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® The contents of this manual are subject to change for improvements without
notice.

® This calculator is provided with combinations of extremely sophisticated
functions and has been shipped after thorough inspections including checks
on the operations described in the Manual. Should you encounter any dif-
ficulties, contact your nearest SHARP distributor, dealer, or retailer. Your sug-
gestions on the calculator are also invited. However, SHARP is not respons-
ible for any consequences from the use of the calculator.

® SHARP is not responsible for any monetary loss or loss of profits from the
use of any of the calculation examples contained in this manual or for any
claims from a third party.

® SHARP is not responsible for any loss or alteration of, or damage to, the
memory contents as a result of any defect in the calculator or the repair or
battery replacement of the calculator.




OPERATIONAL NOTES
(Handling Recommendations)

Because the liquid crystal display (LCD) of the calculator is made of a liquid
crystal hermetically sealed between two glass plates, adequate caution must
be exercised in handling the calculator.

To ensure the trouble-free operation of the calculator, please observe the
following points.

1. Do not fold over the cover containing the right-hand keyboard (i.e., touch-
board). This practice may damage the flat cables between the right-hand
keyboard and the main circuitry of the calculator.

2. Do not operate any key on the right-hand keyboard with a hard pencil end

nor press any key with excessive force. This practice may damage the

touchboard or mar its surface.

Do not carry the calculator in the back pocket of slacks or trousers.

4. Do not place the calculator in a location subject to direct sunlight, espe-
cially in a car with its window closed in hot climate. The calculator may be
damaged due to high temperatures.

5. Do not place the caiculator in a location exposed to high temperatures
(e.g., near a heater). Also avoid locations subject to rapid temperature
changes and excessive moisture or dust.

6. Do not drop or bump the calculator.

7. Do not use a cloth moistened with any volatile solvent or water to clean the
calculator. Always use a soft, dry cloth.

w

It service should be required on this unit, use only a SHARP servicing dealer,
SHARP approved service facility, or SHARP repair service where available.

¢ When a Maifunction Occurs Due to Abnormal Conditions
When the calculator is subjected to a large external noise or severe shock
while in use, all the keys may become inoperative on rare occasions. Shouid
such an abnormal condition occur in the calculator, take the following steps:

(1) Set the Mode Selector switch to the COMP position.
(2) Press the Reset switch, and the display will show the following:

COMP MODE

The calculator can now perform a calculation while retaining its memory con-
tents.

NOTE: If the memory contents have been changed due to large external
noise or severe shock, the memory contents may have already
been erased despite the reset operation described in steps (1) and
(2) above.
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Chapter 1 of this manual introduces you to the SHARP EL-9000 Super Scien-
tific Calculator, a new and powerful computing instrument with graphics capa-
bility, by providing you with a basic understanding of the calculator.

The calculator allows direct entry of calculations and expressions (or formulas)
as written. As you follow the detailed instructions and calculation examples in
Chapters 2, 3, and 5 of the manual, you wili find that with this calculator you
are not required to learn any machine or computer language, yet the unit pro-
vides you with formidable power in mathematical, scientific, engineering, and
business calculations.

The calculator features such unique functions as algebraic expression reserve
function, conditional expression judgment and looping functions, and playback
and answer memory functions. These important and useful functions are also
detailed in Chapters 2 and 5, together with application examples.

In addition, the calculator allows you to draw various statistical graphs on the
screen as well as graphs of intrinsic functions and equations of higher
degrees. The calculator's graphics functions are detailed in Chapter 4.

The calculator has optional functions such as SAVE, LOAD, COPY DISP, and
PRINT, which are almost comparable to those of pocket computers and are
possible when used with optional SHARP CE-50P printer/cassette interface and
CE-152 cassette tape recorder. These functions are covered in detail in Chap-
ter 6.

Other items of supplemental information such as operating controls, error con-
ditions, and so forth are included in Appendixes for ready reference.
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® Mode Selector Switch

A 4-position slide switch used to select any of the four operation modes of the
unit: STAT, COMP, AER-I, and AER-Il. (See Operation Modes on page 6 for
details.)

e Display

A dot matrix liquid crystal display with each character formed in a pattern of
5x7 dots. The display capacity of the screen is 16 columns by 4 rows for
characters and 96 horizontal dots by 32 vertical dots for graphics.

The contrast of the LCD display can be adjusted by continuously pressing the
SHIFT and| v |keys for lower contrast and the SHIFT and| & |keys for
higher contrast.




NAMES OF COMPONENTS

® Keyboards

The calculator has two keyboards: the left-hand keyboard consisting of 50 keys
and the right-hand keyboard, 40 keys. Of the many convenient keys, the five
most frequently used keys are briefly introduced here to show you their func-
tions and locations.

ON/BREAK key .......... A key used to turn on the power of the caiculator. This
key is also used to interrupt the execution of an algeb-
raic expression (i.e., program) in the COMP mode or
interrupt the execution of graphic drawing in the COMP
or STAT mode.

OFF key ..................... A key used to turn off the power of the calculator.

2nd Function keys ..... A function change key provided on each of the left-
and right-hand keyboards. Either of the two may be
used to designate the second function of another key.
The second function of a key is printed in yellow above
the key

CL/CAkey ...cccoee.. A clear/clear all key used to clear the contents of the
display, and to release the calculator from an error con-
dition.

® Reset Switch
A switch used to retain or erase memory contents.

NOTE: When pressing the Reset switch, depress the switch with a ball-
point pen as shown in the illustration. Avoid use of a sharp-pointed
pencil or equivalent with an easy-to-break point.

Reset switch




NAMES OF COMPONENTS

Key Click Function

This calculator has a key click function which causes each key on both the left-
and right-hand keyboards to emit a sound when depressed. This function is
convenient for key input confirmation.

The key click mode is set upon pressing the 2ndF and fﬂ keys, causing
symbol “ > " to appear on the display. Pressing the 2ndF and @ keys for

a second time causes the key click mode to reset, causing symbol “ ) " to
disappear.

Auto-Power Off Function

If no key is pressed for about 10 minutes, the power automatically turns off to
conserve battery power, but all the memory contents are retained. (The actual
time may be shorter or longer than 10 minutes depending upon the operating
temperature or battery condition). To resume operation, press the ON key.



The calculator operates in four basic modes: STAT, an abbreviation for STATis-
tical calculation, COMP, an abbreviation for COMPutation, and AER-| and AER-
Il, abbreviations for Algebraic Expression Reserve. To permit the calculator to
operate in any of the four modes, the 4-position Mode Selector switch at the
center left side of the left-hand keyboard must be set to the appropriate posi-
tion as described below.

STAT (bottom) Places the unit in the STAT mode.
COMP (second from bottom) Places the unit in the COMP mode.
AER-Il (second from top) Places the unit in the AER-1I mode.
AER-I (top) Places the unit in the AER-I mode.

STAT Mode

The STAT mode allows the calculator to perform single-variable calculations
and two-variable statistical calculations including linear regression. In this
mode, the calculator can be set in either of the following two submodes: DATA
STORE mode which allows storage of each statistical data entered and NON-
STORE mode which does not allow storage of such data. (See Chapter 3 for
details of operations in the STAT mode.)

In the STAT mode, six kinds of statistical graphs can be drawn on the screen.
(See Chapter 4 for details on Graphics.)

COMP Mode

The COMP mode allows the calculator to perform all calculations, except
statistical calculations, ranging from the four basic arithmetic functions to
algebraic expressions programmed in the AER-I or AER-Il mode. In the COMP
mode, the calculator normally performs calculations in the decimal number
system but can be set in the following submodes to perform special calcula-
tions: BIN, OCT, and HEX modes for calculations of binary, octal, and hex-
adecimal numbers, respectively, plus MATRIX mode for matrix operations.

In the COMP mode (except BIN, OCT, HEX, and MATRIX submodes), graphs
of intrinsic functions and other functional equations can be drawn on the
screen. (See Chapter 4 for details on graphics.)



OPERATION MODES

AER-I and AER-Il Modes

The AER-I mode is a mode to store algebraic expressions using the memories
for constants A ~ Z and array variables Al ]~ Z[ ] as the variables of the
respective expressions. The AER-II mode is a mode to store algebraic expres-
sions using a combination of lowercase letters, special characters, and num-
bers reduced in size as the variables for the respective expressions, in addi-
tion to the memories for constants and array variables. in other words, these
programs will be stored in the specified memory for later use in the COMP
mode. (See Chapter 5 for details on programming and program execution.)

The relationship of the respective modes is illustrated below.

DEC (Decimal Operation Mode)

BIN (Binary Operation Mode)

COMP oCT (Octal Operation Mode)
(Computation Mode)

(Hexadecimal Operation
HEX Mode)

MATRIX | (Matrix Operation Mode)

DATA STORE | (Data Store Mode)
Modes STAT
(Statistical Calculation NON-STORE |(Data Non-store Mode)
Mode)

AER-1 |(Algebraic Expression Reserve-1 Mode)

AER-T | (Algebraic Expression Reserve-ll Mode)




Key Operation

The calculator is provided with a wide variety of functions including scientific,
graphics, and algebraic expression reserve functions as well as four basic
arithmetic (add, subtract, multiply, and divide) functions. Here, the procedural
steps in performing basic calculations are briefly covered to warm you up
before going into the details described in later chapters.

(1) Power ON
As mentioned earlier, you will find the ON key at the left most side of the left-

hand keyboard beneath the LCD display. Simply press this key to power your
calculator.

(2) Operation Mode Selection

The calculator operates in four basic modes: STAT, COMP, AER-I, and AER-I.

For the purpose of explanation, the unit is put in the COMP mode by setting
the Mode Selector switch to the COMP position.

COMP MODE

(3) Add, Subtract, Multiply, and Divide Functions
To perform any of the four basic arithmetic functions with this calculator, enter

the numeric data and press the algebraic keys (+, = X, +, =) in the same
Sequence as you would do with any other scientific calculators.
Example 1:

To calculate 123 + 654 =

P

123+

MODE




FUNDAMENTALS OF OPERATION

(6 1[5 ] [4]

Example 2:
To calculate 2.4 x 2

COMP MODE

L2 J L] a] ]

(2 ] [=]

£,
F23+654
COMP MODE
.
l23+654=
777,
8
1 23+65 4=
777,
2. 4 X __
| 23+654-=
777.
2 . 4Xx2=
4 .8

if you make an error in key sequence and an error message appears in the
display, press the CL key and enter the data again in the correct sequence. If

you key in the incorrect data, use the| [ |or

key to move the cursor

over to the incorrect number or sign in the display and then enter the correct
data. (See APPENDIX D for Error messages.)




FUNDAMENTALS OF OPERATION

(4) Scientific functions

As an example of scientific functions, we will solve for the reciprocal of a
number using the Reciprocal (') key.

Example: To solve for 1/8 = (or 8" =)

Key in:

CL| [ 8 | [2ndF] [x] 9.

=] 87! =

B . 125

NOTE: z' is the second function of the @ key and can be activated by
pressing the 2ndF key, then the [£°] key.

Key Functions

® With the calculator, most of the keys have two functions, whereas some keys
have three, and others just one. The function printed on the key itself is caused
to occur when you press the key alone. The function printed in yellow above
the key is the second function of that key, and becomes effective only when
the key is pressed following the function change key labeled “2ndF” as you
have just done in the above calculation example. The 2ndF key is located on
each of the left- and right-hand keyboards. Depression of either key provides
the same function.

® The following functions labeled in silver white or green on the respective
keys are effective only in specific modes and are not the second functions. (In
other words, you need not press 2ndF before these keys.)

NOTE: The function labeled “ENT” above the COMP key and the functions

labeled “NEG" and “SET” below the and [ = ] keys,

respectively, are not the second functions of these keys.

(1) Functions labeled “TITLE" in green above DATA and PRO keys, respec-
tively, are those used for data title search in the MATRIX or COMP mode
and program title search in the AER-1 or AER-Il mode.

(2) Functions labeled “CD, (z, y), and DATA” in silver white color above the
RM, = M and M+ keys, respectively, are those used for statistical calcula-
tions and are thus effective only in the STAT mode. (See Chapter 3 for
statistical calculations.)

10



FUNDAMENTALS OF OPERATION

(3) Functions labeled “A,B,C.D,E, and F” in silver white color at the right above

the ¥, LOG, LN, [Z] , [V |, and keys, respectively, are

those used for entry of hexadecimal numbers in the HEX mode.

(4) Functions labeled “NOT, AND, OR, XOR, and XNOR" in silver white color at
the right above the SIN, COS, TAN, -DEG and —POL keys, respectively,
are those used to perform the logical operations of binary, octal, and hex-
adecimal numbers in the respective number system modes.

NOTE: Multiply command “X” and upper- and lowercase letters “X" are distin-
guished from one another by indicating them on the display as follows:

Key Display
X (letter) -[X] X (uppercase letter)

x (lowercase letter)

X (multiply) ~[ x]
Conventions for Key Entry Descriptions
® In the following Chapters, key operations and key functions are described

whenever possible as shown in the following examples.

Key operation  Designated function

— [2ndF SIN'!
SIN' NOT
NOT| Logical NOT
SIN SIN
— [2ndF][FRAC] FRAC
FRAC
Y

A Uppercase letter Y

® All numeric keys for data entry are not enclosed in a box unlike other boxed
keys indicating that they are the keys pressed.

L1 . 4 |—123.4 (decimal number)
2 [ C |~ 2BC (hexadecimal number)

® The word “key in" or “press” before each key operation is omitted when self-
explanatory.

11




Display Screens

e Basic display screens

The display screens of the calculator are divided into three basic types: Text,
Graphics, and Data screens.

The function of each screen is as foliows:

(a) Text screen: Displays algebraic expressions and various commands.

(b) Graphics screen: Displays graphs and coordinate values.

(c) Data screen: Displays statistical data, array variables (matrix data), etc.
These screens are independently stored in memory and selected in rotation at
each depression of the Screen Selector (2ndF, T»G» D) key in the COMP or
STAT mode. Keep pressing the selector key until the required screen is
selected.

T»GPD TPGPD
Text screen—— Graphics screen Data screen

(Text) (Graphic) (Data)

[2ndF] [TRGPD]

The initial screen of each display screen is as shown below.

(Set the Mode Selector Switch
to the COMP position.)

coMP MODE

Text screen

2ndF] [T»GPD]

Graphics screen et s f N

:

12



DISPLAY SCREENS & INDICATORS

[2ndf] [TPGPD]

Data screen

NOTE:

AL B, 8]

B:[ B, 8]

e When switching to any of these basic display screens in the STAT

mode, set the DATA STORE or NON-STORE mode before pressing
the 2ndF and T» GPD keys.

[f any entries have aiready been made, the initial screens may not
be the same as those shown above. To obtain the same initial
screens, press the Reset switch and ENT key to clear the entries.

In the BIN, OCT and HEX submodes of the COMP mode, the text
screen can be switched to neither the data screen nor the graphics
screen, because array variables cannot be defined and graphic
functions are ineffective in these submodes. Similarly, in the
MATRIX submode, the graphics screen cannot be selected, because
graphic functions are ineffective in this submode.

13




DISPLAY SCREENS & INDICATORS

e Special display screens

In addition, the calculator has the following special screens:

(a) Memory check screen: Used to verify the remaining bytes in memory.

(b) Graphic range screen: Used to set the display range of a graph, scale,
etc.

(c) Optional command select screen: Used to select commands to an optional
printer or cassette tape recorder and commands for data transfer between
two EL-9000 units.

Details on the special screens are provided in Chapters 4 and 6, and Appen-
dix C.

indicators

> II
<= 4 2ndF SHIFT HYP DEGRAD FIX SCI ENG ¢ =>

With this calculator, the following indicators will appear at the bottom part of
the LCD screen.

D Indicates that both the keyboards of the calculator are in the key
click mode.

I, II: Indicates that the calculator is set in the AER-I or AER-Il mode.
Also indicates that the program (algebraic expression) stored in the
AER-! or AER-Il mode is accessed in the COMP mode.

YRS Indicates that the DATA STORE submode has been selected in the
STAT mode.

BINE Indicates that the calculator is in the BIN (binary number system)
mode or that the displayed number is a binary number.

OCTE Indicates that the calculator is in the OCT (octal number system)
mode or that the displayed number is an octal number.

14



DISPLAY SCREENS & INDICATORS

:

2ndF:
SHIFT:
HYP:
DEG:
RAD:
GRAD:
FIX:
SCl:
ENG:

(BRZ

Indicates that the calculator is in the HEX (hexadecimal number
system) mode or that the. displayed number is a hexadecimal
number.

Indicates that the calculator is in the MATRIX (Matrix Operation)
mode.

Indicates that the second function of another key has been
specified.

Indicates that uppercase letters A through Z and numbers 0
through 9 reduced in size are selectable or that the calculator's
display is ready for contrast adjustment.

Indicates that the hyperbolic function has been specified.

Indicates that “degrees” must be used as the angle of unit for the
calculation.

Indicates that “radians” must be used as the angle of unit for the
calculation.

Indicates that “grads” must be used as the angle of unit for the
calculation.

Indicates that the result of a calculation is to be displayed in the
fixed decimal point system.

Indicates that the result of a calculation is to be displayed in the
scientific notation system.

Indicates that the result of a calculation is to be displayed in the
engineering notation system. -

Indicates that the information that has already been displayed or is
yet to be displayed exists above or below the information now on
the display.

Indicates that the information that has already been displayed or is
yet to be displayed exists on the left or right of the information now
on the display. Both the “«" and —" signs appear and flash
together with message "COMPUTING”, “PRINTING”, “SAVING”, or
“LOADING"” while the calculator is performing time-consuming
operations such as drawing a complicated graph and, outputting
data on the printer or cassette tape recorder, etc.

15



Display Systems
The calculator has four different display systems which can be selected with
the FSE (display mode control) key.

When you press the FSE key in the COMP mode, the display mode indicator
“FIX”, “SCI", or "ENG" or a blank (none of these) will appear at the bottom part
of the display.

The FSE key is operative only after the result of a calculation has been dis-
played or when the calculator is cleared with the CL key.

& F|X ——= SC| —= ENG ——(Blank-—l
Reset)
N /
I l
Fixed decimal ptaces Floating decimal place
(See "decimal places” later.)

The designated decimal point system and decimal places will be retained even
when the caiculator is turned off. '

(1) FIX (FIXed decimal point system)
® Each calculation result is displayed after being rounded to the number of
decimal places selected with the TAB key.

® When a calculation result is to be used for further calculations or formulas,
the contents displayed will be used.

When the absolute value of a calculation result is less than 1, the result may be
displayed in the exponential form (scientific notation) according to the number
of decimal place selected with the TAB key.

Example 1:
If the absolute value of a calculation result is 1 or more

(Todisplay FiX indicator)

3 {Tofix the number of decimal places to 3)
5[ =13 [=]
.oy
5+3=
. 667

FiX

16



DISPLAY SYSTEMS & DECIMAL PLACES

[X] 0. 000
5+3=
I . 667
. 667X __
Example 2:
If the absolute value of a calculation result is less than 1
CL]5[=19[= ] .y
B .08 e
5+9=
B .556
e [=] 5o
B .556
5.556E-0IX9=
5.000

(2) SCI (SClentific notation)

® Each calculation result is displayed in the scientific notation system (A X
10%). Since the mantissa part of the calculation result is displayed in accord-
ance with the decimal place designation (TAB), the number of significant digits
can be easily designated. The next digit after the specified number of decimal
places is automatically rounded up or off.

® When a calculation result is to be used for further calculations or formulas,
the contents displayed will be used.

17



DISPLAY SYSTEMS & DECIMAL PLACES

Example:

(To display SClindicator)

2 {Tofix the number of decimal places to 2)
03[=]17[=]

8 .00E 88
B .3+ =
4.29E-02

861

The above display means that the number of significant digits has been fixed
to 3.

(3) ENG (ENGineering notation)

® Cach calculation result is displayed in the engineering notation system
(Ax108). Like the scientific notation system, the mantissa part is displayed
according to the decimal place designation (TAB), but the exponent part is
automatically set to a multiple of 3 (... =6, =3, 0, 3, 6,...) for display. There-
fore, any number displayed can be easily read in units of K (kilo-: 10°) or m
(milli-: 10-2), etc., that is commonly used in the engineering field. The next digit
after the specified number of decimal places is automatically rounded up or
off.

e When a calculation result is to be used for
further calculations or formulas, the contents displayed will be used.
Example:

(To display ENG indicator)

2 (Tofix the number of decimal places to 2)
o3[ =]7[=] O.00E B8
g.3+1=

42 .86E—03

ENG

18



DISPLAY SYSTEMS & DECIMAL PLACES

(4) Blank (i.e., when none of FIX, SCI, and ENG is displayed)

® Each calculation result is displayed in the floating decimal point system.
Calculation result x is displayed on the basis of scientific notation if it is outside
the range of 0.000000001= |x| £9999999999 or not zero.

® When a calculation result is to be used for further calculations or formulas,
the calculator will secure as many significant digits as possible (10 digits max.)
for the next formula.

Example:
@ FSE (To display none of FIX, SCI, and ENG)
5 + 9] =] .
5+ 9=
B .555555556
(X9 [=] o .555555556
5.555555556E -0 1 X
9:
5
O 1 [= 5 [En v
| +5E
(=) 12 = o
| +5E—-| 2=
2.E ||

19



DISPLAY SYSTEMS & DECIMAL PLACES

Decimal Places

The TAB key is used to specify the number of decimal places in a calculation
result when the FIX, SCI, or ENG mode is set. The number of decimal places is
specified by the numeral key (0 ~ 9) following the TAB key. Carry over will be
automatically rounded.

Use the TAB key when the calculation result is displayed or when the cal-
culator is cleared with the CL key.

(Todisplay FIX indicator)

9 (Tofix the number of decimal places to
9)

B AR

FiX

JEIRIES P20 200000
5+9=
B .555555556
TAB! 8
| | PAN200 00000
(Tofix the number of decimal ptaces to8) 5+ 9=
¥ .55555556
78] 0 '
(Tofix the number of decimal places to 0) 5+g= LR DR R
[ .

20



DISPLAY SYSTEMS & DECIMAL PLACES

NOTE: 1.

If a number cannot be displayed in the number of decimal places
specified by TAB, the number may be displayed in less than the
number of decimal places specified by TAB (i.e., the integer part is
displayed with precedence over the decimal fraction part).

Example: TAB = 3
11+ ]3[Exp] [(—)]8=33333333.33

The designated number of decimal ptaces is retained even when
the display system is changed or when the power is turned off.

21







CHAPTER 2

OPERATIONS
IN COMP MODE




Before operating each calculation example in this chapter, make sure that the
Mode Selector switch is in the COMP position and then press the 2ndF and
CA keys to clear the calculator.

Unless otherwise stated, all the following calculation examples are to be per-
formed in the floating decimal point system. If any of the FIX, SCI, and ENG
indicators is appearing in the display, press the FSE key consecutively until
none of these indicators appears, indicating that your calculator's display is in
the floating decimal point mode.
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Examples shown here are the mixed calculations of the four basic functions.
Because this calculator uses algebraic logic, calculations are not necessarily
performed in the order entered. For example, multiplication is carried out

before addition.

No. To solve for Key in Your answer

| {49.6-75.2+32= | 49.6] — |75.2[ + |32[ =] 6.4

2 | 45+285+ 3 = a5[ + Jess[ + |3 [ =] 140

3 | (45+285)+ 3 = [(Jas[ + Jess[ ) [+ ]3[=]| 10

Yliass (sl o D LEILONS | iaes
o s =]

NOTE: 1. Your answer is displayed with right justification on the line following
the line on which the expression for the calculation has been

entered.

49.6—75.2+32=

6.4

Result of calculation ——

2. The parenthesis keys specify which group of numbers to calculate
first whenever there is a choice. If you omitted parentheses in
Example 3, your answer would be 140 as in Example 2 because
division takes precedence over addition. (See APPENDIX E for
details on Priority levels.)
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ADDITION, SUBTRACTION, MULTIPLICATION, & DIVISION

No. To solve for Key in Your answer
5 |a2x (—=5)+120= | 42] x |[(=)] 5[+ J1e0] =] ~90
6 [(5x10)+ (4x107)=| 5Exm 3|+ |4 [Exg](=)]3]=]| 1250000

7 | 72x (((56+23)x 2) | 72| (|1 (]l (]s6] + ]23] ) | | 10080
—T2+4) = [ xJ2[ ) [[=Jr2[+ |4 =]

NOTE: 1. When you enter a negative number as in Example 5, press
before the negative number.
2. The Exp key is used to enter the exponent part of a number.
3. In Example 7,

(1) The multiply key immediately before the open parenthesis may
be omitted.

(2) The close parenthesis immediately before the E] =M, M+,
2ndF M+, STO A ~ STO Z, —HEX, —-OCT, —BIN, or -DEC
key may be omitted.

(3) Plural parentheses may be entered in an expression with other
calculation commands for more complicated arithmetic
sequences, provided that the number of pending operations in
the calculator does not exceed 16 and the number of pending
values in the calculator does not exceed 8. (See APPENDIX E
for details on Pending operations.)
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Scientific calculations are performed in the same manner as basic calculations.
As you will note in the following examples, scientific functions are entered as
you would normally read them.

Trigonometric and Inverse Trigonometric Functions

® When you solve for any of the trigonometric and inverse trigonometric func-
tions, you must first designate the unit of angle applicable to the function by
operating the 2ndF and DRG keys. As these two keys are pressed consecu-
tively, the indications “DEG”, “RAD", and “GRAD” appear in rotation at the
bottom part of the display. Keep pressing 2ndF DRG until the desired unit of
angle is set on the display.

DEG: Degree [°]

RAD: Radian [RAD]
GRAD: Grad [g]

90[°]==/2 [RAD] = 100 [g]

NOTE: The designated unit of angle will be retained in memory even when the
power is turned off. Therefore, you need not redesignate the angular
unit each time the power is turned on.

Angular
No. unit

| | DEG |sINe3=  |[sIN]63[ =] 0.891006524
2 |RaD | cosT=|[cos] ()@ |[= e[ |[=] |o.707106781
3 | GRAD | TANI50= 150] = | ~1

To solve for Key in Your answer

NOTE: To solve for the function value of an expression such as in COS #/4 in
Example 2, parenthesize the expression.

® The calculation results of the respective inverse trigonometric functions are
expressed within the following limits.

8-=SIN"'x, 8=TANx 8 =COS'x

DEG 1 —0=6=90 DEG : 0=6=180
RAD I—%éﬂé—; RAD :0=d=<n
GRAD : —100= 6 =100 GRAD : 0 =4 =200
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SCIENTIFIC FUNCTIONS

e In addition to the designation of the unit of angle using the 2ndF and DRG
keys, you must use the 2ndF key for each calculation example here to desig-
nate the second function of another key.

Angular

No. unit To solve for Key in Your answer
4 | DEG | SIN'0.5= ||2ndF || SIN?|0.5] = | 30

5 | RAD | cos™'—i= |[ndF]|[cos?|[(=0)] 1] =] 3.141592654
6 | GRAD | TAN'I= |[2ndF|[TAN?| I | = | 50

Hyperbolic and Inverse Hyperbolic Functions
When using any of the hyperbolic and inverse hyperbolic functions, the “HYP”
indicator will appear at the bottom part of the display.

(17D l=]

No. To solve for Key in Your answer
| | SINH4= [HYP|[SIN|4 | = | | 27.2899172
(_|[Hvp][cos]i.s[ + |[HvP
2 | (COSHI.5+SINHI.5)'= L lnvellcos]1.s| + Jjave
[siN]i.s] ) |[ 2] = | 20.08553692
3 | SINH™'9= [ 2ndF |[ARCHYP || SIN | 9| = | 2.893443986
5 [ 2ndF || ARCHYP || TAN || ( |5
4 | TANH '==
7 0.895879735

Other Scientific Functions

Function To solve for Key in Your answer
x 3__ x —_
Exponen-| & | €= [andF ][ e* |3 = | 20. 08553692
el 10° | 10"= [angr ][ 107]1.7] =] 50. 11872336
Logarithmic _
(Natural & LN20= ZUE 2.995732274
logarithms) LOGS0= 50 = | | .698970004
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SCIENTIFIC FUNCTIONS

Function To solve for Key in ‘ Your answer
squarng (1) | 5'—a’= | 5[ x?|[= |4 [2?][ =] g
Reciprocal (') —é—_—: 8[2ndFHx—IH = [ 0.125
Square root(y ) Y49 + V64 = | /_Jagl + || v |64I = l 15
Cubic root [2ndF || 3/ || ( |123] x |6} ) |
3 —_
(47) v 123X6 [=] 9.036885658
3'= 3 a4l =] 8|
8=
| 8l Y |(=) |2 = 0.01562
Power (Y¥) Cor §z=) l ( )| l | ’
(12°)7= ,
12{Y*|3|Y"|4a|ondF||x7'|| = | |6.44741959]
o 4| P ()4 ] ] fo e
Power root (2/ )| 4/81= 4[2ndF "\/—_JSII =l 3
61=(6X5X4
Factorial (n1) 6|2ndF|l n! H = | 720
X3X2X1=)
Permutations
ol | oPs= 10| 2ndF |[nPr| 3| = | 720
nPr =
(n=r)!
Combinations
ol | wCe 10| 2ndF | nCr| 3 | = | 120
~rl{a-)!
Fraction (FRAC) | (58+8=7+7) |[2ndF |[FRAC][ ( |58] = ]8[ ) ]
[=] 0.25
Integer (INT) | (58+8=7+0.25) | | 2ndF || INT || ( 58] = |8 ) |
[=] 7
Absolute value 2dF' ABS LOG |.75
(ABS) ILOGO. 75| {é” H ( H l [ ) | T
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SCIENTIFIC FUNCTIONS

Conversions of Coordinates and Angles
e Coordinates
Two keys are used for conversions of coordinates.
—POL.: Converts rectangular coordinates (z, y) into polar coordinates (r, )
—REC: Converts polar coordinates (r,0)into rectangular
coordinates (r, y)

NOTE: Because the calculator uses store memory Z to store the value of 6 or
y obtained from the conversion of coordinates, the contents of store

memory Z will be changed as the result of the conversion. (See Mem-
ory calculations on page 41 .)

(1) Conversion of rectangular coordinates into polar coordinates (z, y — r, 6)
The value of @ is obtained within the following limits:

DEG : 0= 6 [ =180
RAD 1 0=|¢|=~
GRAD: 0= ¢ | =200

P(r,e)

r=VZ+y, 8=TAN'Z
® Before you start the conversion, press the 2ndF and DRG keys to desig-
nate the desired angutar unit.

e To obtain the answer for y or 6, key in the RCL and Z keys.

(2) Conversion of polar coordinates into rectangular coordinates (r, 8 — x, y)

Y
p(r.e) P(x,y)

0 X 0 g X

x=r cosf, y=r sinf
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SCIENTIFIC FUNCTIONS

Conversion To solve for Key in Your answer
Rectangularto | P(r,6)= 17 6[-PoL] 4| =] 7.211102551
polar coordinates (r )
conversion DRG:DEG

33.69006753
(6)
Magnitude and direction |2 l._.) POLJ 9 ‘ =J 15
(phase) of a vector with (Magnitude)
i=12+j9 IZ, 36.86989765
(Direction)
DRG:.DEG
Polar to P(xy)="7 14| andF || »REC|| ( |
rectangular
coordine.ltes DRG:RAD | T H = !3l ) ]' = ‘ 7 (x)
conversion v
12.
. 2.12435565
----------- ; (y)
1 '
, a
E
5
0 X X

NOTE: In the above examples,
result as RCL Z.
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SCIENTIFIC FUNCTIONS

e Angles

Two keys are used for conversions of angles.

—DEG . Converts an angle in the sexagesimal system(in degrees, minutes,
and seconds) into its decimal equivalent (in degrees).

2ndF —D MS: Converts an angle in the decimal system (in degrees) into its sex-

Oy OO D®) @
\_—V_J

degrees minutes seconds fraction (decimal)

agesimal equivalent (in degrees, minutes, and seconds).

Example

Conversion To solve for’ Key in Your answer
Sexagesimal 0 |\ ,oa0:4g0. 7 12.3918 [=] 12.655
decimal angle
conversion

123.678| 2ndF ||D.MS |} = 123.404080
Decimal to 123678°=7 : I l ‘7 } r - J (1 23040’40"8)
sexagesimal
angle conversion
3h30min45sec
Time calculation {+)6h45min36sec [—-»DEG J l )J ﬁndl'j | —’D.MSJ l_;—l 10162100
(total?) (10 h 16 min 21
sec)

The calculator can also perform time calculations using the above angular con-
version function.
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The calculator is provided with a memory area of 160 steps (i.e., input buffer)
to temporarily store expressions manually entered for calculation. Operation of
the PB (Playback) key immediately after the execution of a calculation causes
the expression just calculated to be called from the memory area for re-execu-
tion.

The PB key may also be used to call the previously executed expressions.
Expressions calculated are stored in the input buffer in their order of execution
until the buffer becomes full and are erased on a first-in first-out (FIFO) basis.
In other words, the PB key can be used only to access the contents of the
input buffer.

Verification and Correction of Expressions Calculated

Key in Display Remarks

123] X |as6] = | 1 23X456

56088.

987 + |123[ = | 987+123

8.824390244

I.473151224
SIN S58+C0S 45 =
987+123 =
123X456 =

[ =] 5621 1.

987+123=

=) 33/ 3]

| 2ndF || DRG | DEG is
>
ISIN|50] + ||cos|as| = || S IN 5 84+C0S 4 5= asesﬁgiﬁfunn.

In the above example, the expression first calculated has been corrected to
“123 X 457" using the PB key.
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PLAYBACK FUNCTION

Clearing Errors with PB key

The playback function is particularly useful in finding the location of an error
which may occur during the execution of a calculation, and thus increases
efficiency in error processing. If an error message appears during the execu-
tion of a calculation, pressing the PB key causes the error message to be
cleared and the expression that failed to execute to be recalled from the input
buffer with the cursor moved to the position immediately after the location
where the error exists.

Key in Display Remarks

[eL] 1 [=Jo[+]5[=]

In this example, 0 is erroneously used as divisor.

NOTE: Message “ERROR 2" indicates a calculation error. See APPENDIX D
for Error Messages.

Clearing Input Buffer

All the contents of the input buffer are cleared on depression of the 2ndF and
CA keys. '

The contents of the input buffer are also cleared when:

(1) RESET switch is operated

(2) Mode is changed by operating the Mode selector (slide) switch

(3) A program is executed (by operating the COMP key)

(4) A program title is searched

(5) MATRIX mode is selected

(6) Data is input on the data screen, data title screen, or x- or y-axis range
screen.

(7) Conversion is executed between any two of the binary, octal, hexadecimal
and decimal numbers. (In this case, the conversion expression will not be
cleared.)

[
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PLAYBACK FUNCTION

8. 824390244

g

Key in Display Remarks
123] X |456] = | | 23x456=
56088.
987] + |123[ = | 987+123=

In this example, the screen is cleared by the CL key, but the expressions
stored in the buffer are retained without change.
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In the COMP mode, calculation results obtained with any of the operation
execution keys (=, M+, 2ndF M+, =M ,STO A ~ STO Z —BIN, -OCT,
—HEX, —DEC) are automatically stored in the answer memory for general
calculations (which is different from that for matrix operations), as well as the
results of programmed calculations executed by the COMP key. The value
currently held in the answer memory (i.e., the result of the last computation)
can be inserted into any position of the next algebraic expression by using the
2ndF and ANS keys.

Example:
To calculate 12 x 5 + 6.25 + 24 x 3 + 6.25 = where 6.25 is the result of
division 50 + 8 = previously performed

Key in Display Remarks
12
so[ < |8 [ =] 50+8=
6.25
12.5[x ]s[ = |[2ndF J[aNS]| | 2.5X5+6.25 _ Recalled from

answer memory

L+]eal x [3[ + | 2ndF |[ANS]| 1 2.5 X5+6.25+24 X3

~6.25 _ Recalied from
answer memory
E] 12.5X5+-6.25+24X3
+6.25=
21.52

(The contents of the answer memory have been changed as the result of the
operation execution by the | = | key.)
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ANSWER MEMORY FUNCTION

As in the above examples, the answer memory can be accessed as many
times as required. Depression of any of the operation execution keys following
2ndF ANS causes the contents of the answer memory to be changed.
However, when an attempt to calculate a manually entered expression results
in an error, the result of the calculation executed immediately before the expre-
ssion is retained in memory as the last answer.

Key in Display Remarks

5[+ ]o[ =] 5+ 0 =

3

The contents of the answer memory will not be cleared even when the cal-
culator enters the Auto Power Off state or is turned off by pressing the OFF
key, when the mode is changed by operating the mode selector (slide) switch,
or when the CL or 2ndF and CA key operation is performed.

In the AER-I or AER-II mode, the result of the last computation can be written
into a program by operating the 2ndF and ANS keys:
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Continuous Calculation Function

Like the answer memory function, the continuous calculation function allows
you to use the result of the calculation last performed for the calculation to be
next performed.

Example:
To solve for 3 + 4 = and then multiply the calculation result by 5.

Key in Display Remarks

g
3[+]4[=] 3+4=

SE 7.X5= The next

“Multiply”

3 5. {command is
input
following the
result of
addition

NOTE: The difference of this function from the answer memory function is that
the result of the last calculation can be used only at the beginning of
the next calculation.

Modify Function

The modify function (2ndF and MDF) causes the internal result of a calculation
stored in memory when used in subsequent calculations, to be in agreement
with the format of the result of the calculation in the display. With this cal-
culator, the result of a calculation is obtained to the accuracy of up to 12 digits
for mantissa, while all the internally executed calculations are in the exponen-
tial form (A x 10%). The results of all the internal calculations are displayed on
the LCD after being converted into the form designated by the display system
(FIX, SCI, or ENG) and the number of decimal positions to be fixed (TAB). So,
the use of this modify function allows you to use the calculation result in the
display without change, for the next calculation to be performed. This function
is very useful when you must perform calculations with the significant digits of
a number taken into account as in testing or processing the results of experi-
ments.

38



CONTINUOUS CALCULATION & MODIFY FUNCTION

Example:

To solve for the result of 5 = 9 = and then multiply the calculation resuit by 9

Key in

Display

Remarks

T
wn
m

=
o

e Normal! calculation

s[+]s[=]
[xJs[=]

e Calculation with modify function

5| + | 9| = ||2ndF||MOF|

[x]o[=]

5.6E—Q1 X9=

5+9=

g.6X9=

)8y 1

.6

5.8

To display the
FIX indicator

To fix the
number of
decimal
positions to 1

Internal result
of calculation
is muttiplied
by 9

NOTE: In a continuous normal calculation like this example, the value in the
display is not used for the calculation. Instead, the value stored in

memory is used.
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The calculator has a function to generate pseudo-random numbers in three
significant digits ranging from 0.000 to 0.999. To generate random numbers,
first press the 2ndF and RND keys, and then the E] key. Each depression
ofthe | = | key causes random numbers to be displayed on the screen.

This function is useful in selecting data randomly from a group of sampie data
used in a statistical calculation each numbered consecutively.

[=]

011 2131415167819

0 112 515356719141 ]193|801!50]52

1145|3262 |68|45147|87 58163 (14

2|73 74091 | 75|49 | 34132 48|54 39

312116818312V 6769]|26]52]16 »

4149|7410 22122 (47| 7 1199787

Key in Display Remarks
= TR
d
[2ndF][RND][ =] | RN D = pave
B . 1 98 | selects 19th data
(14).

E B . 4 2 6 | Selects 42nd data

(12)

. 34 5 | Selects 34th data

@7).

NOTE: 1. 2ndF RND key operation is inoperative in the BIN, OCT, and HEX
modes.

2. Value may not be necessarily obtained as shown in the above
exampie due to the nature of random numbers.
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P MemOry Calculat:ons Lo

The calculator has four types of memories for storing numerical data.

(1) independently accessible memory: One
This memory is accessible by M+, 2ndF M+, =M, and RM keys and is
also used as store memory M.

(2) Memories for constants: 26
These memories are called Store Memories which are accessible by

pressing one of the letter keys A through Z foliowing the STO or RCL key.

(3) Memory for array variables:
Definable by the DIM statement up to two dimensions.
This memory is mainly used in the MATRIX and STAT modes.
(4) Memory for flexible variables: Definable on a program.
Since this memory is used only in the AER-II mode, its description is pro-
vided in Chapter 5.
This section covers memory calculations using the independently accessible
memory and the store memories, and also provides an additional description
of the array variable memories.

Independent Accessible Memory (M)

® How to use memory

Data movement in and out of the memory is effected by the following three
memory control keys.

= M: Stores the result of calculation in memory.

RM: Recalls the memory contents.

M+: Adds the result of a calculation to the memory contents

2ndF M+: Subtracts the result of a calculation from the memory contents.

e Application examples of memory

Before you start a memory calculation in Example 1, you must press the CL (or

0) key and = M keys to clear the memory contents. Press the FSE key for the
following decimal point system, i.e., untit FIX, SCI, and ENG indicators dis-
appear.
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MEMORY CALCULATIONS

No. To solve for Key in Your answer
23+45478=---(D | 23[ + |a5[ + |78[ M+ ] D:146
Ll —se-3ida3=@ | [(2)]52] = J31] + ]a3[M+] @:~40
+) ea+73—12=@® | 64] + |73 — |12 M+ ®:125
(total) -+ @ @:231
24 3= | 24] X ]13[3M] D312
, | ) e 7= @ | s6] = | 7[M+] @8
—) 32X 4=---® | 32 X | 4| ndF || M+ | ®:128
(total) +++ - @ @:192
L 3 2i
3| 24+ (I1x3)=---0 | 24| + |[RM]| = | @:1.142857143
(1x3)x5 =@ |[RM]| X | 5| = | @:105
NOTE: 1. M+, and 2ndF M+ keys when pressed appear on the display as

2.

3.

“M+" and “M-", respectively.

Your answer for each expression will appear on the line immediately
below the line on which the expression is displayed.

in Examples 2 and 3 above, =M is used to enter the initial data in
the independently accessible memory.

In Example 3, the result of multiplication 7 X 3 in Calculatlon @ is
first stored in memory and is then recalled to use it as a constant
for calculations () and @.

To subtract a value from the independently accessibie memory,
operate the 2ndF and M+ keys.

Store Memories

e How to use memories

Data movement in and out of each of the 26 store memories is effected by the
following two memory control keys and 26 memory designation keys A

through Z .

STO: Clears the contents of the designated memory and stores the number in
the display or the result of a calculation in the memory.

RCL: Functions the same as RM key.
To clear the contents of a store memory, enter @ (zero) in the store mem-
ory (e.g., 0 STO A).
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MEMORY CALCULATIONS

® Application example of store memories

Example:

To solve for Key in Your answer
co_AB [ Chie[+]6[) ][ +]3[sT0]

(A+8) [A] A6

Ao (12+8) 6 [+ ][ (Jiz[=]8[) |[sT0]

’ B:1.5
L ne[Z])A[F]s[3]

- (2= )

NOTE: 1. The STO key when pressed appears on the display as “ =
2. Multiply command “X" may be omitted for multiplication between
store memories (e.g., AxB) or for multiplication when a store mem-
ory is a multiplier (e.g., 3 X A, 5 x B).

NOTE: In addition to the above method of moving data in and out of each
store memory, the result of a calculation can be added to or sub-
tracted from any of the store memories using the M+ key for addition
or the 2ndF and M+ keys for subtraction.
(Since store memory M shares the same memory area as the indepen-
dently accessible memory, the contents of store memory M will change

whenever the independently accessible memory is used.)

Key in Display Remarks
cL |[sTo][ M | .| conténts o
3[ x |a[m+] 3X4M+ i
| 2. |12is added to
. 5 M— memory M.
5 . | 5is subtracted
from memory M.
[ReL][M] 7. | Momory M s
accessed.
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MEMORY CALCULATIONS

Exampie Key in Your answer

Store the result of division 4 = 3 | 4| + | 3[STO|| A | 1.333333333

into memory A, then perform the (The number of decimal
following calculation using 4 + 3 2 places is fixed to 2.)

(1) When expression written directly] 2 [ A J’ X ‘ 3 l = l 8.00
with A key

(2) When expression written with

RCL and A keys 2| X ”RCLH A H X &31 = l 7.98

NOTE: 1. In Example (?) above, all the contents of memory A (12-digit man-

tissa and 2-digit exponent) are used, whereas in example

(@), only the internal digits of memory A specified by FIX, TAB =2

are used for calculation.

2. The contents of each store memory are retained even when the

CL or 2ndF CA key operation is performed or when the calculator
enters the Auto Power OFF state or is turned off by pressing the
OFF key.

Array Variable Memories
With this calculator, array variables can be defined using the DIM (Dimensions)
command.

e Definition of array variable

Array variables can be defined in the COMP mode (except BIN, OCT, and HEX
submodes), as well as in the AER-I or AER-Il mode.

Examples: In COMP mode

ondF) [ (A1 Bof) (115 [ 5 (Zndf] (1] L&)

By the above key operation, array variable A [ 5, 5 ] with variable name “A”
and a size (dimension) of 5 rows by 5 columns is defined.

In AER-I or AER-II

onar] [om] [A ) lenaf] (L] 5 (] 5 [2ndF) [ 1]

By writing the above key seguence in a program, array variable A[ 5,5 ] is
defined.
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MEMORY CALCULATIONS

® Array variable memory areas
The memory areas for array variables are configured as shown below.

Al

]

B[

]

Cl

]

v

Z[

]

ANS|

]

The usage of array variables is detailed in M

~

——— Memory area for array variables

Memory area for statistical data

—— Memory area for array variables

Memory area for basic statistics Z (1] ~ Z[6]

——— Answer memory area

in Statistical Calculations, Chapter 3.
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The calculator can perform conversions between any two of decimal, binary,
octal, and hexadecimal numbers, and also perform four basic arithmetic opera-
tions on numbers expressed in these number systems. Decimal fractions are
only possible in the DEC mode.

Number System Modes

To perform conversions between any two of decimal, binary, octal, and hex-
adecimal numbers, the calculator must be set in one of the following number
system modes as applicable, with the Mode Selector switch in the COMP posi-
tion.

2ndF —»BIN

: Binary Number System (BIN) Mode.

e Displays 16-digit binary numbers.

e Converts the number in the display into its binary equivalent. When these two
keys are pressed, the [EIIM indicator appears at the bottom part of the display.
e if an expression is in the display, the calculator performs the calculation of
the expression and converts the calculation result into a binary number.

e In this mode, only 0 and 1 keys can be used. The other number keys and
decimal point key thus become inoperative.

2ndF -0CT

: Octal Number System (OCT) Mode

e Displays 10-digit octal numbers.

e Converts the number in the display into its octal equivalent. When these two
keys are pressed, the indicator appears at the bottom part of the dis-
play.

e |f an expression is in the display, the calculator performs the calculation of
the expression and converts the calculation result into an octal number.

e In this mode, only 0 through 7 keys can be used. The other number keys
and decimal point key thus become inoperative.

2ndF —-HEX

: Hexadecimal Number System (HEX) Mode

® Displays 10-digit hexadecimal numbers.

e Converts the number in the display into its hexadecimal equivalent. When
these two keys are pressed, the indicator appears at the bottom part of
the display.

e |f an expression is in the display, the calculator performs the calculation of
the expression and converts the calculation result in a hexadecimal number.
e In this mode, numeral keys 0 through 9 and hexadecimal number keys A
through F ( Y%, LOG, LN, X?, V', m) can be used. The decimal point key

alone thus becomes inoperative. 45



BINARY, OCTAL, & HEXADECIMAL NUMBER CALCULATIONS

2ndF —DEC

- Decimal Number System (DEC) Mode

e Converts the number in the display into its decimal equivalent. When these
two keys are pressed, no decimal number system indicator appears in the
display. Since the calculator normally uses this number system, the absence of
any number system indicator means that the unit is in the decimal number
system mode.

e if an expression is in the display, the calculator performs the calculation of
the expression and converts the calculation result into a decimal number.

® In this mode, numeral keys 0 through 9 are used to perform four basic arith-
metic operations and scientific calculations.

Cross-reference table for four basic notations

Decimal Binary Octal Hexadecimal
0 0 0 0
1 1 1 1
2 10 2 2
3 11 3 3
4 100 4 4
5 -101 5 5
6 110 6 6
7 111 7 7
8 1000 10 8
9 1001 11 9

10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
16 10000 20 10
17 10001 21 11
18 10010 22 12
19 10011 23 13
20 10100 24 14
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BINARY, OCTAL, & HEXADECIMAL NUMBER CALCULATIONS

Conversions of Binary, Octal, Decimal, & Hexadecimal Numbers

Before we go into conversion exercises, let's see how the binary, octal, and
hexadecimal numbers will appear on the display by converting decimal
number 123 into its binary, octal, and hexadecimal equivalents.

ICL| [ 2ndF] [—DEC|123

[2ndF] [—BIN]

2ndF| |—OCT

2ndF| [—HEX

q .
123 __

B
| 23—-B 1IN
:8'0:8:88:9:0 9 SN
80000000 SN NN AN
80080000 SN NP AN
—0CT

SRR T3
—0CT

BB RN T3
LR TI>HEX
LI TB

The numbers converted into binary, octal, and hexadecimal equivalents are
displayed in the complete number of digits specified for calculation in the

respective number systems.
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BINARY, OCTAL, & HEXADECIMAL NUMBER CALCULATIONS

No. To convert Key in Your answer
Decimal number 19 into
| | s tinery equneaiont. | andF || >DEC | 19] 2ndF |[ —BIN | 10011
Hexadecimal number 2BC
2 into its decimal equivalent. l 2ndF |L—’HEX1280{ 2ndﬂ| —DEC I 700
Octal number 52 into its
3 | nexadecimal equivalent. ‘ 2ndF 1 l —0CT 152 LGd’ﬂ L—’HEX ‘ 2A
Decimal number 12.34
4 | into its hexadecimal equi- I@dﬂ [—»DEC ] 12. 34| 2ndﬂ L—+HEX1 C
valent.
Decimal number —1 into —}| | 1
5 | ieomal mumoer 1 into L 2ndF || -DEC |[(=)] I [2ndF |[=BIN] | 11itit1inttitin
adecimal equivalents. (two's
complement)
1777777777
(eight's
- complement)
FFFFFFFFFF
(16's
complement)

NOTE: 1. Use the hexadecimal number keys Y%, LOG, LN, 2%, vV~ , and =z to
enter A, B, C, D, E, and F in the HEX mode.

2. When converting a decimal number with fractions into its binary,
octal, or hexadecimal equivalent as in Example 4 above, the frac-
tional part of the number (e.g., 0.34) is truncated and only the
integer part (e.g., 12) is converted.

3. As in Example 5, a negative decimal number when converted is
displayed as a complement corresponding to the designated

e Use of PB key in BIN, OCT, or HEX mode

number system.

Immediately after the conversion into a binary, octal, or hexadecimal number,
depression of the PB key allows the conversion expression to be displayed in
the mode before the conversion. (This playback function is effective only one
time. In other words, subsequent depressions of the PB key will not cause the
expression before the conversion to be displayed again.)
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BINARY, OCTAL, & HEXADECIMAL NUMBER CALCULATIONS

NOTE: 1. An error will result if an attempt is made to convert or

Binary, Octal, & Hexadecimal Number Calculations

gogOBBIR1IT73>HEX

calculate a binary, octal, or hexadecimal number entered in excess
of the number of digits specified for each number system (i.e., 16
digits for binary numbers and 10 digits for octal and hexadecimal
numbers). An error will also result when the result of a binary, octal,
or hexadecimal number conversion exceeds the range of calcula-
tion specified for each mode. (See APPENDIX B for Accuracy of

Calculation.)

2. If an error occurs as a result of the 2ndF —BIN, 2ndF —OCT,
2ndF —HEX, or 2ndF —DEC operation, the designated mode con-
version will not take place.

With this calculator, four basic arithmetic operations (add, subtract, multiply,

and divide) and memory calculations can be performed in the BIN, OCT, and
HEX modes just the same as in the normal DEC mode. (In other than the DEC
mode, scientific functions cannot be performed.)

® Calculations in BIN mode

No. To solve for Key in Your answer
1011+ 10 = [cL][2ndF ][ —BIN ] 1011 + ]

1110 [ = | 11001
) (1010—100)x11=10101_]100‘”[)()

=] 10010

50



BINARY, OCTAL, & HEXADECIMAL NUMBER CALCULATIONS

e Calculations in OCT mode

No. To solve for Key in Your answer
e |CL|[noF |locT|B [+ |7 = | 14

+ =
23222-= R[+]2[=] 15
3|65+2= 5[+ ] 2[=] 2

NOTE: If the result or intermediate result of a binary, octal, or hexadecimal
calculation turns out to be a number with a fraction part as in Example
3 above, the result is displayed with its fraction part truncated.

e Calculations in HEX mode

No. To solve for Key in Your answer
| FF - 25 = [CL |[2ndF |[—HEX] 2FF [ =]

25 [ =] 2DA
, | (2000 — 1FC) + 2 = [ (J2000[ =T 1Fc[) ][ =]

2 [ =] F02

® Mixed calculations

To perform

Key in

Your answer

Addition of decimal number
512 to hexadecimal number
1FFH and conversion of the
calculation result into its
binary equivalent.

[cL][2ndF | [>DEC] 512

[=HEX ][ + ] 1FFF [2ndF |[ 5BIN | 110000111111111

NOTE: In the BIN, OCT, or HEX mode, a negative binary, octal, or hexadeci-
mal number is entered using the NEG ( (=) ) key (i.e., to obtain the

complement of the binary, octal, or hexadecimal number).
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The calculator can perform logical NOT, AND, OR, XOR (exclusive OR), and
XNOR (exciusive NOR) operations on binary, octal, and hexadecimal numbers.
To enter logical operators, NOT, AND, OR, XOR, and XNOR, use the SIN,
COS, TAN, -DEG, and —POL keys, respectively, on the left-hand keyboard.
The function printed in yellow above each of these keys will be entered.

The truth tables of the logical operations are as shown below.

A B A AND B} A OR B A B |A XOR B |A XNOR B
0 0 0 0 0 0 0 [
1 0 0 1 1 0 1 0
0 1 0 1 0 ! 1 0
1 1 1 1 1 1 0 1
A INOT A
0 1
1 0
No. To perform Key in Your answer
I AND operation of binary ! CL} 1 2ndFl I_’BINJ 110l [AND]
numbers 1101 and 111 ”IE 101
2 OR operation of hexadeci- ! CLl ‘ 2ndF ‘ l_)HEXl 5B ‘ OR l
mal numbers 5B and F3 F3 El FB
3 NOT operation of binary ’ CL l ‘ 2ndF ] ‘QBIN\ INOT]
numoer 101071 101011 =] LT 11010100
4 Exclusive-OR operation of ‘ CL\ ' 2ndF I '—)OCT] 26
octal numbers 26 and 54 54 E] 72
OR operation of hexadeci- [CL”anF H—’HEX\ 8E [ 2ndF l "‘*BIN i
5 | mal number 8E and binary
number 11101 [OR]I1101] = | 10011111
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LOGICAL OPERATIONS

No. To perform Key in Your answer
CL | 2ndF | | >HEX| A 5
Exclusive-NOR operation
6 | of hexadecimal numbers | [XNOR] 2 F [ = | FFFFFFFFT
A5 and 2F
|CL]|2ndF | [HEX][ ( ]84
AND operation of hexadeci-
mal number F5 and the OR|7 E| ) I
7 | result of OR operation of
hexadecimal numbers 84 F5 E Fa

and 7E
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_ Matrix Operations

The calcutator can perform the following types of matrix operations as per
algebraic expressions when the submode “MATRIX” is selected with the cal-
culator in the COMP mode.

Types of Matrix Operations
® Four basic (Add, Subtract, Multiply, and Divide) operations between two mat-
rixes

Example: MAT A + MAT B, MAT A - MAT B
MAT A x MAT B, MAT A -~ MAT B

In division, the inverse matrix of matrix B (divisor) is first obtained and then
multiplied by matrix A (dividend).

® Four basic operations between scalar n and a matrix

(1) In addition, scalar n is added to each matrix element (n + MAT A).

(2) In subtraction, each matrix element is subtracted from scalar n (n — MAT
A).

(3) In multiplication, each matrix element is multiplied by scalar n (n X MAT
A).

(4) In division, each inverse matrix element is divided by scalar n (n X MAT
A,

® Calcuiation of determinant value
Example: DET MAT A, DET MAT B

® |nverse matrix
Example: MAT A"

To perform this operation, matrix A must be a square matrix (DET A # 0).
Multiplication of an inverse matrix by scalar n (MAT A" X n) is executed as n
-+~ MAT A

® Transposition of matrix

A transposed matrix refers to a new matrix (n, m type) which is obtained from
the original matrix (m, n type ) by interchanging the rows and columns of its
respective elements.

Example: TRANS MAT A
® Squaring of matrix

Example: MAT A?
To perform this operation, matrix A must be a square matrix.
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MATRIX OPERATIONS

® Sign change

The positive or negative sign of each matrix element is reversed in this opera-
tion.

Example: —MAT A

Special Keys for Matrix Operations

The following keys located on the right-hand keyboard are used exclusively for
matrix operations:

MAT - Used to define a matrix (e.g., MAT A)

2ndF DET : Used to define a determinant (e.g., DET MAT A)

2ndF TRANS: Used to define a transposed matrix (e.g., TRANS MAT A)

2ndF x’ . Used to define an inverse matrix (e.g., MATA™")
2ndF DIM .

2ndF [ 1} Used to define the dimension of an array
2ndF ] :

NOTE: Although the MAT key is also the second function, 2ndF key needs not
be pressed. before this key in the MATRIX mode.

Matrix Mode

Before you start a matrix operation, you must place the calculator in the MAT-
RIX mode, and then define the matrixes you use for calculation.

To set the MATRIX mode, make sure that the Mode Selector switch is in the
COMP position, and then press the 2ndF and MATRIX keys, and the
indicator will appear at the bottom part of the display and “0.” at the rightmost
position in the top row of the display.

[2ndF | [MATRIX]

Q.

To release the calculator from the MATRIX mode, press the 2ndF and MATRIX
keys a second time.

Definition of Matrixes

e Matrix name

Within an expression, the name of each matrix must be defined by the symbol
“MAT” followed by one of the 26 letters (A through Z), for example, MAT A,
MAT B.

55



MATRIX OPERATIONS

® Matrix elements
The data for each element of a matrix must be entered using two-dimensional
array variables that appear on the data screen.

e Data input procedure
1. Press the 2ndF and MATRIX keys to set the MATRIX mode.
2. Press the 2ndF and DIM keys and enter the name and size (columns, rows)

of a matrix. Columns and rows must be enclosed in brackets as shown
below.
2ndF DIM Matrix name 2ndF [ Columns , Rows 2ndF ]

3. Press the SET (=) key and the display automatically changes to the data
screen.

4. Enter the data (or value) for each element of the matrix by pressing the SET
(=) key following each data input.
The correspondence of the values of the respective matrix elements is as
shown below.

Example: When DIM A [3, 3] is defined

Al1 1] Alr,2l ATl1,3]
Al2,1] Al2,2) AIl2,3]
AL3,1] Al3,2) AT[3,3]

Example 1:
Define the following two matrixes A and B.

123 5 6 7
A=|4 5 6 B=|2 3 4
7 8 9 8§ 9 1

To define matrix A:

[2ndF] DM] [ A [2ndF]
(3 J3(2ndt) [1] DIM A[3,3]_
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MATRIX OPERATIONS

b Al1,1] .
Al2,1] ]
g .
e
1 A1 1]
1_
A[2,1]
g .
ESET;] A1 ,1]
1.
Al2,1] ;
T MATan
ASET; A[2,1J
4 .
Al3,1]
g .
t e
7 e AL3 1]
7.
Al1,2]
g .
-— i__,
QESET3 A[2,3]
6 .
A[3,3]
9 .
ot
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MATRIX OPERATIONS

To define matrix B:

After all the matrix elements of matrix A have been set, operation of 2ndF and
DIM keys to define matrix B causes the display screen to automatically change
to the text screen mode. Enter the data for each element of matrix B in the
same manner as above.

T2naF] oM} B8] [2ndF oM Bl3 3]
(T3~ 13[2ndr) [ 1]
SET Bl1,1]= ;
B[2,1]= )
g.
R
5.
B[2,1]=
.
t L,
1ESETJ B[2,3]=
4 .
B[3,3]=
g I.

NOTE: When the dimension of a matrix is defined, memory space is used as
follows.
Number of data x 8 (steps) + (6 steps)
Example: A [2, 2]
4 x 8 (steps) + (6 steps) = 38 steps (or bytes)
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MATRIX OPERATIONS

Matrix Operation Examples

Using the two matrixes just defined, let's try some matrix operations.
Before you enter the matrix expression, you must change the display from the
data screen to the text screen by operating the 2ndF and T»GPD keys.

No.

Operation

Key in

Your answer

Adding matrix A to matrix B

[MAT][ A || + [[maT]| B || = |

[v]
[v]
[v]
(V]
[¥]
[v]
(V]

-

ANS(1,1):6
ANS(2,1):6
ANS(3,1):15
ANS(1,2):8
ANS(2,2):8
ANS(3,2):17
ANS(1,3]):10
ANS(2,3):10
ANS(3,3):10

The execution of the matrix operation by pressing the E key causes the dis-
play to automatically change to the data screen and each element stored in
the answer memory to be displayed as a solution (ANS) to the matrix opera-

tion.

Verity each matrix element which serves as the solution using the lz] l—i}

>

and [ < | keys.

NOTE: Operation of the 2ndF and T» GPD keys in the data screen mode

causes the display to return to the text screen.
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MATRIX OPERATIONS

No. Operation Key in Your answer
2 | Adding matrixes A and B l MAT H A H + H MAT] LB H STO |
and storing the calculation
resuit to array C ANS(1,1]):6
[ 7 ]| ans(2,1):6
[ ]| Ans(,3):10

NOTE: The contents of the answer memory are displayed on the data screen.
The result of addition MAT A + MAT B are stored in both the answer

memory and array C.

| 2naF] [TPGPD] [PB]

MAT A+MAT B=MAT

NOTE: The PB key is inoperative while the contents of the answer memory
are being displayed on the data screen. The key works only after
the data screen has been changed to the text screen by operating

the 2ndF and TGP D keys.

No. Operation Key in Your answer
3 | Calculating the value of l IndF H DET || MAT H B H = ] —27
the following determinant:
567
234
891
4 Muttiplying each element MAT I A X |2 = ANS(1,1):2
of matrix A by scalar n L ] L‘J | I | | [ ]
(n=2) ] ANS(2,1):8
| 23 : ANS(3,1):14
A= 456 | X2 :
789 : :
[ ¥ ]| ANs(3,3):18
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MATRIX OPERATIONS

No. Operation Key in Your answer
5 | Obtaining the inverse of l MAT ||L B H IndF H x! i EI ANS(1,1):
matrix B | 222222222

E ANS(2,1):

— LI

ANS(3,3):

—0. 1111111

6 | Obaining the tiansposed | 2ndF || TRANS |[MAT|| A || =] | ANS(1, 100

[ 7 ]| ANS(2,1):2

| 23 | 47 ANS(3,1):3
A=|456 |- 258 ;
789 369 ;

[ 7 ]| ANs(3,3):9

7 | Squaring matrix A [MAT|[ A |[22]] =] ANS(1,1):30

E ANS(2,1):60

E ANS(3,1):102

@ ANS[3:,3):I50

Write Protect Function

To prevent any of the data entered in an array variable memory from being
overwritten or erased, the data can be write protected. To do this, move the
cursor to the position (i.e., array or matrix name) at which the data to be pro-
tected exists by operating the DATA (TITLE) key and @ or @ key in the
COMP mode. Then press the 2ndF and PROTECT keys and symbol “P" will
appear at the right of the array name line, indicating that all the data in the
array (or matrix) have been write protected.

To release the data from the Write Protected state, move the cursor to the
position where the protected data exists in the same manner as above and
then press the 2ndF and PROTECT keys and symbol “P” will disappear. Note
that all the data stored in the answer memory (ANS) are automatically write
protected.
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The calculator can perform single- and two-variable statistical calculations as
well as draw six different statistical graphs on the graphic screen in the prim-
ary mode of operation called the STAT (Statistical calculation) mode. Depend-
ing on whether or not you want to keep statistical data for later use, you must
select either of the two submodes: DATA STORE and NON-STORE.

in the DATA STORE mode, all statistical data that you entered for calculation
are stored in the memory area dedicated to statistical data and will be retained
even when the calculator enters the Auto Power Off state or is turned off by
operating the OFF key or when the calculator mode is changed to other than
STAT by operating the Mode Selector switch.

In the NON-STORE mode, each statistical data entry is used for calculation to
obtain statistics such as the number of samples (n), sum total of samples (Zx),
sum of squares of samples (2z?), and sum of the product of samples x and y,
(Zxy) and therefore, the input data itself will not be retained in memory.

The graphics feature of the calculator in the STAT mode includes histogram,
broken-line graph, cumulative frequency graph, normal distribution graph,
scatter diagram, and linear regression. This feature is detailed in Chapter 4.
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Before performing a statistical calculation, you must place the calculator in the
STAT mode. To do so, set the Mode Selector switch in the STAT position and a
menu screen will appear as an initial screen to allow selection of the DATA

STORE or NON-STORE mode.

Mode Selection Menu Screen

STAT MODE
dat a store — |
non—store — 2

STAT

Press the numeric 1 key to select the DATA STORE mode or the numeric 2
key to select the NON-STORE mode.

Symbol “ [s]eYle] ’ will appear at the bottom part of the display when the
numeric 1 key is pressed to select the DATA STORE mode.

Initial screen of DATA STORE Initial screen of NON-STORE
mode mode

A S RE MODE NON—-STORE MODE
/0/! /9/]9 P /e/'
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e Array Variable Memories S and Z

In the DATA STORE mode, all data entered for a statisticai calculation are
stored in array variable memory S (area for statistical data input) in their order
of input. The results of the statistical calculation (i.e., basic statistics) are
stored in array variable memory Z (Z[1] through Z [6]).

The data stored in array variable memory S (area for statistical data input) and
Z (areas for statistics) are automatically write protected, thus prohibiting data
rewrite in the COMP mode.

Before we go into details on how to enter statistical data and perform calcula-
tions, let's review briefly what statistics we can get from a single-variable or
two-variable statistical calculation in both the DATA STORE and NON-STORE
modes.

e Statistics Obtainable from Calculation
In both the DATA STORE and NON-STORE modes, the following statistics can
be obtained.

e Single-variable statistics

(1) n : Number of samples

(2) Zx : Sum total of samples
(3)Zx2: Sum of squares of samples
(4) z : Mean value of samples

Zx
n

T =
(5) sz : Standard deviation with population parameter taken as “n-1".
.
Sr = Er___n—rz_
Y n—1

(Used to estimate the standard deviation of a population from the sam-
ple data extracted from that population.)

(6) ox: Standard deviation with population parameter taken as “n”.

‘Zrz_ni-z
0Ox = /—"“—"“—'
n

(Used when all populations are taken as sample data or when finding
the standard deviation of a population with samples taken as that
poputiation.)
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MEMORIES FOR STATISTICAL DATA & STATISTICS

e Two-variable statistics

Statistics for both x and y such as n, Zx, x, Zx2, sz, ox, and Xy, ¥, 3y sy oy
are the same as those for x in single-variable statistics, except that samples
should be identified as x and y, respectively. In addition, Zzy- (the sum of the
product of samples x and ¥) is obtained in this calculation.

In Linear Regression there are three important values; r, a, and b. The correla-
tion coefficient r shows the guantitative relationship between two variables x
and y for a particular sample. The value of r is between —1 and 1. If r equals
—1 or 1, all points on the correlation diagram are on a line.

The further the value of r is from —1 or 1, the less the points that are massing
about the line. The closer the value of r to 0, the less reliable is the correlation.
If r is more than 0, it shows a positive correlation (y is in proportion to x) and if
ris less than 0, it is a negative correlation (y is in inverse proportion to x).

Y y y

r=1 r=-—1 r=0

The equation for the straight line is y = a + bz. The point at which the line
crosses the y axis is a. The slope is b.

r: Correlation coefficient

Sxy
r= ———— Sxxr =2x2- (2r)?
J Sxx-Syy Zn .
Syy =):yz._(_?r’1)__
a=7—bx
Sxy =‘Xry—2r'2y
n
_ Sxy
b= Sxx

Coefficient of linear regression
equation y = a + bx
x". Estimated value (the value of x is estimated from that of y.)
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MEMORIES FOR STATISTICAL DATA & STATISTICS

»

¥ Estimated value (the value of y is estimated from that of

¢ Keys used for statistical calculations

Keys used to obtain the above statistics (y, z, Zzy, n, sy, sx, oy, or, Xy, Xr,
LZ, X, (n), (a), (b), (z'), and (') and those used to enter and correct statisti-
cal data (CD, (x,y), and Aﬁj} ) are conveniently located side by side at the

lower half of the lefthand keyboard.

¢ Areas for statistics

Of all the statistics, the following will be stored in areas Z[1] through Z[6] of
array variable memory Z in both the DATA STORE and NON-STORE modes as
shown below.

Memory area Z [1] Z [2] Z [3] Z [4] Z [5) Z {6]

Statistics n Sr 2P Zry Zy 7

To clear the basic statistics from the above memory areas in the NON-STORE
mode, operate the 2ndF and CA keys. In this case, the statistical data stored
in array variable memory S will be retained.

To clear the basic statistics in the DATA STORE mode, press the 2ndF, CA
and ENT keys following the DATA (TITLE) key operation and all the statistical
data and statistics stored in array variable memories S and Z, respectively, will
be cleared.

Also in the STAT mode, STO A ~ STO Z and RCL A ~ RCL Z can be used.

The contents of store memories A through Z are retained even when a statisti-
cal calculation is performed.
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MEMORIES FOR STATISTICAL DATA & STATISTICS

Data Input Formats

The same data input format will be used in both the DATA STORE and NON-
STORE modes.

® To enter data one by one
- Single-variable data

Numerical data [_D:/%p

- Two-variable data

Numerical data (x) Numerical data (y) (22147

® To enter two or more of the same data
- Single-variable data

Numerical data [ x| Frequency 2ATA

- Two-variable data

Numerical data (x) Numerical data (y) | x | Frequency 224147

NOTE: Data can be input in the form of an expression. However, the expres-
sion must be parenthesized when the +, —, X, or + command is used
in the expression.
Example: (5 + 4 x 3)

In the above example, if the expression was not parenthesuzed 5

+ would be ignored, and the same result would be returned as in
key operation 4 x 3 (2ATAq

ATA

69



When you select the NON-STORE mode by pressing the numeric 2 key the
following text screen appears on the display.

NON-STORE MODE

NON-STORE MODE

2.

For the convenience of explanation, let's use single-variable data in the follow-
ing example.

Example:

To solve for the mean value and standard deviation of the marks in an exami-
nation (i.e., data = ) of randomly selected 35 students (i.e., samples) shown in
the tabie below.

Data No. Marks No. of Data No. Marks No. of
in exam students in exam students
1 30 1 5 70 8
2 40 1 6 80 9
3 50 4 7 90 5
4 60 5 8 100 2

e Data entries
Enter each data from the table according to the data input format for single-

variable data using the (Frequency) and %} keys.

30

NON-STORE MODE

SODATA

8.
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OPERATIONS IN NON-STORE MODE

0

50[ x ] 4 2259

100[x ]2 (LA

o Calculation

After you have completed all required data entries from the table, simply press

30DATA
I .
AFDATA
2 .
A9DATA
2 .
50XA4DATA
6 .
7
90X5DATA
33.
| O X2DATA
35,

I

the respective statistical calculation keys of the statistics that you wish to
obtain (£ for mean value and sz for standard deviation) followed by the 2ndF

key.
12ndF | [ 7|

B X2DATA

33.

35.

71.42857143

A X2DATA
71
I 6.

.428
475

0 — W
S s o
N W

57
28
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OPERATIONS IN NON-STORE MODE

You can get other statistics in the same way as above. Your answer for the rest
of the statistics shouid be:

n (number of samples): 35

Zx (Sum total of samples) : 2500

37 (Sum of squares of samples): 187800

NOTE: 1. After all the data have been entered, statistics such as mean value,
standard deviation, etc., may be obtained in any desired order.

2. After a mean value, standard deviation, or any other statistic has
been obtained as an intermediate result, more data can be entered
and statistical calculations can be performed continuously on addi-
tional data entry.

3. The[%]key may be pressed consecutively to enter two or more of

the same data instead of key operation; Frequency [D-;—QATA :

e Data entry correction
If an erroneous data has been entered, the incorrect entry can be corrected
using the CD key.

Example: ,
To correct the marks of data No. 3 erroneously entered as 55 instead of 50 in
the above example

2ndF 4BDATA

30 (2A1AT 4o P24 2.
ATA 55X4DATA

55 x_]4 224 | T .

(Incorrect data is input)

550 X | 4 [CD | 55x4DATA

55x4CD
i

(Incorrect data is cleared.)
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OPERATIONS IN NON-STORE MODE

=
=
el

50[ x| 4 DATA: 55X4CD

50x4DATA

!

(Correct data is input.)
NOTE: 1. An erroneous data entry before pressing the [MI‘A,u key can be
cleared by the CL key. The correct data may then be entered.
2. To perform a new statistical calculation, press the 2ndF and CA
keys to clear the basic statistics stored in array variable memory Z.
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When you select the DATA STORE mode by pressing the numeric 1 key, the

following data screen appears.

~
Lﬂ DAT TO
S

A STOR
E[H, &), P

DT.STO]

“S" on the screen indicates that array variable memory S is accessed and
“[9.8]" indicates that nothing is stored in memory S. With the data screen in
this state, you can enter data for a statistical calculation.

ORE MODE
P

If the data screen looks like this, it means that some data have already been
stored in memory S. If you enter data for a statistical calculation with the
screen in this state, the new data will be added to the data previously stored in
the memory. If you wish to enter new statistical data while retaining the previ-
ously stored data, employ memory S by moving its contents (i.e., previous
data) to an unused array variable memory (other than S, Z, and ANS) and then
proceed to the data input and data title entry operations described below.
Refer to the last page of this chapter for data transfer to another array variable
memory.

NOTE: 1. The specification of array variable memory S to either a single vari-
able (one dimension) or two variables (two dimensions) is automati-
cally determined depending on whether the data first entered in the
memory is a single variable or two variables. An error will result if
you attempt to enter a two-variable data during the input operation
of single-variable data. Unlike MATRIX mode, the dimension of the
array needs not be defined, because the dimension of array vari-
able memory S will be automatically expanded at each data input.

2. In the DATA STORE mode, all the data stored in array variable
memory S are automatically write protected. (Therefore, the statisti-
cal data entered cannot be released from the write protected state
in this mode.)
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OPERATIONS IN DATA STORE MODE

¢ Data entries

When the following text screen appears by pressing the numeric 1 key to
select the DATA STORE mode, the calculator is ready to accept data input.

L DAT TORE MODE
S

A S R
e, 8], P

DT.STO

.

Let's enter the following two-variable data in the specified input format.

No.
Data ! 2 3
X 15 8 35
Y 20 13 17

Be sure to press the &AjT:A? key following each statistical data entry.

15 [(zy)] 20 PATAY
g .
|5, 2 9DATA
|
— ATA
8 [(xy] 13 244 |5, 20DATA
I,
8, 13DATA
2 .
ATA
35 (I,Q) 17 8, I3DATA
2 .
35, 1 7DATA
3.
1
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OPERATIONS IN DATA STORE MODE

® Data title entry
After all the data for the statistical calculation have been entered, press DATA

(TITLE) key foliowed by the @ key and the calculator is in the state to
accept a data title input. Enter the data title name (e.g., TEST 1) and they press
SET (=) key to complete the data title entry.

bath LD s:l2,3],°P
DEEOD 1 &S 5

NOTE: A data title name cannot be entered without any data stored in array
variable memory S. Be sure to perform the data entry operation before
you enter the data title name.

e Verifying and correcting input data
Any of the statistical data entered in array variable memory S (i.e., statistical
data input area) can be verified and corrected on the data screen.

Data verification
Statistical data entered are stored in array within array variable memory S as
follows.

- Single-variable data - Two-variable data
o (1] o[, 11 (1, 21 (Y, 3]
x [2] w2, 11 wl2, 2l|wl2, 3]
3 [3]
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OPERATIONS IN DATA STORE MODE

Single- and two-variable data can be searched, in the following sequence with

the E o [ A

- Single-variable data 12X~ x3 or e P& Candr g
- Two-variable data (11—>y-|)—» (IZ_’QZ)“‘<IB_'Q3> ...... or
----- (=) = (=)= (=)

After statistical data input area S has been accessed by pressing the DATA
(TITLE) key, press the SET (=) key and the display screen automatically
changes to the data screen. In this state, flashing the cursor appears at the
position of the last input data.

NOTE: In the STAT mode, the DATA (TITLE) key can access statistical data
input area S only.

TITLE
DATA s:[z2,3],p
. TESTI
b s[1, 3] =
35.
S[ 2, 3] =
7.
- l
(2] [2] S[1, 2] =
8 .
s{ 2, 2] =
I 3.
- |-
B e
15.
S{2,1]=
29.
l—«)
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OPERATIONS IN DATA STORE MODE

By changing the data screen to the text screen with the 2ndF T»G» D key
operation, you may continue the data entry operation.

Data correction

If you need to correct any of the data entered in statistical data input area S,
call the data screen in the same manner as you did in the verification of input
data and then move the cursor to the position of the data to be corrected by
operating the | A Jor [ w | key and then enter the correct data followed by
depression of the SET (=) key. ‘

Example: To correct No.3 data x from 35 to 6

TITL = "
pAtH e 8[1,3]=
35.
S[2,3]=
| 7.
- !
6 s[ 1, 3] =
6 _
s{ 2, 3] =
1 7.
ESETg s[ 1, 3] =
6 .
82, 3] =
1 7.
(___T

® Clearing Data from memory S

Clearing data one by one

To clear any of the statistical data stored in array variabie memory S, press the
DATA (TITLE) key and then SET(=) key. Designate the data to be cleared
using the| A Jor|[ v | key and then press the CD key to clear the data.
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OPERATIONS IN DATA STORE MODE

[rDATA] s:[2, 3], p
cTEST
= §[ 1, 3] =
6 .
Ss[ 2, 3] =
7.
— l
@@ S[|,2J=
8 .
s[ 2, 2] =
I 3.
« l_,
6.
S[ 2, 2] =
7.
- !

Two-variable data is deleted in pairs (z,y) from memory as shown in the above -

example.

NOTE: Unless all the data in array variable memory S are cleared by this
method, the data array numbers of all the data subsequent to the data
Cleared are automatically advanced by 1.

Clearing data all at once

To clear all the statistical data stored in array variable memory area S, press
the DATA (TITLE) key followed by the 2ndF CA key operation and message
“CLEAR? —ENT" will appear in the location of the data title name. Then press
the ENT key and all the contents of memorys will be cleared.
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OPERATIONS IN DATA STORE MODE

TITLE
DATA s:[2, 2], 7P
. TESTII
s:[2, 2], P
"CLEAR 7 - ENT
s:[ @ 0], P

To return the calculator to the original condition before the “CLEAﬁ? —ENT”
message display, press the CL key.

e Calculation

Now that you have been oriented to the methods of specifying a data memory
area, data input, as well as data verification and correction in the DATA STORE
mode, let's practice a two-variable statistical calculation using the following
example.

Example: Linear regression

The following table shows two-variable data (marks in math and in English) of
six students, respectively. From this data, solve for the coefficients a and b of
linear regression y = a + bx and correlation coefficient r. Then estimate the
mark in English of a student who would get a mark of 90 for math and the
mark in math of a student who would get a mark of 80 for English.

Data title name: TEST Student No. Mark in math | Mark in English
(n) (Data z) (Data y)
1 82 79
2 53 50
3 61 87
4 74 96
5 51 73
6 51 73
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OPERATIONS IN DATA STORE MODE

Key in Your answer Remarks
e DATA STORE MODE selection
oEDaita input
82[(x, y) 79227
53[ (=, 4) |50 (22147
61] (z v) |87 (LA
78] (x, v) |96 2212
51 (x, »)[73] X | 2 22127
34.26190476
0.678571429
0.57158790 |
30[ 2ndF |[() ] 95.33333333 |(estimated
80 2ndF |[() ] 6§7.40350877 g:tri';ai:t:dng')

o Data title input

oara [ > [ TI[E][s ][ T]

ESET;J

mark in Math)

Example: Logarithmic regression

The following table shows two-variable data. From this data, solve for the coef-

ficients a and b of expression y = a + b-LNx and correlation coefficient r.
Then estimate the values of y for the values of = frgqm the logarithmic regres-
sion solved with the values of x given as 70 and 250, respectively.

No | 1 2 3 4 5 6
x 5 10 | 20 | 40 | 80 | 160
y |[5.8]9.41(13.0/16.3,18.8|21.1

NOTE: The above expression y = a + b-LNx can be regarded the same as
linear regression y = a + bz if LNx is substituted by x. Thus, linear
regression can be applied to this caluculation.
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OPERATIONS IN NONE-STORE MODE

Key in Your answer Remarks

[2ndF | [CA[ENT| [ 206F | T+ G7D)
5 [(r 9)]5.8 LATA]
10{(, 9)]9.4 (PA1A

LN|20|(x, »)] 13 22127

[LN]80[(x 5)]18.8 22147
[LN]160[(x, y)]21. 1 (PATAT
0.99557425 |
~0.812425739
[2ndF |[(6)] 4.451744697
[LN]70[2ndF | [(+))] 18.10079043 |Stimale

[LNJ250[ 2ndF |[ () | 23.76770862 |Estimate

i

when x = 250

Example: Exponential regression

The following table shows two-variable data. From this data, solve for the coef-
ficients a and b of expression y = a-e€® and correlation coefficient r. Then
estimate the value of y for the value of = and the value of z for the value of y from
the exponential regression solved with the value of x given as 12 and the value
of y as 27.4, respectively.

No 1 2 3 4 5 6
x 2 7 1924351
y | 0.6 |4.02]831.21]2.7] 5.1

NOTE: Expression y = a-e™ becomes LNy = LNa + bz if the left and right
sides of the exponential expression is put in the form of logarithm. The
above logarithmic expression can be regarded the same as linear
regression y = a + bz if LNy is substituted by y and LLNa by a. Thus,
linear regression can also applied to this calculation.
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OPERATIONS IN NONE-STORE MODE

Key in

Your answer

Remarks

[T | 2ndF | CA | [ENT]
[2ncF |[T>GrD|

2 [(z »)][LN].6 (P2TAp
7[(x »)][LN]4.02 2ATA
9.2[(z )] [LN]8.32215
a.3|(x, P][LN]1.21 RATAY
5.1{(x, y)|[LN] 2.7 PALAY
8 [(x )] [LN]5. 1 RATAT
[ndF |[ e |[2naF |[(2) ][ = |
12[2ndF ][]

| 2ndF || e || 2ndF |[ ANS || = ]
[LN]27.4] 2ndF |[ ()]

o o o

3.
23.65813575

12.4057591 1

.983506277
.307632838
.36187961 3

I 63707062

Estimate of y-

Estimate of x

o Masking unwanted data

The calculator is provided with a data masking feature which allows you to
exclude any unwanted, unusual values existing in the data entered from a cal-
culation in practical statistical data processing, but to retain them as input

data.

Call the data screen in the same manner as you did in the verification of input
data, and then move the cursor to the position of the data to be masked using
the| v jor| A |key, and then operate the 2ndF and MASK keys to mask the

data.
DATA— - =

35.
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OPERATIONS IN DATA STORE MODE

EE ts:l:’, 2]=
8 .
s[ 2, 2] = '
I 3.
«— l—"
[2ndF | [MASK] 51, 2] =, M
8 .
s[2, 2] =,M
I 3.
- l—)

The data masked is indicated by symbol “, M” at the right of the equals sign.
in case of two-variable data, a set of data x and y will be masked. To release
the data from the masked state, press the 2ndF and MASK keys again, and
symbol “, M" will disappear.

e Transfer of statistical data

The statistical data stored in array variable memory S can be transferred to
another unused array variable memory (for example, to array variable memory
A) according to the following procedure.

(1) Set the Mode Selector (slide) switch to the COMP position.
(2) Press the 2ndF and MATRIX to designate the MATRIX mode.
(3) Key in: MAT S STO MAT A ‘

All the data in array variable memory S are now stored in array variable mem-
ory A.
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CHAPTER 4 B
GRAPHICS




The calculator can draw on the 96 x 32-dot LCD, graphs of various intrinsic
functions, and graphs of n-th degree algebraic expressions in the COMP mode
(except submodes BIN, OCT, HEX, and MATRIX) and statistical graphs in the
STAT mode. In addition, the calculator traces, plots, connects with a line, and
even enlarges or reduces graphic data on the screen.

Graphs are drawn on a screen dedicated to graphics called the graphics
screen.

The contents of the graphics screen remain unchanged when the data clearing
operation is performed by pressing the CL key, when the calculator's mode is
changed by operating the Mode Selector (slide) switch, or when the calculator
enters the Auto Power Off state or is turned off by pressing the OFF key. The
graphics screen can be cleared by operating the 2ndF and GCL keys, 2ndF
and CA keys, or the Reset switch.
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Description of Ranges and Range Parameters
® x-axis range parameters

Xmin — Minimum value of x-axis
Xmax — Maximum value of x-axis
Xscl — Scale pitch of x-axis
Xdot — Dot width in x-axis direction
~IX — Interval width of statistical graphs (histogram, etc.)
® y-axis range parameters
Ymin — Minimum value of y-axis
Ymax — Maximum value of y-axis
Yscl — Scale pitch of y-axis
Ydot — Dot width in y-axis direction
Xdot > Ymax
o 5
_.'DD# Ydot _Q Yscl Xscl
1 1 1 1 1 | Il L 1
™ Xmin - Xmax -~
i Ymin
../

Range Screens :

When you press the RANGE key for the first time in the COMP or STAT mode, the x-
axis range screen is displayed. (In the STAT mode, however, DATA STORE or NON-
STORE mode must be selected before pressing the RANGE key.) When you press
the same key for the second time, the y-axis range screen is displayed.

Pressing the RANGE key for the third time causes the display screen to return to the
original text screen as illustrated below.

[—‘ Text screen

® x-axis range screen
The initial x-axis range screen is as shown below.

The value to be set for the range parameter at the position of the flashing
cursor can now be input.

X-axis range screen—— y-axis range screen

ERA:NGE XRange

¥Xmin =
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RANGE PARAMETERS & RANGE SETTING SCREENS

To see the value of each x-axis range parameter, press the E key to
move the screen up one line, and the value of the next parameter will appear
on the screen. -

Continue to press the sz key to verify the respective x-axis range para-
meters. However, the value of -aX set for any of the statistical graphs (such as
histograms, broken-line graphs, etc.) can be verified only in the STAT mode.

E Xmin=
-4 .1
Xmax=
4 ., 8
! =
(v ] -
4 .8
| .
i -
[ v ]
]
A .
1 ~
[ v ] Xdot=
A .
Aax=
|
T -
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RANGE PARAMETERS & RANGE SETTING SCREENS

® y-axis range screen

Pressing the | v | key after the confirmation of the value of Xdot (or .IX in
the STAT mode) causes the display screen to automatically change to the y-
axis range screen.

The initial y-axis range screen is as shown beiow.

RANGE YRange

To see the value of each y-axis range parameter, press the v key to
move the screen up one line, and the value of the next parameter will appear
on the screen.

[v] N =
-1 .5

X=
| . 6
1 l

I———Y:l Yma x =
I . 6

scl=
g.5

E Yscil =
8.5

¥Y¥dot=
) S

1

Verification after the range parameter setting can also be made by scrolling
the screen up or down withthe | < | or [ & | key.

89



RANGE PARAMETERS & RANGE SETTING SCREENS

Setting Range Parameters for x- and y-axes

To set the ranges of x- and y-axes in the COMP mode, enter the values of
Xmin, Xmax, Xscl, Xdot, Ymin, Ymax, and Yscl, respectively, in the order
named. Each value must be entered at the cursor position, followed by depres-
sion of the SET (=) key.

Example: Setting Xmin as —10, Xmax as 10, Xscl as 2, Ymin as —20, Ymax as
20, and Yscl as 5

RANGE XRange
Xmin=
-4 .7
|—
10% Xmin=
| -1 8.
Xma x =
4 .8
1 i
mESET'J Xmax=
) | 9.
Xsc !l =
.
i I
ZASET Xsc | =
2 .
Xdot=
2.1 052631 58E—-01
1 =

NOTE: After the value of Xscl has been input, a value can be input for Xdot.
However, when the values of Xmin and Xmax have been input, the
value of Xdot is automatically set and thus need not be input. Press
the SET (=) key and the display screen automatically changes to the
y-axis screen.
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RANGE PARAMETERS & RANGE SETTING SCREENS

[(=)]e0

Degerd
5 bserd

SET- Ymin=

5.

I .298322581

1

This completes the setting of all the range parameters for y-axis.

NOTE: 1. If the value of Xmax is arbitrarily set, the value of Xdot will be auto-

matically set by the calculator. Conversely, if the value of Xdot is
arbitrarily set, the value of Xmax will be automatically set by the
calculator. The same relationship as above exists between Ymax
and Ydot. The relationship between Xmax and Xdot and between
Ymax and Ydot may be represented by the foillowing formula.

Xmax=Xmin+ Xdot X395
Ymax=Ymin+Ydot X 31
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RANGE PARAMETERS & RANGE SETTING SCREENS

2. Value to be entered for the range setting must be within the following range.

Xmin < Xmax
Ymin < Ymax

Xscl > 0
Yscl > 0
10 < Xmin— Xmax—Xmin
9
smax+ XX XM0. - g100
95
,—10100 < Vmin— Ymax’i\(mun ’
Ymax+———————YmaX?; Ymn- g0

3. If Xmin or Ymin is greater than or equal to Xmax or Ymax, respec-
tively (i.e., max. value = min. value ), in the range setting, the first
input (maximum or minimum) value will be automatically corrected
according to the last input (minimum or maximum) value and the
formula shown in Note 1 above. However, if the maximum or minium
value automatically corrected exceeds the input value range shown
in Note 2 above, an error will result while drawing a graph. _

4. If either coordinate axis cannot be displayed on the screen due to
the range setting, only the scale is displayed at the left or right part
of the display in place of y-axis or at the upper or lower part of the
display in place of x-axis.

5. When any value set for the range is changed, the graphic display is
cleared and only the coordinate axes based on the changed range
are displayed. In this case, the input buffer of the text screen is also
cleared.

Resetting Range Parameters
To initialize the range parameters, press the 2ndF and CA keys while each
range setting screen is being displayed.

RANGE X Rangle

Xmin=
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'RANGE PARAMETERS & RANGE SETTING SCREENS

The initial value of the respective range parameters are as follows.

Xmin
Xmax
Xscl
Xdot
AaX

—

—

—4.7 Ymin — —1.5
4.8 Ymax— 1.6
1 Yscl - 0.5

01 Ydot — 0.1

X Range

Xmin=

1 (displayed in STAT mode only)
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The graphic functions of this calculator in the COMP Mode (except BIN, OCT,
HEX, and MATRIX submodes) are broadly divided into three: Automatic graph-
ing of intrinsic functions, graphing of expressions through manual range set-
ting, and graphing of expressions through automatic y-axis range setting.

Special keys used for graphic functions
All the following keys except the last two are located on the upper part of the
right-hand keyboard.

GRAPH

: Graphic Command key

Pressed immediately before the expression to be graphed.

AUTO

: Automatic Y-Range Setting key

Pressed immediately after the expression to be graphed based on the auto-
matically set y-axis range.

'DRAW

: Drawing Execution key

Used to execute the drawing of a graph, coordinate point, or line.

RANGE ‘

: Range Screen Select key

Used to call the x-axis and y-axis range screens by rotation.

PLOT

: Plot Command key

Used to display coordinates (points) on the graphics screen.

SOLVE

: Root Solving key

Used to solve for one of more position of intersection (i.e., root) between the
graph drawn on the screen and the x-axis.

ZOOM

: Zoom key

Used to enlarge or reduce graphics on the screen at any given scale factor.
2ndF LINE

: Line Drawing key

Used to draw a line between two points on the graphics screen.

2ndF G.CL

: Graphics Clear key

Used to clear all the contents of the graphics screen except x- and y-axes.
(This key is on the left-hand keyboard.)

2ndF X—Y

: X«—=Y Coordinate Value Selection key

Used to display the value of x and y coordinates by rotation. (This key is on
the left-hand keyboards.)
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GRAPHIC FUNCTIONS IN COMP MODE

Automatic Graphing of Intrinsic Functions

The calculator can automatically draw a graph of any of the following 20 intrin-
sic functions:

SIN, COS, TAN, SIN-', COS™, TAN™", SINH, COSH, TANH, SINH-", COSH-",
TANH-", LOG, LN, 107, e, V', 3V 22 o

To automatically draw a graph of an intrinsic function, enter:
GRAPH Intrinsic function DRAW

Example: Graph of sine function y = sinz

/\

When the intrinsic function is executed, the calculator sets the ranges automat-

ically, thus allowing the graph of function to be drawn on the graphics screen

after clearing the previous content of the screen.

NOTE: Message “COMPUTING" and flashing “ «<-" and “—" symbols appear
on the display upon pressing the DRAW key and continue to be dis-
played until the calculator starts drawing a graph.

COMPUTING

Graph of Expression through Manual Range Setting

With this feature, the calculator draws a graph according to the ranges for x-
and y- axes of the graphics screen which you manually set based on the pre-
sumption from the expression to be graphed.

To graph an expression with manual range setting, first set the ranges of the
graphics screen and then enter:

GRAPH Expression DRAW
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GRAPHIC FUNCTIONS IN COMP MODE

Example:

To graph expression y = x2 + 2x — 3 with manually set range parameters:
Xmin: - 5 Xmax: 5 Xscl: 1

Ymin: —10 Ymax: 10 Yscl: 5

Mode: COMP (—DEC)

IGRAPH] [ X ] [ A1 [+ ]2

[(x ][ =13

GRAPH X* +2X-3_

Upon pressing the DRAW key, message "“COMPUTING” and flashing “«" and
“—" symbols appear on the display and then the calculator starts graphing the
expression on the screen.

To verify the expression of the graph just drawn, press the PB key to recall the
expression or press the 2ndF and T»GPD keys to change the screen from
Graphics to Text.

Graphing of Expressions through Automatic y-axis Range Setting

With complicated expressions, it is difficult to preset appropriate ranges manu-
ally for graphing. The calculator is therefore, provided with an automatic graph-
ing feature which only calls for setting the x-axis range manually and performs

the rest of work automatically including the y-axis range setting.

To graph an expression with automatic y-axis range setting, enter:
GRAPH Expression AUTO Xminvalue [, ] Xmax value DRAW

Xmin  Xdot Xmax
f -— {
OO0 --mmmmmmmmmemmee oo O
\ 96 dots
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GRAPHIC FUNCTIONS IN COMP MODE

Example: To graph expression y = x? + 6x — 2 with Xmin set as —8 and
Xmax as 1.5.

(GRAPH| | X | [ 2] | +]6 GRAPH X’ +6X—-2AUT
[ = J2[aUTO] [(—)]8 O -8, 1.5
[, 15

= =

When the values of Xmin and Xmin are not set as in GRAPH Expression AUTO
DRAW, the ranges for y-axis are automatically set according to the Xmin and
Xmax values on the range setting screen to draw a graph.

IGRAPH] [ X ] [Y*]3 [+ ]10 GRAPH
X P + |2t X 21X _

XY* 34+10x2 +

lAUTO] [DRAW] (Xmin=-—8,
Xmax=1.h) V
L /.\. A

/ ]

Overwriting of Graphs
The calculator can draw two or more graphs on the same graphics screen.

e Overwriting of intrinsic function graphs

Example: _
To write the graph of y = cosx over the graph of y = sinx

97



GRAPHIC FUNCTIONS IN COMP MODE

|GRAPH] [SIN] [DRAW]
ANA
N

|[GRAPH] [COS] [ X | [DRAW]

AN\ PN/

NN

NOTE: In the above example, key operation GRAPH COS DRAW
(without entry of x after cos) causes the graph of y = sinx to
be cleared.

® Overwriting of expression graphs

Example:

To draw the graph of y = x — .5 over the graph of
y=x—2(where —2<x < 2)

[GRAPH] [ ] [=] 2

[AUTO] [(= >I2|,]2|DRAw] \ o /

GRAPH! [ X ] [ = ]05[DRAW

N
> 7

NOTE: When writing another graph over the graph previously drawn, key
operation GRAPH  Expression AUTO DRAW causes the previous
graph to be cleared.
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GRAPHIC FUNCTIONS IN COMP MODE

If you want to clear the contents of the graphics screen, press the 2ndF and
G.CL keys. (In this case, however, the x- and y-coordinate axes will remain

displayed.)

[2ndF] [G.CL]
Tracing Function
The calculator is provided with a tracing function which allows you to verify the

values of x- and y-coordinates on a graph by moving a coordinate point on the
graph in units of dot widths using the | ] | and [ D | keys.

Example:
To draw the graph of expression y = —x3 + 2x? + 5x + 10 and then trace the
coordinates of the graph (where —3 <x < 5)

12ndF] [CA] [GRAPH] [(—)] -
LX) F3 L+ Je[x] [ K_/‘\
L+ 5[ x] [+ 110 [aUTQ] —

[(=]3[. 15 [DRAW] | \

(D] :
\\\\-——>”T"T\\\

A pointer (i.e., coordinate point) flashes at the left-hand part of the graph when
the @ key is pressed and at the right-hand part when the E key
is pressed. The x coordinate value of the pointer is indicated at the bottom part
of the display.

E@ :
\\**———L”T'"T\\\
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GRAPHIC FUNCTIONS IN COMP MODE

(B[ D] -
\—'/,‘L\\

X = 2 .22184526 32

The pointer can be moved in succession by continuously pressing the

4] or [ D] key.

NOTE: To reverse the tracing direction of the graph from right to left or vice
versa, press the cursor key ( ( D l or i < } keys) the opposite
direction after confirming that the pointer has been set still.

To verify the value of y-coordinate while the value of x-coordinate is being
displayed, the 2ndF and X<—Y keys must be operated. Each time these two
keys are pressed, the values of x- and y-coordinates will appear repeatedly in
the following sequence.

x-coordinate  _, y-coordinate  _, No coordinate
value indication  value indication  value indication

t

[2ndF] [X—=Y] \_‘

| 2ndF] [X—Y] \—: |

2ndF] [ XY \: B
/\\

X= 2.221652632




GRAPHIC FUNCTIONS IN COMP MODE

NOTE: 1. To release the tracing function, press the CL key. In this case, the

graphics screen is cleared and the display returns to the text
screen.

2. The coordinate values are displayed at the bottom part of the
screen as follows:
Normal dispiay.....c..ccccceeennnn. Mantissa: 10 digits
Scientific notation................... Mantissa: 8 digits plus Exponent: 2 digits
3. The tracing function is effective only while some graph is being
drawn on the screen and the expression of the graph still exists in
the input buffer.

4. When two or more graphs are on the display (by being overwritten),

the last drawn graph is traced with the use of the [ [ | and
keys.
5. When a trigonometric function graph drawn on the screen is traced
after the unit of angle has been changed with the 2ndF DRG key
operation, the y-coordinate value will not coincide with the graph.

Plotting Function

The calculator is provided with a plotting function which displays a point at any
coordinate on the graphics screen. The point so displayed can be moved verti-
cally (up and down) and horizontally (left and right) by each of the ,

. [d] .and [ D | keys to allow verification of the coordinate
values at the same time.

To plot a coordinate point, enter:

PLOT x-coordinate value I::] y-coordinate value DRAW

Example:
To display point (2,1) after initializing the range parameters

[ondF][CA] [RANGE] [2ndF] [CA
RANGE!| |RANGE
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GRAPHIC FUNCTIONS IN COMP MODE

lPLOT]2 [, |1 .
PLOT 2,1 _

To display point (=2, 1) in succession

PLOT] [(=)]2[,
PLOT 2 ,1DRAW
PLOT -2 , 1 _
DRAW F

Once you have displayed a coordinate point on the screen with the PLOT key,
the 2nd and 3rd points can be displayed on the same screen without using the
PLOT key for displaying each point. To do so, move the pointer to any desired
point usingthe [ > |.[ 4 ].[ v |, or | & |keyand press the DRAW key
alone and the point will be displayed on the screen.

To display point (—2, 0.5) in succession, display the y-coordinate value by
operating the 2ndF and X<—Y keys and press the DRAW key when the value

of y-coordinate is 0.5.
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[2ndF] {X—=Y] [2ndF] [X—Y] ,. £

The point (-2, 0.5) is plotted on the screen with the DRAW key. The point just
drawn continuous to flash until another coordinate point is specified.

|PLOT|[DRAW]

When the values of x- and y- coordinates are not set (i.e., when only PLOT

and DRAW keys are operated), a pointer flashes at the center point of the
screen.

Line Drawing Function

The calculator can connect two points being displayed on the screen with a
line.

To draw a line between one point (x4, y;) and the other point (x,, y»), enter:

2ndFLINEx; [ ]y [, |x. [, ]y.[ | DRAW
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Example:
To draw a line between points (2,1) and (-2, 1)

[RANGE] [2ndF] [ CA | [RANGE] , ]
[RANGE] [2noF] [Lngj2 [, | | .
1L [&]2 [ _]1[ORAW

Once you have drawn a line with the 2ndF LINE key operation, you can con-
nect the line to other points in succession without using the 2ndF LINE for
connection to each point. To do so, move the pointer to any desired point
usingthe[ > |, [ ].[ & ], or [~ | key and press the DRAW key alone
and the line will be extended to the specified point.

To connect points (—2, 1) and (=2, 0.5) with a line in succession, display y-
coordinate values by operating the 2ndF and X< Y keys and press the DRAW
key when the value of the y-coordinate is 0.5.

Y= 143

NOTE: When the tracing, plotting, or line drawing function is executed, the x-
and y-coordinate values are stored in the X and Y memories, respec-
tively. '

Scrolling Function

Using the tracing function of the calculator, the graphics screen may be scrol-
led row by row (from top to bottom or bottom to top) and column by column
(from left to right or right to left) to allow reviewing of graphic data that exists
on a virtual screen (i.e., outside the actual 96 x 32-dot LCD display).

Example: To scroll the screen to review a graph of y = x? — 1 (with range

parameters initialized)

pS;
>
=
Q)
m
@
P
>
RS;
T
H
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[2ndF] [X—Y] [2ndF] [X—Y]

Graphics Enlarging/Reducing Function

The calculator is capable of enlarging or reducing the range parameters of the
graphics screen by centering on the flashing coordinate point using the plot-
ting or tracing function.

Enlargement .............. Multiplies the minimum and maximum values of x- or y-
axis range by 1/n
Reduction .................. Multiplies the minimum and maximum values of x- or y-

axis range by n
Enlargement or reduction can be executed by the following key operations with
the flashing coordinate point centered on.
To enlarge or reduce a grah in both the x- and y-axis directions at the same
scale factor, enter:

AUTO scale factor ZOOM

To enlarge or reduce a graph by m times in the x-axis direction and by n times
in the y-axis direction, enter:

AUTO m|, |n ZOOM
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The calculator executes enlargement if the scale factor is greater than 1 and
reduction if the scale factor is less than 1. If the scale factor is 1, the minimum
and maximum values of x-or y-axis range remain unchanged.

When either of the above key operations is performed without flashing coordi-
nate point on the screen, the calculator executes enlargement or reduction
automatically with the center of the screen taken as a reference point.

Once a scale factor has been set followed by depression of the ZOOM key,
enlargement or reduction may be executed continuously at the same scale
factor by merely pressing the ZOOM key.

Example 1:

To enlarge the graphof y=sinx at a scale factor of 2 in x- and y- axis directions
(with the center of the screen taken as a reference point)

[GRAPH] [SIN] [DRAW]
S

[AUTO] 2 [ZzOOM]

V
/

To reduce the same graph in the same directions at a scale factor of 1/2

[AUTO]05[Z00M]

VN
N
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VANNA
\

7

To enlarge the same graph in the x-axis direction only at a scale factor of 2

GRAPH] [SIN] [DRAW

AN

Y

|AUTO] 2 [,

11 [zooM]

To reduce the same graph in the x-axis direction only at a scale factor of 1/2

|AUTO]05] ,

| 1 [zOoOm]

/\\/l

%

To enlarge the same graph in the y-axis direction only at a scale factor of 2

AUTO] 1 [,

} 2 [zooM]
[

!

\

s
A\
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To reduce the same graph in the y-axis direction only at a scale factor of 1/2

[AUTO] 1 [, 105[ZzO0OM]

M\

NOTE: To enlarge or reduce a graph drawn with GRAPH expression AUTO

Xmin D . Xmax DRAW (i.e., a graph drawn with automatic scal-
ing), first call the expression of the graph on the text screen with the
PB key and delete the AUTO Xmin [, | Xmax part immediately
after the expression with the DEL key, and then enter:

AUTO scale factor ZOOM

Without releasing the AUTO command for the graph of the expression,
operation of AUTO scale factor ZOOM immediately after drawing the
graph will not cause the graph to be neither enlarged nor reduced.

Root Solving Function ‘

With this function, the calculator can solve for point(s) of intersection between
a graph drawn with the DRAW key and the x-axis.

PROCEDURE

1.

2.

3.

Draw a graph of an expression, for which one or more roots are to be
solved for.

Verify on the graphics screen that the graph has a point of intersection with
the x-axis.

Press the SOLVE key and message “COMPUTING” will appear and a point
(i.e., root) at which the graph intersects the x-axis at its leftmost part will be
indicated on the display. At the same time, a pointer will flash at the point of
intersection.

. Press the SOLVE key again if another point of intersection (root) exists, and

the next point of intersection on the right-hand part of the x-axis will be
automatically displayed and the flashing pointer will move to that point of
intersection.

Example: To solve for roots of y = x* — x* —4x + 4 (where —3< x =< 3)

[GRAPH] [ X J1¥#] 3] = J[ X ]

A [ =4[ x] [+ 14

070l [ 13 ]2 oRAw] / ' t | |
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SOLVE

X= —2.

SOLVE 1 -
X= 1

SOLVE ///__\4;\‘ ‘///
X= 2

SOLVE 4///

-2.
[2ndF] (TPGPD] [2ndF [ 7.

TPGPD SOLVE

x-coordinate at point of intersection— -2,
y-coordinate at point of intersection— g.

The x- and y-coordinate values (approximate values) at the point of intersection
are displayed on the text screen.
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Example:
To solve for roots of y=x2+1 with Xmin set to—5, Xmax to 5, Ymin to —5, Ymax
to 5 and Yscl to 1 (but no root exists).

IGRAPH] [ X ][] [+ 11
[DRAW \JE/

SOLVE '

NO SOLUTION

NOTE:

1.

2.

Operation of the SOLVE key in the absence of any other root causes
message “NO SOLUTION” to be displayed.

If the x-axis is tangent to the graph, solve for the approximate value of the
point of contact using the trace function. Operation of the SOLVE key, in
this case, will result in display of message "NO SOLUTION".

The root solving function is effective only when expression(s) of which
root(s) are to be solved for exist in the calculator’s input buffer memory.

. This function solves for one or more points of intersection existing within the

range of Xmin to Xmax. Press the SOLVE key after the last point of interse-
ction (at the right-hand part of x-axis) has been solved for and the pointer
will return to the first point of intersection at the leftmost part of the graph.
This function solves for points of intersection with respect to continuous
functions which intersect the x-axis. If you attempt to solve for points of
intersection for discontinuous functions (INT, etc.), the correct solution may
not be obtained. Errors in calculation may occur because x- and y-coordi-
nate values are calculated by approximation.

When two or more graphs are on the display (by being overwritten), the
points of intersection at which the x-axis intersects the last drawn graph will
be solved for by the SOLVE key operation.
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In the STAT mode, the calculator can draw six different kinds of statistical
graphs to allow your review of the trend of the statistical data entered.

Drawing Statistical Graphs
e Types of statistical graphs and graphics command keys
The following six keys are located on the upper part of the right-hand keyboard

to allow output of the respective types of statistical graphs on the graphics
screen.

2ndF G(HI): Histogram (bar graph)

2ndF G(BL): Broken-Line graph

2ndF G(CF): Cumulative Frequency graph

2ndF G(ND): Normal Distribution graph

2ndF G(SD): Scatter Diagram (with two-variable data only)
2ndF G(LR): Linear Regression (with two-variable data only)

Statistical graphs can be drawn in either of the DATA STORE and NON-STORE
modes. In both modes, drawing a graph may be executed while you input
statistical data. In the NON-STORE mode, however, statistical data entered
may be erased if you change the range setting of the graphics screen.

NOTE: In the STAT mode, general expressions may be drawn on the screen
just the same as in the COMP mode.
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GRAPHICS FUNCTIONS IN STAT MODE

In this section, drawing statistical graphs are explained using the following
data entered in the DATA STORE mode.

Data No. Mark No.of students ;| Data No. Mark No. of students
1 10 9 6 60 31
2 20 15 7 70 .29
3 30 20 8 80 20
4 40 25 9 Q0 13
5 50 28 10 100 10

¢ Histogram (bar graph)
D@ @@ ® ® ® @ ® ® ®-=— Sector No.

——

ot )
Xmin X Xmax
(1) Drawing a histogram with single-variable data in DATA STORE mode

You may use any of the following three methods to output a histogram on
the graphics screen.

(@) [ 2ndF] [GHD] [AUTO] [DRAW]

In this operation, all the range parameters related to the histogram are auto-
matically set by the calculator.

* Xmin, Xmax — Of all the statistical data input, minimum and maximum values
are automatically determined by the calculator and set as Xmin and Xmax,
respectively.

Number of sectors — Automatically set to 10.

=IX — The value of (Xmax —Xmin+Xdot) + 10 are automatically set.

Ymin — Automatically set to O.

Ymax — Automatically set to Ymax = 31 if the maximum frequency value
does not exceed 31 (1 dot = 1 frequency), or to Ymax = maximum fre-
qguency value if it exceeds 31.

The contents of the range setting screen are changed automatically.

by [2ndF] [GHD] [AUTOIXmin[ , |Xmax|_, 1< X [DRAW

In this operation, the values of Xmin, Xmax, and =JX must be entered manually
as the x-axis range of the histogram and the y-axis range parameters are auto-
matically set to their respective default values as described in (a) above.
However, if you fail to specify any of Xmin, Xmax, and <IX, the parameter
omitted is automatically set to its default value as described in (a) above.

*
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GRAPHICS FUNCTIONS IN STAT MODE

NOTE: The maximum number of sectors permissible for a histogram is 32. If

the number of sectors is set in excess of this value, an error will result.

() [2ndF] [G(HD] [DRAW

By this operation, the calculator draws a histogram according to the contents
of the range setting screen.

(2) Drawing a histogram with two-variable data in DATA STORE mode
A histogram related to data x can be drawn by the same key operation as
that described in (1) above for a histogram with single-variable data.
A histogram related to data y can be drawn by first operating the 2ndF
and G(HI) keys and then the 2ndF and X<«—Y keys. The rest of the pro-

cedure is the same as when drawing a histogram with single-variable data.

Example:

[AUTO] [DRAW] (for data z)
(2 naf] [GED] [2ndF] [X—Y] [AUTO| [DRAW] (for data y)

(3) Drawing a histogram in NON-STORE mode

?ndF] [GHD] [DRAW]

This key operation causes a histogram to be drawn according to
the contents of the range setting screens.

e Broken-line graph

injeieioleieioi@|®@i®i-— Sector No.

I .
e m wme—— = - ——
b e = =

i

in <X Xmax

3.-—> bos e r v e m e =

x

(1) Drawing a broken-line graph in DATA STORE mode
The key operation for drawing a graph of broken lines with single-variable
or two-variable data in the DATA STORE mode is the same as that for
drawing a histogram in the DATA STORE mode, except that the 2ndF and
G(BL) keys are used in place of the 2ndF and G(HI) keys.

Example: [ 2 ndf] [G@BL)] [AUTO] [DRAW]
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(2) Drawing a broken-line graph in NON-STORE mode

'2ndF] [GBL)] [DRAW]

This key operation causes a broken-line graph to be drawn according to
the contens of the range setting screens.

e Cumulative frequency graph

®

®

~— Sector No.

©@
®

Total number
of data

e e b e, —————

e L L Spmp—
S S

B b

(1) Drawing a cumulative frequency graph in DATA STORE mode
The key operation for drawing a cumulative frequency graph with single-
variable or two-variable data in the DATA STORE mode is the same as that
for drawing a histogram in the DATA STORE mode, except that the 2ndF
and G(CF) keys are used in place of the 2ndF and G(HI) keys, and that
the calculator will automatically set the value of Ymax to the total number of
data n. :

The above frequency graph can be drawn on the screen with the following
key operation:

1ondF] [G.CL] [2ndF] [G(CA)] [AUTO] [DRAW]
Example: | 2ndF| [G(CA)| [AUTO] Xmin [, ] Xmax [, ] -X [DRAW]

(2) Drawing a cumulative frequency graph in NON-STORE mode

| 2ndF] [G(CP)] [DRAW]

This key operation causes a cumulative frequency graph to be drawn
according to the contents of the range setting screens.
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When the 2ndF G(CF) AUTO DRAW key operation is performed, a cumulative
fuquency graph is drawn over the graph that has already been drawn on the
graph. In this case, the calculator will automatically set the value of Ymax to
100%. Therefore, this key operation can be used to draw a cumulative fre-
guency graph over a histogram or broken-line graph.

¢ Normal distribution graph

Ymax

¢ - ' ‘ }

Xmin Xmax

(1) Drawing a normal distribution graph in DATA STORE mode
The key operation for drawing a normal distribution graph with single-vari-
able or two-variable data in the DATA STORE mode is the same as that for
drawing a cumulative frequency graph, except that the 2ndF and G(ND)
keys are used in place of the 2ndF and G(CF) keys.The above distribution
graph can be drawn on the screen with the following key operation:

12ndF] [G.CL] [2ndF] [GINDY] [AUTO] [DRAW]
Example: | 2ndF] [GIND)] [AUTO] Xmin [, | Xmax [, | -IX

NOTE: When the 2ndF G(ND) AUTO DRAW key operation is performed, a
normal distribution graph is drawn over the graph that has already
been drawn on the screen. In this case, the calculator will automati-
cally set the value of Ymax to the y-coordinate value of normal distribu-
tion X=x (mean value). Therefore, this key operation can be used to
draw a normal distribution graph over a histograph or broken-line
graph.

(2) Drawing a normal distribution graph in NON-STORE mode

| 2ndF| [G(IND)| [DRAW]

This key operation causes a normal distribution graph to be drawn accord-
ing to the contents of the range setting screens.
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e Scatter diagram

This function works only with two-variable statistical data. The calculator uses
input data as coordinates without any change and plots them on the graphics
screen. Here, the following two-variable data will be used to output a scatter
diagram on the screen.

NO. 1 2 3 4 5 b 7 8 9 10

(1) Drawing a scatter diagram in DATA STORE mode
Enter all the data in the above table.
You may use either of the following two methods to output a scatter diag-
ram on the graphics screen.

(@) [2ndF) [G(SD)] [AUTO] [DRAW]

Of all data x entered, minimum and maximum values are auto-
matically determined and set as Xmin and Xmax, Ymin, Ymax,
respectively.In this case, the contents of the range setting screen
are automatically changed.

) [2ndF] [G(SD)] [DRAW]

With this key sequence, the calculator draws a scatter diagram
according to the contents of the range setting screen. In this
case, however, any of data x and y entered is greater than the
value of Xmax or Ymax or less than the value of Xmin or Ymin,
such data will not be plotted.

(2) Drawing a scatter diagram in NON-STORE mode
(a) Set the x- and y-axis range parameters to arbitrary values.
(b) The key operation 2ndF G(SD) DRAW will put the calculator in the
ready state for drawing a scatter diagram.
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(c) Each time data is entered, the coordinate of the data entered
is displayed on the graphics screen according to the contents
of the range setting screen.

e Linear regression

The linear regression is automatically determined and plotted on the graphics
screen, based on the two-variable data entered.

(1) Graphing linear regression in DATA STORE mode

The key operation for graphing the linear regression is the same as that for
drawing a scatter diagram, except that the 2ndF and G(LR) keys are used
in place of the 2ndF and G(SD) keys.

Example: [ 2ndF] [GULR)| [AUTO] [DRAW]

The above graph is drawn with this key operation. When the AUTO key is
used before the DRAW key, the calculator clears the contents of the
screen and draws only the linear regression. Operate the 2ndF G(LR)
DRAW keys without use of the AUTO key after drawing a scatter diagram,
to draw the linear regression over the scatter diagram.

Graphing linear regression in NON-STORE mode

[2ndF] [GULR)] [DRAW]

This key operation causes the linear regression to be graphed according
to the contents of the range setting screen.

Tracing Statistical Graphs

The calculator is capable of tracing with the[ ' Jor[ [ ]key after a histogram,
broken-line graph, or cumulative frequency graph has been drawn.

sHistogram
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NOTE: The pointer appears at the right of the histogram and thus the position
of the pointer does not coincide with its x-coordinat value.

(>

Y =‘ 9. | = Frequency
display

e Broken-line graph

Y.,= 9, j —— Frequency
display
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e Cumulative frequency graph
A cumulative frequency is displayed just the same as with the graph of broken
lines shown above.

-
o

<«—Frequency
display
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The calculator is provided with a function called the Algebraic Expression
Reserve (AER), which is, in essence, a programming function and is conve-
nient for repetitive calculations. This function allows you to preprogram calcula-
tion procedures (i.e., algebraic expressions) into the calculator in the AER-I or
AER-1II mode so that the calculator may automatically execute calculations on
numbers or variables which you will enter in the COMP mode. The calculator
has a programming capacity of 5,120 steps (or 5,120 bytes) for storing pro-
grams consisting mainly of algebraic expressions and mathematical formulas,
though these bytes may be shared for statistical data and array variables. In
addition, the calculator can perform conditional expression judgment and loop-
ing functions.

122



Modes and Programming Formats

Depending on the format of an algebraic expression or mathematical formula
you wish to program, the Mode Selector switch must be set to either the AER-I
or AER-II position.

e AER-I mode

This mode is used exclusively for writing an algebraic expression (program)
which uses store memories A through Z and memories for array variables A

[ Jthrough Z [ ] as the variables of the expression, and does not allow use
of any lowercase letters, Greek letters, other special characters. and number
reduced in size as variables.

(1) Variable designation
Variables in an expression must be designated in the form shown below.

f() =/ | store memories (or array variable) [f()=/?

(2) Basic formats of algebraic expressions

(a) fHA~Z) = Example: f (AB) = A2 + B

(o) | Expression |=[  Memory | Example: Az + B? = C

© Example: A° + B

¢ AER-ll mode

This mode is used exclusively for writing an algebraic expression (program)

which uses a combination of lowercase letters, Greek letters (a B v 6 etc),
other special characters (/,, &, etc.), and numeric characters reduced in size
as the variables of the expression, in addition to store memories A through Z
and array variable memories A{ ]through Z [ .

(1) Variable designation
The calculator automatically regards lowercase letters, special characters
such as Greek letters and other symbols, and numeric characters reduced
in size, as variables in an expression. The designation of variables is there-
fore not required when using these characters.

In the AER-Il mode, the|f() =/2|key is also used as the Variable Input
Command (and thus “=?"is input in the program being written)

(2) Basic formats of algebraic expression

(a) |Memorﬂ :u:_xpression] Exampleea=b+c A=B +C
(b) Example: b? + c*
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Configuration of Algebraic Expression (Program)

An algebraic expression (or a program) consists of a title and a main routine
with or without one or more subroutines.

01: Title main routine subroutine 1 ... 9.0
02: - “ “ C

Title number

99: Title main routine subroutine 1 ... 9.0

(1) Program title
To store a program, first type in the program title name.

e When you slide the Mode Selector switch to the AER-| or AER-II position, a
message: “@1:TITLE?" will appear in the display to prompt you to enter the title
of your program. ‘

1 :TIHTLE 7

m AGR-1

I

The calculator numbers all programs consecutively in two digits (01~99) in the
order of their input irrespective of the AER-I or AER-Il mode, and displays the
titte number to the left of the “TITLE?" message.

Example:

AER-I mode AER-il mode

1 PYTHAGORAS g4 :Cosine

1 II
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® Up to 61 characters may be used for a single program titie. Any characters
entered in excess of this capacity are regarded as the character entered in the
61st position and cause the character previously entered at that position to be
rewritten,

® Pressing the ENT key following the entry of title characters causes the pro-
gram title to be stored in memory and message “M:” to appear. If you press
the ENT key without entering a program title, the message “M:” appears in the
display.

You may program a maximum of 99 algebraic expressions in both the AER-I
and AER-1l modes within the memory capacity of the calculator.

If you press the ENT key without entering a main routine, the message
“TITLE?” reappears in the display.

(2) Main routine

e When you press the ENT key to store the program title, “M:” will appear in
the display. This indicator “M” informs you that you are going to store a main
routine. (The first program line immediately after a program title is automatically
assigned to a main routine.)

(3) Subroutine(s) v

® In a series of calculation procedures, if you have an expression to be used
over and over again, it is advisable to write the expression as a subroutine and
call it in the main routine for execution as the occasion calls for. In this way,
you can simplify the calculation procedures.

e |f you wish to use a subroutine in a program, press the 2ndF and SUB: keys

after typing in the main routine. The main routine is stored in memory and

“ " indicator appears in the display to prompt you to enter the subroutine.

The indicator “ :" is the label number of your first subroutine. You can pro-

gram a maximum of 10 subroutines per main routine.

The calculator sequentially labels all the subroutines to be stored with numbers
through Bl and [ at the beginning of each subroutine line.

® You cannot call another subroutine within a subroutine.
e |f your main routine has no subroutine, press the ENT key after typing in the

main routine. Message “TITLE?" will appear in the display. You may now enter
the next new program.
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NOTE: 1. The maximum length of an expression that you can write in one
program line is 160 steps. Any characters and symbols entered in
excess of this capacity are regarded as the 160th step and cause
the character or symbol previously entered at that step to be
rewritten. So, be sure to program each of your expressions within
the capacity of 160 steps per line. If this is not possible, use sub-
routines.

2. Remember that in the STAT mode as well as in the BIN, OCT, HEX,
and MATRIX submodes of the COMP mode, the calculator cannot
execute any of the programs you wrote in the AER-1 or AER-II
mode.

Keys Used for Programming

The following keys are used to write programs:

(1) AER-I mode

0 ~ 9: Numeric entry (0 through 9)

A ~ Z: Alphabetic entry in uppercase letters (A through Z)

2ndF 0 ~ 2ndF 9:  Subroutine label entry ( through B and )

(2) AER-lI mode

0 ~ 9: Numeric entry (0 through 9)

A ~ Z: Alphabetic entry in lowercase letters (a through z)

SHIFT A ~ SHIFT Z: Alphabetic entry in uppercase letters (A through Z)
SHIFT 0 ~ SHIFT 9: Numeric entry (numeric characters 0 through 9 reduced

in size)
2ndF 0 ~ 2ndF 9:  Subroutine label entry ( through and @ )
2ndF SYMBOL. Special character selection (See Special Character

Selection below.)
Special Character Selection
The calculator accepts nine different special characters for programming in the
AER-Il mode.

Operation of the 2ndF and SYMBOL keys causes a screen to appear for
selection of special characters.

Screen for special character selection

| 2ndF] [SYMBOL|

o U -
Ne= g
R o~ O
% -
o
Z—w

e

)

g N
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When the desired special character is selected by pressing one of the numeric
1 through 9 keys, the display automatically returns to the screen immediately
before pressing the 2ndF and SYMBOL keys and the selected character is
entered at the cursor position.

When the 2ndF and SYMBOL keys are pressed without selecting any special
character or when numeric 0 is pressed, the display returns to the original
screen.

Example of special character input operation

To enter “Data (5/14)" as the title:

| . TITLE 7

ﬂ% pER-T

II

SHFET] [D] [A] [T] [A] ‘
5 |l :Data (5 _

11

Use the key to enter space.

[2ndF] [SYMBOL]

o ;- W
NP
oo
2% w
o
Z < w
.
o0
2N

I @ :Data (5

I
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Programming Examples

| @ :Data

11

(5.714) _

Example 1: Pythagorean Theorem Program
To solve for the length of hypotenuse C in a right triangle with a given length
on each of the other two sides A and B, where C =VA? + B? must be solved
for in the form of f(AB) = V(A? + B?)

C
B
A
(1) Programming
Mode: AER-|
Program title: PYTHAGORAS
Key in Display Remarks
g1 :TITLE?

[a]lo][r][A]ls]

LA =]+ ]lB] |-

Gl
e A BN | M

f (AB) =V (A?+B?)

(Pl Y][T][HI][A]| 81 :PYTHAGORAS _

p2 TITLE?

Program title
name is input.

Title name is
stored.
Main routine
is input

Main routine
is stored.
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HOW TO USE AER FUNCTION

This program consists of a main routine only. Now, let's execute the program
by giving values 3 and 4, respectively, to two variables A and B in the expres-
sion.

Remember, you need to change the calculator's mode of operation to the
COMP mode before executing any expressions you have programmed in the
AER-1 or AER-1l mode.

(2) Program Execution (where A = 3, B = 4)

Mode: COMP
Key in Display Remarks
COMP MODE
TITLE] g . p title i
. rogram titie is
A1 :PYTHAGORAS Program !
_ The calculator is

CovP[| A =7 asking you for
he value of A.

3lcowel| B =2 the value of

The calculator is
asking you for

4iCOMP|| ANS | = . the value of B.

5 .|Lengthof Cis
given as
Answer 1.

NOTE: The calculator displays the symbol “ANSOO= * (variable name) and
then the value of an answer.

Example 2. Area of Circle and Circumference

To solve for the area S of a circle and its circumference L. with the value of the
radius R of the circle given as a variable using the programming format
f(R)=nR?, 27R for S=nR?, L=27R

More than one algebraic expression may be written on a program line by
separating them with the space “_,” orcomma “ ” key. If two expressions
are separated by a space, the calculator will execute the expression
immediately after the space without displaying the result of the expression
immediately before the space. If they are separated by a comma, the cal-
culator will display the result of the preceding expression before proceeding to

the following one.
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HOW TO USE AER FUNCTION

(1) Programming
Mode: AER-I
Program title: CIRCLE

Key in Display Remarks
P2 TITLE?
lc]l 1 ]J[R]lCc]lL]|#2:CIRCLE_

[E]

[ENT]
M R 2 ][ R]
L= J2[~|[R]

M

M:f (R) =xR?,

PF3:TITLE?

2 1R

In the above example, two expressions are separated by a comma. Now, let's
execute the program by giving two values 5 and 10 to variable R in the two

expressions.

(2) Program execution

Mode: COMP
Key in Display Remarks
COMP MODE
TITLE] q.
#2:CIRCLE
COMP|| R= 7
5/COMPl| ANS | = 5 is input as value of variable R.
78 .539816314 Answer to 1st. expression (area S).
COMPII ANS 2 =
31 .415926514 Answer to 2nd expression
COMP|| R= 1 (circumference L).
I0COMPI| ANS | = 10 is input as value of variable R.
314.15926514 Answer to 1st. expression (area S).
COMPI| ANS 2 = Answer to 2nd expression
62 .831853087 (circumference L).
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HOW TO USE AER FUNCTION

Example 3: Plotting Program

To solve for f (A) = 3A% + 7A + 9 with the value of A being as 1, 2, 3, ...

(1) Programming
Mode: AER-I
Program title: PLOT

Key in Display Remarks
B3 .TITLE?
[PJ[L][o][T]les:PLOT
ENTI| M
|A +||STO|A M:A+ISA, A7 +T7TA+9
L J3[Aa A +] | —
7 9
ENT|| 24 . TITLE?
(2) Program Execution
Mode: COMP
Key in Display Remarks
COMP MODE
TITLE:I q.
g3 :PLOT
0 B A P
COMP|| ANS | = ‘ Answer to 1st. expression A=1
I
COMP| ANS 2 = Answer to 2nd expression with
I 9 . | the value of A given as 1.
COMP|| ANS | = Answer to 1st. expression A=2
2 .
COMPIl ANS 2 = Answer to 2nd expression with
. 35 the value of A given as 2.
COMP|| ANS | =
5.
COMP|| ANS 2 = Ll g

NOTE: In the above example, the number displayed at the rightmost position
of the line (row) below “ANS” indicates that the answer is that of the

1st. or 2nd expression separated by a comma.
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HOW TO USE AER FUNCTION

Example 4: Cosine Rule Program

c=V a+b’—2ab COS x

(1) Programming
Mode: AER-II
Program title: Cosine

Key in Display Remarks

&4 :TITLE?
SHF]{ c |[o][s ][ 1 ||#4:Cosine__

[NJ[E]

ENT|| M
(cl[=]VILA[A]|M:c=v/ (a?+bt-2axb
cos =)

EXEUTNIES
(B ][cos]
xJD ]

ENTI| 85 : TITLE?

Let's execute the above program with the values of variables a, b, and x given
as 4, 7, and 60°, respectively.
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HOW TO USE AER FUNCTION

(2) Program execution (wherea = 4, b = 7, x = 60 °)

Mode:COMP

Key in

Display

Remarks

TITLE
]

4 ;COMP
7 |COMP

60 [cowp

COMP MODE
g4 . Cosine

a=71
b=7?
=1
c =

6 . 08276253

Press until DEG is
desig nated.

4 is stored in
variable a.

7 is stored in
variable b.

60 is stored in
variable r.

Answer for length ¢

Variable Data Check by Playback Function
When executing any of the programs (algebraic expressions) stored in mem-
ory, the calculator holds the number (or value) entered as a variable until the
next input. To confirm the number already stored in memory, press the PB key
and the number will be recalled to the display from memory.

Example: Cosine Rule Program

c = Va? + b? — 2ab cosx
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HOW TO USE AER FUNCTION

In this example, the above program is executed using the playback function
with the following values given to the respective variables.

(1) a=4, b=7,
(2) a=4, b=7,

Mode: COMP

=60
x=50

Key in

Display

Remarks

TITLE

CoMP

4 \COMP
7 |COMP
60 |COM

o

CoMP

Sl « |8
= o |=
O e

]

COMP MODE

B4 . Cos
a=7"
b=7
r=7
c=

b=27
b=171
xr="
T=58_
c =

5

ine

6 . 08276253

. 385526331

Press until DEG is
designated.

The number stored
in variable a is
displayed.

The number stored
in variable b is
displayed.

The number stored
in variable r is
displayed.
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HOW TO USE AER FUNCTION

Program Title Search Functions

® Sequential search

This function allows you to search the title names of the programs (expres-

sions) stored in memory one by one (in ascending order of title numbers) at

each depression of the PRO (TITLE) key.

In the AER-I mode, pressing the PRO (TITLE) key causes only the program

titles written in the AER-I mode to be searched in ascending sequence of title

numbers.

(Example) 01: PYTHAGORAS, 02: CIRCLE, 03: PLOT

In the AER-Il mode, pressing the PRO (TITLE) key causes only the program

tittes written in the AER-Il mode to be searched in ascending sequence of titie

numbers.

(Example) 04: Cosine, 05: Qudratic, 06: Down

In the COMP mode, pressing the PRO (TITLE) key causes all the program

titles to be searched in ascending sequence of title numbers irrespective of

whether they are written in the AER-I or AER-II mode.

(Example) 01: PHYTAGORAS, 02: CIRCLE, 03: PLOT, 04: Cosine, 05: Qudratic

06: Down

To execute any of the programs stored, you must perform the program title

search operation with the calculator in the COMP mode and then press the

COMP key when the desired title is recalled on the display.

To correct any of the stored programs, you must perform the program titie

search operation with the calculator in the AER-| or AER-II mode, and then

press the 2ndF and E keys to display the program contents when the

desired title is recalled on the display.

NOTE: 1. The PRO (TITLE) key causes program title names to be displayed,
commencing with the one last accessed.

2. The PRO (TITLE) key may be pressed and held down to search
program title names quickly in ascending order.

3. Program title names can be searched in descending order of title
numbers by pressing the 2ndF and PRO (TITLE) keys. Holding
down the PRO (TITLE) after 2ndF allows quick review of titles in
descending order.

THTLE TIT{E
LC IPRO] PRo}! g4 . Cosine

I

Program title names with the same initial character are searched in ascending
order of titte numbers.
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HOW TO USE AER FUNCTION

It none of the programs commencing with character “Z" exists in memory, the
calculator will return the following message to you.

TiTLL
] NOT FOUND

The initial character search function is effective only for the alphabetic and
numeric characters that can be input in the COMP mode.

NOTE: If a program title name has been entered using function keys such as
SIN and COS , such a title name cannot be searched directly even
though the key operation: $ PRO or C PRO is performed. A message
"NOT FOUND?” is also displayed in this case.
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~ Conditional Expression Judgment Function |

The calculator compares the left side of a conditional expression (in which >,
>=, or # sign is used) with its right side, and determines the destination of the
calculation to be executed next based on the result of the comparison. If the
condition in the conditional expression is satisfied, the calculator executes the
calculation or operation enclosed with brackets preceded by =YY= | not sat-
isfied, the unit executes the caiculation or operation enclosed with brackets
preceded by s\

NOTE: A conditional expression cannot be used inside the mYw [ ] or m\\wp
[ ] brackets.

You can write a conditional expression in the following forms:
Left side > Right side
Is left side greater than right side?
Left side # Right side
Is left side unequal to right side?
Left side > = Right side
Is left side equal to or greater than right side?

Example 1:
Flowchart of Conditional Judgment Function

START

Conditional
expressio

YES

Formula @ Formula (2
-~ |
END END

In case of the conditional expression as shown in the above flowchart, the
basic configuration of the main routine should be as follows:

o ——— e

Conditional ’

expression -Y-;[Forr#]ula@) ~ ]-N-;[Fo?mula@ ~ ]
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CONDITIONAL EXPRESSION JUDGMENT FUNCTION

If a given condition is satisfied (if YES), formula (1) is executed.
If a given condition is unsatisfied (if NO), formula @) is executed.
This decision is made using the Y= [ ] and =\= [ ] keys.

NOTE: Either of mYsp[ ] or mN®[ ] may be omitted from entry as shown
below.

(1) When s\=[ ] is omitted

Conditional ;

expression ™Y = [Formula (Dw.] Formula @ s
. [

Example 2:
Flowchart of Conditional Judgment Function

START

Conditiona
EXpressio

YES

Formula @ Formula @

Formula 3

| 8
END

In case of the conditional expression as shown in the above flowchart, the
basic configuration of the main routine should be as follows:
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CONDITIONAL EXPRESSION JUDGMENT FUNCTION

I
i
Conditional . |

t
expression -Y»[Formula@]-N-b[Forrr}ula@] Form‘ula OIS
[ i !

If YES, formula (@) is executed after formula (3. If NO, formula (3) is executed
after formula 2.

¢ To terminate a series of calculations, 2ndF E (Calculation End Com-
mand) must be entered after the last formula in the series.

Example 4: Quadratic equation
Let's solve for ax2 + bx + ¢ = 0, where a # 0 and a, b, and ¢ are real
numbers.

The quadratic equation can be solved by the following formula:

_—bxV b*—4ac

= 2a

With the value of the discriminant d = b? — 4ac under V', real numbers are
solved for if d = 0, and conjugate imaginary numbers are solved for if d < 0.

® Flowchart of expression

( START )

®—=| d=b?—4ac

NO
®—= < d>=0°2
YES
. r1=(—b+V d=2a v=—b+2a ;
® 22=(—b=V )+ 2a w=V"_ABS d+ 23 ®
| Y [ N
END END
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CONDITIONAL EXPRESSION JUDGMENT FUNCTION

Formula (1) is a discriminant.

Conditional expression (2) determines if the value d of the discriminant is equal
to or greater than 0.

Formula (3) solves for real numbers.

Formula @) solves for imaginary numbers (where v is the real part and w is the
imaginary part).

® Program configuration

M:Hd>=0wmys [FAn] ss\= [Eln ]

H: g=b’— 4axc

B r=(—b+V d+2a x,=(-b—V d+2a
B v=—b+2a w=V ABS d+2a

(1) Programming

Key in Display Remarks

g5 . TITLE?
ML@_IM@M 85 Quadratic__
=) [(A) (TI(1[c]
M

[meF] 1 [D | [oF] >=] |[M:Ed>=0-Y— [A~]-N
0 [andF] [-¥-1] [2ndF] 2 [ndF] | — [EIw]

(o o] (4] ]
[-n={] [20dF | 3 [2ndF || m ][ 2ndF ]

-N-(]

Main routine is

n:_ stored.
BB [ @b —aaxe
4 Subroutine 1 is

D stored.
O [ = OB x = (-b+/d) +2a,
B[ +][V][D]D Jx:=(-b=Vd) +2a_

(To be continued on next page)
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CONDITIONAL EXPRESSION JUDGMENT FUNCTION

Key in

Display

Remarks

A X E
: SO E]
G0
2 [A]

v =1l Bl +]
2l Al Jwll=]
[/ |[mneF|aBS] D ][ + ]2

ENT

|3
B:v=—-b+2a, w=/ ABS
d+2a

o6 . TITLE?

Subroutine 2 is
stored.

Subroutine 3 is
stored and the-
program is
completed.

‘Let's execute the above program with values 2, —4, and 1, given to

a, b, and c, respectively, in subroutine I .

(2) Program execution (where a=2, b=—4, c=1)

variables

. Mode: COMP
Key in Display Remarks
COMP MODE
TITLE] 9.
A5 . Quadratic
COMP|| b =7 Value —4 is
stO(eglinb
-— 4 -COMP a=7"? variable b.
S Value 2 is
2 COMP| | ¢ =7 stored in
variable a.
| [COMP| | o | = Value 1 is
sto_red in
I . 707106781 variable c.
COMP| | x » =

B . 292893219

in this example, the two expressions in subroutine M have been executed
because the value d of the discriminant was greater than or equal to 0 as the
result of the conditional expression judgment in the main routine execution.
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The looping function permits the same calculation or processing to be repe-
ated over and over again. This function is designated in a series of calculation
procedures by using two commands: * “ ” (Return here) and “ +1 " (Return
from here to “ ~ " command).

The basic looping format is as shown below.

|
I
|
!
'—-- - — m N [Formula 2)m]

If YES, execution returns to formula (1), and if NO, formula @) is executed.

NOTE: Up to 15 loops can be nested.

Example:
Double-looped conditional expressions

o ——— e el [,

Formula(®)
—_—— - L
Formula(®

Conditional expression (1)

Lo mYmp [ ]
= N\w {Formula(3®]

Conditional expression (2)

= N= [ Formula @ m ]

NOTE: >>= +# wmyYw [ ], «Ns [ ], and « cannot be used in a
subroutine.
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LOOPING FUNCTION

Let’s write a program expression using both the conditional judgment and
looping functions.

Example : Program “Down”

To solve for the approximate value of the time when a ball falling from the point
30 meters above the ground at the initial velocity of vy (m/s) reaches the
ground

Falling distance s = v, X t + 0.5 x 9.8t

e Flowchart of expression

( START )

Initial velocity: — v,
t=0

Formula () | s=vpxt+0.5x9.8¢

t=t+0.1{ Formula ®

Conditional
expression

-

Formula @ ‘ t=

END
e Program configuration
L+ Formula(?)conditional = Y # [Formula (2) m ]

expession
aN= [Formula (3) < ]

Remember, you must use the AER-II mode to write this program, as it uses
lowercase letters as variables.
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LOOPING FUNCTION

(1) Programming
Mode: AER-II
Program title: Down

Key in

Display

Remarks

swFf[ D [ o J{w][N]

ENT]
[moF][L 1] s | =] V]
sarr o (< ] [T ][+
0.5 x|9.8[ T ||« |

[>=] 30 [2neF] [0 T ]

[=1[T]

[3ndF] | w ] [2ndF] [-¥o]]] [2nF]
Ol =T +]
0.1 [20dF] [ ] [2neF] [N-[]

ENT

26 . TITLE?

06 :Down

M:

M.Lbs=voXt+ 8. B 5x%Xx9.
8t _s>=3p-Y—->[t=1t

] —N—=[t=t+g. 171]

BHT.:TITLE?

Let's execute the above program with values 3 and 0 given to variables vy and

t, respectively.

(2) Program execution (where vp=3, t=0)

Mode: COMP
Key in Dispiay Remarks
COMP MODE
TITLE:‘ /Q’ )
P26 .Down
COMP|| v o =7

31COMP|| t =7

0iCOMP|| t = The approximat
’ ) value of the time

is 2.2 seconds.
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With this calculator, you may incorporate six graphics commands into a pro-
gram you write in the AER-I or AER-Il mode and then execute it in the COMP
mode.

Commands that can be programmed

GRAPH , AUTO , DRAW , PLOT , ZOOM , RANGE , 2ndF LINE

Input procedure
(1) !f the range parameters are to be set within a program, they must be
entered in the following order:

RANGE Xmin [, ] Xmax [, ] Xso [, ] Ymin [, ]
Ymax [:l Yscl |

Other graphics commands may be written into a program in basically the
same manner as those entered in the COMP mode.

B

Example:

Programming the drawing of a graph for expression y =x® + 2x2 with the
range parameters set as follows:

Xmin = =3, Xmax = 3, Xscl = 1

Ymin = =5, Ymax = 10, Yscl = 2

Mode: AER-I

LGl [RI[ATPT[HTY [
ENT
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PROGRAMMING OF GRAPHICS COMMANDS

GRapr] [x] v)3[ 12X

22| [DRAW|

MIRANGE

5! lﬁ/!
34+ 2 X®

—3! 3! |,
2_GRAPH XY~

DRAW _

8. TITLE 7

NOTE: When you input an expression for a graph in the AER-Il mode, use

uppercase letter X (SHFT X).

Mode: COMP

T1TLE]

COMP

BH7:GRAPHI
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Correcting Program Titie Name Entry

During the input of a program in the AER-I or AER-II mode, if you find an error
in the title name of the program, press the E or @ key to move
the cursor to the point where an incorrectly entered character exists. Enter the
correct character at the point where the cursor blinks.

® The DEL key causes the character at the cursor position to be deleted.

e The 2ndF and INS keys cause all the characters at the right of the cursor
position to move to the right by one digit. Then the * . " indicator appears at
the cursor position to prompt you to insert the correct character at that posi-
tion.

Example:
To correct the program title name erroneously entered during programming to
read from “Cosain” to “Cosine”

Mode: AER-II

Key in Display Remarks

&8 TITLE?
MICHOHSHA] P8:Cosain_

[N

L JIN]

B8:Cosine__ zglrt:eréétlg:fis
ENT[I M [

[cl[=1VILA[A]|Mie=/ (a? +b* —2axb

(=) +][Bl[][-]|cos =) _

2[ A |[x ][ B Jlcos]

ENT|| 89 : TITLE?

In either case, be sure to press the ENT key at the end of the correction.
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PROGRAM CORRECTION & EDITING

Correcting Program Contents

¢ To correct the contents of a program (one or more algebraic expressions)
stored in memory, perform the program title search operation in the AER-| or
AER-1I mode to recall the title of the program you wish to correct on the dis-
play. Then press the [ w7 | key and the contents of the main routine will be
displayed. If the program has any subroutines, press the 2ndF and \v4
keys consecutively to display the subroutines. As you did in the title name
correction, move the cursor to the point on a program line where you wish to
make corrections and then enter character(s) for correction.

® Press the ENT key after you have completed the correction of each main
routine line or subroutine line.

NOTE: The data for a flexible variable will be cleared upon correction of the
expression (or program) in which the flexible variable is used.

Deleting or Clearing Program Contents
¢ To delete a specific program line (an algebraic expression) from a program,
call the program title of the program you wish to delete on the display using
the PRO (TITLE) key, locate the line to be deleted using the 2ndF and

keys in the AER-1 or AER-Il mode, and then press the 2ndF and CA
keys. The line has now been deleted from memory.

e To delete a specific program from memory, call the program title of the pro-
gram you wish to delete on the display by the program title search operation in
the AER-| or AER-If mode, and press the 2ndF and CA keys. The following
message will appear on the display.

OO:CLEAR 7 —ENT

Then press the ENT key and the program (program title name, main routine,
and subroutines) will be deleted from memory. Memory contents will be
retained by pressing the CL key.

148



PROGRAM CORRECTION & EDITING

® To clear all the programs stored in memory, push the Reset switch at the
rear of the calculator in the AER-| or AER-Il mode, and the following message
will appear on the display.

ALL CLEAR 7?7 —ENT

Then press the ENT key and all the programs stored in the AER-I or AER-II
mode will be cleared from memory.

(In this case, all the memories including store memories and array variable
memories are cleared.)

When the Reset switch is operated, the calculator's key click mode may be
reset or its display may become dim. If so, set the key click mode again or
readjust the contrast of the display.

Memory contents will not be cleared when any key other than ENT is pressed.
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CHAPTER 6 |
OPTIONS |




SHARP options such as the CE-50P printer/cassette interface, and CE-152
cassette tape recorder can be connected to the calculator.

When these options are connected to the calculator, you may save the con-
tents of the calculator's memory or display onto cassette tape or have them
output on the printer as hard copy. Or you may even have your calculator
communicate with another EL-9000 unit via the CE-200L interface cable.
For connecting the calculator to any of these options, refer to the operation
manuals supplied with the respective options.
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When the optional CE-50P printer/cassette interface is connected to the cal-
culator, the following printer-related functions are available.

(1) Hard-copy output of screen image or data

(2) Program listing

(3) Printing all data of a data group (i.e., all data in a matrix)

Option Selection Menu
When the CE-50P printer/cassette interface is connected to the calculator,

pressing the 2ndF and OPTION keys causes the following option selection
menu to be displayed.

Option selection menu screen

[2ndF] [OPTION] COPY DISP —1234
PRINT -5
SAVE —6
LOAD —7

The above option selection menu screen indicates the following:
COPY DISP ... One of the numeric 1 through 4 keys must be pressed to
specify the print character size as follows.
1: Prints characters in standard size
2 : Prints characters in twice as large as the standard size.
3 : Prints characters in three times as large as the standard
size.
4 . Prints characters in four times as large as the standard
size.
PRINT ....... Numeric § key must be pressed to specify the PRINT operation.
SAVE ... Numeric 6 key must be pressed to display the save-related option
selection menu.

LOAD ........ Numeric 7 key must be pressed to specify the LOAD operation.

The menu screen can be canceled by pressing the 2ndF and OPTION keys
again. This key operation causes the display to return to the original
screen (i.e., before selecting the option selection menu screen).

Hard-copy Output of Screen image or Data

The contents of the display screen are output on the printer connected

to the calculator upon pressing any of the numeric 1 through 4 keys following
the display of the option selection menu by the 2ndF OPTION key operation.
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PRINTER-RELATED FUNCTIONS

GRAPH| [SIN] [DRAW]|

_2ndF| [OPTION]

COPY DISP —1234
PRINT —5
SAVE — 6
LOAD — 7

Upon pressing the numeric 1 key, message “PRINTING” appears on the dis-
play together with the flashing “«" and “—" symbols, and the contents of the
screen are output on the printer. '

During the above operation, pressing the BREAK (ON) key causes a break
(interruption) in the COPY DISPLAY operation.

Program Listing

The title name of a program to be printed must be first displayed using the
PRO (TITLE) in the AER-I or AER-Il mode. Then press the 2ndF and OPTION
keys to display the option selection menu and press the numeric 5 key to
specify the Print operation.

TITLE TITLE ) )
]] A5 . Quadratic

I'PRO ...... IPRO
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PRINTER-RELATED FUNCTIONS

L 2ndF] [OPTION] COPY DISP —1234
PRINT -5
SAVE — 6
LOAD — 7
(PRINTOUT)
'——5~—] HS: Ouodrotic
M e r=Gmyn [ By ] = PRINTING
*[ B 1
B2 d=hE —da e -

HBizi=0 -b+ldy+2Z0s

="\ "tl"'-.r|j | ":'._:l:l

Els L= b0 w=THES

Upon pressing the numeric 5 key, message “PRINTING” appears on the dis-
play together with the flashing “<" and “—" symbols, and the calculator starts
listing the contents of the displayed program (including the program title
name). Upon completion of the printing, message “TITLE?" appears on the
"display. During the above operation, pressing the BREAK (ON) key causes a
break (interruption) in printing.

Printing All Data of a Data Group (all data in a matrix )

The data title name of a statistical data group (or a matrix) to be printed must
be first displayed by using the DATA (TITLE) key and [ v Jor [ & key in
the STAT or COMP mode. Then press the 2ndF and OPTION keys to display
the option selection menu and press the numeric 5 key to specify the Print
operation.

Mode: COMP
[?HTLE e 2 a1 s
DATA CiTEST
T (&, 0]
! l
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PRINTER-RELATED FUNCTIONS

[2ndF] [OPTION]

COPY DISP —1234
PRINT —5
SAVE ~6
LOAD -7
— (PRINTOUT)
5;%-%‘3%11’9 PRINTING
Sl1:11=
" 15,
S12511= o - ,
S[1s21= - —
3.
502,21=
12.
501,32 1= -
o S 1
S502,31= -
V\_l/l—

The calculator starts listing the specified data group (including the data title
name) upon pressing the numeric 5 key and then the display returns to the
original screen.

During the above operation, pressing the BREAK (ON) key causes a break
(interruption) in printing.

NOTE: When printing all data of a data group (or ali data in a matrix), 48 lines
of data are transferred at a time to the printer.
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When the optional CE-152 cassette tape recorder is connected to the cal-
culator via the CE-50P printer/cassette interface, the following cassette-related
functions are available.

(1) Saving a program to cassette

(2) Saving all data of a data group to cassette

(3) Saving the contents of all memories (data and programs) to cassette
(4) Loading the contents of the cassette tape to calculator

Saving a Program to Cassette

With the REMOTE switch of the CE-50P printer/cassette set in the ON position,
the RECORD button of the cassette tape recorder must be pushed to put the
recorder in the ready state for recording. Then the title (or list) of the program
to be recorded on cassette tape must be displayed using the PRO (TITLE)
key in the AER-I or AER-II mode.

Press the 2ndF OPTION keys to display the option selection menu screen and
then the numeric 6 key to display the SAVE-related option menu screen.

When you press the numeric 1 key, the “SAVE” operation is specified. Press
the ENT key following the file name entry (e.g., SHIFT QU for “Quadratic”) and
the calculator will start saving the program onto cassette tape.

Mode: AER-II

TITLE TITLE .
5
[PROII"' PRO g Quadratic

i

[2ndF] [OPTION] COPY DISP —1234
PRINT -5
SAVE 6
LOAD -7
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CASSETTE-RELATED FUNCTIONS

@ SAVE FILE

- |

SAVE
SAVE ALL —2

SAVE FILE NAME:
7

SHIFT] [Q]

SAVING

pe

Message “SAVING” and flashing “«" and “—" symbols are on the display
during the program saving operation. Upon completion of the saving, message
“TITLE?" appears on the display.

Saving All Data of a Data Group to Cassette

The data screen or data title of a data group (or array variable) to be saved
onto cassette tape must be first displayed using the DATA (TITLE) key in the
STAT or COMP mode. With the flashing cursor at the position of the array
name, press the 2ndF and OPTION keys to display the option selection menu
screen and press the numeric 6 key to display the SAVE-related option selec-
tion menu.

Press the numeric 1 key to specify the SAVE operation. Upon pressing the
ENT key following the file name entry, the calculator starts saving the data
group in its memories onto cassette tape.

Message “SAVING” and flashing “«" and “—" symbols are on the display

during the saving operation and disappear upon completion of the saving, at
which time the display returns to the original screen.
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CASSETTE-RELATED FUNCTIONS

Saving the Contents of All Memories (Data and Programs) to Cassette
Irrespective of the calculator's operation mode, press the numeric 6 key to
display the save-related option selection menu, following the display of the
option selection menu screen with the 2ndF OPTION key operation. Then
press the numeric 2 key to specify the Save All operation. Upon pressing the
ENT key following the file name entry, the calculator starts saving the contents
of all its memories onto cassette tape.

Loading the Contents of the Cassette Tape to Calculator

First set the Mode Selector (slide) switch of the calculator in the same position
as when a file to be loaded was saved onto cassette. Then, press the numeric
7 key to specify the Load operation, following the display of the option selec-
tion menu screen with the 2ndF OPTION key operation. Upon pressing the
ENT key following the file name entry of the file to be loaded, the calculator
starts loading the contents of the specified file into its memory.

[2ndF] |OPTION| COPY DISP —1234
PRINT —5
SAVE —6
LOAD —7

LOAD FI1LE NAME .
?
SHFT] [ Q] [ U] [ENT]
LOADING

Message “LOADING" and flashing “«" and “—" symbols are on the display
during the loading operation and disappear upon completion of the loading, at
which time the display returns to the original screen.
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CASSETTE-RELATED FUNCTIONS

NOTE: 1. When transferring data between the calcuiator and the cassette
tape recorder, the data to and from the calculator are stored once
in the CE-50P printer/cassette interface for subsequent transfer. The
data are being transferred through the CE-50P while message
“*SAVING” or "LOADING” is on display even if the cassette tape
recorder stops during the saving or loading operation. For this
reason, do not proceed to the next operation until the message
“SAVING” or “LOADING” disappears.

2. An error will result if you attempt to transfer the data of the same
array name already defined in the calculator, from the cassette tape
recorder to the calculator. Transfer the data after the array variable
memory in the calculator has been cleared.

3. If an error occurs during the transfer of the file containing all the
memory contents of the calculator from the cassette tape recorder,
the contents of all the memories in the calculator will be cleared.
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When the optional CE-200L interface cable is connected between this cal-
culator and another EL-9000 unit, the following functions are available.

(1) Sending a program to another unit

(2) Sending all programs stored in memory to another unit

(8) Sending the contents of all memories (data and programs) to another unit
(4) Receiving data and programs from another unit

Saving and Loading Operations

When sending (saving) and receiving (loading) data between two EL-9000
units, observe the following procedure.

[Receiving unit]

[2ndF| |OPTION] COPY DISP —12324
PRINT =5
SAVE -8
LOAD 7
LOADING

§

(1) First put the receiving unit in the ready state for receiving data by pressing
the numeric 7 key to specify the LOAD operation following the display of
the option selection menu by the 2ndF OPTION key operation.

[Sending Unit]

(2) Call the program or data group to be sent on the display of the sending
unit. Use the PRO (TITLE) key in the AER-I or AER-II to display the title (or
list) of the program. Use the DATA (TITLE) key in the COMP or STAT
mode to display the array name of the data group together with the flash-
ing cursor.

(3) Operate the 2ndF and OPTION keys of the sending unit to display the
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INTERFACE CABLE-RELATED FUNCTIONS

option selection menu and then press the numeric 6 key to specify the
SAVE operation. (With this key operation, the sending unit is put in the
ready state for sending data to the receiving unit.)

TITLE
25 :Quadratic

i

[2naF] [OPTION] COPY DISP —1234
PRINT -5
SAVE 6
LOAD 7

lj] SAVE FILE

SAVE — |
SAVE ALL - 2

Pressing the numeric 1 key causes only the displayed data to be sent,
whereas pressing the numeric 2 key causes all data stored in memory to
be sent.

Press the numeric 1 key of the sending unit and message “SAVING” and
flashing * «” and “—" symbols appear on the display, indicating the start
of the saving operation and disappear upon completion of the saving, at
which time the display returns to the original screen.

1]

SAVING

(4) Message “LOADING" and flashing “«-" and “—" symbols appear on the
display of the receiving unit, indicating the start of loading operation, and
disappear upon completion of the loading operation, at which time the dis-
play returns to original screen.
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Unless otherwise specified, the keys listed below can be used in any of the
COMP, STAT, AER-I, and AER-Il mode.

el eft-hand Keyboard

Mode Selector (Slide Switch)

AER-I: Aigebraic Expression Reserve Mode

This mode is used to program algebraic expressions in
the form of f( )= which use store memories A through Z
and array variable memories A[ ] through Z[ ] into the
calculator's memory. In this mode, no calculation can
be performed.

'AER-ll: Algebraic Expression Reserve Mode

This mode is used to program algebraic expressions in

" the form of a=b+c which use flexible variables in addi-

BREAK

(ON]

tion to store memories and array variable memories.
Also in this mode, no calculation can be made.

COMP: Computation mode

This mode permits the calculator to perform all calcula-
tions including four basic arithmetic operations, scien-
tific calculations, matrix operations, and calculations
that use algebraic expressions programmed in the
AER-! or AER-Il mode but excluding statistical calcula-
tions. The calculator can also graph expressions and
formula as well as to perform other graphic functions.

STAT: Statistical calculation mode

This mode permits the calculator to perform single-vari-
able and two-variable statistical calculations and to
draw statistical graphs such as histogram, broken-line
graph, cumulative frequency graph, normal distribution
graph, scatter diagram, linear regression, etc. In this
mode, the calculator can be set in either of the DATA
STORE and NON-STORE submodes.

: Power ON/Break key
Used to turn on the power of the calculator.

COMP or STAT mode:
Pressing this key during the execution of a program
(algebraic expression) or a graphic drawing breaks the
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OFF

execution. Also used to interrupt the output of data onto
the option printer or cassette tape, as well as the sav-
ing and loading operations between the calculator and
cassette tape recorder.

. Power OFF key
Used to turn off the power of the calculator.

: 2nd Function Key
Two 2ndF keys are provided, one on each keyboard.
Either of the two may be used to designate the second
function of another key. The second function is printed
in yellow above the key itself on the left-hand keyboard
or above the touch key on the right-hand keyboard.
NOTE: if either of the two keys is pressed by mistake,
press the key again to cancel the second func-
tion designation.

: Clear Key

Also used to release the calculator from an error condi-
tion.

COMP mode: :

Used to clear numeric data or calculation commands
from the display. The memory contents or programs will
remain unchanged even after the clear operation.

Also used to release the calculator from an error condi-
tion.

AER-I or AER-II mode:

Used to move the cursor to the beginning of the current
line. If this key is pressed while a program title (with no
cursor) is in the display, the title will be replaced with a
message "O O:TITLE?".

Also used to release the calculator from an error condi-
tion.

: Clear All Key

COMP or STAT mode:

Used to clear numeric data or calculation commands.
The memory contents or programs will remain
unchanged even after the clear operation. Also used to
clear the result of a statistical calculation or statistical
data entered in the STAT mode. However, in the DATA
STORE mode, these keys must be preceded by the
LQA% key to clear statistical data. The contents of

store memories A to Z will remain unchanged.

AER-I or AER-II mode:

If these keys are pressed while program contents are in
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[(2].[¥]

[a].[D]

[SHFT][ v |
[SHFTI[ & |

[2ndF][ v |

[2ngF]l 2 ]

the display, the program line now in the display will be
cleared. If they are pressed while a program title is in
the display, the title will be replaced with a message
“O O: CLEAR? — ENT". Pressing the ENT key will
delete the program of that title.

: Cursor Up and Down Keys

Used to move the cursor up or down, respectively, by
one row (or line). While this key is being pressed and
held, the cursor moves up or down, respectively, in
quick succession.

: Cursor Left and Right Keys

Used to move the cursor left or right, respectively, by
one digit (or column). While this key is being pressed
and held, the cursor moves left or right, respectively, in
quick succession.

: Contrast Adjustment Keys

Used to adjust the display for lower or higher contrast,
respectively. (See SHIFT key on the right-hand key-
board.)

AER-I or AER-il mode:

: Used to scroll a stored program one line after another
in the forward direction (from main routine to sub-
routing).

While these keys are being pressed and held, program
lines are scrolled in quick succession.

AER-1 or AER-II mode:

: Used to scroll a stored program one line after another
in the backward direction {from subroutine to main
routine).

While these keys are being pressed and held, program
lines are scrolled in quick succession.

: Text/Graphics/Data Screen Selection Key
Used to select the text screen, graphics screen, and
data screen by rotation.

: X+Y Coordinate Value Selection key.

Used to display the values of x and y coordinates alter-
nately.
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G.CL

2ndF

TAB

. Graphics Screen Clear Key

COMP or STAT mode:

Used to clear all the contents of the graphics screen
except the x- and y-axes.

: Memory Check Key

The remaining capacity of the memory is indicated
in bytes on the display while these keys are being
pressed and held. (See APPENDIX C.)

: Display Mode Designation Key

COMP mode:

Used to select the display mode from FiX, SCI, and
ENG.

. Degrees/Radians/Grads Selection Key

Used to designate the unit of angle (DEG, RAD, or
GRAD) for calculation of trigonometric and inverse
trigonometric functions and for conversion of coor-
dinates. Each depression of these keys causes the unit
of angle to be changed from one unit to another.

: Tabulation Key

COMP mode:

Used to fix the number of decimal positions in a calcu-
lation result. The number of digits (0 through 9) must
be entered following this key.

: Modify Key

COMP mode:

Used to match the internal calculation result stored in
memory with the calculation result in the display.

. Playback Key
COMP or STAT mode:
Pressing this key allows you to check or correct all of

the inputs or to display the last executed expression for
re-execution.

AER-I or AER-II mode:
Used to display the contents of 4 program lines.
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DEL

HYP

[2ndF || ARCHYP]

SINJ.|COS| . I TAN

[2ndF][SIN" ']
12ndF][cos™T .

2ndF [[TAN™!

[2ndF

- Random Number Generation Key

COMP mode

Used to generate pseudo-random numbers in three
significant digits ranging from 0.000 to 0.999.

: Delete Key
Used to delete the character (number or letter) at the
cursor position. (The cursor does not move.)

: Insert key

Pressing these keys provides a blank space necessary
for insertion of a character (number or letter) into the
cursor position by shifting the contents of the display to
the right. In the blank space, the insert mark “ [ ”
appears.

. Hyperbolic Function Key

Used with the respective trigonometric function keys to
calculate hyperbolic functions (SINH, COSH, TANH).

. Inverse Hyperbolic Function Key

Used with the respective trigonometric function keys to
calculate inverse hyperbolic functions (SINH-', COSH"',
TANH-").

: Trigonometric Function Keys

Used to calculate the respective trigonometric func-
tions.

. Inverse Trigonometric Function Keys

Used to calculate the respective inverse trigonometric
functions.

: D.MS — Decimal Degrees Conversion Key

Used to convert an angle in the sexagenary notation
system (degrees, minutes, seconds) into decimal equi-
valent (in degrees).

: Decimal Degrees — D.MS Conversion Key

Used to convert an angle in the decimal notation sys-
tem (in degrees) into sexagenary equivalent (in
degrees, minutes, seconds).

: Rectangular — Polar Coordinates Conversion Key

Used to convert rectangular coordinates into polar
coordinates.
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ndF || —~REC

NOT].[AND] . [OR].
XOR/| . [XNOR

L0G

- Polar — Rectangular Coordinates Conversion Key
Used to convert polar coordinates into rectangular
coordinates.

Logical Operator Keys

BIN, OCT, or HEX submode:

- Used to enter logical operators “NOT”, "AND", “OR",
“XOR" (exclusive OR), and “XNOR" (exclusive NOR),
respectively.

: Power Key
Used to raise a number to a power.

: Power Root Key
Used to obtain the power root of a number.

: Common Logarithm Key
Used to obtain the logarithm with base 10.

: Common Antilogarithm Key
Used to calculate the antilogarithm with base 10.

: Natural Logarithm Key
Used to obtain the logarithm with base e (e =
2.718281828).

: Natura! Antilogarithm Key
Used to calculate the antilogarithm with base e of the
displayed number.

. Square Key
Used for squaring.

: Reciprocal /Inverse Matrix
Used for reciprocal calculations.

MATRIX submode:
Used to define an inverse matrix. (Example: MAT A™)

: Square Root Key
Used for square root calculations.

. Cubic Root Key
Used for cubic root calculations.
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: Pi Key
Used to enter constant m{ = 3.141592654).

)

2ndF . Factorial Key
Used to calculate the factorial n! = n (n-1) (n-2) ... 2 1.

Hexadecimal Number Keys

HEX submode:

- Used to enter hexadecimal numbers A, B, C, D, E,
and F, respectively.

[;)>
[ ]m

M : Recall Memory Key
Used to access and display the contents of the inde-
pendently accessible memory.

e

: Memory In Key

Used to store a calculation result in the independently
accessible memory. When this key is pressed, the pre-
vious contents of the independently accessible memory
is cleared and replaced with the calculation result. To
clear the independent accessible memory, depress the
CL key followed by the =M key. (in this case, 0

(zero) is stored in the memory.)

J
<

M : Memory Plus Key:
Used to add a calculation result to the contents of the
independently accessible memory.

- Memory Minus Key

Used to subtract a calculation result from the contents
of the independently accessible memory.

=

Data Title Search Key
COMP or STAT mode
TITLE :Used to search the titlesof data stored in array variable
memories in ascending order of alphabet. While this
key is being pressed and held, data titles are searched

in quick succession. (In the STAT mode, only array var-
iable memory S (i.e., statistical data input area) is

accessed.)
EFTITLE :Used to search data titles in descending order of
[2ndF] HDATA] alphabet. While this key is being pressed and held,

data titles are searched in quick succession.
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L0 J~[8]

NOTE:

Program Title Search Key

COMP, AER-!, or AER-Il mode

: Used to search program titles in ascending order of
title numbers. While this key is being pressed and heid,
program titles are searched in quick succession.

: Used to search program titles in descending order of
titte numbers. While this key is being pressed and held,
program titles are searched in quick succession.

: Compute Key

COMP mode »

Used to execute a program (algebraic expression)
stored in memory in AER-| or AER-II mode.

: Enter Key

AER-1 or AER-Il mode:

Used to store a program (algebraic expression) in
memory.

: Four Basic Arithmetic Keys'
Used for muitiplication, division, addition, and subtrac-
tion, respectively.

: Exponent Key

Used to enter the exponent part of a number.
Example: 1.234 x 10

Key in: 1.234 Exp 15

The number of digits for the exponent part is 2 digits. A
number with a decimal fraction may be entered, but the
calculator ignores the decimal point in the calculation
process. If more digits are entered, only the last two
digits are effective as the exponent.

Example: COMP mode

Key in: 2 Exp 1234 = — “2.E34" is displayed.

: Recall Answer Memory Key
Used to recall the data stored in the answer memory.

: Numeric Keys
Used to enter numeric data.

Example: 1234 > [ 1 ] [2 1 [3 ][4 ]
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2ndF][ 0|~
20aF1[ 9 ]

[SHET][ 0 ]~
[SHFT][ 8 ]

(-]

(=)
LNEGH

HEINIDE

LSET

AER-I or AER-It mode:
- Used to enter subroutine numbers [l through B and

AER-II mode:

Used to enter numbers 0 to 9 reduced in size as var-
jables. v

(See SHIFT key on the right-hand keyboard.)

: Decimal Point Key
Used to place the decimal point in the number entered.
Example: 123 — 12 « |3

: Change Sign Key
Used to enter a negative number.

Example: —2.4 — 2[ . ]4

BIN, OCT, or HEX submode:
Used to obtain the complement of a binary, octal, or
hexadecimal number

Example: [2ndF][—HEX| _. “NEG 27
(= ]-“FFFFFFFFFE

: Open and Close Parenthesis Keys
Used to enter open and close parentheses, respec-
tively.

: Equals / Set key
Used to obtain the result of a calculation.

COMP (MATRIX) or STAT mode:

Used to enter matrix elements (data) in a matrix opera-
tion, to enter statistical data area S in DATA STORE
mode, or to set range parameters.

: Hexadecimal Number Mode key

COMP mode:

Used to set the hexadecimal number system mode.
Also used to convert the number displayed into a hex-
adecimal number.

. Binary Number Mode Key
COMP mode:

Used to set the binary number system mode. Also used
to convert the number displayed into a binary number.
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2ndrF j | —~DEC

[2ndF] [—OCT ]

|2ndF | IMATRIX]

(xy

DATAﬂ

: Decimal Number Mode Key

COMP mode:

Used to set the decimal number system mode (normal
mode). Also used to convert the number displayed into
a decimal number.

: Octal Number Mode Key

COMP mode:

Used to set the octal number system mode. Also used
to convert the number displayed into an octal number.

: Matrix Operation Mode Key

COMP mode:

Used to set the matrix operation mode. When these
keys are pressed a second time, the calculator is
released from the matrix operation mode.

: Combinations Key

Used to determine the number of possible combina-
tions when selecting a specific number of items (r) from
any number of different items (n).

: Permutations Key

Used to determine the number of possible permutations
when arranging a specific number of items (r) selected
from any number of different items (n).

: Data Correction Key
STAT mode:
Used to correct an error in statistical data entry.

: Two-Variable Data Designation Key

STAT mode:

Used to distinguish between data x and data y in two-
variable statistical calculations.

- Data Entry Key

STAT mode:

Used to enter data in single- or two-variable statistical
calculations.

Statistical Calculation Keys
STAT Mode:

: Used to obtain the number of samples (data) entered
in single- or two-variable statistical calculations.
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[2ndF][ ]
[2ndF ][22

v |

2ndF i @

: Used to obtain the sum of data x entered in single- or
two-variable statistical calculations.

: Used to obtain the sum of the squares of each data x
entered in single- or two-variable statistical calculations.

: Used to obtain the sum of the products of data = and
y in two-variabie statistical calculations.

: Used to obtain the sum of data y entered in two-vari-
able statistical calculations.

: Used to obtain the sum of the squares of each data y
entered in two-variable statistical calculations.

: Used to obtain the mean value of data x entered in
single- or two-variable statistical calculations.

: Used to obtain the standard deviation (Sx) of the sam-
ple of data x entered in single- or two-variable statisti-
cal calculations.

: Used to obtain the standard deviation (ox) of the
population of data x entered in single- or two-variable
statistical calculations.

: Used to obtain the mean value of data y entered in
two-variable statistical calculations.

: Used to obtain the standard deviation (Sy) of the sam-
ple of data y entered in two-variable statistical calcula-
tions.

: Used to obtain the standard deviation (ay) of the
population of data y entered in two-variable statistical
calculations.

: Used to obtain the correlation coefficient r between
two variables (or data) x and y.

: Used to obtain the coefficient a of linear regression
equation y = a + bax.

: Used to obtain the coefficient b of linear regression
equation y = a + ba.
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: Used to obtain the estimated value of x. (In linear

regression equation y = a + bux, the value of x is esti-
mated from that of y.)

: Used to obtain the estimated value of y. (in linear

regression equation y = a + bz, the value of y is esti-
mated from that of x.)

@ Right-hand Keyboard

COMP, STAT, AER-I modes:

Used with [ A | and [ & | keys for contrast adjust-
ment. (See page 3.)

AER-II mode:

Used with letter keys A through Z and numeric keys 0
through 9 to enter uppercase letters and number
reduced in size, respectively. (See page 126.)

: Second Function Key
Functions the same as the one on the left-hand key-
board. ' f

7O0OM : Zoom Key
COMP mode: v
Used to enlarge or reduce a graph on the graphics

screen in either or both of the x- and y-axis directions

at a given scale factor.

[RANGE] : Range Screen Select Key
COMP or STAT mode:

Used to call the x-axis and y-axis range screens by

~o
]

Q.
M

rotation.
SOLVE : Root Solving Execution Key
COMP mode:

Used to solve for one or more points of intersection
(i.e., root) between the graph drawn on the screen and
the x-axis of the screen.

AUTO » Automatic Y-Range Setting Key
COMP or STAT mode:
Used in pairs with the DRAW key to draw a graph
based on the automatically set y-axis range key.
(Pressed immediately after the expression to be
graphed and before the DRAW key in the COMP mode
and before the DRAW key in the STAT mode.)

175



APPENDIX A

GRAPH

LINE

STO

RCL

: Drawing Execution Key
COMP or STAT mode:
Used to execute the drawing of a graph.

: Graphic Command Key

COMP mode:

Used in pairs with the DRAW key to instruct the cal-
culator that the expression entered must be graphed.
(Pressed immediately before the expression to be
graphed.)

: Plot Command Key

COMP mode:

Used in pairs with the DRAW key to display coor-
dinates (points) on the graphics screen.

: Line Drawing Key

COMP mode:

Used to connect two coordinate points on the graphics
screen with a line. (Used in combination with the
DRAW key.)

: Variable Designation/Variable input Command Key
AER-I mode:

Used to designate store memories A through Z or array
variable memories A[ ] through Z[ ] as the variables of
an expression or formula. For example, when you press
[F0=/21 A ][ B J[fQ=/?]. expression f(AB) = is
entered and store memories A and B are designated
as variables.

AER-Il mode:
Used in a program for prompting variable data input
during the program execution. (Example: a = ?)

: Store Key

Used to store a number in each of the 26 store
memories A through Z by pressing this key followed by
one of the A through Z keys. When these keys (for
example, STO A ) are pressed after a number (or a
calculation result), the number is stored in store mem-
ory A by clearing the contents previously stored in the
memory.

. Recall Key
Used to access the contents of the designated store
memory. To access each of the 26 store memories A

176



APPENDIX A

[2ndF]{GBL) |

(2ndF][G(CR) |

[2ndF||G(ND) |

[2ndF ] |G(SD) |
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MAT

through Z, depress one of the A through Z keys
following the RCL key.
(Example: RCL B)

: Histogram Designation Key

STAT mode:

Used to designate a histogram (bar graph) as the type
of graph to be output on the graphics screen.

: Broken-Line Graph Designation Key

STAT mode:

Used to designate a broken-line frequency graph as
the type of graph to be output on the graphics screen.

: Cumulative Frequency Graph Designation Key

STAT mode:

Used to designate a cumulative frequency graph as the
type of graph to be output on the graphics screen.

: Normal Distribution Graph Designation Key

STAT mode: ‘

Used to designate a normal distribution graph as the
type of graph to be output on the graphics screen.

: Scatter Diagram Designation Key

STAT mode:

Used to designate a scattter diagram as the type of
graph to be output on the graphics screen.

: Linear Regression Designation Key

STAT mode:

Used to designate linear regression as the type of
graph to be output on the graphics screen.

. Matrix Designation Key

MATRIX submode:

Used to define the name of a matrix.
(Example: MAT A, MAT B)

: Determinant Designation Key

MATRIX submode:

Used to define the name of a determinant.
(Example: DET MAT A)
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[2ndF | [TRANS]

[Al~[2]

[SHFTI[A ]~

: Transposed Matrix Designation Key

MATRIX submode:

Used to define the name of a transposed matrix.
(Example: TRANS MAT A)

: Memory Designation/ Alphabetic Entry Keys

When one of the A through Z keys is pressed follow-
ing the STO or RCL key, the corresponding store mem-
ory is designated.

AER-I mode:

Used to enter uppercase letters (A to Z).

AER-Il mode:

Used to enter lowercase letters (a to z) as variables.

AER-Il mode:
Used to enter uppercase letters (A to Z).

: Space Key

AER-i or AER-II mode: -

Used to enter spaces ( . ) to separate two or more
expressions or formulas in a program to be stored. If
two keys are separated by a space, the expression
immediately after the space is executed without dis-
playing the result of the expression immediately before
the space.

: Comma Key

AER-t or AER-Il mode: Used to enter commas to sepa-
rate two or more expressions or formulas in a program
to be stored. If two expressions are separated by a
comma, the result of the expression immediately before
the comma will be displayed before proceeding to the
following one.

MATRIX mode:

Used to enter a comma to define the size of a two-
dimensional array variable.

COMP or STAT mode:

Used to enter a comma to separate x- and y-coordinate
values or range parameters.

: Dimension Definition Key

MATRIX submode:

Used to define the dimension of an array for matrix ele-
ments.
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lendF][ ]

|2ndF][SYMBOL |

|2ndF ] [MASK]

|2ndF ] [PROTECT]

. Bracket Keys

MATRIX submode:

Used to define the size of a one- or two-dimensional
array.

Example: A[3], A[3,3]

. Symbol Menu Screen Access Key

AER-II mode:

Used to call the special character menu screen for
selection of special characters and symbols.

: Masking Key

STAT mode:

Used to exclude certain statistical data stored in mem-
ory from being used in a statistical calculation.

: Subroutine Key
AER-I or AER-Il mode:
Used for writing a subroutine.

. Key Click Mode Designation Key

Used to set the key click mode for both the right- and
left-hand keyboard. When the calculator is set in this
mode, symbol “ » " appears at the bottom part of the
display. Pressing these keys a second time resets the
key click mode.

: Write Protect Key

MATRIX submode:

Used to protect data stored in an array variable mem-
ory from being erased by input of another data.

Compare Keys

AER-I or AER-II mode:

. Used to determine if the magnitude of the left side of
an expression is greater than that of its right side.

: Used to determine if the magnitude of the left side of
an expression is equal to or greater than that of its right
side.

: Used to determine if the left side of an expression is
not equal to its right side.
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2ndF] [ » ]

[2ndF ] [mY®[]]

[2ndF | [OPTION

: End Command Key

AER-I or AER-II mode:

Used to terminate program execution. (These keys are
used as the End command of an algebraic expression.)

Conditional Jump Destination keys

AER-| or AER-Il mode:

- Used to specify the destination of a jump required if
the result of conditional expression judgment is “Yes".

- Used to specify the destination of a jump required if
the result of conditional expression judgment is “No”.

Looping Keys

AER-I or AER-Il mode:

. Used to specify the destination of a jump caused by
the “ L+ ” command.

- Used to cause program execution to jump to the point
where the “ *7 " command is located.

: Fraction Key
Used to determine and display the fraction part of a
number.

. Integer Key
Used to determine and display the integer part of a
number. -

: Absolute Value Key
Used to determine and display the absolute value of a
number.

: Option Menu Screen Access Key

Used to call the option menu screen for selection of the
printer, cassette, or interface cable-related optional
function.
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e Entries, and four basic arithmetic operation, 1st, 2nd operands, and calcula-

tion results:

+1 X 107% to £9.999999999 x 10* and O

NOTE: When the absolute value of a numeric entry or the result of a calcula-

tion is less than 1x107%, this calculator regards the value as 0 (zero)
for calculation or display.

e Scientific and special functions:

Functions Dynamic range
SINx DEG: x| < 1x10"
) T 10
COSx RAD: | x| < 180 X10
TANX GRAD : | x| <%x10‘°
With TAN x, however, an error occurs in the following cases:

DEG: | x| =30@2n—1)

RAD: | x| =—72r~(2r1— 1)

GRAD: | x| =100(2n—1)  (n=integer)
SIN ' 'x —1=x=1
Cos 'x
TAN 'x | x| <1 %10
LNx 1 x10¥=x< 1 x10'%
LOGx
er — 1 x10"%< < 230.2585093
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107 — 1 x10"%0< x< 100
Y* e y>0
— 1 x10"<x LOG y <100
® =0
0 <x< 1x10'0
o <0
where X: integer or 1/ odd number(x #0)
— 1 x10'%<x LOG | y!| <100
J{f@ e y>0
—1x10°<L 106 y<100 G=#0)
e =0
0 <x<1x10'%
® <0 ,
where X: odd number or 1/X: integer (x+#0)
—1x10™<L Lo | y! <100
SINHx —230.2585093< 1< 230.2585093
COSHx
TANHx
SINH ' | x| <1 x10%
COSH'x 1s2< 1 %109
TANH ' | x| <1
Vx | x| <1 x10'
Vr 0=x<1x10'%
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x? | 2] <1 X109
X! | 21 <1x10' (=#0)
nl 0 =n=69 (n:integer)
2Cy 0<ysx=69 (zy integer)
Py
Conver- Converted result:
sSions
DEC: | x | = 9999999999
BIN:. 1000000000000000= x = 1111111111111
—DEC 16 digits
—BIN 0= = MMM
~OCT
—HEX OCT: 4000000000 = x = 77977777777
L 0= x = 3777777777
HEX:- FDABF41C01 = x = FFFFFFFFFE
. 0= x = 2540BESFF
Binary/octal BIN:. 1000000000000000 = x = 1111111111111
hexadecimal
rumoer 0= = 0OMIININITN
calculations OCT- 4000000000 < x = 7779777777
. 0s x = 3TN
NOT HEX: FDABF41C01 = x = FFFFFEFFEF
. 0= x = 2540BE3FE
NEG BIN:. 1000000000000001 = x = 1111111111111

0= = 01MINMnmInmm
OCT:. 4000000001 = x = 7779777777
0= x = 397777777
HEX: FDABF41C01 = x = FFFFFFFFFF
- 0= x = 2540BE3FF
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The ranges for entries and calculation results in each

Other binary/
Soalhexar mode are the same as the above conversions
ber calculations
~POL | x| < 1x10%° Lyl <1 x10%
L+ <1 X101
Y 100
I p | <1 %10
—~REC 0=r< 1 x10'0
Same range as tigonometric functions apply to the angle
—D.MS | x| <1x10'
—DEG
DATA | x| <1x10%
CD Lyl <1 x10%
| x| <1x10®
21.2 < 1 X10100
| Sy| <1 x10'
32 < 1 x 1010
| Sxy | <1 x 10'%0
In| <1 x 10'%0
x N+ (
Sx n=+0, 1
| =x | <1 x 10%¢
2
il (E? 100
0= P <1 X10
ox n¥+ 0
| Sx| < 1x10%
EIQ___ (21’)2
0= 0 < x1p00
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<

Sy
oy

Same as 1., SX, oX

n* 0
| Sx| <1 x10%
| Sy | <1 x10%

_(Exn?
n

0< (=x? ) (Sy?——5—)< 1 X100

|zw—3%§£;<1xmm

Sx2y
n

2 2
lv4212_<2§ ) (zy?- ¥

2 xy—

n=+(
| Sx| <1 x10%
| (22 (Sy) | <1 x10'0

2
o<qu——%§Lt<1xmm

| EW—MI < 1 x10'00

n
p
sy ZEZY
n
. <1 X10100
212_ (2[{'0
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a Same as b, except the following:

bz | <1 x10'®

|g—bx | < 1 x10™™

Yy | b | < 1%10'%
| a+bx | < 1 x10'

x | y—a | <1 x10'®

| L5 1< X0

NOTE: In the above calculation range, the calculation results or intermediate
results are treated or displayed as O (zero) when their absolute values
are less than 1x107%,

e As a rule, the error of functional calculations is less than +1 at the lowest
digit of a displayed numerical value (at the lowest digit of mantissa in the case
of scientific notation system) within the above calculation range. In the calcula-
tion of SINHz and TANHz, z is a singular point when it is 0 (zero). Near this
point the error is accumulated, reducing the accuracy.
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How To Check Remaining Bytes

To confirm the number of bytes remaining in memory, press the 2ndF and
M.CK keys irrespective of the Mode Selector switch position. Keep pressing
the M.CK key following 2ndF, and the display will show the number of bytes
left in the memory (for example, 4691 bytes) as follows.

[2ndF] [M.CK]

PROGRAM 1 345| <« No. of bytes used for program steps
DIMENSION : 84| « No. of bytes used for array variable memories

4691 BYTES LLEFT | « Total remaining capacity in bytes

When you store a number of programs (algebraic expressions) in memory,
write a program into memory while confirming the remaining bytes from time to
time through this operation. Bytes are the number of bits that a computer or
programmable calculator processes as a unit. With the calculator, one byte
corresponds to one program step.

How To Count Number of Program Steps

A program titled “PYTHAGORAS" and stored in memory in the programming
example on page 128 is used here as an example of counting the number of
steps.

1 4 3 4 5 6 7 8 9 10 1 12 13

Lo L Lt by il ltAalle Lo J[RILATLS |
14-+--+--- 160+ Number of steps

Because a title is stored in memory as shown in the above example, a memory
space of 14 steps is required in this case. The total number of steps for a titie
consists of the number of title characters plus 4 steps.
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e Main routine and subroutine
1 2 3 4 4] b 7 8 9 10 1
(v ffo=2l A B lf0=2 L v JL AL+ )18 ]
1213 14----- 160+ Number of steps

(<110 _J[ENT]

The total number of steps for entry of a main routine or subroutine consists ot
the number of steps entered plus 2 steps.

NOTE: 1. ENT and 2ndF SUB: keys are not included in the 160 steps permit-
ted for a program entry, but these key entries require one byte of
memory.

2. If variable characters are used for an algebraic expression in the
AER-II mode, the calculator counts the total number of steps by
adding the number of characters used as variables and 11 steps
per variable to the number of steps entered. :

3. If message “ERROR 4" appears in the display while writing an
algebraic expression in memory, press the CL key to clear the error
condition. Press the 2ndF and M.CK keys to check the remaining
bytes and then either delete the excessive portion of the program
contents previously stored in memory or enter the contents of the
expression being programmed so as not to exeed the remaining
bytes. (See APPENDIX D for error messages.)
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Error Conditions

if you attempt to execute an operation exceeding the calculation range of the
calculator or any iliegal operation, the unit will detect such operation as an
error condition and indicate the pertinent error code or message, prohibiting
you from subsequent operations. To clear the error condition, press the CL key
(or the PB key).

If an error occurs, press the PB key and the location of the error will be indi-
cated by a blinking cursor. (See Playback Function in Chapter 2.)

Error Messages

Code Description of Error
ERROR 1 — Syntax error (e.g., 3 X + 2 =, GRAPH GRAPH DRAW, AUTO
ZOOM.)

ERROR 2 — Calculation error:

® Result of an operation or the value of a pending operation
exceeds the calculation range of the calculator. (See APPENDIX
B for the calculation range.)

o Division by zero was attempted.

® Numeric entry exceeds the input range of the function in a scien-
tific calculation.

® An lllegal operation was attempted (e.g., V-1 ) or a scientific
calculation was attempted in the BIN, OCT, or HEX mode.

® An illegal range setting was attempted to draw a graph.

ERROR 3 — Nesting error:
® Data or function exceeds the capacity of 8-stage data buffers or
16-stage function buffers.
e More than 15 loops are used in the looping feature.
e Attempt was made to jump from one subroutine to another.
e Attempt was made to display the calculation result of an expres-
sion more than 1,000 times.

ERROR 4 — Memory error/overflow:
® Program (or expression) exceeds the memory capacity.
® An error related to memory exists.

ERROR 5 — Dimension error:
e Attempt was made to define more than two dimensions for an
array.
® Attempt was made to access a write-protected array.

ERROR 6 - I/O error:
® An error related to an input/output device exists.
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¢ if an error is found in a program (or expression) stored in the AER-I or AER-I|
mode and executed with the COMP key in the COMP mode, main ("M:") or
subroutine (e.g., * ") indicator where the error has occurred will appear
in the display, followed by the pertinent error code.

Example:

MIERROR 1

The above display indicates that an error exists in the main routine.

To review the erroneous program line, press the PB key. The program line with
a blinking cursor showing the location of the error will appear in the display
when you keep pressing the PB key.

190



Priority Levels

This calculator is provided with a function that judges the priority levels of
individual calculations. Normally, the unit permits you to perform the key opera-
tion of a given algebraic formula as written. The following shows the priority
levels of individual calculations.

(1) (=)

(2) =, recall of memory contents, recall of answer memory, random number
generating function

(3) Single-term function preceded by a number
(Example: 2%, ™', n!, ->DEG, —»D.MS)

(4) Two-term function preceded and followed by a number
(Example: nCr, nPr, Y*, *V | -POL, -REC)

(5) Multiplication where “ x " command located just before 7 or a store mem-
ory or before a single-term function followed by a number has been omit-
ted from entry.

(Example: 2m, 4A)

(6) Single-term function followed by a number
(Example: vV, e*, 105, 3V LN, LOG, SIN, COS, TAN, SIN~', COS™',
TAN™', SINH, COSH, TANH, SINH™", COSH™", TANH™", ABS, INT, FRAC,
NEG, NOT)

(7) x, +

8) + -

(9) AND

(10) OR, XOR, XNOR

(11) =M+, M=(2ndF M+), =M, STO A to STO Z, —»BIN, -0OCT, —-HEX,

—DEC, ._ (space), '(comma), DATA*, CD*, (x,y)*, X', y"™*,>, >=, #, Ls ,
“,=Y—=[], —-N—[], ~, etc.

* Applicable in STAT mode only.

191



APPENDIX E

® Parenthesized calculations have precedence to any other calculations.

e Provided that functions shown in item (6) above are successively designated
in an algebraic expression, calculations are performed from the right to the left.

LNV 120—e* {LN(V 120}

e The other functions are calculated from the left to the right.
ATV BY*CYD— {(A*V B)YZC} YD

Order of calculations in a typical example:

EX. 5+2xSIN30+24x5%=

s [+ 12 x ] [sINJ3o[ + Jea[ X |5 {v=] 3[ =]
e
: O] ' ) !
A A S
i ® ; ®
® ®
®

Pending Operations

When the calculator performs calculations according to the established priority
levels or performs a parenthesized calculation before any other calculations,
the unit must suspend or set aside the calculation commands and numbers (or
values) that cannot be processed immediately. For this reason, the calculator
is provided with a memory area for pending operations, consisting of a 16-
stage function buffer and a 8-stage data buffer. In other words, a maximum of
16 calculation commands and a maximum of 8 numbers can be stored in the
memory area. Note that an error condition occurs if this memory capacity is
exceeded by these pending operations.
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Example 1
Calculation with 8 pending numbers

1+2X(3—4+(1+57 (IXBY 3=

SV @ @ & ® T @
m+\§vxSIN%Y’ (V2\I+V3V+LOG§§‘/“43-—_-
@ @ QW ® ® DE®
t 1 |

When the calculator
reaches the next Add “+"
command, it executes 14-
5 and holds the
calculation result of 9 in
the data buffer.

a number

Example 2:

Store memory such as
A or B is regarded as

and is

temporarily held in the
data buffer.

Calculation with 16 calculation commands including parentheses

(24125 4X3Y"((((3+2—4/ LOGY 4A?

NS AN AL AN

P2 ® @ ® &~® @ DB OB®
— 1 f

When the When the cal- “X" command was omitted
caIcuIato“r ) culator reaches  from entry (4x V/ ,
reaches “x" the “=" com- 4xA?) but the calculator
C:”;':‘tzrs‘d' it mand, it assumes the presence of the
ziveision 104 executes addition “X” command when execut-
with the result of 312, With the ing the multiplication.
3 x. result of 5—.
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~ BatteryReplacement

The calculator uses two lithium batteries as its main DC power supply. The
calculator also uses another lithium battery for memory backup.

® When replacing either of the main and backup batteries, be sure to press
the OFF key (on the left-hand keyboard) to turn off the power of the calculator.
® Do not replace the batteries for main DC power and memory backup at the
same time, or the memory contents of the calculator may be iost.

When to Replace Batteries for Main DC Power Supply

If the indicators and numbers in the display (LCD) appear to be dim, press the
SHIFT and [ & | keys for a higher contrast. If they still appear to be dim, it
is the signs of the low battery voltage, meaning that the batteries are nearing
the end of their life. Replace the batteries as quickly as possible. Note that use
of the calculator with the exhausted batteries may result in loss of the memory
contents.

How to Replace Batteries for Main DC Power Supply
(1) Press the OFF key to turn off the power of the calculator.

(2) Remove the two setscrews with a phillips screwdriver from the rear of the
calculator and detach the rear cover.

Phillips screwdriver

Rear cover

Set screws
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(3) Unscrew the battery keep plate with a Phillips screwdriver, detach the

keep plate, and remove the two old batteries from the battery compart-
ments. :

Phillips screwdriver

Battery keep plate
Fig. 2
Memory backup battery

(4) Insert two new batteries (CR2032 lithium batteries) in the battery compart-
ments with attention paid to the polarity as shown in Fig. 3. Before inserting
the two new batteries, wipe them clean with a dry cloth. When replacing
the main DC power supply, do not unload the memory backup battery.

Plus side up

@

(5) Put the battery keep plate back to its original position and secure it with
the setscrew.
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(6) Hook the three claws (or projections) of the rear cover into the correspond-
ing slots at the side of the calculator and secure the rear cover to the unit
with the two setscrews while gently holding down the rear cover.

Rear cover

(7) Slide the Mode Selector Switch to the COMP position and push the Reset
switch again to confirm that “@.” is appearing in the display. If not, unload
the batteries and repeat the battery replacement procedure from the
beginning.

Life of Memory Backup Battery

The memory backup battery will protect the calculator's memory contents for
about 5 years at a room temperature of 20°C. The date (year and month) of
battery loading is indicated on the label attached to the rear of the calculator
at the time of its shipment. Refer to this date for determining the appropriate
time of battery replacement.

8701 01
T _I, -
B
Year Month Control number

NOTE: The service life of the battery is governed by its operating environ-
ments and may be shortened from use at extremely high or low tem-
peratures. In the worst case, this may result in loss of data or destruc-
tion of the memory contents.
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How to Replace Memory Backup Battery i

Before replacing the backup battery, make sure that the batteries for the main
DC power supply have not become exhausted. If exhausted, replace the main
batteries first and then the backup battery, or the memory contents of the cal-
culator may be lost.

(1) Press the OFF key to turn off the power of the calculator.

(2) Remove the two setscrews from the rear of the calculator and detach the
rear cover as shown in Fig. 1.

(3) Unscrew the battery keep plate with a phillips screwdriver and remove it.

Philips screwdriver

Battery keep plate Fig. 5

Setscrew

(4) Remove the old battery and replace it with a new one (CR2032 lithium
battery) with attention paid to the polarity as shown in Fig. 6. Before insert-
ing the new battery, wipe it clean with a dry cioth.

NO

<\
Gs
=

Plus side

Fig. 6

up
NS
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(5) Secure the battery keep plate with the setscrew.
(6) Secure the rear cover to the unit as shown in Fig. 4.

Hints on Use of Batteries

1. When replacing the two main batteries, be sure to replace both batteries at
the same time.

2. Avoid replacing the main batteries with one fresh and one used batteries '
combined.

3. Use the lithium batteries of the same type for replacement.

4. Insert the replacement batteries with attention paid to the polarity as indi-
cated in the battery compartment (i.e., plus side up and minus side up).

S. Replace the memory backup battery every 5 years.

Cautions

® Keep the batteries out of reach of children.

® Dispose of old batteries safely. The batteries may explode if placed in a fire.

® The original batteries were installed upon shipment from the factory, so the
battery life may be somewhat less than the normal 130 hours operating time.

® Remove the batteries when they become exhausted or if they are to be
stored indefinitely. The batteries may leak and cause damage.

Date of Battery Replacement Label (for Memory Backup Battery)

A label is attached to the rear cover to enter the dates of battery replacement.
Be sure to enter each date of replacement with a ball-point pen, pencil, or felt-
tip pen so that it may be used as a guide in determining the appropriate time
of subsequent replacement.
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Model:

Number of internal
calculation digits:
Calculation system:

Memory:

Display type:

Display capacity/mode:

Calculations:

Memory check function:
AER functions:

EL-9000

Mantissa: 12 digits;

Exponent: 2 digits

As per algebraic expression (with priority judging

function)

® 26 memories A-Z (one independent accessible
memory shared with store memory M and 25
store memories)

® 27 variable memories A[ ]to Z[ |,
ANS.(Maximum No. of memory columns: 639)

® Total No. of memory calumns: 665

Dot matrix liquid crystal display

(16 columns x 4 rows for characters, 96x32 dots

for graphics)

Mantissa: 10 digits; Exponents: 2 digits

Automatic changeover between the floating

decimal point display system and any of the

following display systems:

Fixed decimal point system (FIX)

Scientific notation (SCI)

Engineering notation (ENG)

Four basic arithmetic operations, trigonometric

and inverse trigonometric functions, hyperbolic

and inverse hyperbolic functions, conversion of

angles, reciprocals, square root and cubic root,

square and power, logarithmic and exponential

functions, Xth root of Y (¥3), factorial,

permutations, combinations, conversions of

coordinates, memory calculations, matrix

operations, statistical calculations, binary/octal/

hexadecimal number calculations, logical

operations, absolute value, integer/fraction part

delete, modify, answer memory, random number

generation etc.

Remaining capacity is displayed in bytes

Variable designation, expression separation, end

of command, conditional judgment, looping,

subroutine, program title search, etc.
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Graphic functions: Drawing graphs of intrinsic functions and n-th
degree equations and statistical graphs
(histogram, broken-tine, cumulative frequency
graph, normal distribution graph, scatter diagram,
linear regression)
Tracing, plotting, line drawing, enlarging/
reducing, scrolling, and root solving functions

General calculation capacity: 160 steps

Algebraic expression reserve

capacity: 5120 steps
Editing functions: Cursor control, insertion, deletion, and playback
Components: L3I, etc.
Power supply: 6V =(DC) main: Lithium battery (CR2032)x2
3V=(DC) backup: Lithium battery (CR2032)x 1
Power consumption: 0.015W
Operating time: Approx. 130 hours continuous (at 20°C (68°F) ‘
with 55655555555555555 displayed in 2 rows) ;
Memory backup: Approx. 5 years :
Operating temperature: 0° to 40°C (32°to 104°F)
Dimensions: 82 (W)x138 (D)x14 (H) mm (with the cover
closed)
170 (W)x138 (D)x11.5 (H) mm (with the cover
open)

3=7/32" (W)x5-7/16" (D)x9/16" (H) (with the
cover closed)
6-11/16" (W)x5~7/16" (D)x15/32" (H) (with the
cover open)
Weight: 150 g (0.33 Ib) (including batteries)
Accessories: 3 built-in lithium batteries and Operation Manual
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Scientific Functions

Trigonometric, Inverse

. . sin, cos, tan, sin~', cos™', tan™' 6
trigonometric
i ik 1 -1
Hyperbolic, Inverse hyperbolic ZS}:‘ ,COSh’ tanh, sinh™", cosh™", 6
Exponential, Logarithmic e’, 107, In, log 4
Power, Power root ¥y 'y 2
Square, Square root, Cubic root, LAV V" 4
Reciprocal
Angle mode designation DEG, RAD, GRAD
Angular unit conversion —D.MS, -DEG 2
Coordinate Conversion —POL, -REC 2
Statistical functions _
Single-variable n, 2z, 312 x, or, sx 6
Two-variable 2y, 2%, Zry. y, oy, Sy 6
Linear regression r,ab 3
Prediction z',y 2
Others DATA entry (DATA), correction 5
(CD), MASK, PROTECT, DT.STO
Factorial, Permutations
1 ’ '
Combinations i nPr, nCr 3
Absolute Value, Integer, Fraction ABS, INT, FRAC 3
DEC«—BIN, DEC«——OCT,
Number system conversion DEC——HEX, BIN—OCT, 12
BINe—HEX, OCTe—HEX
Binary, octal, decimal, Binary, octal, decimal,
hexadecimal number operations, hexadecimal number operations, 4
Complement (NEG)
Logical Operations NOT, AND, OR, XOR, XNOR 5
Four basic operations,
Matrix operations determinant value, inverse 13
P matrix, transposition, squaring of
matrix, sign change
Display mode FIX, SCI, ENG, TAB 4
Modify (Rounding) MDF 1
Data (pi, exponent) entry m, Exp 2
Parentheses (open/close), () 3
Pending operations '
Random number generation RND 1
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Graphics functions

Graphics commands GRAPH, AUTO 2

Plot, Line drawing PLOT, LINE 2

T_race, coordinate value 4> XeoY 3

display

- Histogram, broken-line

Statistical graphs graph etc. 6

Enlargemgnt and reduction of ZOOM (enlargement, reduction) 2

graphic display

X- /y-axis range setting RANGE 1

Graph drawing execution DRAW 1

Root solving SOLVE 1
Screen selection T™™GrD 1
Array definition DIM 1
Total: 122

Calculation Functions
. CL,CA. <, >, INS, DEL, PB, A,

Clear, Edit V. G.CL 10
Four basic operations +, -, X, + 4
Independently accessible RM, M+, =M, 2ndF M+ (M-) 4
memory
Store memories ABC .LN~Z 25
Last answer recall ANS 1
Negative number entry (-) 1
Total: 45
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Programming Functions

. . . f( )=, =7, flexible variable

Variable designation (AER- 1l mode) 3
Calculation result display,

Formula separation Comma, Space, m 3
Conditional expression judgment >, >=, #* 3
Branching ~Y—[ ], N—[ ] 2
Looping L, “ 1

, Up to 99 expressions (program
Addressing titles) can be programmed. 1
. , PRO (TITLE), 2ndF PRO (TITLE),
:;Z?éim title search, Data title DATA (TITLE), 2ndF DATA 4
(TITLE)
Subroutine SUB: 1
Program execution COMP 1
. COPY DISP (4 sizes), PRINT,

Input/output from/to peripherals SAVE, SAVE ALL. LOAD 8
Total: 27

194 functions

122 scientific
45 calculator
27 programming
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