangular coordinate | T=NFEEENES N |

graphs
=) e Pol i h
g :lrb) ) I:’o ar cootrqmate grz? st | T [F= FFmED ITl
arm) ...... arametric coordinate
Cph B ® 8
(X=C) ........ Graphs in which value of X
is constant
(P>) e Next menu

y > f(x) inequality graph [Func Tere W=
y < f(x) inequality graph

y Z f(x) inequality graph | Fr e "= [T ITl
.. Y= f(x) inequality graph A P B

Previous menu

» The setting you make for Func Type determines the variable name that is input
when you press [X61).



“ Selecting Icons and Entering Modes

P.136

P.136

eGraph Draw Type (Draw Type)

(F) (Con) ........ Connection of points plot-
ted on graph.
(F2 (Plot) ........ Plotting of points on graph

without connection.

eDerivative Display Mode (Derivative)

(F1) (On).......... Turns on display of deriva-
tive value when using
Graph-to-Table, Table &
Graph, and Trace.

(F2) (Off).......... Turns off display of deriva-

tive value.
eAngle Unit (Angle)

(F1) (Deg) ........ Specifies degrees as
default.

(F2 (Rad) ........ Specifies radians as
default.

(F3) (Gra) ........ Specifies grads as default.

(FD (On).......... Turns on display of coordi-
nates of current graph
screen pointer location.

(F2) (Off) .......... Turns off display of coordi-
nates of current graph
screen pointer location.

eGraph Gridlines (Grid)

(FD (On) .......... Turns on display of graph
screen gridlines.
(Fa (Off).......... Turns off display of graph

screen gridlines.

eGraph Axes (Axes)
(F) (On) .......... Turns on display of graph
screen axes.
(F2) (Off) .......... Turns off display of graph

screen axes.

|Iﬁlmlﬁ
B FE

| e
B @

[T A Y o

[on [ofF

E F2
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m eGraph Axis Labels (Label)

P.136 (F) (On).......... Turns on display of graph  [IEE1EE) ELTT
screen axis labels.
(Fa) (Off).......... Turns off display of graph T

screen axis labels.

()
eDisplay Format (Display)

(F) (Fix).......... Displays screen for speci- | ETIN T W
fication of number of deci-

mal places.
2 (Sci) Displays screen for speci- |—Wiiwm End

fication of number of signifi- 1) [F2 (F3)

cant digits.
m (F3) (Norm)...... Switches exponential format display range.
P.18 (Eng) ........ Engineering mode.

(F1) (Auto) ....... Automatic setting of view [ERCIARIITE: BT IA=T

window values for statistical

graph drawing.
F2 (Man) ....... Manual setting of view win- L% [FiEn
dow values for statistical ED

graph drawing.

eGraph Function Display (Graph Func)

(F9) (On).......... Turns on display of function | [TaET= Tl = Ta =N TR
during graph drawing and

trace.

E2 (Off) .......... Turns off display of function ~L[20 T2#¢
during graph drawing and FE 2
trace.

P.161 eGraph Background (Background)

(D (None) ...... No graph background. [Eackarcound  SHone |
(F3 (PICT) ...... Displays screen for speci-
fication of picture for graph |Im
background. .
F 2
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A

P.282

P.190

P.202

P.247

P.215

el ist File Specification (List File)

(E)(File 1)~ Li=sf File :Filel |
(Fe)(File 6) ... Listfile number (1 to 6) specifi-

cation.
Filel [Filea [Filed [Filed [Files [Files

B R B [ B (E

eDual Screen Mode (Dual Screen)

The Dual Screen Mode setting you can select differs depending upon whether you
are using the GRAPH Mode set up screen or the TABLE/RECUR Mode set up screen.

GRAPH Mode

(F) (Grph) ...... Divides screen into two |\s¥E)
parts, each of which can be
used for graphing.

2 (GtoT) ...... Divides screen into two LETERIEtT[GFF
parts for generation of nu- (1) (2
meric table from graph.

(F3) (Off).......... Dual Screen off.

TABLE/RECUR Mode

[F) (T+G) ....... Divides screen into two
parts, one for graphing and
one for a numeric table.

(F2) (Off) .......... Dual Screen off. | T+E [0FF

(F1) (On).......... Turns on simultaneous
graphing of all functions in
memory.

(Fa (Off) .......... Simultaneous graphing off [6n [GF
(graphs drawn one-by- )]
one).

eDynamic Graph Type (Dynamic Type)

(FD (Cnt) ......... Continuous drawing of Dy-  [PEETI=
namic Graphs.
(F2) (Stop) ....... Automatic stopping of Dy-

namic Graph drawing after ~LL=M® [5%oF
10 draws. F
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m eTable & Graph Generation Settings (Variable)

P.238 (F) (Rang)...... Table generation and graph
drawing using numeric ta-
ble range.

P.238 2 (LIST)........ Table generation and graph ~ LIF3 BEIN
drawing using list data. ED

o> Data Display Mode (= Display)

(F1 (On).......... Turns on display of = value
on recursion numeric table.
(O] - Turns off display of Z value.
(2 (Off) play o o
F @

eimplicit Function Graph Derivative Display Mode (Slope)

(F1) (On).......... Turns on display of deriva-
tive at current pointer loca-
tion on implicit function
graph screen. | [6n [aF

F2 (Off) .......... Turns off display of deriva- )]

tive.
Abbreviations

STAT o Statistics
Matrix
Dynamic Graph
Recursion

.. Equation

Program

CONT ..o Contrast

MEM ... Memory




3. Display

B About the Display Screen

This calculator uses two types of display: a text display and a graphic display. The
text display can show 21 columns and eight lines of characters, with the bottom line
used for the function key menu, while the graph display uses an area that measures
127 (W) x 63 (H) dots.

Text Display Graph Display

GrarFh Func Y=
Y1Bsin A

==
agld B

SEL AT [ORAL

]

B About Menu ltem Types

This calculator uses certain conventions to indicate the type of result you can expect
when you press a function key.

* Next Menu

Example: [[ETR
Selecting [IEdFP displays a menu of hyperbolic functions.

« Command Input

Example: ETA
Selecting B inputs the sinh command.

« Direct Command Execution

Example: [bRALd
Selecting [BEAW executes the DRAW command.

10
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B Exponential Display

The calculator normally displays values up to 10 digits long. Values that exceed this
limit are automatically converted to and displayed in exponential format. You can
specify one of two different ranges for automatic changeover to exponential display.

Norm 1 ........... 102 (0.01) > |f, x| 2 1070
Norm2 ......... 10° (0.000000001) > |x], x| = 10"

*To change the exponential display range

1. Press to display the Set Up Screen.
2. Use @ and ® to move the highlighting to “Display”.
3. Press (F3) (Norm).

The exponential display range switches between Norm 1 and Norm 2 each time you
perform the above operation. There is no display indicator to show you which expo-
nential display range is currently in effect, but you can always check it by seeing
what results the following calculation produces.

m@@@@tpﬂﬁﬁ c.g-gz| Norm 1)

|1+288 a.mas| (Norm 2)

All of the examples in this manual show calculation results using Norm 1.

eHow to interpret exponential format

1.2e12
1.2e+12

1.2e+12 indicates that the result is equivalent to 1.2 x 102 This means that you
should move the decimal point in 1.2 twelve places to the right, because the expo-
nent is positive. This results in the value 1,200,000,000,000.

1.2e-3

1.2e-03

1.2e—03 indicates that the result is equivalent to 1.2 x 103 This means that you
should move the decimal point in 1.2 three places to the left, because the exponent
is negative. This results in the value 0.0012.

1"
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B Special Display Formats

This calculator uses special display formats to indicate fractions, hexadecimal val-
ues, and sexagesimal values.

eFractions

12

|456412423 Indicates: 45675~

eHexadecimal Values

Indicates: ABCDEF1216), which
equals —141256727810)

|HBanF12 | _____
AECDEF 12

eSexagesimal Values

|12.5E=244 ; . 100 g’ "
12034756, 7a" | Indicates: 12° 34’ 56.78

« In addition to the above, this calculator also uses other indicators or symbols,
which are described in each applicable section of this manual as they come up.

B Calculation Execution Screen

Whenever the calculator is busy drawing a graph or executing a long, complex cal-
culation or program, a black box (H) flashes in the upper right corner of the display.
This black box tells you that the calculator is performing an internal operation.

o
[N

12



4. Contrast Adjustment

Adjust the contrast whenever objects on the display appear dim or difficult to see.

oTo display the contrast adjustment screen

Highlight the CONT icon in the Main Menu and then press [Eg.

o kb b R b R R

* COMTREAST *

ok b ok bRk kR R R R R R

LIGHT CARE
[+1] [+1

Use @ and ® to adjust contrast.
+ @ makes figures on the screen lighter, while ® makes them darker.
« Holding down @ or ® changes the contrast setting at high speed.
After adjusting the contrast, press [{EN) to return to the Main Menu.

13



5. When you keep having problems...

P.3

P.395

P.396

If you keep having problems when you are trying to perform operations, try the fol-
lowing before assuming that there is something wrong with the calculator.

B Get the Calculator Back to its Original Mode Settings

In the Main Menu, select the RUN icon and press [Exg.
Press to display the Set Up Screen.
Highlight “Angle” and press (F2) (Rad).

Highlight “Display” and press (F3) (Norm) to select the exponential display range
(Norm 1 or Norm 2) that you want to use.

M=

5. Now enter the correct mode and perform your calculation again, monitoring the
results on the display.

B In Case of Hang Up

the P button on the back of the calculator to reset the memory. Note, however,
that this clears all the data in calculator memory.

| » Should the unit hang up and stop responding to input from the keyboard, press
B Low Battery Message

The low battery message appears while the main battery power is below a certain
level whenever you press to turn power on or [N to display the Main Menu.

or (W T T
¥ ¥

¥ ¥
* Low batterx! *
* *
* *
* *

A o b R kR

| About 3 seconds later
MALIH ME ML sassases

STAT: JMAT L GRAFH
Ao
L=}

If you continue using the calculator without replacing batteries, power will automati-
cally turn off to protect memory contents. Once this happens, you will not be able to
turn power back on, and there is the danger that memory contents will be corrupted
or lost entirely.

 You will not be able to perform data communications operations once the low
battery message appears.
14



Symbols
2-byte command ........ccceciiiiiiiiiee 404
> data display .......cccooeeiiiiiiieee 9
A
Absolute value...........ooeeeveeeeeeceeeennnn. 82,113
ACHIVE SCrEEN .....oveeeeee e 190
Adjusting the ranges of a graph ............... 155
Analyzing a function graph ....................... 165
AN oo 20
Angle unit ..o 6, 16, 53, 55
Answer Function ........ccccceeeieiiiiiiiiiieee. 49
Argument ..o 82
Arithmetic operation .........ccccoeveevieiecinenne 89
Asymptotes .......ccooviiiieie e 232
Auto View WIndow ..........cccoeveeiiieeiiieeens 154
Axis of symmetry .......ccccocveiiiiiiniiiiiieee 227
B
=7 Lo (U o S
Bar Graph
Binary, octal, decimal, or hexadecimal
calculation .....ccceeevciieeieeeeee 86
BOX ZOOM .o 151
BPS 367
BUG oo 321
Built in function ... 224
C
Calculation execution screen ..................... 12

Calculation priority sequence ..................... 19
Carriage return

CeNEEr e

Central difference .......cccocceeveeviiceiieenenne 67
Clear command .......cccoeeeereeneeieeneeeene 347
Combination .......ccceeeiiiiiee e 58
Comment teXt ...c.eeveeiierieee e 186
Communications parameter ..................... 367
Complex number calculation ...........cc.c....... 80
Conditional jJump .....cccoceeoirieiiieeeee 346
Conjugate complex number ..........ccceene... 82
CoNNECt tYyPe ..o

Constant term .......cccevveviiiieeeseeee e

Continuous calculations
[070] 01 (7= 1] SRR

Control command menu

CONVEIGENCE ..o

Converting x- and y-axis values to

INTEYEIS ..o 157
CoOrdiNate ..o.veeveeeieeiieieeee e 169
Coordinate conversion ..........c.....cc....... 53, 58
Copying a table column to a list ............... 248

Correlation coefficient

COUNt JUMP e
Cubic equation ..........cccceeeieiiiiiiiceee
Cubic regression .......cccceveeieenieneeneenens
Cumulative frequencies .............ccccceeeneee. 276
D
Data transfer operation ..........cccccceveeuneeen. 368
Debugging ......ccoocevriiiiiiieie e 321
DEegrees ...oovveiiiieeeeeeee e 16



Derivative ..o
Derivative display mode

Determinant ........cccceeeeeeeeeeeeieeeieeeeeeeeeeeen,

Differential calculations

Differential numeric table ............cccceeee. 239
DIMENSION ...ccveieiiiiiiiiieeeeee e 92
DiIr€CHIX c.vveeiee e 227
DiISPlaY ...eeeevieiiieeee e 10
Display command ..........c.ccccoeiiiiiiiiiiienns 347
Display format ........cccccevviieeeiiiiieeecen. 7,16
DiIVErgence ........ooveeueeieiceeieeee e 258
Drawing a Circle ........ccccveevcieeeniiiieeeeee 184
Drawing aline .......cccocooiiiiiiiie 182
Drawing vertical and horizontal lines ....... 185
Dual SCreen ......cccceeeieeiiiiiiieeeeeeiee e 8
Dynamic graph .......ccccocveiiieiiiiiiiiiees

Dynamic graph type

E
Editing calculations .........ccccccvveiveiniinnnnn. 23
Editing list values ...........cccociiiiiiiinies 268
EIlPSE oo 227
Engineering notation ...........ccc....... 18, 54, 60
Error message .......ococoeeieiiiiiiieeee 399
EITOrs ..o 22
Estimated values ...........ccoooeiiiiiiiiies 307
Exponential display .........cccceviiciennene 11,18
Exponential function ................c.cco. 56
Exponential regression graph .................. 299

F
Factor zoom .......coccoeeiiiiiiiiieeeeeee 153
Fibonacci Series ........cccovveviiiiiiiiieeeenn 252
File Name ....oeiiiieeee e 315
First quartile ... 296
FIX et 17
FOCUS i

Fraction part

Fraction .......cccoocveeiieniec e
Freehand drawing ..........cccccoioiiiiiiiiics 185
FrequencCy ....oooceeeveeeee e 305
Function memory ... 26
FUNCtion MenU .......cccoccvviviiiiiicciiccieee, 52
G

Gaussian plane .......ccoeeveeneeieeiceeee 82
Generating atable .......ccccoeeeeiveieeieenne 238
Grads .ooeeeeeeeeee e 16
Graph @Xes .....cooeeeveeesie e 6
Graph axis labels ..........cccoevieiiiiiiiieeee 7
Graph background .........cccoceveeviveiinens 7,161
Graph draw type

Graph function display .......c.cccceeevereiercieenne. 7
Graph function menu .............cccocceeeee 126
Graph gridlines .......ccccvvevieeriieeie e 6
Graph memory ........ccooeviiiciiiieiecene 138
GRAPH MOdE ... 8
Graph pointer coordinates..........ccccceeveeenee. 6
Graphic display ........ccccveeevircirieiieeeee 23
Graphing in a specific range .........cccce..... 149
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H
Hexadecimal values .........c.cccoccvveicirncnnn. 12
Histogram ... 294
Hyperbola........coceeiiiiiieeee 226
Hyperbolic calculation ............cccccocoeein. 31
Hyperbolic function ...........ccccceiiiiiinnn. 56
|
ICON e 3
Identity matrixX ......coeveeeeeiiiieeeeee e,
Imaginary part ..........ccocoeiiiiiiicieeee

Implicit function

Implicit function graph derivative display ...... 9
Inactive SCreen .......ccocveceiciiiiiciices 190
Inequality .......cccoooiiiii 134
Input command .........cccccoeeiiiiiiiiie 338
Input, output and operation limitations ....... 21
Inputting calculations ...........ccccceviiiiiins 19
Integer part ... 113
Integral ..o 171
Integration calculation ..........cccccccveveernnennn. 72
Integration graph ..o 145
Inverse hyperbolic function............ccccceeee.. 56
Inverse trigonometric function ................... 55
J
Jump command.........coceeeiiieiieeeeeeee 345
K
Key markings ......ccceveeveeeeiiieeeseee e 2

L
Latus rectum .....ccceeeeiiiieecce e 227
Line graph ... 295
LiNe MenU ......oooeuuiiiiieiieeeeeeeeeeee 182
Line normalto acurve ........ccccvvvvvveeeenn... 177

Linear equations with two to six unknowns117

Linear recursion between three terms ..... 250
Linear recursion between two terms ........ 250
Linear regression graph ........ccccccceveennnee. 297
LISt e, 8, 264
List file specification .........cccccccveiviiieeencnnenn. 8
Logarithmic function ............cc.cccocoiinin 56

Logarithmic regression graph................... 299
Logical operator ...........ccccooviiiiiiiiiicie 61
Low battery ......cocovriiiiiiiee 14
M
Main power supply batteries .................... 397
Main routine ........ccoooveiiiiiei e 343
Making corrections ...........ccccceeeveeiecieenen. 50
Matrix answer memory ........ccccceveceeeeeennnns 277
Matrix arithmetic operation....................... 106
Matrix cell operation ...........ccccevevviieeeennnneen. 95
Matrix data input format ........................... 101

Matrix inversion

Matrix Mode ......ccoevviiiiiiiieeeeee e

Matrix row operation...........c.ccceeerevercrennnne 354
Matrix transposition ............ccccccoveiiiiiene 110
Maximum ..o 296
Maximum integer........ccovvveeeniiiiiiienee 113
Maximum value in a list .........ccccoceeeiieene 274
Maximum/minimum value calculation ........ 75



o)

Mean of data .......cccocveeiiiiiiieiee 296
Mean-box graph ..........cccocoiiiiiiiiin 294
Med-Box graph .......cccccoveviiieiiiicccee 294
Med-Med graph ..o 297
Median ........oooooeiiiiiieeee e 275, 296
MEMOTY . 25
Memory back up battery ............cccoceeei 398
Memory capacity .......ccccceevveeeeeniieee e, 22
Memory status ........ccooceeiiiiiiiee 28
Menu item ..o 10
Minimum value in alist........ccccoooeeninnnn. 274
MOdE ... 296
Modifying matrices .........ccooeviiiiiiiiienns 103
Multi-statement command......................... 338

Multiplication sign

Multistatements ..........cccoeeeiiiiiieiiiiiieeees

N
Negative value ..o, 90
Newton’s method.........cccoeveeeeiiiiiiiiiiieeeee, 65

Normal distribution curve ...........ccccccee 295
Normalized variate .........cccoceeveiniiciinene 308
NOE e 90
Number of bytes ... 322
Number system ..., 88
Numeric calculations ............cccccocoeieiene. 53

Option (OPTN) Menu .....ccccocvvvviriiiieene 31
O e 90
Output command .......ccceeveveerieneeneenens 338
OVEIfIOW ..t 22
OVEIWIILE . 149
P
Parabola ........cccooiiiiiiiiiis 227
Parametric (Param) type ........cccceeeeennen. 220
Parametric function ..........ccccoeiiiiiiiiinns 132
Parentheses
Parity ..o
Password ........ccceeieeiiieeie e
Percentage
Permutation ........cccoviiiiiiiieeeeeeee 58
Picture memory ... 159
PIXEl i 187
PIOt IYPE e 146
POINtEN ..o 146
Points of intersection for two graphs ........ 168

Polar coordinate function

POWET .o
Power regression graph ......ccccccceeeevnnenn.
PRGM MOGE .....ccveiiriiriiiicieicniecieeeeeene
Probability distribution ............ccccocoeiieis 311
Probability/distribution calculations ............ 52
Program (PRGM) menu ........ccccoeevvenicnnenne 43
Program command menu ...........cc.ccce..... 333
Program menu ........ccccoeeevoiiienieciieneee 333
Programming .......ccccoeevmeeniieniic e 314



Q
Quadratic differential calculation ................ 70
Quadratic equation .............ccccociioiiinnnne 120
Quadratic regression .........cccecveeeeceeeeenne 298
Quartic regression .......c.ceeeieeeeeeieseeeen 299

R
Radians .......ccccoviiiiiiiiee 16
RadiUs ..oooeeiiiiieie e 230
Raising a matrix to a power..........cccoc.e.... 112
Real part ... 83
Rectangular coordinate function .............. 132
RECUR MOGE ..o 8
Recursion Menu .......ccceveveveeeiieesieeeen. 250
Recursion table & graph function ............. 358
Regression coefficient ...........cccocvvennene 299
Regression formula parameter ................. 293
Relational operator..........c.ccoveeveiricnnenee. 336
Replacing batteries ........cccccoviviiiiieens 396
Replay function ... 50
RESET operation ........ccceeeveevvveeieeeiieens 394
ROOt e, 66, 165
Rounding coordinates ..........ccccoccevveennneee. 156
ROW SWapPPING .....coieeieeiieieieeeeseeeeee 95
RUN MOGE ..o 4

S
Sample standard deviation
Scalar product ........ccceeeeeeeieeerie e
Scatter diagram .........ccccevviiiiiiiieeee
SO it 17

Sequence ...............

Set up screen

Sexagesimal operations ........ccccceevveernnne 53
Sexagesimal values ...........ccccccoiiviiiinnnne. 12
Significant digits .......coeeverreriiniiieicee 17
SiMPSON’s rule ..o 72
Simultaneous graph .......cccooceeveeiieneenieenen.

Single-variable statistics

Sketch MeNU ....ooovveiiiiie
Solve calculation .........cccooveieiiiiiceiece
Sorting list values .........cccooeviiiciinienee.
Square MatriCes ....cccvevvverceeeiieesieeerieeens
Squaring @ MatriX ......cocceeeeevieieeceeieeiee 111
STACKS v 21
Statistical calculation and graph .............. 359
Statistical data list .........cccoceeveeiinieneene. 284
Statistical graph view window setting ........... 7
SUBIOUINE ..o 343
SUM e 276
Sumofdata .....ccceririiniii 296
Sum of products ... 276

Sum of squares

an

Symbol “I]

T
Table & graph .......cccovceiieniinieecee 236
Table & graph generation settings................ 9
TABLE MOdE ....covviiiiiiicnieeeceee 8
Table range .......cccooovieiiiiicece 237
TanNQ@ent ...ccoeviiiieciee e 176
Text display ......cccoooviieiiiicieee 23, 353



Trigonometric function

Type Afunctions .........cccoeeciiiiiiicicee
Type B functions .........cccoveveeniiiiciicee, 19

\'}

w
WEB graph .....c.ooveiiiieeeieeeeeee e 251
Whiskers
Width of a histogram/line graph ............... 304
X

Y

V-INEEICEPLS . 167
y4

ZOOM ittt 151
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Command Index

DispF-Tbl, DiSPR-TOI .....ccuiiiiiiiiiii e 347
DO~LPWNRIIE ... e 342
DrawDyNa .....cooiiiiiiieeie et 348
DrawFTG-Con, DrawFTG-Plt .......ccooviiiiieeiieiiieee e 348
DrawGraph .........oouiiiieiieiee e 348
DrawR-Con, DrawR-Plt .........cccoiiiiiiiiiieceee e 348
DrawRZ-Con, DrawRZ-Plt ......ccccccoivieeiiiee e 349
DIrawStat .....c.eeeiiiieeie e 349
DrawWeD ......cooiiieieie s 349

ENTREN (e 339
II~TheN~EISe ... 340
If~Then~EISe~IfENG .......cccoiiiiiiiiieeeee e 340
If~Then~IfENG ...oooiiieeeee e 339
IS Z s 346
LOCALE e 350
PrOG s 343
RECEIVE (i 351
RETUIN .o 344
SN (et 351
SEOP o 344
While~WHhIlEENd ........ooiiiiiieee e 342
? (Input CommMANd) ....coiiiiiiiiiiiee e 338
A (Output CommaNd) .....ccoveererieieieere e 338
: (Multi-statement Command) ..........c.ccoeieiiriiiiiicccc 338
« (Carriage Return) ..o 339
O (JUMP COAR) ettt 346
=, ¥, >, <, 2, < (Relational Operators) ........cccceveevieeieennene 352
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combined with

calculation from end.

Key Primary Function combined with
Trace |Turns trace function on/off.
(F1) |Selects 1st function menu item.
Zoom | Turns zoom function on.
Selects 2nd function menu item.
V-Wind Displays View Window parameter
é]ow input screen.
Select 3rd function menu item.
sketch |Displays sketch menu.
elects unction menu item.
[F4] |Selects 4th functi it
G-Solv |Displays graph solve menu.
elects unction menu item.
Selects 5th functi it
GoT Switches display between graph
ext screens.
& text
Selects 6th function menu item.
ctivates shift functions of other
Activates shift functi f oth
keys and function menus.
opTN) |Displays option menu.
PRGM | . . Displays program command
Displays the variable data menu. menu.
SET UP . .
D) Returns to the Main Menu. Shows the set up display.
[Al-Lock | Allows entry of alphanumeric Locks/Unlocks entry of
APHA] |characters shown in red. alphanumeric characters.
v~ r |Press after entering value to Press before entering value |Enters
calculate square. to calculate square root. character r.
. Press between two values to Press between entering
o Enters
make second value exponent of  |values for X & Y to show xth
i character 6 .
first. root of y.
QuIT . Returns directly to initial
Backsteps to the previous menu. screen of the mode.
@ Moves cursor upward. Switches to previous
Scrolls screen. function in trace mode.
® Moves cursor downward. Switches to next function in
Scrolls screen. trace mode.
Moves cursor to left. Scrolls
screen. Press after o displa
P fter EXE to display
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combined with

Key Primary Function combined with
Moves cursor to right. Scrolls
® |screen. Press after EXE to display
calculation from beginning.
A |Allows input of variable X, 8 , and
T Enters letter A.
10* B |Press before entering value to Press before entering

calculate common logalithm.

exponent value of 10.

Enters letter B.

N)«
o

Press before entering value to
calculate natural logarithm.

Press before entering
exponent value of e.

Enters letter C.

@,
&8
w)

8

Press before entering value to
calculate sine.

Press before entering value
to calculate inverse sine.

Enters letter D.

Q
o
@
m

Press before entering value to
calculate cosine.

Press before entering value
to calculate inverse cosine.

Enters letter E.

—
QO
-n

Press before entering value to
calculate tangent.

Press before entering value
to calculate inverse tangent.

Enters letter F.

Press between entering fraction

dG values. Displays improper fractions. |Enters letter G.
@<l |Converts fraction to decimal.
Converts a fraction to a decimal
" value or a decimal value to a
D fraction. Enters letter H.
Sends a shot of the current screen
to a connected device.
¥ | |Enters open parenthesis in Press before entering value
formula. to calculate cube root. Enters letter I
x+ J |Enters close parenthesis in Press after entering value to
, Enters letter J.
formula. calculate reciprocal.
E]K Enters comma. Enters letter K.
L |Assigns value to a value memory Enters letter L.
name.
M Enters number 7. Enters letter M.
N Enters number 8. Enters letter N.
@o Enters number 9. Enters letter O.
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Key Primary Function combined with combined with
INs |Deletes character at current ?r!lg;’;itlgrssegtl%rsjgor
cursor location. location.

OFF | Turns power on. Turns power off
Clears the display. P .
@P Enters number 4. Enters letter P.
@Q Enters number 5. Enters letter Q.
@R Enters number 6. Enters letter R.
{®S Multiplication function. Enters open curly bracket.  |Enters letter S.
}E]T Division function. Enters close curly bracket. |Enters letter T.
[I]U Enters number 1. Enters letter U.
@V Enters number 2. Enters letter V.
@W Enters number 3. Enters letter W.
[X éggg:ﬁg;l;g:'t?:e value Enters open bracket. Enters letter X.
]E]Y ggggzzgo:egjgt?\t/g\;élue Enters close bracket. Enters letter Y.

Z | Enters number 0. Enters letter Z.

= SPACE . . Enters a blank
o Enters decimal point. Enters character =. space.

n Inputs value of pi.
Allows entry of exponent. Enters pi symbol.

Ans | Enter before value to specify as Recalls most recent

) |negative. calculation result.
@] Displays result of calculation. Inputs a new line.
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