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The Monroe 326 Scientist

The Monroe 326 Scientist (Figure 1) is an incredibly powerful yet compact

computer. You can hold it in your hand, vet it will assist you 10 simplify and solve

1 wide range of scientific, mathematicat and engineering problems.

The 326 Scientist is easy to Us€. Computations can be performed directly on the

keyboard using clearly marked keys and switches. 1t handles and computes numbers

to an accuracy of 13 significant digits plus a sign an
ur 326 Scientist may be operated either with

d exponent. Results are shown

in a t6-digit luminous display. Yo

rechargeable batteries or a standard AC power supply, whichever is more convenient

for you.
You may perform the following types of keyboard computations:
e Arithmetic (including Add, Subtract, Divide, Multiply and Raise to a Pawer).

s Programmed Functions (including reciprocal, square root, factorial, trigonom-

etric functions and their inverses, logarithmic functions and their inverses,

conversion between rectangular and polar coordinates, statistical functions

and summation, and many others}.

» Metric/English and English/Metric Conversions (including conversions for units

of distance, mass, weight, volume, area, temperature, density, pressure, veloc-

ity, acceleration and others).
A wide variety of computational results can be achieved by pressing one key or

a simple sequence of keys.

Computed data may be stored in any of 12 available data registers and recalled

at the touch of a key.

The 326 Scientist is very easy {0 US€ and problems are sotved from the keyboard
much as you would organize and solve the problem yourself. You may compute
expressions using up to four levels of parentheses and many features are provided

that enable vou to simplify otherwise long and complicated computations. The
keyboard capabilities of the 326 Scientist are described completely in Section 2,
Basic Operations, and Section 3, Functions, of this manual,

The true power of the 326 Scientist lies in the ease of use of its exte nsive program-

ming capabilities. You don’t have to learn a complicated computer language; yoL

weite a program simply by pressing the keys corresponding to the operations you
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desire. You can specify a program or exact sequence of operations for the 326

i,

Scientist to store in its memory. It can then perform this program automatically at
your command. Computations can be easily repeated with different sets of data and

choices of different computational procedures can be made automatically, depend-

A --_"":':-LMH'\:‘ SR e

ing on the value of calculated results. The full programming capabilities and fea-
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tures are described in Section 4 of this manual, Programming.
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Programming capability is extended greatly by the use of the Monroe 392

| : Tape Cassette Drive in conjunction with the 326 Scientist (see Figure2). Prepared
l programs, from Monroe’s extensive Program Library that covers many scientific,
' mathernatical and engineering applications, may be entered into the computer
| I:EI5 from magnetic tape cassettes. In add ition, the programs you can create from the key-
' board may be written onto a magnetic tape cassette for later entry into the com-

: puter’s memory. Since the Tape Cassette Drive's reading and writing operations may

Bk i o i AR A,

be controlled automatically by a program, you may use one program to cause

=t mmme oo ID

another to be read into the computer’s memory. In this way the effective size of the

computer’s memory can be increased to tens of thousands of instructions.

Computed results can also be written from data storage registers onto a magnetic

tape cassette, or read from a tape into the computer's data registers. The full flexi-

bility and extent of programming with the Tape Cassette Drive is described in Section

5 of this manual, Using the 392 Tape Cassette Drive.

M i sy,

| | o Figure 2

8 I BN .



How to Use This Manual

This manual is intended to help you learn to use the full keyboard, programming
and magnetic tape capabilities of the 326 Scientist. Sections 2-5 of this manual
present the basic principles of operation and how to use the 326 Scientist and 392
Tape Cassette Drive. A series of Appendixes provide further technical information
on such matters as the accuracy of computed results, battery recharging, error con-
ditions, and a summary of keys and switches describing their use and pointing to
the appropriate page in the text for further information. A complete index, alpha-
betical by subject, will enable you to use this manual easily as a reference work,
after you have become familiar with the 326 and 392.

Some hints on how to study this manual effectively may assist you in becoming
expert in the use of the 326 more rapidly.

Do not pass by any undefined terms. Educational research has shown that fuli
comprehension of the bhasic terminology of a subject is vital to understanding the
subject. Thus, while you are reading this book, if your attention drifts or you become
aware that you have not understood the material you have just read, it is virtuatly
certain that you have passed one or more words or symbols for which you had no
definition or an inadequate definition. You can locate the misunderstood word or
symbol in this fashion. Go back to the point in the text where you understood the
material and “‘felt good’’ about it. Then read forward from there, Shortly after that
point you will find the misunderstood word or symbol. Get it defined, either by
reference to the index of this book to find where the term is defined or by fooking
in a good dictionary. Try this technigue.lt works and saves a considerable amount
of time in assimilating information.

Secondly, make constant use of your 326 Scientist as you read the manual for
the first time. Work the examples and sample problems provided in the manual,
and if you wish, generate additional examples from your particular type of applica-
tion.

Become comfortable with each featuré"' and technique described before moving
on the next topic. Study the features of the computer from a personal viewpoint.
Ask yourself when reading about a topic ““How can | apply this feature to solving
the probtems of particufar interest to me?”’

And now you are ready to learn the basic techniques for using the 326 Scientist.

May you enjoy learning how to operate and get the most out of your 326 Scientist,

Section 2 Basic Operations
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Getting Started

Turn the Scientist on using the ON/OFF switch located on the back of the com-

puter. The display will have the following appearance:

[ 0.0000 )

The Model 326 displays four decimal places when itis first turned on. Other deci-
mal settings can be specified using the key. (is described later in this

section.)

Entering Numbers

When a number is entered from the keyboard, itis placed in a register called the

Entry register (E-register} and also shown in the display.

The Entry register always contains 13 digits. The display will show up to 12 digits.

The area indicated in Figure 3 includes all the keys that are used to enter num-

bers in the 326 Scientist.
Enter numbers by simply pressing the digit keys 0-9 in the appropriate sequence

one at a time. If a second key is pressed before the first key is released, both entries

will be accepted in proper sequence if the first key is released before the second.

The decimal pui.nt [I] may be pressed when needed. The entered number goes

directly into the E-regiéter and appeatrs in the display.

Example:

To enter the number 17.026

Do This See This

1)) Jo)=)e]) (L [1.026 |

For large numbers, the 326 Scientist punctuates the displayed value with commas

in the appropriate places.

Example:

To enter the number 12,345,678

Do This See This

(1)(2])(3])(a])(5]B8)

(7] 8] [~ 123456 78.0000 )

If a decimal point is not entered, it is assumed to follow the last digit entered.

9
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Clear

This key fills the Entry register and display with zeros. Use if you have made
an incorrect entry and wish to re-enter the number correctly.

Also, if you obtain an error indication in the display,

[ E----- )

press to display the number that was in the Entry register prior to the error.

Errors are the result of illegal operations which are listed in Appendix E. The
key will be discussed further in the section on Arithmetic Operations.

Change Sign

The key is used to change the sign of a number in the Entry register. To enter
a negative number, you may press at any time while entering the digits of the
number. Repeated use of during the entry of a number will cause the number
to alternate between positive and negative. In the following examples, the

key is pressed at different points during numeral entry,

Do This See This

= EE)

e —

CLEAR

-1.412

-0.835 |

-123.0000 \

10

Setting the Decimal Point

followed by one of the digit keys {| 0 || 9 |) establishes how many digits
to the right of the decimal point are normally displayed. For example @ will

cause two decimal places to be displayed. The full 13-digit number is retained in the

Entry register and is used in subsequent calculations. Therefore, the decimal point

setting has no effect on the accuracy of calculations. Suppose the number

1.234567890

i in the Entry register. Different decimal point settings will affect the display as

follows:

Do This See This

)5 [ [ 23456 \
522 [ /.23 )
B E) [ | . 234567890 \

The Scientist automatically moves the decimal point if the present decimal setting

will not display any significant digit. For example, if@ has been specified
and the number 0.000002 results from a calculation or is entered from the key-

board, the 326 will temporarily move the decimal point to allow one significant

digit to be displayed.
For numbers between zero and one, you can enter up to 11 leading zeros after

the decimal point and still have room to enter 13 digits.

Example:
Enter 0.000001234567890123 (Five leading zeros and 13 significant digits)

Do This See This
- Jo)(o)loJoJo

B EE 3
(7])(8](ejla])(1 )2
(3] [ 0.oooogi 23456 )

0.
n
(8))

-~
ey

All 13 significant digits are placed in the Entry register and the first six significant

digits are shown in the display.
11
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Exponent

You may enter numbers in scientific notatiﬂn,. that is expressed as a base number
muitiplied by ten raised to an exponent:
axi1p®b
where a is the base number and b is the exponent. For example, the number 243
could be expressed as 2.43 x 10% The base number is 2.43 and the exponent is 2.
The procedure is as follows:
1. Enter the base number, digit by digit {(with if the base number is negative).

You may enter as many digits as you like. The first 13 significant digits will be

retained in the Entry register.

2. Press x|

3. Enter the one or two digit exponent (with if the exponent is negative).
Note that pressing after changes only the sign of the exponent. A
maximum of two digits can be entered for the exponent. If you attempt to enter
more than two, the last two digits entered are retained, which enables you to
correct a mistake in entering the exponent without having to clear the base

number.

if you do not enter a base number before pressing , a base number of one is

assumed.
If you enter a base number and press , but then do not enter an exponent, an
exponent of 0 is assumed.

Example:

Numbers in scientific notation are entered as follows:

Number Do This See This
| 1 (e [ 1.000000000 oo
6.023x 102 (B )[ Jo)la (3]

- [e][2])(3 (_&.023000000 23)
5780 (]3] )(8)(7)(8]

(e (4 [ -3.578000000 04)

ooo03s | 3 ) - (5 )(ee])(SR)(a) (3. 500000000-04)
ooon3s (3 ) §])(er)(@&)(S5) [ 35.00000000-05)

12
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In the last two examples, the number .00035 is entered and displayed in two dif-
ferent ways to emphasize that you may enter numbers in the form most convenient
to you, The 326 Scientist will correctly interpret the value of the number that you
enter.

As an added convenience, the 326 Scientist can accept numbers that you enter

in any format and express them in standard scientific notation. This is described

in the next paragraph,
causes all numbers placed in the entry register to be automatically

transformed to standard scientific notation, that is, having the form
ax 10b

where the base number, a, is a positive or negative number of absolute value greater
than or equal to one and less than ten {1 < |a] < 10), and b is a positive or negative
integer exponent.

The 326 Scientist displays numbers in scientific notation as follows:

n.ennnnRnn pp

where n.nnnnnnnnn are the first 10 significant digits of the 13-digit base number. If
the base number is negative, a minus sign precedes the first digit.

pp is the two digit integer exponent. If the exponent is negative, a minus sign is

displayed immediately preceding the exponent. Thus, you may enter the number

43,870
using the key sequence,

4)3)8)7])a]

and it will be displayed as;

[ 4.387000000 043

which means;

4.387 x 104
Some exampiés of the entry and display of numbers using follow:
Do This See This Comments
peof(5e)(ee] (0000000000 00) i ™ " "
(3)0)0] [ 3.000000000 02\ enterand display 300
[ELElHj[ 4 ][ EXP 1@_] [ H . Dﬂﬂﬂﬂﬂﬂﬂﬂ 533 Enter and display 4000
[“'-E*Fi[scg}[ . [ 5 ] [ -5, gooppoon-1 f} Enter and display —0.5

13
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You ray enter humbers in a form convenient to you and the Display will auto-
matically show the number in scientific notation. For example, if you want to con-
vert a number

220 Megohms {1 Megohm = 10* Ohms)

to its equivalent in Ohms, vou simply enter it as follows:

(2] 2) 0] =] 6] [EE E’ 200000000 08\

The answer is 2.2 x 102 Ohms.

Regardless of decimal point setting the 326 will automatically express all entries
and answers of absolute value greater than or equal to
1 x 10"
or less than
1Tx10-7

in scientific notation.

Summary of Rules for Entering Numbers

» Enter numbers by pressing one digit key at a time,
« Thirteen digits are retained in the Entry register; a maximum of 12 digits is dis-
played. _
» Use [3 to enter the decimal pniﬁt. Only one decimal point may be entered.
e Use to enter numbers in scientific notation:
1. Enter the base number,
2. Press .
3. Enter the power of ten (the exponent) using either one or two digits.
e [Jse to change the sign of a number in the Entry register from positive to
negative or negative to:positive.
1. may be used at any time during numeral entry.
2. When entering numbers in scientific notation, affects the sign of the base
number before has been pressed; affects the sign of the exponent
after has been pressed.

14
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Basic Arithmetic
and the Number/Operator Register

The basic arithmetic operations are as follows:

=

ey Operation
Add
Subtract
Multiply
Divide

Raise a to the power X

SOB0G

L]

These keys and several others related to arithmetic operations are highlighted in

Figure 4.
To use the 326 Scientist most effectively, you should be familiar with how the

326 performs these arithmetic operations for you.

In addition to the Entry register there is another register called the Number/

Operator register (or simply Num/Op register). When you enter a number it is

placed in the Entry register. When an arithmetic operation key {- B-B

m) is pressed, the number in the Entry register is duplicated and placed in the

Num/Op register along with the arithmetic operator.

The number and operator in the Num/Op register changes only when you do one

of the following:

1. Press another arithmetic key ( - a . B or E
2. Press-

The contents of the Entry register changes when you do one of the following:

1. Enter a new number.

2. Press a

3 Press the next arithmetic key in a sequence of operations (sée the section on

Chain Arithmetic).
4. Press a function key (refer to the section on Functions).

5. Press Or .

15
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Reset

places zeros in the Entry register and the display. It also erases the contents

of the Number/Operator register. In effect it removes both entered numbers and

operators.
_ may be used after an error condition occurs.

Differences Between Reset and Clear

removes an error condition, places zeros in the Entry register, and erases
the contents of the Number/Qperator register.
when used after an error condition, removes the error condition and

displays the number that was in the Entry register when the itlegal operation was

attempted. Pressing again places zeros (n the Entry register and display.
When there is no error condition, simply places zeros in the Entry register.

Equal Sign B

B is used to complete a sequence of arithmetic operations. The answer is
placed in the Entry register and the Display. B does not affect the contents of the

Number/Operator register.

17
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Basic Arithmetic Procedure

The procedure for doing simple calculations is straightforward and conforms to
the way vou would normally calculate numbers.

The steps are:

1. Enter the first number,

2. Enter the arithmetic operation,

3. Enter the second number,

4. Press = to obtain the answer.

Instead of step 4, another arithmetic operation may be entered, followed by
another number and then a; you may build an extensive sequence of arithmetic
operations, terminated finally by = This will be discussed in the section on Chain

Arithmetic,

Addition

The procedure for adding two numbers:

1. Enter the first number, .

2. Press _

3. Enter the second number.
4, Press E (to obtain the sum).
Example:
To find 2 + 3 1
Do This See This

B + [ER - [ 5. 0000 )

Let’s look at what is happening in the Entry and Number/Operator registers dur-

ing this addition.

Entry Register Num/Op Register
Calculation Do This Contents Contents

@ 2 Blank

Comments
The Num{Op is blank

when the 326 is first
turned on,

The number 2 is dupli-
cated in the Num/Op
register with the +

operator.

18
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Entry Register Num/Op Register
Calculation Do This Contents Contents

(3] > 24
TERN - 2t

Comiments

Num/Op doesn’t change.

24 in the Num/Op

register is combined
with the 3 in the Entry
register to give 5
which is placed in the
Entry register. Num/Op

doesn’t change.

Subtraction
The procedure for subtracting two numbers:
1. Enter the number from which a subtraction is to be made (minuend).
2. Press = : |
3. Enter the number to be subtracted (subtrahend).

4. Press a (to obtain the difference).

Example:
To find 10 — 3
Do This See This
SRED - [ED - 1.0000 )
Multiplication

The procedure for multiplying two numbers:
1. Enter the number to be multiplied {(multiplicand).
2. Press .
3. Enter the multiplier.
4. Press B (to obtain the product).
Example:
To find 7 X 6.3 |
Do This See This

M -  DBE -

19
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Division |
The procedure for dividing one number by another:
1. Enter the number to be divided (dividend),
2. press ([
3. Enter the number by which the first number is to be divided (divisor).
4, Press B (to obtain the quotient).
Examples:
To calculate 6.6 x 10>+ 4 1
Do This See This

(6 - (8=
El - ) - [

To calculate =3 = 2

Do This See This

EE - [l - [

(650000000 )

-/.5000 )

Chain Arithmetic

Chain arithmetic means a sequence of arithmetic operations, which is terminated
by an B . Each time a new arithmetic operator is entered, the intermediate answer
is placed in the Entry register and displayed because of an implied equals in each
arithmetic operator. The new contents of the Entry register are also duplicated in the
Number/Operator register and held there with the new operator.

The following example shows what happens in the Entry register and the Number/
Operator register during a chain arithmetic sequence. The display will show the

contents of the Entry register at each step of the sequence.,

20
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Example:

Calculate 2 x3—-4+5+6

Calculation Do This Entry Register Num/Op Register
2 Blank
2 2%
3 2%
2% 3= = 6 b—
a) ; -
6—4= B _ 2 2+
@ 5 2+
2+ 5= 0.4 0.4+
@ 6 0.4+
0.4 + 6 = = 6.4 0.4+

In the previous example, each time an arithmetic operator is entered, an = is

executed before the arithmetic operation is performed.

Example:
Calculate 3.5 X 1022 -+ 0.0006 + 6.3 x 10%°
Do This See This

(3)(-)(5)(=)2)2) [ 3. 500000000 22\
= [~ 3 500000000 28)
(-Jle)oJo]E] [ ~0.0006 \
[ 5 F33333333 25)

(6) - |(3)=)2)5) [ &£.300000000 25)
= - [ 1.213333333 26\

Notice how numbers in scientific notation may be easily combined with other

numbers in chain arithmetic.

21
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Parentheses [{#) and B

The parentheses keys allow you to specify a particular grouping of operations
when you are performing calculations. You use them exactly as you would when
writing equations. For example, in the calculation |

3+45+4=2
the implied = inherent in the B {as well as other arithmetic operations), causes
the 3 + 5 operation.to be executed. The result, 8, and + are placed in the Num/Op
register, giving the final answer 8 + 4 = 2. The insertion of parentheses as follows,

changes the result.
3+(5+4)=4.25

The parentheses prevent operators outside the parentheses from being executed
by the implied = of operators inside the parentheses. The right parenthesis executes
an implied = on the last operator inside the parentheses. Hence, 5 + 4 is executed,
giving 1.25 in the Entry register. Pressing = causes 3+ to operate on 1.25 for the
answer of 4.25, |

Pressing the keys as follows demonstrates these points,

Do This See This
365
B -

.goog
oono |\
.oogo )

El + 0000
(B - [ 3500 \
B8 [ 4 2500 \

The appendix on ‘‘Parentheses and the Num/Op Register’’ fully describes how

— ||| |E3f U@

operators inside and outside of parentheses affect intermediate and final results.

The 326 Scientist allows you to “nest’’ parentheses, as in the example;

Ax(1+Q2-(3X@+5)))

Up to four levels of parentheses are permitted.

Every time you enter a left parenthesisn, the parenthesis level is increased by
one. Each time you use a right parenthesis n , the parenthesis level decreases by
one. The parenthesis level is shown at the left side of the display.

if you enter a fifth level of parentheses, an error condition will result, with

22
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(- }in the display. Use to remove the error condition and return

the 326 to the state just prior to the entry of the fifth-level parenthests.

A right parenthesis will terminate the arithmetic operations for that parenthesis
level, and the value resulting from the calculations within those parentheses will
be placed in the Entry register and the display.

Example:
Calculate 5 x {(2+3 = 1) + (3/4))
Do This See This

(5 E3 8 ! 5.0000 )
D2 acE) 0000 )
[ -0.3333 \
+ | ¢ [EN - [ (2 4.0000
) [l 0.7500 \
() [ 0.4166 )
B [ 2.0833 |

In this calculation, the displays where the parenthesis level changes are shown.

After each right parenthesis, which forms a closed pair of parentheses, the result of

the arithmetic performed inside those parentheses is displayed.

Summary of Rules for Using Parentheses

s For every left parenthesis, there must be a corresponding right parenthesis.

* If you nest parentheses (use one pair within another pair), don’t use more than
four left parentheses before using a right parenthesis. The current parenthesis
level (1, 2, 3, or 4) is indicated on the left side of the display. Press to remove
the error condition resulting from using a fifth-level parenthesis.

* A right parenthesis operatés as an = for the arithmetic inside the parentheses.

* Don't use inside parentheses. !t destroys the entire sequence of arithmetic

operations, Use to correct an incorrect entry.

A more detailed description of how the 326 works internally when parentheses
are used is given in Appendix G, ‘‘Parentheses and the Number/Operator Register.”
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Raising a Number to a Power, &

m is used to raise the number a to the power X.
This key is extremely powerful and convenient to use because of the following
features.
» The number a may be any value, integer or decimal fraction, positive or nega-
tive.
» The power x may be any value positive or negative, integer or fraction, (with
the exception that, when a is negative, x must be an integer).
« Both a2 and x may be entered or calculated numbers. This allows you to use
parenthetic expressions with m :
The procedure for ﬂ is as follows:
1. Enter or calculate a.
2. Press m
3. Enter x or calculate x within parentheses,
4. Press B (to obtain the answer).

The following facts are true for all values of a and x:

al=a
a’=1
1*=1
0"=0

In addition, an attempt o raise a negative a to a non-integral (fractional) power
will give an error condition. Also, the attempt to raise zero to a negative power will
yield an error condition, since that is equivalent to trying to divide by zero.
Example:

To calculate 41

Do This S5ee This

El o6 - [

To calculate (3 + 4)3

El + (3 - ] 7.0000 )
Kl - [ 3493 0000 \

Notice that you do not need to place parentheses around 3 + 4 in the preceding

E4.0000 \

example because m causes an implied = to be executed. This causes the sum of

3 + 4 to be stored in the Num/QOp register with the operator a*.
24
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The following example shows the use of parentheses with m

Example:
To calculate (3 + (4 = 2n¥x2a
DD Thf:s SE'E Thi'.'j'

El +
e - [E1 ) 18
a* L
3 E32)88
= [

When ﬂ is pressed, it executes an implied= on 3+ and the value inside the

value of parenthelic
c.004aa Jexpression
S 0o \va!ue of a
g 0000 Evan“ue of parenthetic

expression

390625 .0000 \

parentheses (2), placing the answer (5} in the E-register and duplicating, it in the
Num/Op register with the operator a*. Thus, the final = causes the calculation of 5

' the power 8.
raised to the power 58 = 390,625

In the next exampie a number is raised to a non-integral power.
Examples:
To calculate 432

Do This See This

A4 .44AH5 \

The 326 Scientist permits the easy calculation of uncommon roots of numbers
' . . . . . 1/ X .
using the m in conjunction with the reciprocal key @l - You don't have to use

parenthetic expressions for the exponent to calculate high order roots.

Example:
12
To find V10
Do This See This

'0.0000 |\

0.0833 \
j.2115 \

KRN - [

(1)(2) = [

= [

x L] [ -
The @ function key may be used in this way because it doesn't contain an

implied = and affects only the number in the Entry register. Thus, it doesn’t interfere

25



with a calculation in progress. A full description of g and other function keys is
given in the section on Functions.

As a final example of the power of m, we show the combined use of chain
arithmetic and nested-parentheses,
Example:

To calculate (3 + {4 + 5) )6 -7 B9

Do This See This

e - [
(R + JE ) ]
a* [
B -

e < E
EN -
SEBERER [
= [

3.0000 )
9.0004a )

f1.3333 \va.’ue of a

7.0000 )

‘HEEEE kva.’ueofx
| . 2765

Constant Arithmetic

The 326 Scientist allows you to repeatedly use a constant number and operator
without baving to re-enter them for each new calculation. The procedure is as
follows: ’

1. Enter or calculate the constant,

. Press the operator to be used BB or m
. Enter a value of the variable.
. Press a (to obtain the answer).

. Enter a new value of the variable.

o W R W b

. Press B (to obtain the new answer).
This feature results from the use of the Number/Operator register described pre-

viously. The contents of the Number!Operatnf register change only when you enter

a new operator (Bﬂ or m) or when you press .
26 |
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Addition Using a Constant
To Add Do This See This

s+ (5G] ES [ 7.0000 )
5+ 4 (2 B3 [ g.0000 )
5+ 3 3B [ 5.0000 )\

The number 5 and operator + are retained in the Num/Op register.

Subtraction Using a Constant
To Subtract Do This _ See This

w20 (1)(0)(0) IS
2) 0B} [ gO. 0000 )

w-s3 (5] (31 B [ 945900 )
(0] B3 [ (0.0o000 \

., .
—

100 — 90 LQJ

The number 100 and operator — are retained in the Num/Op register.

Multiplication Using a Constant
To Multiply Do This See This

sxe (3 )ER 8] E8 [ /8.0000 )
ixs2 (5« )[2) G [ /5.6000 )
7 7 E3 [ 37 0000 )

The number 3 and operator x are retained in the Num/Op register.

Division Using a Constant Dividend
To Divide Do This See This

w2 (2028 [ /0.0000 )
20 = 4 I]B [ g.oooo )
20 + 30 E1D - 0.6666 )

The number 20 and the operator + are r;-:-tained in the Num/Op register.
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Division Using a Constant Divisor

You may divide by a constant divisor using the V.x (reciprocal) key, since divid-
ing by a number is equivalent to multiplying by the reciprocal of that number. Thus,
in the following examples, you divide a series of numbers by the constant 20 by

taking the reciprocal of 20 and entering that with the operator X in the Num/Op

register.

To Divide Do This

0 (2)(0) e

See This

-
> [l = { 0.1000 )
2-20 (6] 2)IE} [ 3./000 )
w-20 [(4])0)IES [ 2.0000 )

The number 1/20 and the operator X are retained in the Num/Op register.

Raise a Constant to a Power

To Calculate Do This See This

- BEEE [ 50000 )
3 El - L A1.0000 )
30 (6 B3 [ 129. 0000 )

The number 3 and the operator a* are retained in the Num/Op register.

Repeated use of or a

If is pressed repeatedly, an implied = is executed after each , causing
the answer to be placed in the Entry register. The contents of the Entry register are
then placed in the Num/QOp register with the operator +. Thus repeatedly pressing
causes a repeated doubling of the number in the E-register, as shown in the

following example.
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Entry Num/Op
Calculation Do This Register  Register See This
3 Blank / 3.0000 )
; w “3.0000 )
343 = 6 o+ [ §.0000 )
6+6= 12 12+ / 12.0000 )

12412 = = 24 124 [ 24.0000 \

The repeated use of causes an implied = to be executed with each .
The answer is placed in the E-register and duplicated in the Num/Op register with
the operator X. Thus, repeatedly pressing causes a repeated squaring of the

number in the E-register, as shown in the following example.

Entry Num/{Op
Calculation Do This Register  Register See This
2 Blank [ 2.0000
2 2 [ 2.0000 )
2%2= 4 ax [ 4.0000 )\
ax4= 16 16X [ /6. 0000 \
16 % 16 = 256 16X / 256 .0000 \

if you press B repeatedly, you will cause the contents of the Num/Op register

to operate repeatedly on the successive contents of the Entry register. For example,

Do This See This

Fane [ 5.0000 )
= | [ /1.0000 |

B [ 150000 )
= [ 21.0000 )

The 5+ is retained and operates on each successive value in the catiy register.

In many calculations, you can take advantage of these features to save yourself

unnecessary keystrokes and time.

29



e A U L | e i TR

Angles

Entering Angles

The 326 Scientist permits you great flexibility in dealing with angles. You may
enter angles in any of the following modes:

» Degrees (360 degrees per full circle)

« Grads (400 grads per full circle)

» Radians {27 radians per full circle)

Degrees
Set the g switch to DEG (Degrees). You may enter angles in degrees in one of
three ways:
1. Degrees and decimal fraction of a degree (e.g. 30.5 degfees or 30.5°).
2. Degrees and minutes with decimal fraction of a minute (e.g. 54 degrees 7.65
minutes or 54° 7.657).
Note: One degree = 60 minutes
3. Degrees, minutes and seconds with decimal fraction of a second {e.g. 121
degrees 17 minutes 2.3 seconds or 121° 17" 2.3").
Note: One minute = 60 seconds
Entering degrees with minutes and seconds requires the use of the - (Degrees/
Minutes/Seconds) key, The procedures for angle entry are as follows:

For degrees and decimal fraction of a degree

1. Enter the number of degrees with decimal fraction as you would any number.

Example:
To enter 30.5°
Do This See This

(3)oj-J5] [

For degrees and minutes with decimal fraction of a minute.

30.5 00 )

1. Enter the number of degrees.
o= o

2. Press @ .

3. Enter the number of minutes and decimal fraction of a minute.

30
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Do This

Example:

To enter the value 63° 2,75’
See This

(6)(3) & [

53 00 00.0000)

(@) ) 7])s]

[~ E3 02.75 000 \

For degrees, minutes and seconds with decimal fraction of a second.

1. Enter the number of degrees.
0/Lifs

2. Press @B,

3. Enter the number of minutes.
Bfuls

4. Press i

5 Enter the number of seconds including decimal fraction.

Example:

To enter the value 110° 42" 16.3"

Do This See This

1)1 )(0) & [~ 710 00 00.0000)
(4)2) == [~ 110 42 00.0000)
G ERE) [~ 170 42 /6.3 00)

You may enter positive or negative numbers for angles. The key is used to

change the sign of an angle.
ofw
Use of the i key identifies the entry as an angle in the DfM/S format. Whenever

that entry is used in further operations, it is treated as a D/M/S angle. The key

- L - uru'rs "
is inoperative after @ is pressed.

Angles entered in degrees with decimal fraction of a degree are not restricted in

their value any more than ordinary numbers.
Angles in D/M/S format may have a maximum of three digits in the degrees column.
Entries of 1000° or greater, or —1000° or less are automatically converted to an

equivalent angle less than 360° by subtraction of the greatest possible multiple of

360° (or —360° for negative angles).

31



i DT A T R L R r

Example:

To enter 1845° in D/M/S format,

Do This See This
L ejlals) [ (84950000
- [ 45 00 00.00003

This entry results because 1800° (5 X 360°) is the greatest multiple of 360° con-
tained in 1845° The remainder after subtraction is 45°,

If the angle to be expressed in D/M/S format is the result of a calculation, values
greater than 360° or less than —360° will be expressed as an equivalent angle in the
range of 0 to 360°
Example:

If the value 378° 40" is the result of a calculation, the 326 Scientist will reduce it
to the equivalent angle 18° 40’. These two angles are shown in the accompanying

figure. The angles shown are measured counterclockwise from the X-axis.

Y

8- 37840’
ol
\\h_#// 3 x
! Figure 5
Grads

Set the ﬁ switch to GRAD. There are 400 grads to a full circle and 100 grads
to a quadrant {90° = 100 grads). Enter angies in grads as you would any number

including decimal fraction.

32
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Example:
To enter the value 150 grads

Do This

= [
(1)(8)0) [

Radians - N

The GRAD/DEG switch may be set to g or %
. Enter angles in radians as you would enter any

See This

00000 )
/50,0000 \

_There are 27 radians in a

full circle (27 radians = 3609

number including decimal fraction.

Angles entered in radians may be converted to grads or degrees, using the func-

tion key sequences described in the section on Functions.

Arithmetic with Angles
Arithmetic operations can be done with angles expressed in degrees and decimal
fractions, D/M/S format, grads or radians. Ang!es may be entered at any time during

arithmetic operations. Arithmetic with angles is governed by the following rules.

Operation Result
Angle + Angle Angle
Angle — Angle Angle
Number x Angle Angle

Number

Angle + Angle

Angle + Number Angle

When the 326 Scientist pecforms arithmetic with angles in D/M/S format, it will

automatically express the answers in standard form: with degrees in the range of

0-360°, and minutes and seconds both in the range of 0-60. For example, an

answer like
372° 120' 63"

Would be converted to the equivalent answer in simpler form

14{} 1 f 3"
since '
372° = 360° + 12°
120' — 20 + 0.! + ul‘r
63!‘!‘ —_ 1f + 3!‘!

360° + 14°+ 1" + 3"
33



The following example shows addition of two angles in DIM/S format with reduc-
tion of the answer to iis simplest D/M/S form. |
Example: k

To calculate 45° 40’ 30" + 46’ 50 32 57
Do This | See This y 1

(4])(5) @ (a)(0]
& (3)(0) (45 490 30.0005) §
|

[4)(6) & (5)(0) -
“f”-fﬁ @ @{ - J[ 5j { HE 50 372 5 7 U}
=2 (82 3 02.5000) |
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Converting Angies | -

The 326 Scientist permits YOu to convert angles from degrees with decimal frac-
tions to degrees, minutes and seconds, and vice versa. You may also convert be-
tween degrees and radians, and between grads and radians. These conversions are
acéomp!ished easily by the use of function keys and are fully described in the section

on “Functions’” ' ' L 2

Data Storage Registers

The 326 Scientist provides 12 data storage registers which can be used to hold

numbers for later review or use in calculations. Each of these 12 data storage regjs-

ters is identified and addressed by one of the numeral or symbol keys: [ 0 ]-[ 91

(2] or (3).

There are several basic ways in which you can use these data storage registers,

as follows: |
1. You can store a number in a data storage register (designated @[ g | I . | £ |
or ]. By store, we mean to duplicate the contents of the Entry register in the Figure 6

specified data storage register. The contents of the E-register are not changed
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by- the act of storing data into a data storage register. However the previous
contents of the data storage register are replaced by the number that is being

stored.

The and keys have no effect on the data storage registers. The num-

bers stored in data storage registers are protected for your future use.
You méy store numbers during the course of an arithmetic calculation and
the calculation will not be affected.

2. You can recall-a number from a specifiéd data storage register into the Entry
register. By recall, we mean to duplicate the contents of the specified data
storage register in the E-register. The Recall operation does not change the
ﬁﬂntents of the data storage register. The previous contents of the E-—register
are replaced by the recalled number. You may recall numbers during.the course
of an arithmetic calculation without affecting the calculation any more than
a number entered from the keyboard would,

3. You can exchange the number in the E-register with the number in a specified
data register. By exchange, we mean that the contents of the E-register become
the new contents of the specified data register, and the previous contents of

the specified data register are placed in the E-register,

Store

The procedure for storing a number from the Entry register into a specified data

- storage register is as follows:

1. Enter the number to be stored if it is not already present in the Entry register as

the result of a calculation.

2. press (.
3. Press one of the ten numeral keys @-@, [I]-'-Dr .

If a number is already in the specified data storage register, it is automatically re-

placed by the newly stored number.

Example;

‘Do This

To store 1.1234 into data storage register
' See This

[

NMEE)E)

STh @ [
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______

Recall B

The procedure for recalling

a number from a specified data register to the E-

register is as follows:

1. Press a2y .

3. Press one of the ten numeral keys [£]~[_9__], u Ur.

Fxample:
To recall the previously stored contents of register O
Do This See This

1234 )

@(o] [

The recalled number in the Entry register can be used just as if it had been entered

from the keyboard.

Exchange @

This operation exchanges the number in t

he Entry register with the number in a

specified data storage register. The procedure is as follows:
| I i [ | will be fully discussed in the section on
1. Press ’ . {The function key ’ wi y

Functions.)

2. Press m

3. Press one of the ten numeral keys [0 ]-{ 9[- ]or .

Example: | _
Stare the number 5 in register 1. Then enter 8.0 in the E-register and exchange the

contents of register 1 with the Efregister.

Comments

EDUUD \ Enter 5
EBUUU \ Store 5 in register 1

[
[
{ H.DUUUJ Enter 8
7
r

Do This See This

(5
.
(=31

=@

£xchange contents of E-
g.ogog o\ Perre

register and data storage
register 1

g.0000 B Exchange again
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Using the

Example;

Store the numbers 1.2, 3 and 4 into data

Then recall these stored numbers to use in

To calculate 5 + 1.2

Do This

- 5ea

P @
=

To caltulate 3-~1.2
Do This

e [
-

1o calculate 3 x 4
Do This

-
. adz
B

Contents of Registers in a Calculation Sequence

You may use the contents of registers in a calculation sequence.
example demonstrates this capability.

To calculate 4 + 3
The following

D This
32
B 1)

storage registers 0. 1 and 2, respectively.

various calculations,

>ee This To calculate 4°
[ _I.aoom ) Do Thi
[ 3.0000 ) == [N 2™
[ Y. 0000 )
=
See This To calculate 1.2 + 3 + 4
{ 5 | Uﬂﬂﬂ 3 DoTh.'s .
L BELTR G0
[ 5.2000 )
See This :-. B
L J.ooop )y ¢ G322

( [.2000 | E
[ . 8000 )

See This { k |
3.0000\ §

L
L _4.000m )
L

See This

[ 4.0000 )\
[ 3.0000 )
[ [ 3333\
See This

[ 4.0000 \
[ j.0000 )
[ FY.0000 \
See This

[ [ .2000 )
[ [.2000 )
[ 3.0000 |
[ 4.2000 |\
[ 4.0000 )
[ /. 0500 )

Direct Register Arithmetic

' ic di i e
The 326 Scientist allows you to perform arithmetic directly in the data storag

A . . he
isters. You may combine a number in a specified data storage register with t
registers.

| 2 ooog \ number in the Entry register using any of the five arithmetic operatmrslt-
. a and m} The result of the arithmetic operation can be left in the data
P | : i i ' not
| storage register the E-register or both places. This type of register arithmetic does

' i ic with it.
require that you recall a number into the E-register to perform arithmetic w
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There are three basic types 6f direct register arithmetic:
. with Arithmetic Operator
. @ with Arithmetic Oberatur
. with Arithmetic Operator

with Arithmetic Operator

This type of register arithmetic uses the key in conjunction with a specified
arithmetic operator and data storage register. The number in the indicated data

storage register is operated on by the specified operator and the number
E-register. The result is left in the data

in the

storage register and the number in the E-
register is unchanged:

Figure 7

~ This is shown in Figure 7, where the number D

in the data register is affected by

the operator Op and the number E from the E-register. The result R is placed in
the data register,

The procedure is as follows:

1. Press (. |
2. Press an arithmetic operator key { Ba or m ).

3. Press the numeral or symbol key for the data storage register in which the
arithmetic will be performed [{ 0 ]_[hg ] ' [ 'Jor cHe

SI0N )
40

The m arithmetic operations have the following meanings:

Adds the number in the Entry register to the number in the specified

data storage register. Leaves the sum in the data storage register.
= Subtracts the number in the Entry register from the number in the speci-

fied data storage register. Leaves the difference in the data storage

register.

Multiplies the number in the Entry register by the number in the spe-

cified data storage register. Leaves the product in the data storage

register.
= Divides the number in the Entry register into the number in the specified

data storage register. Leaves the quotient in the data storage register.

m Raises the number in the specified data register to the power indi-

cated by the number in the E-register. Leaves the result in the data
storage register.

Example:

The following example demonstrates the use of marithmetic.

Do This See This Comments
@@ [ 2. DDUUW Store 2 in data register.[]
ER - | + [[D)d 3.0000 ) rdese 'f"bﬁ
| T O\ Recall sum from register
B[ 0] ? B UUDU% o
m@ / g 0000 E:;:élr difference from
(3)E@EA0] [ 30000 bt
0] [ [2.0000 )Xol prodvet o
&) -- | - [CIN B 000D ) O, b, e <"
o) | [ = 0000 iegit;grlgumlentfrom
(3)EBERO) | 3. 0000 Fosabt e
| power
ACL . @ { g 000 DW E?':S” answer from regis-
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Bl B : : i 3

[:J with Arithmetic Operator The |’|ﬂ arithmetic operations have the following meanings:

i- | Adds the number in the Entry register to the number in the spe-
| f

This type of register arithmetic is identical to ”. With Arithmetic Operator” cified data storage register. Leaves the sum in the data storage

except that the result is left not only in the specified data register but the E-register register and the Entry register.

as well, Figure 8 shows the operation of [_fi_] with register arithmetic. The @a Subtracts the number in the Entry register from the number in
number D in the indicated data register is affected by the arithmetic operator Op J 4 the specified data storage register. Leaves the difference in the
and the number E from the Entry register. The result R is placed both in the data * data storage register and the Entry register.

storage register and the Entry register. @ Multiplies the number in the Entry register by the number in

the specified data storage register. Leaves the product in the

data storage register and the Entry register.

! - | [ la Divides the number in the Entry register into the number in the
; f

| specified data storage register. Leaves the quotient in the data

storage register and the Entry register.

' |- |m Raises the number in the specified data register to the power
& f |

indicated by the number in the E-register. Leaves the resuit in

R LA N bR B -

: the data storage register and the Entry register.
] 3 Example:
The following calculations show the use of I’l Pl arithmetic,
. b Do This See This Comments

gogn \ Store 2 in data register 0
Add 3 to number in
. UUEE E register O

UEDU Recall number from

register

Subtract 1 from number
oong E in register O

 SEENC )] -~ | + [[SBY
| (eoao)!
®© (
=0/ j
[ /
The procedure is as follows: L_?_JB(U ] [_
1. Press @ | ACL j [ 0000
2. Press an arithmetic operator key {’Bm m)- o . D‘U.ﬂﬂ Feag::t:rt;fﬂ r:}::ergﬁi;rig
3. Press the numeral or symbol key for the data storage register in which the _'_:::- —

arithmetic will be performed. (0 |- 9}, [ « Jnr), RCL, E [ B.00010 J

42 43

aaoa J
anooo \ Multiply 3 by the num-

ber in register O
.00og )

' Divide 6 into the number
DDUU in register 0

Figure 8 _

HClL

ofrul [Fufifag (Fu) S]]

-8 E[l] “& -8
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m with Arithmetic Operator

This type of register arithmetic uses the key in conjunction with a specified
arithmetic operator and data storage register. The number in the E-register is operated
on by the indicated operator and the number in the specified data storage register.
The result is left in the E-register.

This is shown in Figure 9, where the number E from the Entry register is affected

by the operator Op and the number D from the specified data storage register. The
result R is placed in the Entry Register.

E
Etm‘y R_gi;mr

D
Data S orage

R@fﬂzr

E 0pD-R

Figure 9

The procedure is as follows:

1. Press XX

2. Press an arithmetic operator key (.ﬂ.ﬂorﬂ]

- 3. Press the numeral or symbol key for the data storage register that contains the

number that quI Dperate on the contents of the E-register with the specified

operation. (| O E] or .)

The arithmetic operations have the following meanings:

Adds the number in the specified data storage register to the number
in the E-register. Leaves the sum in the E-register.

= Subtracts the number in the specified data storage register from the
number in the E-register. Leaves the difference in the E-register.

. Multiplies the number in the specified data storage register by the

number in the E-register. Leaves the product in the E-register.
B Divides the number in the specified data storage register into the num-

ber in the E-register. Leaves the quotient in the E-register.
m Raises the number in the E-register to the power indicated by the

number in the specified data storage register. Leaves the result in the
E-register.

Example:

Perform the following K&l arithmetic calculations. -

Do This See This

g -
@)
-1+ [

(
[
i
R3] [ 2]
[
(
-

Commaents

Store 3 in register O

3.0000 )
4. pooo
1.0000 )

Enter 4 in E-register

Add the number in regis-
ter O to the number in the
E-register

Multiply the number in
U DDD X register 0 by the number
in the E-register
Subtract the number in
/8.0000 1 register 0 from the num-
ber in the E-register

. e
B
I
e,
HCL
&0
e c

Divide the number in
6.0000 E register O into the num-
ber in the E-register
_ Raise the number in the
ooon \ E-register to the power
indicated by the number
in register 0

clhb.

Throughout the calculation, the results are placed in the E-register while the num-

ber in register 0 remains unchanged.
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Sample Apphcatlon of Register'Arithmetic :‘ Use register 1 10 calculate the sum of the X-components and register 2to calculate
A practical example of the use of register arithmetic is in performing vector addi- & the sum of the Y-components
tion. {Vectors ar iti i : N
| ; e quantities having both magnitude and direction and a vector in 4 .ii_}ii{,- Do This See This Comments
a plane can be described in terms of two rectan ' | —
gular components: the X and Y % X. t of Vector A
components.) ) .5 Lgdm@ [ c.oooj J compenem o r
' ' - y.component of Vector A
Suppose we wish to find the vector sum of three vectors A, B, and C, which lie in x5 [:5 @ f g.oooo } P
] ] r c
the same plane. Figure 10 shows the geometric method of adding these three 5 [51?3;_) F‘]JrﬂJ
vectors to form a resultant vector D. The vector D may also be calculated as follows: [ - 10. 0000 j X-component of Vector &
- 3| :;

1. The X-component of D is the sum of the X-components of A, B and C. 1 h @E(Ej F £.0000 } Y-component of Vector B
2. The Y-component of D is the sum of the Y-c o ‘ l |
-components of A, B and C, | ' 2 ! 1

[ 21 .00od } X-component of Vector C
@[QJ ( 7 0ooo J v-component of Vector C
L (3.0000 Y ree
@ f . 13.0000 B _I:gﬁill sum of Y-compo-

Yy

SRR AR BRSSPSR

The X-component and Y-component of the resuitant Vector D are both 13 (see

$  Figure10).

]
e et

1 " Note: Direct register arithmetic has no effect on the. contents of the Num/Op
register. Thus direct register arithmetic may be done while other types of calcu-
| lations are in progress, without affecting those calculations.
Figure 10
‘The vectors have the following components.
‘Vector X-Component Y-Component
. A 2 3
B —10 6
C 21 2
)
|
] : 12
! :_ '_:' |
3 46 | 47
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Functions

The 326 Scientist provides a number of function keys. (See the indicated area in

t.qure 11.) Each function key has two legends, on
~o key. To use the function indicated by the legend above a key,

e above the key and one below

simply press the

wov. To use the function indicated by the legend below a key, press the "] key

*.1 and then press the function key. A description of

. . 1/X
Reciprocal Function @i

these functions follows.

Pressing @B calculates the reciprocal of the number in the Entry register.

Example:
To calculate the reciprocal of 8

Do This

/X

| B
The reciprocal function ma

- evaluate the expression

See This

[

o.1250 )

1

Ix (4 — 2)

y be used to simplify many calculations. For example,

vou may calculate the denominator first and then use the gl key.
See This

Do This

El < | ey

The @il key may be used with angles in D/M/S format.
y converts the angle to degrees and decima! fraction of a degree and

automaticall

takes the reciprocal of that value.
17X . . . P .
@@ when zero is in the Entry register causes an €rror condition with

Pressihg
 _E----- 1\ in the display.

Factonal_]’] -

[

0./666

The 326 Scientist

The key sequence |’l E calculates the factorial of the number in entry.

Example:
To calculate 6!

Do This

(6 )(em) ==

51

See This

[

720.0000 )




The following points should be noted:
» The largest factorial that can be calculated is 69!
* The value of 0! is 1

* Attempting to compute the factorial of a non-integer or a negative number

gives { E-----

E-register.
W o
Square Root SR

. o -
Pressing g calculates the square root of the number in the Entry register.

Example:
To calcuiate V9
Do This See This
(9] am
[ 3.0000 \
To calculate V(3 x 4) o
Do ThiS See This

N
x 8 = L L
Attempting to calculate the square root of a negative number gives an error con-
J . Press to display the negative

3.464) \

dition with g display of [ £-.--:

number,
Square |’| E

Pressing !?l @B calculates the square of the number in the Entry register, .
~ To find 2.32
Do This See This

ESENENCIL L

Logarithm (Base 10) gmB

LOG
Pressing Sl calculates the logarithm to the base 10 (log,,) of the number in

5.2900 \

the Entry register.
Example:
To calculate log,, of 5
Do This | See This

(5) z

52

0.65989 )

+3fues) and gives [ E-----

} . Press to display the number previously in the

~)(E) (= - [

stempting to calculate the base 10 logarithm of a number less than or equal to

zero is illegal (since the fogarithm function is not mathematically defined for these

3 . Press to display the number previously

«~ the E-register.

10%
Press {?| @ calculates the antilogarithm to the base 10 of the number in the

nx

antilogarithm [’] [

Iniry register.

Example:

To calculate antitog,,of 0.5
2 This " ' See This

3.1622 |

Logarithm (Base €) gl

Pressing W8 calculates the logarithm to the base e (Ln) of the number in the
Entry register. |
Example:

To calculate Ln_of 5 |
Do This See This

(5 aib [ | .6509Y \

Attempting to calculate the base e logarithm of a number less than or equal to

zero is illegal and gives { E----- } . Press to display the number pre-

viously in the E-register.

Antilogarithm (Base ¢) |G| @B
B ) (am) =
Pressing "] @R calculates the antilogarithm to the base e (or exponential func-
£
tion) of the number in the Entry register.

Example:
To calcuiate the antilogarithm to the base e of 2

Do This See This

ECIL L

53
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Hyperbolic Functions

You may use the logarithm and antilogarithm to the base e capabilities of the 326
Scientist to-calculate all the hyperbolic and inverse hyperbolic functions. The
defining equations and key sequences that are used to evaluate these functions are
presented in the following tables. In all the key sequences given, it is assumed that

the number, x, is present in the Entry register, either having been entered from the

keyboard or being the result of a calculation.

Hyperbolic .
Function Equation

Sinh x e’ —e ™ 1/ X
2 weide ) :E
e

X - 1/X
o (e D E(DED
f oX
E'-'f._.. E_I 1/X
aohx 2 (o) am (B30 )R =
1/X
D0 BB
(:Dth X g__-t-g._x

o
@--.- =3

2 1/X
o ok ewEe@EE
-

Key Sequence

Csch x 2

/X
— . B::E
e
17X
]

54

Inverse

Hyperbolic

Function

Sinh = 'x

Cosh =~ 'x

Tanh -

Coth —'x

Sech ~x

Csch %

Equation Key Sequence

Ln (x + VxZ4 1) ll.'ll[ji]..llll'lllﬂl
where -= < x < - (8 ([ i

«+ VT Il@x-ﬂ
Y=L

E@ﬂﬂ
0
where - T < x < 1 n.a ﬁ B
(2=

() E30)EES
B0

=1

B=0:8

Y+ OO R - [
Ol =F

1/1 -- D
) ER =
£ i

where x = 1

1 1
Ln('i'*‘ ;(—2“1)

where 0 < x = 1
1 1
Ln (x + 1/x2+ 1)

where x # 0
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Functions Involving Angles

When you calculate functions involving angles, such as trigonometric functions,
conversions between rectangular and polar coordinates and conversions between
radians and degrees or grads, you must specify whether angles will be expressed

in degrees or grads. This is controlled by the GRAD/DEG switch.

The GRAD/DEG Switch

The GRAD/DEG switch specifies how angle entries and calculations are made.

GRAD

When the switch is in the i position, all angle entries and calculations are based

CE GRAD

on the metric angular unit of the grad, with 400 grads in a circle. in the E position,

angles are entered and calculated in degrees, with 360 degrees in a circle.

Converting Degrees or Grads to Radians

To convert from degrees to radians, do the following:

1. Set GRAD/DEG switch to [l

2. Enter the angle in degrees an:i decimal fraction or D/M/S format, Alternatively,
the angle may be in the E-register as the result of a calculation.

-!-IIEI'IIG

3. Press
4, Preas .
Example:
To convert 42° to radians

Do This See This

Enlﬂ [_—} u -HiTmc - {

To convert from grads to radians, do the following:
AAD
1. Set GRAD/DEG switch to

0.7330 )

G

2. Enter the angle in grads. Alternatively, the angle in grads may be present in the
E-register as the result of a calculation,

--H‘E TRIC

3. Press D

4, Press -

Example:
To convert 42 grads to radians

Do This See This

(o) 2)@E

56

0.6597 \

Do This

Converting Radians to Degrees or Grads

To convert from radians to degrees, proceed as follows:

GRAD

1. Set GRAD/DEG switch to g

7. Enter the angle in radians. Alternatively, the angle in radians may be in t.he

E-register as the result of a calculation. )

3. Press@.

4. Press NETAIR—

5. Press *

gxample:

To convert 2 radians to degrees
See This

[ 14.5915 )

B o)mm() L

To convert from radians to grads, proceed as follows:

GRaO

1. Set GRAD/DEG switch to
2. Enter the angle in radians. Alternatively, the angle in radians may be present

in the E-register as the result of a calculation.

3. Press @

4, Press W .

5. Press.

Example:

To convert 2 radians to grads, proceed as follows:

CRENC L E1 R

GEG

127.3233 )

Converting D/M/S Angles to Degrees with Decimal Fraction

f A ww-DEC

The key sequence |’|4__-m converts an angle in the Entry register in D/M/S for-

mat to degrees with a decimal fraction.

57



Example:
To convert 31° 44' 59" to degrees with decimal fraction

Do This See This

- Ofmfs

—
37|

~ - OfMfs

3/ 44 00.00003
3/ 44 53.[0000)

ENREER)

[
[
5] 9] | /
!

L..f -t X aeDED.

The answer is 31.7497°

SN

Sine D

Pressing 8 calculates the sine of the 'a_ngle in the Entry register. The angle must

be in degrees or grads. The angles may be positive or negative and may be entered
in D/M/S format.

Example:
To calculate the sine of 35.5°

Do This See This
GRAD

Bl )s]e |

To calculate the sine of 35° 30

(3)(5])lwe](3]0)am | o.5607 )
The answers in both examples are the same since the angles are equal.

Arc Sine @ -

Pressing (’| @ calculates the arc sine (in degrees or grads according to the
GRAD/DEG switch setting) of the number in the E-register.

0.G807 )

Example:

To calculate the arc sine in degrees of 0.7

Do This See This

GHAD

B(.)]7) - = [ "TICERIR

DES J SN

Attempting to calculate the arc sine of numbers greater than +1 or less than —1
gives (__E----- 1 . Press to display the number previously in the E-

- register.
58

3/ 00 _00.00o0y

o
|||

Do This

i (3)(5) (

LOS

Cosine @B

Pressing @ calculates the cosine of the angle {in degrees or grads) in the Entry

register.
Example:

To calculate the cosine of 35 grads

Do This See This |
w(3)(5) [ 0. 8526 \

The angles may be positive or negative and may be entered in D/M/S format.

“Arc Cosine |’| m!

Pressing E’__] @l calculates the arc cosine (in degrees or grads) of the number
in the Ertry register.
Example:
- To calculate the arc cosine in degrees of 0.7
Do This

See This
GRAD

M ()7 ) ) e !

Attempting to calculate the arc cosine of numbers greater than +1 or less than 1

45.5729

1\ since the arc cosine function is not defined for those values.

Press to display the number previously in the E-register.

Td K
Tangent 8

TAH

Pressing @ calculates the tangent of the angle (in degrees or grads) in the Entry

register. To find the tangent of 35°.
See This

g.1g02 \

Angles may be positive or negative and may be entered in D/M/S format. The

tangent of 90 degrees (100 grads) or odd multiples of 90 degrees (100 grads) is

calculated as 1 x 10%%or —1 X 109“_

59
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Arc Tangent @ -

Pressi _ | Some less common trigonometric functions and their key sequences follow:
ssing |’] B calculates the arc tangent (in degrees or grads according to the

' | * ‘ynction Fquation Key Sequence
setting of the GRAD/DEG switch) of the number in the Entry register. ’ = -vx (a4 ] =
Example: - | Ixsecant 0 Sec 6 — 1 8 - ]
| —
. CO5 i ]
To calculate arc tangent (in degrees) of 0.7 YVersine 6 1—cosé a ( =
Do This - | i
< £as )
ee This Ligversine § 172 {1 — cos §) [ 1 B
e/

- L )7 )(m) o [ EURCEED )

All trigonometric functions are easily accessed from the keyboard. The following

8-
& (56 e

Coversine 8 1 —sine &

table shows how to caiculate them. It is assumed that the angle & or the number n

is already in the Entry register. Polar to Rectangular Coordinates

The @ key converts polar coordinates (defined by an angle, #, and a radius, 1)

o rectangular coordinates, X and Y.

The procedure is as follows:

Tl'ig()nometric Function Table 1. Enter 8 in degrees or grads (according to the setting of the GRAD/DEG switch).

Function Kew S 2, Press @
| ey Sequence
) Sine ¢ - 3. Enterr.
- 4. Press a {X will be in the E-register and display).
II [ Eﬂs - - [ - +
Cosine 0 5. Press B again (Y will be in the E-register and display).
Tangent ¢ L] You may press B again to dispiay X. If you continue to press B, X and Y
Cotangent ¢ o x display alternately.
E After obtaining the value of X you may perform any operation except an arith-
Secant ¢ cos  1/x . . . . : .
[ -] metiC operation at the same parenthesis level without affecting the Y value. For
Cosecant ¢ SN 1/X example, you may obtain X, store it in a data storage register, and then press = to
Arc sine n | @ | 1 obtain the value of Y.
Arc cosine n D; Example:
| f e ] To convert the polar coordinates (8 = 40° r = 2} to rectangular coordinates:
Arc tangent n @ Do This See This Comments
| A ; ‘.' GAAD

1 TORELT

Arc cotangent n

S

Arc secant n 74 4
A _ . > f CO5-1
rC cosecant n | --“r D
-
)" SiN-1

60

“mm  f #EC

4O 0ooo |\ Eeero

2 0000 \ Enter r

| .5320 J X displays

| . 2855 | Ydisplays

el [
(2] d
=) (
= d
= [

f 538” } X displays again
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The conversion follows the equations

X =rcos @
| Y=rsing
This may be seen from the diagram in Figure 12.

above example gives the same results with 0= — 3207

Rectangular to Polar Coordinates

The key sequence
| |?|ﬂﬁn converts rectangular coordinates X and Y, to pol
coordinates 8 and r. o

- The procedure is 3¢ follows:

1. Enter X .

2. Press (Gl | aHD .
f TAPOLAR

3. Enter v

4. Press E (@ will be in the E-register and display)
5. Press B again (r will be in the E-regi;ster and .display}.

You ma i ;
| Y press E again to display 8. |f YOU continue to press = rand g
display alternately. The following points should be noted: |

* X and Y may be positive or negative

* The resulting value of r i always positive

* Th
€ value of g ranges from — 180 tg +180 degrees or —200 to +200 grads

j*;'iﬁ[JJu’ﬂ#H“ d

As may be seen from Figure 12, this conversion follows the equations:

6 = tan' Y/X
r= VRTET?

Example:
To convert the rectangular coordinates X = 1, Y = 2 to equivalent polar coordi-

nates,

Do This Comments

See This

| .0000 ) enterx

( 2. 0000 \Enter‘f
L E3.4448 \ Value of 8 in degrees
L

2]
=
=

Z 23510 BValueofr

Statistical Functions

The 326 Scientist has a number of features that assist you in making statistical
calculations. in addition to simple two-key sequences for obtaining mean value and
standard deviation, there is a - key that automatically counts n {(number of data
values entered) in data storage register 1, calculates the sum of the data values, x,

in register 2, and calculates the sum of the squares of the data values, x?, into register

L

3. The symbol Z, of course, means “sum.

Clear Registers 1, 2 and 3 @j@

- The key sequence |SlB clears (places zeros in) data storage registers 1, 2
Y (wm){O) p ge reg
and 3. It doesn't affect the other data storage registers, the number in the Entry register

or the display.

E"""l

Using @ with Ungrouped Data

“Ungrouped data” means a set of numeric values in which novalue is repeated
or in which repeated values are handled individually. “Grouped data’”” means a set

-of numeric values where one or more numbers appears repeatedly and where

_ repeated numbers may be handled as a group.
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' | i. e ‘ ata From a Data Group
The procedure is ag follows for ungrouped data: K Deletmg D
1. Enter data item (x}.

2. Press E .

1 s added o register 1

DELETE ' '
‘ re is as follows:
a statistical su%mation. For a single data value, the procedu
EHT

. Enter data item (x).
2. Press [’] &

1 is subtracted from register 1

n count (number of items entered)
x is added to register 2 Zx

x* is added to register 3 Zx?

X is subtracted from register 2

x 2 is subtracted from register 3

' the fol-
To remove a group of data values, where the value x appears q times, do
0 .
ACCUH‘]UIated data may be retrieved at an

to display the n count

y time using:

WRVINE:
1. Enter x.
M@ to display 3x 2. Press @ -
. @ to display ¥x2 5. Enter the frequency (q).
_ | 4, Press =
|

q is subtracted from register 1

L LIV

gx is subtracted from register 2
i% j Using :- with Grouped Data qx? s subtracted from register 3
1 - :-: i We define the frequency, q, as the number of times a particylar data value ap- Example:

‘; | _' ,} Pears in the set of data vaiyes, |t i possible to add al] thes

:1*2,3,3;411'414!5
€ repeated values at once To calculate n, 2x, arjd 2Zx?for the data values

o ] by use of the frequencv, g. The procedure is as follows:

See This Comments
- E-E .
i | Do This \ Clear the Entry register
1. Enter c‘iita ltem (x). | L’J[ 0 ] [ 0.00040 and data storage registers
2. Press @ . f 1, 2 and 3,
4. Press B g - [ L
& st L:.' D U D D 1 Enter value of 2
q is added to register 1 (n count) E 8 - ‘l - . 2 times
- - - - 13 - Value 3 appears 2 ti
:;:;f " | ax is added to register 2 (Tx) -___ E- @E K 2.0000 } u |
T ax 1s added to register 3 (Sx ) £ @ [ ] B
i - [~ Dﬂﬂ {] \ Enter value of 5.
Additional data vaiyes may be added using this method Accumulated data may @ h
be retrieved at any time using

mm to display the n count :: .
@ to display Sx {
@ to display Zx?

- 48 65
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To display results of the summation 9 Example:
- To calculate the mean of the set of data values 1, 2, 3, 3, 4

Do This See This Comments
Do This See This . Comments

: 2 | @mo | 70000 ) Soriinit
[ 550000 ) 5+ 1 (e [ WA
To delete values 1, 4, 4, from the data group 3 2 [ 2.0000
Do This See This Comments ] @28 ! 2.0000
(1) () e [ [ 0000 \ Delete value of 1 (a)m [ 4.0000 )
' 2. 5000 \ Mean value

- (A=) } =E) (
. B [ 5 0000 ) veletevalveoiswice  §  Standard Deviat
o t tw : tandara Deviation [_’_]Eél_]

To display the new sums after deletion of thi
Y n of this data Once a set of data values has been entered using the @8 ey (or if the values of

Do This See This Comments 4 .o, 2X, Tx 2have been directly stored into registers 1, 2 and 3, respectively), you may
[ " S goog 3 n f calculate the standard deviation, SD. The defining equation for the standard devia-
(71.0000 ) = g s
[ \ l x< — (Xx)*
2 .
[ : 53 . UUDU \ EK L, _ SD — — .!“

The procedure is as follows:

1. Enter the set of data values using ﬂ (or enter n, >x and Ex?in registers 1, 2

and 3).

2. Press @@

If n =0 or 1, attempting to calculate a standard deviation results in an error con-
dition { {_E----- Y in display). Press to display the number previously

in the E-register.

[ .
Mean Value [?_][_3_]

Once a set of data values has been entered using the El key as described in the

preceding section, the mean value, X, may be calculated. The mean or average value

is defined by the equation

_2x
N

The procedure for obtaining the mean is as follows:
Example:

1. Enter all data values using - .
To calculate the standard deviation of the set of data values (1, 2, 3, 3, 4) used in

2. Press @@

The calculated mean value will be in the Entry register and display.
Alternatively to entering data values you may simply store the values of n and

¥x in registers 1 and 2, respectively, and then press |-|@ to obtain the
| | /
mean. If n = 0, attempting to calculate a mean value gives an error condition

( {_E----- ) in display). Press to display the number previously in the

the previous calculation of the mean value.

Do This See This

ClEa [ 907 )

It was not necessary to enter the data values again since n, Zx and Zx2? were already

E-register. stored in registers 1, 2 and 3.
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The 326 Scientist meets the continued need for handy conversions from

¥

Summary of Rules for Statistics Calculations

Funct
unction Frncedure

Clear registers 1, 2 and 3 [-_J[ l

Enter single data value | o P
(Enter x) -

Enter group of q identical values (Enter x) “-M'r
(Enter q) a

Delete single data value (Enter x) - ]

Delete group of g identical values

Recall n count

: Recall Tx T m @

| I_: : 'P:'E: RECB” EK 2
@)
S TEd Mean
3]
TSk ‘ . f

o3 Standard Deviation

Metric/English Conversions

english
English units. To convert English units to metric units,
1. Enter the value in English units.

2. Press ﬂﬂﬁ.

3. Press the appropriate numeral or symbol key for the desired conversian. These
are listed in the following table.

to metric units and metric to

The value in metric units will be placed in the Entry register and the display
To convert metric units to English units,

1. Enter the value in metric units.

2. Press f’ f_*_ .

3. Press the appropriate numeral or symbol key for
The value in English units will be placed

the desired conversion

in the Entry register and dispjay.

The following table shows the basic English/Metric conversions. Other conver-
sions using multiple key sequences are also available. Note that the last two con-
versions on the list {degrees tnﬁr‘om'radians and grads toffrom radians) are not
actually in the category of English/Metric conversions. Since the key sequences for
chase two are identical, the result depends on whether the GRAD/DEG switch is
et ta GRAD or DEG. |

Numeral or

Svymbol Key English Metric

Deg rees Fahrenheit Degrees centigrade

inches, inches/second, Centimeters, centimeters/second,

inches/second? centimeters/second?

Feet, feet/second, feet/second® Meters, metersfsecond,

meters/second?

Miles, milesthour Kilometers, kilometers/hour

Cubic inches Cubic centimeters

U.S. gallons Liters

Imperial gallons Liters

Pounds Kilograms

QOunces Grams

Pounds/cubic feet Grams/cubic centimeter

Pounds/square inch Kilograms/square centimeter

Degrees, degreesfsecond Radians, radiansf{second

Radians, radians/second

) =EE R ) Bl

Grads, grads/second
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Other Conversions

Additional conversions can be made using the basic conversions repetitively. For
example, the following conversions for units of surface and volume measure can
be performed.

From To Key Sequencé

(Enter No. of in.?

. --HETHIC waMETAIC
Square Centimeters @ .

(Enter No. of cm?

CJC IEBC N )

(Enter No. of ft}

—=METRIC —~METRIC
- (o) (2)

{Enter No. of m?

(=) o (2 )(mm] _@

(Enter No. of ft?)

—=METRIC -=METRIC

- 0)m(2)
~=METAIC

2]

{Enter No. of m%

These are merely samples. Other multiple key sequences can be developed for

Square Inches

Square Centimeters  Square Inches

Square Feet Square Meters

Square Meters Square Feet

Cubic Feet Cubic Meters

Cubic Meters Cubic Feet

your convenience from the basic English/Metric conversions.

The Number e L’jm

The key sequence |?I@ places e, the base of natural logarithms, in the Entry

register. The value of e is accurate to 13 digits.

Do This See This

o)) {
Absolute Value L’_]g]

The key sequence |?|@ takes the absolute value of the number in the Entry

2.1182 )

register. The resulting positive number is left in the E-register.

70

___
.....

Example:
To find the absolute value of =5
Do This See This Comments

535 R S— 1R
- ‘ Dﬂﬂ Change -5 to 5

[_’_] g f i gﬂﬂﬂj} No change, because

()2 [ - ge,bec

number in E-register
is already positive.

Fraction D@

The key sequence { |@ causes the fractional portion of a calculated or

entered number to be retarned in the Entry register and the display.

Example: |
To display the fractional portion of V2
Do This See This

(2] om [ ICIEER
(=)5) [ g.4142 )
Integer [_-_][_}

The key sequence [ ]@ causes the integer portion of a calculated or entered

number to be retained i |n the Entry register and the display.

Example:
To display the integer portion of V2
Do This See This

ar [ [ 4142 )
[?J[_E_] [ | .oooo |\

The Number 7 [_?_][_7_]

The key sequence |-| places the constant 7 in the Entry register. The value
S

of 7 is accurate to 13 digits.
Do This See This

[_’JU_] [ 3./415 )

71



N Akt
e e
: LT R

Round [_.;]L_]

The key sequence C]- rounds the number in the Entry register to the current
decimal point setting.
Example:

To round 7 (3.141592---) to the current decimal setting of four places.
Do This See This

=0
wE)

9] [ ER

Comments

J.I4!5 \ Place m in E-register
1.141E6 \ Round to 4 places
/41600000 \

Display subsequent
decimal places

When rounding to the decimal point setting, the 326 Scientist tests the number
that is one place to the right of the last digit displayed. if that digit is less than 5, all
the undisplayed digits are replaced with zeros, If that digit is greater than or equal to
5, one is added to the last digit displayed and all the undisplayed digits are replaced
with zeros.

Pressing @ has no effect on numbers in scientific notation {when

has been specified), nor does it affect angles entered in D/M/S notation.

identifier (wm]( 9 ]
The key sequence [l blanks out the zeros after the last significant digit of
y sequence (Mm){ 9 ) g g

the number in the Entry register and leaves the resulting number at the extreme left

of the display. Such a number is referred to as an identifier. This function is used in |

programming and will be discussed fully in the section on Programming.

oLy
k!
!
18
FiK

Example:
To display the identifier 1
See This .- |

Pause L-_] 23 .

Do This

&BC I [

The key sequence] ]- is used to momentarily display a number during the
execution of a pmgram. The Pause function will be fully explained in the Program-

ming section.
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g’-]_J B and -} It also clears the

vy This

summary of Functions Using

ey Sequence  Fu nction

¢lear All Registers mﬂ

[ ]- data storage registers (@—
laces zeros in all 12

the key sequence LEAR p

Y Entry register and display.

See This

2.0000 )
2. 0000 )
0. 0000 )
o.ooo0 )\

L
L
f
L
@Ke

@ Clear data storage registers 1,2 and 3

I] register
(2

Places the number € in the Enlry

h
]

?Lj
— ,-——-1
Z 3 1,2 and 3
‘- H a4 Calculates standard deviation using registers

' \ he number in the Entry register

inc the fractional portion of t

(] l 5 | Retains
‘-] B l
-(7)
am| 8|

s

Takes absolute value of number in the Entry register

Calculates mean value using registers 1 and 2

| ister
Retains the integer portion of the number in the Entry T€g

Places the constant @ in entry

' imal
Rounds the number in the Entry register {0 the current decim

point setting

identifier (see Programming section)

Used to delete data from a ctatistical data group

' ith zeros
Fills all 12 data storage registers and the Entry register wi

i cimal
Converts D/MS angle in the Entry register 10 degrees with de

fraction or degrees with decimal fraction to D/M/S format.

Metric-to-English CONVErsions

Pause (see Programming section)
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Sample Applications of Functions

At this point you have been introduced to all the keys and functions that are Yo convert X from feet to kilometers

Comments

required for the efficient use of the 326 Scientist from the keyboard. Therefore you Do This See This

_,.m@ { 46 - BEELS 3 Displays X in meters

i

B>E8 . T EELJ | Dvdeby1000
ound to 4 decimal

@ ( 4. 6EEY Round 14

The answer to four decimal places is
X = 4.6664 kilometers

are ready to solve a number of problems representing a variety of scientific applica-

tions. The following examples make use of most of the functions described in this

section and the techniques described in the Basic Operations section.

Distance Traveled by Projectile

Suppose we wish to calculate the horizontal distance, X, traveled by a projectile

fired from a cannon with a muzzle velocity of 1200 ft/sec with the cannon barrel

P N e A Comr LA

inclined at an angle of 10° (see Figure 13}

‘E . The distance, X, is given by the formula =~ _ |

visin 26 & Converting Three-Dimensional Rectangu ar

b =T | 8 Coordinates to Spherical Coordinates

i where h
o ' ' oint in three-
%e.:;_: 3 1 v = muzzle velocity = 1200 ft/sec Suppose we wish to convert the rectangular coordinates of a p

# = angle of inclination = 10°

> S Rt g Dok
- =

dimensional space (X = 2, Y = 3, Z = 4) to the equivalent spherical polar coordin-

Jtes (r, 0, ¢) where r is the radius from the origin of the coordinate system, g is

h the Z-axis and ¢ is the angle that r makes with the X-axis

g = acceleration of gravity = 32.17 ft/sec?

Do This See This Comments

(1)ejal)o]) [ [200.0000 Y\ enterv

CIL [ 15490000.0000 Y\ calcutate v
x| ¢ >
u_]LD_] ﬁ ( . HLIEU‘E Multiply by sin 28 E
8= . i
(11 7ES [ 15303 .57493 '\ oividebyg

The answer X = 15,309.5743 feet

the angle that r makes wit

(see Figure 14).

e

A

[E—
i "'"'""""l-n-q..
-
- -
-

g

T

A

X §
S -

| - Figure 14
Figure 13 4
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The conversions are given by the equations

r=VX*+ yYZ+ 72

r ' # = Tan™! v xi;{r YE

1'?':: = T =1

- Pty

.,,i To calculate r

; Do This See This Comments

[ “[ l

%t 5 CLEAR [ q. oonn 1 Clear all data storage
if o registers and E-register
3 2| mm

L e / c. 0004 \ Add X? to register 3
o 3 { J.0000 X Add Y? to register 3
- L 4.0000 1 Add Z? to register 3
"ﬂ;;ﬁ!:":-_ ', e ACL -

. [ 24 . gogon } Recall register 3

- [ 5.385/ ) valveof r

To calculate @

Do This see This

Comments

H.0000

Deiete value of 72

(4 )um) mm

from number in register 3

[ 3. UﬂBU } Recall register 3

- BN - |

0.5013 \

(
&B(3) i
L
() o= (

H2 . 0311 \ valeof o

To calculate ¢
Do This

See This

Comments

/.5000 \

56.3099 \ vatue of ¢

The results are

r=5.3851
2=42.0311°
¢ = 56.3099°

/6

Mass of a Moving Electron

A.prediction of Einstein’s special theory of relativity is that the mass of a moving

where
M = the mass of the moving body

body is greater than its mass when at rest. The equatjon that describes this is

M

1-¢

M= the mass of the body when it is at rest {rest mass)
v = the speed of the body relative to an observer
¢ = the speed of light {2.9979 x 10® meters/second)
Find the mass of an electron traveling at 99% of the speed of light.

M, = 9.1086 x 107 kilogram

Substituting the numeric values

Do This

V=099C

_ 9,1086 x 1073 9,1086 x 10~%

N \{1 ~ (0.93 G V1 —1(0.99?

To calculate the mass, M

ojsje) [

(-

E3E

1)

(
EED

Na
-

(=) =.

See This

q. /086 \
[ 9. .10B600000-31)
[l [ .00o00 \
[l 0.39801 \
[ 6.456915343-30)

The mass of an electron traveling at 99% of the speed of light is therefore 6.4569 x

10730 kilogram.

77



% o T A e B
S o TR Y AT

TR AT

gL
v
W

A
oo
i
i
.
il
i

Great Circle Distance

A segment of a great circle is the shortest distance between two points on the sur-
face of the earth. The great circle distance (in kilometers), D, between points a and
b is given by

D = K cos™ ' (sin La sin Lb + cos La cos Lb cos {(Aa — Ab))
where |
La = Latitude of Point a Ab = Longitude of Point b
Aa = Longitude of Point a
Lb = Latitude of Point b

To find the distance between Los Angeles and New York (see Figure 15).

K = 11112 kilometers per degree

where
La = 34° 01’ Lb = 40° 57°
Los Angeles New York
Aa = 118° 40’ Ab = 73° 58’
Do This See This
-/ 0.559Y4 \
/ 0.6554 )
[1 0.6288 \
[ - [.7552 \

(4) 058
(7)(3) @ (5])(s) B

(@ 118 40 00.0000)

& 5B / 79795 )
= [ 0. 8/16 \

(MC)EE)
B [

78

3577 6935 )

Figure 15

COL XETR

The great circle distance between Los Angeles and New York is 3,971.8435 kilom-

oters. To convert this distance to miles, make the conversion

Do This See This

Z957.96891 \

The result is 2,467.9891 miles.
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Section 4 Programming

o Statistical Application
T
i;;% Suppose we wish to find Zx and Zx?for a set of data values if the mean value, X,

- :*‘-ﬁ?ﬂ i

standard deviation, SD, and number of data items, n, are krnown,

;.;:j '_ The equations that we use are as follows (refer to the discussions of Mean and
%; Standard Deviation),
Sx=n¥
Sx?= (D) (n — 1) + EX
For example:
n=>5
X=13
SD =15 |
To calculate 2x
Do Ths See This

3 < [ED] = |- [ /5.0000 )

W5 (um) wn

B8

BN 0w =

B 88 [ 54,0000 )

Thus, the value of Zx = 15: the value of Ix? = 54,

80




S AT

What is a Program?

o
A program is a sequence of actions designed to bring about a desired result.
. While we customarily speak of programs or programming in association with com-
s puters, the concepts are valid in everyday life. For example, a person going to work
ﬁ: in the morning might follow a “'program® that consisted of the following steps:
h 1. Open the door of the house.
: 2. Look outside, i
;: 3. If the sky is cloudy, take the umbrelia. 5}
;f 4. Step outside. nf
5. Close the door. ft
6. Walk to the garage. ;
7. Open the garage door.
8. Enter the car.
9. Start the engine. |
10. Back the car out of the garage, down the driveway and into the street,
11. Drive 25 blocks west.

12. Arrive at work.

Normally a person thinks of such a procedure as a unit: going to work. However,

he could consider it a sequence of steps. And if he finds it necessary to communicate

this procedure to someone else, he might break the procedure into steps as we have,
It might even be necessary to describe the procedure in greater detail to someone
unfamiliar with automobiles. For example, “start the engine”” actually consists of

several discrete actions: inserting the ignition key, turning the key, etc.

From this viewpoint, whether you are a programmer or not, you have been pro-
gramming all your life. Whenever you establish a new routine for yourself or change
an existing routine, you are programming an activity, Once you have learned a new

procedure you no longer need to devote attention to the steps that make up the

procedure, and your mind is free for more creative work.

Similarly, when you create a program or sequence of actions for the 326 Scientist

to carry out, the computer executes the program automatically, freeing you for the

maore creative aspects of problem solving,

Figure 16

* T,
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Programming and the 326 Scientist

If the 326 Scientist is to compute answers for you, you must tell it what to do. You
can do this by giving it instructions from the keyboard, When you press the key
sequence @@B you are "telling’” the 326 Scientist to add the numbers
2 and 3 and display the sum. These instructions can be executed immediately as
you enter them or, if you are creating a program, the instructions are stored in the
computer's memory. When instructions have been stored in the memory, the 326
carries out the program automatically at your request. In other words, you can com-

mand the 326 to carry out a sequence of instructions rather than a single instruction.

The internal memory of the 326 Scientist contains 160 memory steps. Each step
is capable of holding an instruction, usually representing a single key. Each key and,
in some cases, muitiple key sequences have corresponding instruction codes of
three digits. Each three-digit instruction code is stored in a memory step, For example,
the three-digit code for the number 2 is 002; the code for the arithmetic operator +

is 024. The instruction codes for all of the 326 Scientist’s keys are given in Appendix D.

When programming, you first load the program into memory, that is, place the
instructions that make up the program in the computer’s memory. After you have
loaded the program in memory, you cause it to be executed. Depending on how
you design it, the program may run entirely without yvour intervention or it may
require the entry of numeric data from the keyboard. You may also program the
computer to make decisions, such as choosing one of two calculation procedures
depending on the value of a calculated number. Lastly, the caiculated results of the
program are displayed, stored in data storage registers or recorded on magnetic

tape...entirely at your discretion.

The use of the 392 Tape Cassette Drive greatly increases the scope of the com-
puter, since both programs and data may be written on magnetic tape cassettes for
later entry and use. These expanded capabilities will be discussed in the section on

the 392 Tape Cassette Drive.

Program Controls

The keys and switches specifically used in programming are indicated in Figure16.
These controls are discussed at appropriate points in this Programming section.
The RUN/STEP/LOAD switch governs the mode of operation of the 326 Scientist,

as described in the following paragraphs.

84

* mocition. The RUN position is also used when the

The RUN/STEP/LOAD Switch

During operation from the keyboard, the RUN/STEP/LOAD switch is in the RUN
' 326 Scientist is automatically

. carrying out a program stored in its memory.

The LOAD position is used to load a program into the computer's memory. A

arogram is loaded by pressing the desired sequence of keys. Fach key on the 326

mas a corresponding three-digit instruction code. As the keys are pressed, the three-

' ] 5 a
digit instruction codes are stored into successive memory steps. In some case

single instruction code is used to represent a sequence of several keys. After the
geagram has been loaded, the RUN/STEP/LOAD switch is placed on RUN and the

gcogram can be started and executed with little or no intervention required on your

nart,

The Step position of the RUN/STEP/LOAD switch allows you 10 execute a pro-

gram one step at a time at your command rather than have the computer execute

all the steps automatically. This ts useful when you wish to closely analyze the opera-

tion of a program.

Display During Program Loading

During loading the display i« divided into four segments. Each segment displays

three digits. Immediately to the left of center is a three digit number preceded by a

decimal point. This is the present step number. When an instruction is loaded, it

will be loaded at this step. The segment to the left of the present step number is the

three-digit code for the instruction at the previous step number.

Iif a program has already been loaded, the segment just to the right of the step
number shows the three-digit code at the present step number. The segment on the
far right shows the three-digit code for the instruction at the next step number.
like this when you switch to Load.
)

001 and there are no instructions in

If the 326 has just turned on, the display looks

[ Wiy

This means you are at program step number

memaory.
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The display below shows the display divided into four segments as just explained.

The step number and codes have been arbitrarily chosen but are typical of what

would appear in a program.

Display Format

Present program
step number {098)

Instruction at the
next step (099)

|

[00Z 098 023 003

| |

[nstruction code Instruction code
at the previous at the present
step {097} program step (098)

The following table shows the keys to which the instruction codes in steps 097-

(99 correspond.

Program Step Number Instruction Code Key

097 002 @
098 023
099 003 @

Thus, this portion of the program represents the calculation of 2 x 3.

The START/STOP Key

This key, used exclusively with programming, has two functions:
1. To start execution of a program that is in memory when the computer is in

Run mode.

2. To stop execution of a program, either for entry of data from the keybna'rd or
to display a result.

Additionally, when the key is used immediately following 2 i key as in

the sequence @B Y, the program jumps to step 001 of program memory.
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The jump Key @B
This key is used to go directly from one point in a program to another point. #il8 is
ssed in conjunction with a fabel, which is a key used to indicate the point in the

orogram to which the jump is to be made.

Labels and their use with @l will be discussed in greater detail later in thi5

wection.

Loading a Program

The genera! procedure for loading a program is:
1. With the RUN/STEP/LOAD switch in EE“’- press il ped | This provides
access to the first program memory location (step 001).
3. Put the RUN/STEP/LOAD switch in %k The display changes to the four-part
Load format ﬁreviouﬂy described.
3. Load the program, pressing the appropriate keys in the desired sequence.
When you press a key, its corresponding three-digit instruction code is loaded at
the step number shown in the display. The step number is increased by one and you
are immediately ready to load the next instruction. The code just loaded will be at
left side of the display. Step 160 is the last available location in memory. After load-
ing step 160, the next step number is 001 again.
some multiple key sequences load into one step rather than several steps. These
key sequences will be discussed fater in this section.

A complete list of instruction codes is given in Appendix D. The pullout card under

the computer also has a complete list.

Executing a Program

After a program has been loaded, you execute it as follows:

1. Switch the RUN/STEP/LOAD switch to {gi:.

2. Press e -

The program executes automatically until it encounters a instruction. The

program then stops either to display a calculated result or wait for the entry of a

value from the keyboard.
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Flowcharting

A usetul preliminary step in writing a program is to make a flowchart of the pro-

cedure for solving the problem. A flowchart is a diagram representing

the sequence

of steps and actions that make up the program. The following symbols and canven.

tions will be used in flowcharts of programs appearing in this book.

Symbol

J

There are many other symbols that can be used in flowcharting,

Meaning

Function. The words or symbols within the rectangle

represent the action to be accomplished in this portion
of the program.

Terminal. This symbol represents the starting or stopping
point in a program.

Lines with arrows. These represent the direction of flow
in the flowchart. If the arrow is omitted, a horizontal

line is assumed to flow to the right and a vertical line is
assumed to flow downwards.

but these will

serve our immediate purpose,

Introductory Program

As an introduction to programming the 326 Scientist, we will write a program

that multiplies 6 x 7, displays the answer, and returns to the start of the program to

execute it again, The flowchart (see Figure 17) shows the different

gram.

Program Flow

—~( l D

7=

Stop

l

fump 1o

Start
(Step Q01

Figure 17

parts of the pro-

Remarks

Start the program

Calculate 6 x 7 =

Stop the program to display the answer

After the answer is displayed, start the program again,
(The program starts in step 001.)

88

Yo Load the Program
Do This See This Remarks
\ Proceed to step 001 in

bann VR STARTE oo
ny - f gl program memory. Begin

l[oading instructions
there, ,

These paositions may have in-
struction codes from a previous
program. If no program has been
loaded since turning onthe 326,
these positions will be blank.

Enter 6 {Code 006) at

The Stop instruction
(Code 033) causes the
program to stop to dis-
play the answer.

H 6 [UUE : UUE \ step 0071, Step 002 is
ready to be loaded.
Enter multiplication
{U‘-jg RE| } operator X {Code 023) at
step 002.
- Enter 7 (Code 007} at
[DU-I : UUL’ ] step 003.
Enter = {(Code 020} at
2 ETINLE, 3 step 004,

srann (033 006

Lie These two instructions
- EEU 0o - \ cause the program to re-
E%HET {Uﬂﬂ 008 \ turn to step 001,

- Prepare to execute (run)
0.ooog \ the program, The dispiay
shows the number that
was in the display before
switching to Load.

LYTL]
BTEF
LoD

You execute the program, as follows:

Do This See This Remarks
START [ . _ . 3 The display blin!<5 during
5TOP program execution.
The program stops after
/ LIE ' UUUD W the calculation to dis-

play the answer.

START [_ . _\ The program executes
ST1P _J the Jump and Start in-

=N UUUD —} structions and then cal-

\ culates 6 X 7 again.
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>ample Program: Volume of a Holiow Sphere

Suppose we want to write a program that calculates the material

volume of a

hollow sphere {see Figure18). The Volume V of the solid part is given by the equation

where

ro= The outside radius of the sphere

r, = The inside radius of the sphere

Figure 18

The general procedure 1o solve this problem is: enter values for roand r,, calculate

V, display V, then return to the beginning of the program to execute it with new

values of roand r.. The first time the program is run, Fo 1S assumed to be in the Entry

register. The flowchart for this program is shown in Figure 19 .
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Start

Store r,

Enter r,

Store r,

Calculate
4

V= § w {rn:; o l‘,“)

Display
V

Enter new
rH

Jump
Start

Figure 19
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To load the program

Do This See This Comments

007 3

A0

START
5yYoP

(4 E(3)ES

-(7)

o
(R
START .

&

L S TART
- 5TOP

uw
STER
LOAD

B0

Old instruction codes appear
in these positions if a program
is already in memory, They are

replaced as the new program is
loaded.

(000 .003

GEERGIE \
(po1 006 \
(107 .01 R
(022 018 \
(020026 g
(033 . 027 )
(033 023 )

)

L 00000
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tois assumed.to be in the
Entry register when the
program starts. It is
stored in register 0

The program stops to
allow entry of r,

Store r, tn register 1

Calculate 4/3 =

4
V= i ﬂ(rﬂju rI])

The program stops to dis-
play V and permit entry
of a new r,

Return to Start (Step 001}

Set switch to RUN in
preparation for running
program

Do This.

E

To run the program with the values 1, = 4.01, 7, = 3.8

See This

Comments

4 gl 0 } Enter 4.01

start execution of pro-

STARY
S5TOF ) | gram

Enter 3.8
B8] [ 3.8 00 )
1 J[ J Start execution of pro-
START gram again
STOP

executed again. Try

values of V are presented at the right).

The display shows blink-
'X ing dashes as program
calculates V

[r______

{ yg . 2508 3 Vv is displayed

STany he program to be
You may now enter a new value of ryand press to cause the prog

the program using the following values of ry and r, (the resulting

r V (Calculated)

Mo
4.02 3.80 42.2766
4.00 3.85 29 0424
5.00 4.00 2555162

Labels

A label is a symbol used to name a program of prografm segment. The label occupies

the step in program memaory immediately before the beginning of the program oOf

program segment to which it refers. The symbols available for use as labels are the

numeral keys, { 0 H g |, the decimal point key, E], and the change sign key,

When a program or program segment ha

s been labeled, you may jump to it from

some other point in program memory using the jump instruction.
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To jump to a labeled program or program segment, do the following:
1. Set the RUN/STEP/LOAD switch to [tk

2. Press “ .
3. Press the key for the desired label (LD_]- [g L-_] or }.

To label a program or program segment, do the following;
1. Set the RUN/STEP/LOAD switch to ..

L[ran

Fﬁﬂ 'EK

2 _ 2. Access the desired memory step using @G or .
- () o

2 4. Pre f - .

- 55 one of the following keys: ([ 0 }Lg |, [ Jor{88)). . "

g Each label has its own three-digit code. The label codes are as follows: - wxample:

Key Sequence Instruction Code Key Sequence Instruction Code ~ To jump to the program labeled 2, which was prewously oaded at step
Do This See This Comments

= —
. (== (0] o Ll JEEL - N
S S to | 2
L Smr Em) - CaR — A Y
A —F = LaBEL - [ 0is 202 UDEJ Switch to Load mode to
| i 2 i : verify that the computer
202 a8 s ye
— f — LABEL "~ LapEL 210 is indeed at step 015.
| - Switch to Run mode and
! HAREL i 202 ! & . 9 ) 21 335 [ He . UDDD E extleu::l.;te the pro}gram that
—f J—— f calculates 6 X /.
a 204 [ _
;& LABEL u_g'._,. !J L-IBEL 212 | ﬁ @ f 4o DUUDJ Jump to step 015 and
& 885 205 | CHG | STaF : execute the program
Sy V7T Sl _’ 'ﬁ sign | 213 . again.
Example:
These important poaints should be noted with respect to labels:

To load a program that calculates 6 x 7 starting at memory step 15 and assign it
« The use of labels allows you to jump to a program or program segment regard-

a label 2.
Do This See This Comments less of its exact numeric step number. A program may be relocated in memory
EI#’:. ﬁ STARY | through the use of INSERT and REMOVE instructions (these instructions are
it sT0p / 0.o000o W Jump to step 001 . e ;
o | discussed in the section on Modifying a Program). However, you may jump
B £ Swin?h to Load directly to the program by using a JUMP and the appropriate label.
(Press @B 14 times) L 1 5 \ Go forward in memory
. o step 15 « if you wish to jump to a label, you must define it first. If you attempt to jump to
Th' . . N '
[’l {/ oo .0lg } ke;i ?Sggfné::e C:-Lsttl:l:f a label that has not been defined, the 326 will automatically jump to step 001
Instruction code into :
LABEL [E go 016 \ élep 015.Tr}:estepcnunter n Memaory.
oes not change until a}1
@ {EUE’ OI1E E g;é::edlfeys have been « If a label appears more than once in memory, only the label at the lowest step

Begin loading the pro- number is recognized.

gram in step 016,

@B [UEU 020 | \ Calculate 6 X 7 =

START -
STOP [033 . UE, \ Stop to display answer.
Ster
Loap Place in Run mode in
preparation for execu-
tion,
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Sample Program Using Labels

This example demonstrates the use of labels when loading more than one pro-

gram. Three different programs are written to calculate the hyperbolic functions:

Program A sinh (x) = & _zenx

X -K
Program B cosh (x) = -‘%ﬂ—

h e!’ —_ e—!
Program C  tanh (x) = o ¥ |
These programs may be loaded anywhere in program memory.

For demonstration
we will load them at starting address 027,

imns

: i
Er T

e M

PROGRAM FLOW

Program A

— Label 2

Jump to
Label 2

Figure 20
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Program B

—
Labet 3

_ —
cosh (x)

Stop

jump to
Label 3

Program C

Label 4

tanh (x)

Stop

Jump 1o 1
Label 4

Figure 21
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To load the hyperbolic function programs

Do This

| LA START
LosD ETEP

-
FWh

(Press S 26 times)

ETLMLII
STARAT
STOP

_ @
m LlBEL -

i 3]
CJl 13

() mm B33 4]

£y
III’IHI

1/.°X
= BB
START
STOP
Juwe '
i (4]
=
STEF
L&D

e IR+

See This Comments

0] A
T b

These locations may be blank
ar have instruction codes from
a previous program,

[ 027
[eo2 .0ce

Go forward in memory
to step 027

Define label 2

S U

ﬂ]Eﬂ 034 Compute Sinh(x)
. Display Sinh{x} and enter
{033 035 a new x value if another
Sinhix} is to be calculated
Return to label 2 for a
@EE ' 03 ] f new Sinh{x) calculation
[503 038 Define label 3
[DEU COHY Calculate Coshix)

Display Cosh(x), ard
enter a new x value if
another Sinhix) is to be
calculated.

[033 045

Return to label 2 for a
new Sinhix) calculation.

TNERRER

{EUL’ 048 Define label 4
[DELI 05y Calculate Tanh(x)
(020 . 061

Display Tanh(x), and
enter a new x value if
another Tanh(x) is to be

[033 .0EZ2

L - L,JL.F« - - ) N S R Gk

calculated.
‘ | Return to lzbel 4 for a
{EUL! . DEL{ new Tanh{x} calculation,
- The programs are loaded
{ D . UUUB and ready to run. The

display shows the same
value that it held prior to
program loading.
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follows:

1. Enter x

2. To compute Sinh{x), press

3. To compute Cosh(x), press

4. To compute Tanh(x), press

Examples:

To calcuiate Cosh (0.72)

(7)(2) i@ (3]

Do This

0

R T ART
B STOP

To calculate Tanh (1.07)
Do This

() )(o)7) @@ (4]

START
STOP

To calculate Sinh {1.42)
Do This

(M) Ja)(2) & (2]
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See This

To run the hyberbolic function programs using these [abels, the procedure is as

. 2705 \

See This

g.7854 \

See This

[ .9477 \




Modifying a Program

After a program is written you may want to modify it by adding, changing or
removing instructions. The 326 Scientist is designed to let you do this quickly and
easily. |

The programming controls & ﬂ and - allow access tn any point in the
program. @l and @ ] allow the insertion and removal of instructions at
the location accessed. |

Changing an instruction does not require the use of @l m[-' @ . You simply
- f REMOYE
load the new instruction at the desired memory step. The instruction that you load

replaces a previously loaded instruction,

The Forward Key @l
When the 326 Scientist is in Load mode, pressing this key allows you to, advance
one memory location to the next higher step number. You can move through pro-
gram memory one step at a time using this key:. ﬂ does not alter the instructions
in the computer’'s memory and it does not cause prngram execution. When you are
et

at step 160, pressing @lB brings you to step 001.

-
BACH

The Backspace Key g

When the 326 Scientist is in Load mode, pressing this key allows you to move
back one memory location to the next lower step number. You can move back-
wards through program memory one step at a time using this key. % does not
alter the instructions in the computer's memory and it does not cause program

execution. When you are at step 001, pressing il . brings you to step 160.

HSEAT

The Insert Key @i

WEERT . . - .
@8 :llows you to add an instruction within a program. The step numbers of

instructions after the insertion are increased by one and no instructions are lost.

The Remove Key l I

| , |“ﬁ! allows you to remove an instruction from a program. The instruction

REMIVE

is removed and the step numbers of all program steps after the removed instruction

are decreased by one.
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Accessing a Step in Memory
To access a particular step in program memory, do the following:

T
1. Jump to the label nearest the location to be accessed. The sequence is

followed by the appropriate label.

2. Set the RUN/STEP/LOAD switch to 5::,:;. The address of the label, the label
code {200 to 213) and the codes immediately before and after the address of
the label are displayed.

3. If the memory step to be accessed has a higher step number than the current
one, press ﬂ to get to the next higher step in memory. To go forward several

EWD
steps, press @B repeatedly.
4. When the memaory 5tep to be accessed has a lower step number than the

HI.EH

cufrent step, press - to go to the next lower step in memory. Press
repeatedly to go back more than one step.
Example:
Using ﬁ and % to access specific memory locations.

To access Step 007
Do This See This

nuu 4”“" sTART
ELEE STOP L0A0

ool

.ood
NiiE
ik
.0us
[ia
0ol

t '§1 .§1 '

T T R T T W

To go back to Step 003
Do This See This

-
BACK

006

[
[ 005
[
[

ooy
.oo3

l._,__....----'L..-----‘lL.----—J e’
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Sample Program Modifications

e will load a program in memory that calculates the area of a circle, A = 71?,

. We will then modify the program three times to show how

inserting an Instruction

“wiere 1 is the radiu "
inserted, removed, and changed. The program has the following

The procedure for inserting an instruction in a program is as follows:

JLna#

1. Access the step number where the instruction is to be inserted (using @l

FWO mafm ]
the nearest label, @ or @ as required).

matructions are

| wquence of instructions prior 10 modification.

2. Press @8 . All instructions starting from the current memory step are moved

- Cod Key Comments
one step higher, leaving a blank at the current memory step. i program memon Srep Number. ¢
WSERT ' SH_H-T Enter r
is full, the last instruction in the program (before @ was used) is lost. To (R 033 STOP
R , . I T . . )
insert more than one instruction, press @@ once for each instruction to he 02 162 Calculate ¢
| 02
inserted. |
3. Press the key of the instruction to be inserted. Its code is put into the blank step A Multioly by 7
IN N &, U Ip
created by the @l . If you have created several blank steps by using @l 004 107
several times, press the appropriate number of keys to fill the blanks with the 205 020
new instructions. If you don’t key in an instruction code after creating a blank 3 033 Display A
with @ ., the program operates as if the blank step were not there. ™
(}f}? 350
Changing an Instruction START Jump to step 001
008 033 5T0P

The procedure for changing an instruction is as follows:

1. Access the memory step or the instruction you wish to change, The in-truction
code to be changed appears immediately to the right of the step number. To load the program, do the following:

- 1 With the computer in Run mode, press i '

5 Set the RUN/STEP/LOAD switch to ..

3. Enter the key sequence as listed.

2. Enter the new instruction by pressing the appropriate key. The new instruction

replaces the old instruction and appears to the left of the program memory

location number. The step number is increased by one,

Removing An Instruction

The procedure for removing an instruction from a program is as follows:

1. Access the memory step of the instruction to be removed, as described above
{using il to the nearest label, ﬂ or ﬁ as required}.

2. Press @ - The instruction at the current memory step is deleted, All
following instructions in the program are moved one step lower in memory.
If the program memory was full, the last step becomes a blank.

3. To remove a string of instructions, access the location of the first instruction
of the string and press @ HB . Then continue to press @ EB | once for
each subsequent instruction to be removed.
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Inserting Instructions

To insert the Identifier 1 just prior to the first Stop instruction:

Do This

Ju
i START
STOP

See This Comments

[ 07 033 163} The display shows

memory location 00)
and the first two codes
of the program.

This creates two blank
533\ locations at steps 001

and 002. The original

program steps are moved
forward two steps.

UJ?} The first blank is re-

placed by the numeric
value 1 which will be

used by the next step as
}_he value for the Identi-
ier,

({00 003 033 71563\ deniitior funeron e
(11 003 033

[ i
[ 001

[00] 002

toaded into the blank
! EE\ location at step 502.an

{ 0.000n ] Prepare to run the pro-

gram.

To run the modified program with a radius, r = 2-

Do This

hJ N S TART
5709

START

e —

STop

See This Comments

Jump to step 001,

[ / . \ Start program execution,

The identifier displays

indicating that the valye
of r must be entered,

[ _ E.Uﬂﬂﬂ }Enteruaiuenfr.

—

I 2. SER3 } Value of A is displayéd_
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Removing Instructions
Suppose you wish to remove the identifier and the second Stop (where the value

of A is displayed).

Do This See This

i ESS) M
sSTae LuAG

Comments

ool oot i

- (o001 LT D33} pie s e
@H@ F .aggtr p33 ;Eﬂmundo{}z.

FWD

S _ The second Stop instruc-

~iPress (D 5 times) [E’E’D 006 033 3553 tion (code 033) is now
in the current step posi-
tion. -

RemovestheStopinstruc-
[020 . 006 350 033 ona step 006, Notce
that code 350 is now in
step 006.

@ AEMOYE

Changing Instructions
Suppose we wish to change the il at the end of the program to il @

(This assumes that we have another program in memory labeled 3.} Since we are
already at step 006 from the last example, we proceed as follows:

Do This See This
350 007 033

Comments

Advance to step 007
without changing the

@ in step 006.

Step 007 now contains
the label 3. Step 008 is
blank.

[003 008

FWO
[

Subroutines and Branching

Programs often require the use of the same sequence of instructions in several
places. Rather than loading the set of instructions each time you need it, you may
define a subroutine to which you branch at each peint of the program where the
sequence is needed. |

A subroutine is a labeled program or program segment which may be considered
a part of another program. The last step of a subroutine is a Return instruction and,
after execution of a subroutine is complete, you return to the step immediately
following the point from which you branched. This is shown in Figure 22 ,where the

main program branches to the subroutine on two occasions.
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Branch (@)

J = GRANCH

The Branch in jon i
str tmi
truction is similar to the Jump instruction in that it allows you ¢
uto

in that Branch causes the step number from which the Branch was mad
saved so that you may later return to the point in the program from which theeBtD beh
was made and continue executing from the instruction following the Branch o
The procedure for loading the Branch instruction is as follows: o
1. With the computer in Load mode, press'@ a )
Y .

the keys: (0)- QJ:uC’r sicw

Return | B
(om) o=

The Return instructi
truction returns program control to the memory step immediately
lately

SUBROUTINE PROGRAM FLOW

Main Program

Instructions

Subroutine

Branch to
Label n

{ - )

= | abel
n
A
~
]
|
!
i
i
I
!
-
]

Instructions ¢
r

Branch (o y

I.ﬂhE'l n "-_-_____..-- Return

Instructions

Figure 22
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.les for the Use of Subroutines

~ 3 The first instruction

2 Label instruction, I’! -

of a subroutine must be
a Return ipstruction,

in a subroutine must be

3 The last instruction executed
out of a subroutine back to the

|?| - il to load a Return OF jump
main progr perate_cmrectly.

3. Any program instruction can b

If you fa

am, the program will not O

e loaded after the Label and hefore the Return

(except another Return).

Branch to a subroutine fr
ted. If you are in a subro

om any place in program memory.

4. You can
5. Subroutines may be nes utine, you can branch to
outine, which can branch t

this does not limit the numb

o another, etc....Six levels of branch-

snother subr
er of times you can

ing are permitted. Note that

branch to a subroutine.

ting a Return without a previ
y and prevent further oper

ous Branch may cause d meaningiess value

6. bExecu
ation. To recover, press i

to appear in the displa
followed by any label.

sample Program Using a Subroutine

s of

VifinA

Y=ﬁ+LrT§+\/1+an

v/1 + Ln X appears three times. Rather
subroutine that

Suppose we wish to compute value

expression of the form

In this equation an
gs, you may write a labeled

am this expression three tim
evaluates the expression; then the main program bran
is used to enter values of A,Band C,

lue of Y. The flowchart
d that the values of A, B a

than progr
ches to it as needed.

The main program to branch to the subroutine

and to display the calculated va
n in Figure23: It is assume
1, 2 and 3, respectively.

for the main program and
nd C have

subrouting 5 show

previously been stored in registers
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Main Program:

C - Start

'

Recall A

4

Branch to
Label [

f

t

Recall B

'

Branch to
Label 2]

!

+

4

Recall C

1

Branch to
Label {J

StnP to
Display Y

{

Jump Start

Subroutine:

‘Label B

-

{

Calculate

V1 + In X
(x=A, B or ()

!

Return

Figure 23
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Do This

JUMF _—

ALN START o

' . m:
B
[:?] RAANCH

20

START
STOF

NI S TART
8 a5

To load the main program

See This Comments
\J Start Inaérl(i}?g the program
at ste .
r 04 [ - Placei in the Entry régis-
mﬂ - ﬂﬂ—:" \ :Eerrs;nch to the submijt:ine
[EI c_. DUS atlabei[I]to calculate
VI+LnA. :
mE'E : UD -I % Place B in the Entry régis-
@ UE : BUS 3 tI3Err.;um:h to the subroutine
@ I E . U ! I at label Ejto calculate
: V1 +LnB.
[UE - A } piace C in the Entry regis-
[UDE 1L - J tE!ie::.’:uw:h to the subroutine
o7z _.0l6 [T tocacult
V1 +LnC.
Calculate V1 + Ln B +
[UEU oil8 J Calculate Y
Display Y
['033 U , 9 j jumyp to step 001 to re-
ﬂj_:? 3 . 0c / peat the caiculation us-
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ing different values of A,
B and C |



The subrouti '
utine may be loaded anywhere in program memory. For conventence
we load it immediately following the main program

Do This See This . Comments

@ - B 212 .02z | Define label + ]

b TN, | Gleulate Lo x 0x =
027 077 seulat

-

\ Calculate 1 + Ln X,
. @EE 028 \Calculatemx.
(=) o= [030 " 0a3

\ End of subroutine. Pro-
gram refurns to execute
the step immediately
after the last Branch that
was executed. |

EELEE ' Place computer in R
£ b.00oo W mode fo execute the ;:urll-r.!:-':t

gram,

To run the program using the values A = 3;B=4andC=5

Do This See This Comment
ents

- ENITTRE -ttt
m@ { .0000 fégrsele:hf, value of B in
@ L 5 DUUU ?ég;;ethg value of C iﬁ
[ . :
[

f sany -

5.0000 X]Umplﬂstepl.

STOP Execute the pro
.5584 x The valye nfp‘r’ _igrg?;-_

§ToP
played.

The computed value of Y = 0.4584
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Decisions and Conditional Testing

In programming, one often wishes to jump to another program Or program seg-

ment or branch to a subroutine only if some condition is satisfied. The 326 Scientist

is capable of testing the number in the Entry register to see if it satisfies a particular
condition, and, if the condition is satisfied, performing the required jump or branch.
You can test the number in the Entry register for the following conditions:

Greater than zero {>0)

Less than zero (<)

Equal to zero (=0)

Greater than or equal to zero (=0}

Less than or equal to zero (<0)

Not equal to zero (# Q)
The 326 Scientist can also test whether an entry has been made from the key-

hoard. |
A conditional test always asks a question, If the answer is yes, the program jumps

or branches to the label that you specify. If the answer is no, the computer continues

to execute the program steps that follow the test.

Flow Chart Symbol for Test

At this point, we will add another symbol to our “'vocabulary’” of flowchart sym-

bols. A diamond-shaped box is used to indicate a test for some condition.

Symbol Meaning
Test. A test is made for the condition indicated
by the words in the diamond. One flowline
enters the diamond. Two or three flow lines
exit from the diamond-shaped box. The exit
flow lines are usually labelled 'yes’” or “no”
(if there are two exits).

i1



In the portion of a f|
_ owchart shown,
a number X is tested to determine

if it is greater than o
eat r equal to zero. If the
answer 1s ““ves”, a Jum

segment labelled 1; if the answer IS “no”’
the program continues in sequence, '

Jump 1o
Label § No
Instruction —i

Conditionat jump

Instructions are given in the following table, The label

made ey s :
d must be specified immediately after the Conditional Jump instruction

Instruction
Key Sequence C
ode '
e r Meaning
. 351 Jump, if the number in the E-register
) 15 positive, to the label specified in
- ;the following memory step,
Jump, if the number in -regi
s negative " the E-register
353 Jump 'ifb the number in the E-register
. S positive or negative, but not zero.
Jump if the n i '
amp i umber in the E-register
355 Jump | '
Jump if the number in the E-ree:
- IS greater than or equal to zerﬁgm&r

Jump if the number in the F-regj
“ n - is less than or equal to zefn. repister
-== JumEEif an entry has been made from

the keyboard.

Example:

The key sequenc
. ' q C ﬁ B@ means “Jump to label 2 if the number in the
E-register is greater than or equal to zero.”

Is made to a program

to which the Jump is to be

Conditional Branch
The key sequences, instruction codes and meanings for the Conditional Branch
instructions are given in the following table. The label to which the branch isto be

made must be specified immediately following the Conditional Branch instruction.

Instruction
Key Sequence Code

BRANCH

Meaning

Branch, if the number in the E-register
is positive, to the label specified in
the following memory step.

Branch, if the number in the E-register
15 negative.

Branch, if the number in the E-register
is positive or negative, but not zero.

BRANCH
BRAMLCH

] 364 Branch, if the number in the E-register
BRANCH is equal to zero,

] = 365 ° Branch, if the number in the E-register
BRANCH - is greater than or equal to zero.

Branch, if the number in the E-register
is less than or equal to zero. :

@38 -
BRANCH
=08
BRANDCH

367 Branch, if an entry has been made
from the keyboard.

Oaaaaua

Example: | :
The key sequence ]?l - ’@ means ‘‘Branch to label 3 if the number in

the E-register is negative,”

Sample Program Using a Conditional jump

A Conditional Jump instruﬁtinn is used in the following program that calculates
the sum of the first 17 integers {1+ 2----4+ 16 + 17). As shown in the flow
chart { Figure 24), the number in register O is tested to see if it equals 17. If it equal
17, a jump is made; if it doesn’t equal 17, the program continues to the next memor

step in sequence.
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’( Start

)

|

Clear registers
0 and 1

[ _

R Label 3

|

Add the contents
of register 0 to the
contents of register 1

Is

the number in

register 0
=17

?

Add 1 to the
contents of register 0

l

Jump to

Label 3

Yes

Jump to

Label 4

Label 4

1

Stop to display
the sum in
register 1

|

Figure 24

Jump to
Start

114

Do This
& gge:
STOP LORD
=

)

i B4

Do This

The program 15 loaded as follows:

B0 oo

@0)@Ba

- (EBEA = JOEL

The sum of the first 17 inte

To run the program:

ments
See This Com
[ .0Oi \
00 b S Clear registers 0 and 1.
. bel 3 is at step 006.
03 007 \ Ls
Add the number in regis-
ter 0 to the number in
@ﬂ I : E ’ ’ rirgister 1.
Subtract 17 from_lthf
D f 5 aumber in the E-register.
If the numbe:c iln ti{;e :’::;E
ister equals O, Jur
@UL’ il ! ! [ggllsabel 4. Otherwise
continue.
‘ t Register O.
02l \ Increment Reg
jump to Label 3 at step
ool .0cc 006.
EnT ) {abet 4 is at step 023.
Eﬂq : UEH 3 Stop to disFlay the sum
in register 1.
[ﬂ 33 : D EE J Return to the start of the
program.
633 : DEB L switch to Run mode to
0 UUDD ) prepare for program
[ . execution,
See This
[ 53.0000 )
gers is 153.
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Sample Program that Tests whether an Entry Has Been Made

In this program we wish to calculate

for a number of values of a.

The Identifier 1 is used to indicate

y = a??

The flowchart for this program is shown in Figure 25.

that a new value of a js to be entered. If an

entry has been made, the Program jumps to Label 2 and performs the calculation,

If no entry has been made (indicating all

calculations have been done) the Identifier

8 is displayed and the program is terminated.

To load the program

Do This

(=g ]

JIMP
CIE)
f
STAAT
STOP

-—
FwO

(Press B 11 times)
2 (7]
STOP

Comments

+ | - | = WEER,

See This

(00! . gna b Enter 1.

(111 .003 1 identifier.

033 . ooy ) stp to enter x
405 1 Jum -if an entry has been

[UUE’ 005 X made to Label 2,

(010 o017 \ Enter 5.

({11 008 ) identifier,

(033 003 ) €nd of program.

[ .020 } Move to step 020,

(202_. 027 } placed a o 030,

(025 pag \ a* function.

(0071 025  Enter exponent

éﬂE’ﬂ .02t l Calculate y.

(033 . gZ7] \ Display

L

116

. ﬂﬂﬂﬂ \ Switch to Run mode.

T R WL e AR TR
£ e T e

Tk i A e e
SRRt ST S U e e e

=

=)

Identifier 1

Enter a

Has an
Entry Been ves - Label 2

made

?
I ¥
Identifier 8 y=a
C End ) Display y
Figure 25
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To run the program for values of a = 2, 3 and 4:

Do This See This Comments
START ] ' \ Start program execution,
STOF : Identifier 1 is displayed.

E . Lfggﬂ \Valuenfy:;:?-?

f S Ready for a new value of
. a.

19.4918( \Valueofy:_‘;l?

1

2 2242 XValuenfy=42~?

E Ready for a new value
at a.

X No entry was made.
Identifier 8 is displayed
indicating the end of the
program,

e
it
Y e B Y el ey Bl

|

Conditional Tests on Numbers other than Zero

Occasionally you may wish to test a number to see if it is less than, greater than
or equal to a particular noniem number. You may use the Conditional Jump or
Conditional Branch instructions previously described for this purpose. First ’yuu
perform a subtraction so that the test can be made in terms of a comparison with
zero. For example, suppose you want to perform a Branch if a calculated number, Z,
is greater than 100. Simply subtract 100 from Z and then perform the Branch if
Z— 100> 0.

In the following table, flowchart symbols of the various test conditions are shown

along with the instruction sequences that will accomplish the tests. The label, £,

may assume the values [ O |-{ 8 |, [« ]or .
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Test Instructions

Subtract N from the number in the Entry register

JUMF - @
h
e 1+ I
or |-| B+
f BAAKH

Subtract N from the number in the Entry register

JUMP
-
or |-| - i
f RAAANCH
Subtract N from the number in the Entry register
g
8ranch
oo - -
or |-| o {
f BRANCH

Subtract N from the number in the Entry register

no: conlinue
program

Jump or Branch
to Label 2

na: continue
program

na: continue
program

JUMP
B h
® s ranch Ll +] =
no: continue or |-| - B £
program f BAAHCH

Subtract N from the number in the Entry register
h JLUMP ‘E
Bran
g e 4 -1-B
. e
f BRANCH
" Subtract N from the number in the Entry register
JUMP
o o o B
o C 1+
f ARAHCH

no: continue
program

no: continue
program

Sample Program: Testing Nonzero Numbers
Suppose that a function, F, is to be evaluated using one of three different expres-

sions depending on the value of the independent variable, R. Specifically,

F = 10478 - log R) when R = 2200
F — ]U{—E.?-!-D.ﬁfr log R When 2200 -l R = 3H00
F = 10{—(},5 - 0.25 logR) when 3600 < R
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( Start ) j'::-

| }‘ The flowchart for this program is shown in Figure 26 and includes two Condi-

Store R in ' tional Jumps depending on whether R < 2200 and R = 3600. The value of R is
register 0 -

assumed to be in the Entry register at the start of the program.

To load the program

Do This See This | Comments
Yes ’ _mi 53':;:_; [ 0 | j I;rt::)dﬂ%rﬁgram starting at
| @ fooo 003 ] Store R in Register 0.
Label 2 Jump fo BEEE
! - 1 Aeg T |
4 <
3 8 (o) .ol ) fomptotabel 10
Label 2 No Label 1 :
4 3 } (3)(s)aJ0}
F = 10'-37+0.65 tog ) F = f{p-05-028 op R) F = 10-18=lo9 A) g ibﬂﬂ . U ’ E g Tfﬁ,:;ﬂ;ﬁié&?{} If true,
i (2] [po2 020 |
: : G0 .
abet' | Jump 10 (=)~ (2) 5] (005 028 \ ’&;bgvéﬁéé;;gf t%f for the
| =( . 5 JB . F z 10L-05 glii:l-.l.‘i logRy
-1 C [T61 .033 \
# E__] L.lBEL {E’BB . 03 Lf B Label 3 15 at step 033.
o i) (033 037 | Stop o e e

to step 001.

E__) E [EUI DBE \ Label 1 is at step 037,
@0 -
= ED

Stop to display F
and enter a new R

l

Jump Start [ 1 ][ ‘]LZJ[E]
Bew (/5 047 | IR 00"
unp _ i to label 3 to dis-
i (3] (003 051 | beyvalveol F
Figure 26
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Stepping Through a Program

Do This 5§E This Comments The 326 Scientist permits you to execute a program one step at a time, Using this
. 4 feature, you may observe program execution closely. This is particularly useful in
C_] ﬁ [C_,UE 052 3 Label 2 is at step 051, - . p :
m f—['j—~ i - F determining what modifications a program may require. To step through a program,
X E 3 _ .
— | - first set the RUN/STEP/LOAD switch to. gt .
[ - ] S [ 5 ] [EEE 055 E - 5TART - .

— - J iL 2200 < R = 3600, - When in Step mode, each time you press the following things happen:

[ ‘ then - .
=. 3 [ ' J[ 7 ] F = 10737 + 0.5 logR e The display shows program information for about one second. The current
= |?| ap [ 161 65 _\ memory step, its code and the previous and next code are also shown, in the

i : ' 5
i [UUE 051 J Jump to label 3 to dis- - Load format previously described.
: lay value of F. , . _ - .
- play value 9 _ i « The instruction at the current location is executed and the result of the instruc-
s [ 0 000n J Switch to Run mode in E
_ > : | Ei"é‘éi’i?é',?” for program tion is displayed. (Multi-step instructions Iike m| : |are executed together
| E 3 as one instruction.)
To run the program for values of R = 600, 3000 and 8000 « After the instruction is executed, the program stops with the current contents
Do This See This Comments ' of the Entry register in the display. You must press again to continue step-
_ | ping through the program.
(8)(0)(©) [ 500.0000 ) ewerr=so0. - | o |
START { » If you move the RUN/STEP/LOAD switch from =g;1; to [, pressing B will
STOP ge
[ 0.l ﬂﬂ H J Value of F for R = 600. cause program execution from the current step in memaory.
3 ][D ][ O ][ O ] { 1000.0000 J Enter R = 3000. Example:
START To demonstrate stepping through a program, enter the following program that
STOP { 0.03647 } Value of F for R = 3000. ¢ h PPIng 5 Z]D 8 5 Pros
i calculates the area of a circle {A = nr?) into memory starting at step OO1.
(8)(o){o](o]/ BOOO D000 \ tmer r = so00. 2 i
START . Instruction
STOP { o.0334 } Value of F for R = 8000, [ . Memory Step  Code Key Comment

001 001 Enter 1.

003 033 Stop to enter 1.
004 162 |-| [ ] Calculate r2.
S x? _

005 023
006 107 L’_] (7]
007 020 = Calculate 7rr?.

008 033 Display A.

JUMP

009 350 [ ]
il

010 033 jump to step 001.

123 ;. = 123
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To step through this program with r = 2 It is possible to make keyboard calculations when stepping through a program.

Do This See This Comments | Make sure that your- keyboard arithmetic does not interfere with any program arith-
| L i ‘ to isolate your keyboard
:‘;:, START Jump to step 001 and melic in progress. To kEEp from interfering, you may need
% b G 00000 Y b5 mee &

arithmetic with parentheses. If your program uses parentheses, make sure that the

[ 007 007 171\ owesiodioma.

& . sum of the program and keyboard parentheses doesn’t exceed four.

Executes the instruction
Q01 (Entry of 1} in step
_ 001 . : T
{ 0000 S . ¥ The Pause Instruction
. | : | Display afte tion.
START " Py ST erecdon = The Pause instruction allows you to briefly display intermediate results during the
STOP LUU f . .. UHE f l f E_:fj\ Displays load format. execution of a program. The key sequence 3 [:j. This causes the program to
Executes the Identifier : - ‘cnlav the contents of the Entr
instruction in step 002. : pause about three seconds during execution 10 display ry
[ / . l Display after execu:tfnn. rEgiSter_' _ | _ |
sraar / 1] 003 033 /6 tﬂ Executes the Stop instruc- Multiple answers can be displayed by including a Pause instruction after each
: tion at step 003, answer is calculated. Each answer can be identified by pausing to display an iden-
{ [ W Display after execution. o .
: tifier just before the answer is displayed.
@ | { | Eﬂﬂﬂﬂw Enter r = 2.
STAR : .
T (033 009 162 a3 bt Example: | |
Suppose in the previous program calculating the area of a circle, we wish to pause
- [ | 4.0000 \ Displays value of r{ | _ _ o
START {f I 00c : | to display the value of r?as well as displaying the final value of A. We will insert a
Al ad E - ' ' :
L —— bcd 10 ﬂ xecutes % instruction. Pause instruction |’| immediately after the calculation of r? at step 004,
[ B .0000 \VMEMR{ Do This See This Comiments |
START ’
5TOP O3 006 107 020\ txecutes m instruction. v UM . Jump to step 001. The
{ \ " E - [ : , - DDUU E nurmber 1.0000 was pre-
{ J./415 1 Displays . ' viously in the Eriry regis-
. . ter.
S5TART E t instruc- , ,
=15 [”_77 o071 o2 033\ ti;ﬁFUESBmS ruc Sﬁ‘z {' gg! ogit 1! [E Switch to Load made.
' - ¥ Move forward to step
{ { E 5664 W Calculates A = #r2 (Press @ 4 times) {! = DUE 023 10 78 00%. folinwmg the calon
START _ t r . !
ekl | [DEB 008 033 35m Egﬁcutes Stop instruc _ jation of r2. :
| | ‘ Mﬂ E] H 4y oot o233 1o _P} Insert a Pause instruction.
. L {C . 5553 \ Displays value of A, S : tch d
oy ' Executes il [ | = | | _O00D0 ) acae the progrom.
STOP {ﬂ;g ] UDE 3ED 533\ s1or RS L fat | _ ' e prog .
double instruction)
[ /2.5663 )
STARAT Th :
28 [ 00 I 001 ! i I\ Ste?J Er{]{:;sram is back to
.' [ , . UUUE \ Executes this instruction.
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To execute the program with r = 2

Do This See This Comments
START
STOP { | \ identifier 1 displays.

. DBDE \ Enter r = 2,

YT M

2. 5663 \ value'of A = 12.5663.

Look Ahead Feature

When the 326 is stopped while executing a program, it may be desirable to look

ahead to see what program step will be executed next without actually executing

the next step.
. EWD .
To do this, press @ when a program is at a Stop. The display changes teﬁ"rpOr-
arily to Load format and the instruction code to be executed next is displayed just
to the right of the next memory step number.

The Look Ahead feature is also useful when an error occurs in the execution of a

program, If {___£-----

Y occurs during execution, press to see the number
in the display just prior to {___£----- ). Then press @@ to see the instruction

that caused the Error condition to occur.

Display of Program Listing

With the RUN/STEP/LOAD switch set to ==‘5 , pressing ﬁ briefly displays each

program instruction in sequence. The display shows the program listing in Load

format. No execution occurs,

' Start execution, The
Y. UDUD E value of r? = 4 displays .
briefly, followed by the

Some Programming Hints and Techniques

This section describes some useful programmihg hints and techniques that may

help you to write programs more efficiently.

Handling Variables and Constants
in general there are three types of data used within a program:
1 Data values that change every time the program Is run
7. Data values that change infrequently

3. Data values that never change within a program

For most efficient programming and execution, the following rules should be

followed:
1 A data value that changes each time the program is run should be entered at a

Stop instruction within a program.

2. Values that are the same for many runs of the program should be stored in data
storage registers. Thus, they need not be entered each time the program is
cun, but can still be changed whenever it is necessary.

3 Numbers that are constant within the program, and never change, can be
entered as program steps. Once the program is written, they need never be
entered égain.

You majr wish to store constants that have many digits in data storage registers

rather than enter them in the program where one memory step must be used

for each digit of the constant.

Stop Instructions in the Middle of Arithmetic Sequences
Using a inctruction in the middle of an arithmetic sequence in a program is
not recommended, since keyboard operations done while the Stop is in effect could

change or interrupt the algebraic sequence in progress. Thus, program sequences

- such as
'?? ;' . START
. 4 should be avoided. If a or other arithmetic operation is performed while at the
i:
' .. i - . n -
b % Stop, the @ instructions are lost and the program will not calculate the

intended answer.
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Use of Identifiers

When several numbers must be entered within a'prugrani using different Stop
instructions, it is very useful to identify each Stop with a unique number in the

display. This may be accomphshed by using the |dentrfler instruction [| |@]
with a numerical value,

Identifiers can also be used in displaying multiple answers with the Pause instruc-

tion.

Direct Register Arithmetic in Programs

When doing arithmetic operations that use the contents of registers, direct register

arithmetic can often save program steps.

For example, to muitiply the contents of register 5 by the number 2 and store the

result in register 5, the sequence

@@B@

uses seven-program steps.

-

The same operation can be shortened to four steps using the sequence

B - < [

Also, when these are loaded as program steps, r:mly three mstructrons are loaded
because .. is loaded as one instruction.

Sample Program: Evaluation of a Polynomial

We have now covered all the basic techniques for programming the 326 Scientist.
To become maore familiar with the techniques discussed so far, we will write and
execute a program that evaluates the polynomial function

y=au+alx+32x1'

where a , a, and a, are constants and x is a variable. The flnwchart for this program is
shown in Figure 27. In the first segment of the program, before Label 1, values of
the constants a, a, and a, are stored in registers 0, 1'and 2, respectively. The second

part of the program is the calculatmn of the value of the polynomial and a final i fump

back to Label 1 to allow a caiculation of y for a new value of x.

128

Gt f i E i B e

C Start

Y

Enter and Store
a, in register 0

'

Stop

!

Enter and Store
- a, in register 1

¢

Stop

Y

Enter and Store
a, in register 2

- Label 1

Stop

'

Enter the
variable X

#

Calculate
Y=a,+aX-+ aX

!

Jump to

Label 1

Figure 27
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To Load the Polynomial Program

Do This

o
TP
Loa0

£330
START

STOP

START

STOF

&3 2)
() om (1]

I LABEL

START

B3
CJX .
[ x [IE)
@G
] x 6
0

o]+
.I;.I-HF

TTER
[N.F1:]

L

b""' STAAT
5T0F

{ .

See This

Comments

0ai

J Start loading the program
at memory step 001.

000

NiIE

Store the number in the
E-registér in register 0.

(033

004

W Stop to enter value of a,.

{001

006

J Store a, in register 1.

[033

001

\ Stop to enter value of a,.

[ooe

. gas

S Store a, in register 2.

(201

0ig

\ Assign the Label 1.

[033

g1l

\ Enter x and displar the
previously calculated

value of v,

IGDE]

NI

Store the value of x into
register 3.

[162

074

\ Calculate x2.

06

Calculate ax ? using di-
rect register arithmetic.

([oo2_

[on3

018

;

= WOE

==

\ Calculate a,x + a,x*.

[ooo

g2y

\ Calculate ag+ a,x +a,x’.

[ooi

026

) Jump to Label 1.

0.0000o

Set the switch to Run
mode in preparation for
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running the program.

The display shows the
same value that it held
prior to the Load condi-
tion,

To run this program with the constants

ag = 4
a, = 2
a,= =5
and x values of
X = -3
X =7
' ts
Do This See This Commen
ﬁ P D UDDD ) jump to step 001.
STOP

Y. ﬂﬂgﬂ S Enter value of a,
2. goof 3 Enter valve of a,.

L
@ L
r

[ -G . 0000 | entervalve of a,
7
F
r
3

STAAT |
STOP
CHG 5 START
SIGN 570F
CHEG
EY
START
STOR
START
sTOR

-3 \ EUDD J Enter value of x.
-*"‘i—, . UUDU SCalculateyfnrx=3.
7. DUU[} J Enter new value of x.
'EE—[ ooon J Calculate y for x = 7.

You may, if you wish executea @ to return to the beginning of the program

n n' I a !f 'a t

ferent values of x.

encouraged to write other sample programs to s
| you feel totally comfortable with the programming tech-

olve problems in your
You are

~special field of interest unti
niques presented so far. | N
his book describes how the programming capabilities

The following section of t
d still further with the use of the Monroe 392

of the 326 Scientist may be extende

Tape Cassette Drive.
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Section5
Using The 392 Tape Cassette Drive

s
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AT

Why Use a Tape Cassette Drive?

mafu s e o

The Monroe 392 Tape Cassette Drive (see Figure 28) greatly increases the

* programming capability of your 326 Scientist. First, you may use the Tape Cassette

i e

Y Drive to enter prepared programs into your computer. Monroe provides a com-
prehensive library of programs for a wide range of scientific, mathematica! and
L. engineering applications, This saves you the trouble of having to write your own

5 1 programs to solve many types of problems.

L. You may store programs that fou have written, permanently or temporarily, on

- magnetic tape, and enter them into the computer’s program memory whenever you

ey
ST et e e T e A
b i e T e - 1 ‘!...‘]'!_..:;Tr_p__;_:“':._ef} qdi.-_;.,_.,_.‘.. AL el LT ot | e s .,
L T T T ATy M S i T

= T aem, B

e _nEEd them.

ARt e Tl s P L e = »

i 31_' You may store data on tape, permanently or temporarily, and read it into the

e computer’s data storage registers when required by your program.

The read and write operations of the magnetic tape drive can be placed under

program control. Therefore writing programs and data onto magnetic tape and read-

ing programs and data from tape can be done automatically-by a program.

This ability to program tape drive operations greatly increases the effective size of

the program memory and the data storage area.

For example, a large program may be divided into a number of segments, where

r 3 . .
Saire Tt SR e e 1 L S RO S PR "
R Lt i T b e B i ey L S b

. each of the program segments is required to perform a specific part of the computa-
tion. The program segment currently in the cnmpmer’s memory can include as its
final instruction the command to read the next program segment from tape into
memory. Thus a very large program could be executed in 160 program step seg-
ments. This is known as a program overlay technique, because the new program

segment brought into the computer’s memory overtays and replaces the program

segment previously stored there.

| ~ Similarly, large amounts of data can be brought into the computer’s storage regis-
ters from tape 12 data registers at a time. Input data could be brought into the com-
- puter from tape, computations could be done and the resulting data could be stored
Figure 28 on tape. Then a new set of input data could be entered from tape and used for a new
set of computations, and so forth.
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Thus automatic program control of tape drive reading and writing operations per- Tape Cassettes Us ed

mits you to write : S
Y programs of considerably more sophistication than would he k| Two kinds of tape cassettes may be used with the 392 Tape Cassette Drive. They

possible by programming only from the keyboard.
are:

Connecting the Tape Drive

The 392 Tape Drive has a permanent signal cable with a connector at the end

(see Figure 29). To connect the Tape Drive to the 326 Scientist, simply plug the

connector into the socket which is recessed on the right side of the 326

The cable is used to pass information to and from the Tape Drive. Power to run
the Tape Drive is supplied through the 326 by means of this cable. The Tape Drive
uses power only when the drive motor is running. The power consumption of the
392 Tape Cassette Drive is minimal and has little effect on the discharge time of the
326 Scientist’s batteries. In the extreme case 1;awhf_mre the motor is kept running full

time, the battery discharge time is reduced by approximately 15%.

Figure 29
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The Monroe Endless Tape Cassette

The Monroe Tape Casselte

Monroe Endless Tape Cassette
The endless tape cassette is a continuous loop of tape and is easily recognized by

its red label. It can hold a maximum of fourteen blocks of information. Each block
can hold the full capacity of program memory or the contents of a maximum of
twelve data registers. Because only one side of the endless tape Is used, it must

be inserted in the tape drive so that the labeled side always faces up. The unlabeled

side has a note of warning stating that the other side is to be inserted.

>
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Tape Controls

Monroe - :

The Mun.lr-:fia(p::faesz:te is a conventional The controls used to operate the 392 Tape Cassette Drive are shown in Figure 28.
sides, easily recognized by the blye label on the Cassette that records on both P All tape controls excelpt the Program/Registers switch are on the cassette drive.
desianated Side | ‘ cassette. The two usable sides are |

gnale A and Side B. Each side of the tape can hold up to 12 files of infor- Control Function |
EJECT | Pressing this key lightly opens the cassette drive door to allow the

-

the tape cassefte to be ejected.

Protection : : : 3 '
of Tape Against Accidental Frasure ®  RECORD Allows data or programs to be recorded onto the tape from the data
After i ' ' - . '
information has been recorded, cassettes may be protected from accidental k3 registers or program memory of the 326. Whether programs or
| a = |

erasure ' - ing of
by removing a Write Protect tab. Of course, this prevents you from writin data are recorded on tape depends on the setting of the Program/
_ B

new informati c . . . .
mation on that tape and lmphes that vou are stﬂring a program or dat Registers switch. RECORD does not operate when the Write Protect
- a

ermanen , : e .
p tly rather than temporarily. Endless (loop} cassettes have only one writ L ] tab s removed.

c

tﬂbﬁj on i : 3
e for each side of the cassette (see Figure 31), REWIND
available through your Monroe representative d esig- | approximately 1 file every 2 seconds. The tape drive motor does

nated by the following part numbers:

This key causes two-sided tape (blue label) to move backwards at

Additional cassettes
are
not automatically turn off when the tape is fully rewound. This does

not damage the tape cassette or the drive but will discharge the

CD8490443 for Monroe end! 0 R [ do 0 €3
ess tape 3
CD8490435 for Monroe tape batteries after several hours. EWIND does not operat ith the

3 _ endless (red label) cassette.

o S R . READY This key places the recording head against the tape. Ready .must

L Write ) - L be pressed and latched to write onto tape of read from the tape.
< Protect, - F— Write -

A :Tﬂ_h v | __l;rgtect When writing onto tape, both READY and RECORD must be latched.

L e When reading from the tape, only READY need be latched; RECORD

es may or may not be latched. However, protection agatnst accidental

:  writing is provided if RECORD is unlatched.

FORWARD This key causes two-sided tape (blue label) to go forward at high
_ speed. The tape motor does not automatically shut off when the
tape is fully wound. This does not damage the tape cassette or the

drive. FORWARD does not operate with endless (red label) tape.
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STOP
This key stops whatever tape motion is occurring and unlatches any
other keys.
WRITE i regis .
R This key causes programs or registers to be written onto the tape
TAPE from the 326. WRITE ON TAPE is also used to load a program in-
struction for automatic execution of WRITE ON TAPE
READ Thi r regi
READ is key causes programs or registers to be read from the tape into
T
'APE the 326. Also used to load a program instruction for automatic
execution of READ FROM TAPE, |
PROGR is switch i |
AN/ This switch is on the 326 Scientist. It selects whether the 326 is to

REGISTERS

onto tape. The PROGRAM{REGISTERS._‘switch is only effective

during the WRITE ON TAPE operation. When performing a READ

FR '
OM TAPE, the 392 automatically detects if the information read

IS a program or registers, and reads it into the 39?2 accordingly

Tape Movement Counter

A digital
gital counter that records tape movement is positioned at the upper left hand

corner of
the face of the 392 Tape Cassette Drive. This counter is extremely usefu!

when you ' ] '
you wish to move to a distant point on the tape since you may use the

FORW
ARD key with the digital counter to move rapidly to the requrred part of the

D

Tape Blocks and Preconditioning Tape

A block i i
ock is a defined length of tape that can hold the full capacity of program
mem '
| gry O up to twelve data registers. All tape cassettes must be preconditionedf
rio | | ittoni ivi |
prior {0 use on the 392. Preconditioning divides the tape into fourteen blocks. Fach |

bl ’ ignes i
ock is assigned a number in the sequence 01 through 14. Preconditioning erases

all previous i : o
previous information on the tape. If you are using prepared program tapes excly-

sively and do not

140

write a | rag
a program from memory or data from data storage registers

plan to write your own data or programs onto tape, you need no

be concerned with preconditioning tapes All prepared program tapes that are
provided to you by Monroe have already been precnndmoned -Thus you may

omit reading the following procedures and go to the discussion of Block Search
inext topic).

The procedures for prelcnnditiﬂning-tapﬁ are as follows:

Endless Tape (red label):
. Connect and turn on the 326- 392 system.

2. Insert the cassette to be precnndltioned.
3. Press and latch READY and RECORD on the 392.
4, Press [:Dj| | on the 326 Scientist, then WRITE ON TAPE on the 392 Tape

Drive.

The systemn automatlcaliy searches for the sphce on the endless tape. This search
may last as long as two minutes. The d:splay remains blank during the search. After
iinding the tape splice, the block label numbers are written on the tape in sequence.
This takes approximately one minute. After each block label is written, the display

shows the two digit label for that block. -
After block 14 is labeled the tape stops and the display shows:

[ /4.0000 )

The Endless Tape cassette is now preconditioﬁed and ready for use.

Two-Sided Tape (blue label):

1. Connect and turn on the 326-3.92 system.

7 Insert the cassette into the 392 cassette drive with the side that you wish to
precondition facing u;:; (Side A or Side B). |

3. Press REWIND and fully rewind the tape.

4. Latch READY and RECORD on the 392 Tape Drive.

5. Press @@ on the 326, then WRITE ON TAPE on the 392.

The tape moves forward for approximately 14 seconds before the first block is

1abeled. After each block is labeled, the block label number is displayed. After
block 14 is labeled the tape stops and the display shows:

[ 140000
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One segment ur file of the tape has been preconditioned. Repeat the abcwe proc-
€ss to precondition another file of the tape. The two-sided tape (blue Iabel) can hold
a maximum of 12 files on each side of the cassette. When the desired number of
files have been preconditioned, rewind the cassette.

It is possible to automatically precondition all 12 files on one side of the two-
sided tape cassette using the following procedure:

1. Connect and turn on the 326.392 system,

2. Insert the cassette into the 392 cassette drive with the side that you wish to

precondition facing up (Side A or Sidé B).

3. Press REWIND to fully rewind the cassette.

4. L.oad the fUHDWI'ng pmgram into the program memory of the 326.

Do This See This PR Comments
START
5555 / 00 \ Start loading at step 001.
[ I w
L- R'TE [’ L}U | ng; \ E:;'SCDndltI{}n tape ':nﬂﬂ-
TAPE P
EBICH] - | +
@ Increment register @,
[EUU 008 W leaving result |%1 register
| 0 and E-register,
|| exr P
CJIED (14 . 007 } in Eoregisters 7 "

2] [002 003 \

©) [0
S Subtract numbe .
R MB [ogl .ol | Subact aumber n regis

JI.IMP i
Em E ! : lump to Label 1 if num-
L 4 — /3 ber in the Entry register

equals 0.

A TarT B
- {833 .0/5 }lumptostepﬂ{}l.

=™ w (1) /Zo7 0/ \ tabel 1.

m@ {BEU gilg | ‘\ gfecall number in register

[033 01g 1 } Stop execution, |
sty { [l UUUU \ Switch to Run mode.
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5. Store zero in register 0. {Press @ﬂ@ )

6. Press and latch RECORD and READY.

8. Press . Preconditioning starts. After each segment of 14 blocks is precon-

ditioned, the program pauses to displ_ay the segment number;

] [ |.o000

] [ 7 0000 )

) — [2.0000

The program stops after the last segment has been preconditioned with 12.000 in

the display as shown.

Block Search

K

5 é:. To write a program or data registers onto a specific tape block; or to read a pro-
gram or data registers from a tape block, you may either search for a specific block

to be used or simply use the next block.
« To search for a specific block, enter the block number.

St -'__-::-.".\-_‘5_.-:'.-

; « The entered block number must be an integer (1 through 14), to search for a
: specific block; or zero to search for the next succeeding block.

5 Endless Tape (red label}:

::_ « The tape maves forward and the system searches until the block is found. As
. each block is passed, its block number displays. Block 1 follows Block 14.

- « If the entered block number is zero, the tape moves forward to the next biock.
s If the entered block number is greatér than 14, E----- 3 displays.

~ Bress _ of to recover from this error condition.
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Two-Sided Tape (blue label):

;'j!i * U
L sually the cassette should be fully rewound before any Read or Write o
| . pera-

tions are performed,

* Th |
€ tape moves forward to search for the entered block number (1 through 14)

It m .
ay be necessary for the search to 80 to the next file of 14 blocks

* If the indi '
cated block does not exist on whatever tape remains, the search goes

to the end of the tape. The Write or Read does not occur

* [f the ' -
entered block number is greater than 14, a tape error condition E 3

occ
urs. Press or for error recovery.*

Using Prepared Programs with the 32'6

packages. Each ' i
ickag ch package is designed for a particular applications area and program

ming skifls are not

requj
quired to use the prepared Programs. Your Monroe repre-

sentative ca |
n supply you with a complete listing of available program packages

A typical packa |
p ge has between 10 and 20 programs with detailed instructions and

- examples for using e '
g €ach program. The actual programs are stored on one or mo
re

tape cassettes, which are provided as a part of the package
To use the packaged pmgrams,'the ‘

392 Tape Cas . '
the 326 Scientist. The | b€ Lassette Drive must be used with

following is the
e general pr -
program: procedure for using a prepared

1,
Connect the 392 Tape Cassette Drive to the 326 Scientist
2, Insert the Cassette containing the program to be used
3. Rewi ' .
ewind the cassertte Dy pressing and latching the REWIND key
Programs are stored on tape cassettes in files |

. and blocks. Th
blocks in a file. The number of files ere are always 14

On one side of a tape ¢
- 2 ' | assette depends
e applications package being u_sed. Each block holds one program

*Five different error conditio
$
Appendix £) ns €an occur that are related to the use of the 392 Tape Cassette brh.- s
_ e, (See
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4. Enter the block number (from the keyboard of the 326) of the program to be
used (1 through 14}
5 Press and latch the READY key on the 392 Tape Cassette Drive.

¢ Press READ FROM TAPE on the tape drive.
The 326-392 system searches for the block indicated. The tape moves for-

ward. As each block is passed, the block number is displayed as a two digif

number: 01, 02, ..., etC.
When the block search is complete the program is read from the tape into

the memory of the 326, The block number in the display changes from a two

digit number to an integer followed by a decimal point and four zeros; for

example, 05 becomes 5.0000.

7. Press START to begin program execution.

Refer to the program package operating instructions for the complete description

and procedures for using specific prepared programs.

See the following sections for a more complete description and procedure for

writing programs on tapes and reading programs from tape.

Writing a:Program onto a Block of Tape

To write a program onto a block of tape, follow this general procedure. It is
assumed the Tape Cassette Drive is connected and a preconditioned tape cassette

has been inserted.
1. Place the PROGRAM/REGISTERS switch in the position.

2. Press and latch the RECORD and READY keys.

3. Enter the specific block number {(or zero to write on the next block in the

sequence of blocks). For example, to write a program onto Block 3, enter 3

from the keyboard of the 326.

4. Press WRITE ON TAPE.
The system searches for the block ‘ndicated. i the block is found, the full capacity

of program memory is written onto the block of tape. Program memory remains

unchanged.
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Reading a Program from the Tape
into Program Memory

Example: Writi
. - = ng a Program ont
o : © Tape To read a previously recorded program from a block of tape into the program
j Let us write 3 simple program on a block of t S ' memory, follow this general procedure. It is assumed that the Tape Cassette Drive
the computer's memory that computes the qu:E): | ufp{fe there is 2 program in is connected and a preconditioned cassette has been inserted.
L _ root of an entered Lo -

* plus two. The instructions for this program are as follo number, X, 1. The PROGRAM/REGISTERS switch can be in either position because the kind
~ W
i Memors < of information (program or register data) is recorded on the tape during the
Lo ry step ! ' ¥ , .
_;. nstruction Code Key Comments writing operation.,
i 00 033 START
ai“ a8 Stop to enter a number, X, 2. Press and latch the READY key.
#. . 002 021 3. Enter the block number to be read or zero to indicate the next block. For
gg 003 002 e | example, to read the program from block 3 of the tape into program memaory,
: ; @ Add 2 to the number X. enter 3 from the keyboard of the 326.

020 = Calculate sum, 4. Press READ FROM TAPE.
005 062 >z ' The system makes a block search. When the block is found, the program informa-,
. an Take square root, : , - :
006 350 P tion on the full block of tape is read into the 326. Program. memory is completely
e filled. The information on the block of tape is unchanged.
007 033 |

v
‘-q"]-'

o
o

m
o) feur

Jump to step 001.

Example: Reading a Program from Tape
To write the program on tape in biock number 3 { In this example we will read the program previously stored onto block 3 of the
Do This See This 18 tape back into the program memory. First, turn the 326 Scientist off using the ON/

Comments

= [

Specify that program
J memory is to be written

0.00o0n0
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OFF switch located behind the right side of the computer. This causes all information

in the computer’s program memory to be lost. Turn the computer on again. Program

3 onto tape,

. {Press and latch READY and RECORD) memoery is now blank. (Turning the 326 off and on is not necessary, of course. It

@ merely serves to make this example more dramatic.)

i Press WR | _ . To read the program from Block 3 on the tape into program memory.

i (Press WRITE ON TAPE) .

| é {1/ \ Do This See This Comments

il Block numbers appe '

Jl’l g_ = 1 Err;ﬂ{lv e_sl_s tape mwgff;,_r (Press and latch READY) [ 0.o00og —J

i - lape slops after ———

H 13 having written the nre. @ Enter tape block number

i [ 3 ] } gram onto block 3 T L 4. 0000 e, red program

4 oaag |

H, :

.iil . {Press READ FROM

i TAPE) [ X ‘ W

i : A search is made for tape

i ( — ic . w block 03. |

;r

[ [ 03

i e tape cassette stops

,' [ 3.0000 W after block 03 has been

! — located. The desired pro-
gram is now in memory.
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To run the program that calculates VX + 2, which has been read into program
memory.,
Do This

[
5 N
(5] [
: [
[
{

ER UUBU \ !Tajg:npm:::} step 001 in
30000 Y g S o
5.0000 \enerx=s.

3 E = Calculate value of

V5 +2 = V7

14 000 } Enter X =14,
4. 0000 ) Shicutate value of

L

5
S

e —
e

2TART
5TOP
TART
8TOP
TART
TOP

Writihg Data Registers onto Tape

To write from data storage registers onto a tape block, the procedure is as follows.
(It is assumed that the Tape Cassette Drive i connected and a preconditioned cas-
sette has been inserted.)

1. Place the PROGRAM/REGISTERS switch in the 1 position,

2. Press and latch the RECORD and READY keys, |

3. Enter the block number to be used or zero to indicate the next block (for
example, press @ for Block 4),

4. Press WRITE ON TAPE,

5. Press a numeral or symbol key n (where n is@ -[.8],[ . ], or] to

indicate that the contents of registers- 0 through n are to be written onto the

block (e.g., press @ to write registers 0 through 6 onto the specified tape
“biock). The system makes a block search. If the block is found, the contents of
registers 0 through n are written onto the tape block, Piressing [3 will cause

@ - @and D to be written on tape. Pressing

the contents of registers
will cause the contents of all twelve data storage registers to be written

on tape.

The contents of the data registers remain unchanged.
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Example: Writing from Data Registers onto Tape

Suppose we wish to write the contents of data storage registers 0-3 onto tape

Block 1. Assume that the data registers contain the following numbers:

Register O 5.0000
Register 1 10.0000
Register 2 20.0000
Register 3 35.0000
Rewind the tape and proceed as follows:
Do This See This | Comments
W [ 00000 ) Sl b, davs oo
REGISTERS | | wrilten onto lape.

(Press and latch READY and RECORD)

L

(Press WRITE ON TAPE)

/. BUUDX Specify tape Block 1.

Indicate that data regis-

@ | ters 0-3 are to be wrilten
: on tape Block 1.
{ | [f w Writing begins.
* The data has been writ-
[ . 0000 Y enon tape black 1.

Reading from Tape into the Registers
| of the 326

To read the previously recorded contents of data registers from a block of tape

into the data storage registers of the 326, follow this general procedure. It is assumed
-that the Tape Cassette Drive is connected and a preconditioned cassette has been
inserted.

1. The PROGRAM/REGISTERS switch can be in either position because the kind
of information (program or register data) is recorded on the tape block during

the writing operation.
2. Press and latch the READY key.
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2
2. Enter the block number to be read or zero to indj

example, press @ to read from Block 4),
4. Press READ FROM TAPE.

Example: Reading from 3 Tape Block into Data Registers

E p

data registers 0-3, proceed as follows. (Rewind the tape
procedure.)

Do This

before beginni ng this

See This
Comments

(Press and lateh READY)
[

(Press READ FROM TAPE) é

f . DUUG } Specify tape Block 1.

ol )

é [ gaoon ‘} The information that was

previously written onig
tape block 1 from datz
registers 0-3 has now
been read back intg data

registers 0-3 of th
32t e Alpha

5 0000 \
08000 Ygecan he numpers
£0.000g | oredin resisters 0-3

35,0000 \
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Programmed Tape Control

The READ FROM TAPE and WRITE ON TAPE operations can be loaded as pro-
gram steps. This enables you to program the 392 Tape Cassette Drive for automatic

operation, This feature greatly expands the capabi!ity of the 326-392 system.

For example, a program may be too large to fit into program memory. With pro-
grammed tape control, it can be divided into two or more sections or overlays. The

326 can use one section and then at the appropriate time automatically read the

next section Into program memaory.

When a program block is entered from the tape under program control, execution

automatically continues from step 001 after the program Read is complete. It is not

necessary to press START,

A vﬁriation of the overlay technique uses the logical decision capability of the

326 to choose which particular program segment is to be used next.

FLOWCHART FOR A 1 BLOCK PROGRAM OVERLAY

=

Make program
segment
1 calculatians

|

Read segment 2 inlo
Program memary
rom lape

l

Make segment 2
calculalinns

l

Display or store
final results

1
=

Figure 32
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Registers are not altered as new sections of 2 program are read from the tape.
Registers can be used to store the results needed ta execute the next section of the
program, -

Programs requiring more than twelve {12) data registers can automatically store
or recall up to twelve (12) registers from a block of tape.

The flowchart in Figure 32 shows the general form of a pmgrarﬁ that uses a one-
block overlay. The flowchart in Figure 33 shows the general form of a program that
selects one of two possible overlay blocks, depending on the result of calculations
performed.

Figure 34 shows the general flowchart of a program that requires more than 12
data storage registers. Part A shows a repeated writing of the contents of data regis-
ters onto different blocks of tape. Part B of the figure shows a successive reading of

different sets of data values into the computer’s data registers from different tape
blocks as needed. '

Flowchart for a program that chooses one of two possible overlays,

=
|

| Load segmeni 1

|

Make calculations ]

Is Mgmen: 2 needed Load segment 2
Load segment 3 Make calculations
Make calculations
Figure 33

..:‘.-,- s

-

. :II
4
¥
i

Flowchart for a program that requires more than 12 registers.

—C T ),

Make calculations
or enlries

|

Stove resulls in
registers 0 —n

1

A Writing on tape

Write register
0 — n oh tape

Are calcolations
compleie?

B Reading from lape

Read 0 — n registers
from lape

]

Make calculations

No Axe caleutations

complelei

1573




Programmed Tape Control Instructions
o
5 Instruction cod_és- that control Tape Cassette Drive writing and reading are loaded

Into program memory by pressing WRITE ON TAPE and READ FROM TAPE when
L | the RUN/STEP/LOAD switch is set to .

- | |

"' | There are three different tape control instructions:

L' | PROCRAM/REGISTERS nstruction
4 Switch Setting Key Code
i (Switch position READ FROM TAPE | 041
a." has no effect) :

h PROGRAM :

- WRITE ON TAPE (writes a program on fape) 040

REGISTERS

PROGRAM

WRITE ON TAPE (writes data : 340
registers on tape)

REGISTERS

3 PROGAAM
B E The 340 instruction must be followed by a 000 |
B0 aedETERs register number : :
CINEESYF
N
a8 | This tells what registers are to be written 013
1 o : on tape.

Example: Programmed Tape Control for Overlays

1 This example demonstrates techniques for writing a program that uses overlays.
The program shown consists of 3 segments; the main program segment and two
overlay segments. Each segment is programmed and written on a block of an End-

l':i"%; ~ less Tape Cassette,

or equal to zero, segment 2 is read from the tape and executed. If the entry is less

‘1! than zero, segment 3 is read from the tape and executed.
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81 The main program (segment 1) tests a keyboard entry, If the entry is greater than

] .
y

- ) - " - - -
T o n Ay M te am gt e o e sy
e pl=". 0, "2 L Cutt S ol S L T o

Segmenl 1 {Main Program)

C

)
"

Identifier 1

|

Stop
(for entry)

MNa

Read segment 3
from tape hlock 3

Segmen| 2

Segment

Display =

Display e

|

|

Read segment 1
from tape block 1

Read segment 1
from tape block ?

Lahet 1

Read segment 2
from tape block 2

Figure 35
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The execution of segment 2 (when the entry = 0} causes the number 7(=3.1415) To write segment 1 onto block 1
to be displayed and then reads segment 1 back into program' memory from the End- 3 Do This See This Comments
' i ] Specify writing from pro-
less Tape. - . g 4 =3 | gram memory onto tape.
The execution of segment 3 (when the entry < 0) causes the number e(=2.7182) E REGSTERS '

to be displayed and then reads segment 1 back into memory. ; (Press and latch RECORD and READY)
Each segment is programmed and written on a block of endless tape. - [ | .0000 3 Block 1.
« Segment 1 is written on Block 1 L - | | Write contents of pro-
L : . ' ' | 3 ram memory onto tape
* Segment 2 is written on Block 2 : B | T?ETE %Iock 1.
» Segment 3 is written on Block 3 | - { . il J |
: | Then system searches for
| [ ' ’ . UUUU E Block 1 and writes the
Bt To load segment 1 into program memory . ' full capacity of program
o i g ! | memory onto tape.
Do This See This Comments
'
ML S TART |
1‘:‘:; LT[} 1 - -

. [ 00 gf&ﬂﬁﬂt&;g‘;’";‘,sﬂfaﬁr;; To load segment 2 into program memory
q 001 3 Do This ~ See This Comments

el 1o il T AT e D R
e g TR R e T S

E Leis) (/1 _.003 "\ identier 1. ] & e seoon
: _ {DHJ 0oy | J Stop for entry. —— |

} SEIES (555 005 ey s=o a 7) ?! 07 002 j Display .

‘ (CLEaR) ng 7T .007 J This CLEAR separates the | [833 _' |

},%, | | Eﬁ?gl?;;frf?;;ﬁ L;f'n'g ’3:1 the m ol .ooq ' 3 Read Block 1 from the
il — R . tape.

Jg 3 [ﬂﬂl_j 2 UDE - J Read Block 3 from the EEESE" [ﬂL” - DUS j p

TAPE
The number in the Entry

READ . tape (if the entry is < Q).
FROM {U H1 . 003 J E:‘#- ( | .0000 } register prior to LOAD is

' - displayed.

@ ey @ {?DI 01 | Label 1.
[D'_:] 7 01l J This CLEAR separates the - ¥
- number previously in the i 3

' E-register from the 2. I
@ {DD c_. U / E’ _— J Ri?ai? Block 2 from tape
READ (if the entry 15 2 Q),
FROM a4y .013 R Y ]_

TAPE
e . " The number in the Entry
EEEE.S { U . Dﬂﬂﬂ } register prior to LOAD is

displayed.
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To write segment 2 onto block 2

Do This See This Comments :'?
PRQGA AL 4"
Specify writing from pro-
REGISTERS gram memnwgnnro !5 pe.
(Press and latch RECORD and READY]
(2] [ 2.0000 \ block 2.
WCI)QEE [ fic \ Write contents of pro- E
gram memory onto tape i
TAPE [ 2.0000 \ Block2
To load segment 3 into program memory
Do This See This Comments
LS TART
5TOP Jump to step 001.
Bi‘!ﬁ; [ | 001 \ Start loading at step 001, 3
L’Jl L ] U U / . UDE ' \ Display e -
START E
S0P (033 .003 \ [ |
[I] mﬂl 0opy Faead Block 1 from the
pe. 'ﬁ
READ ';{
FROM
TAPE (041 . 005 ) 4
Sren THE number in the Entry
E" ? [ c.ooog \ register prior to LOAD is
- - displayed.
To write segment 3 onto block 3
Do This See This Comments :
PROGAL MW ;
i Specify writing from pro- :
REGISTERS gram memory onto tape. '
(Press and latch RECORD and READY)
(3) [ 3.0000 )\ stock .
WRITE [ 03\ wite contents of pro-
: gram memaory onto tape !
TAPE / 3 0000 3 Block 3. g 4
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To run the program with values of 5 and —4 entered from the keyboard.

Do This See This
iPress and fatch RECORD and READY)

(1] [

Commenis

[ . o000 \ Specify black 1 on tape.

FROM [ iC; )
TAPE :
[ [ e rarm memory.
[ o\
[ . 0ooo )
Start execution.
[ | , \ identifier 1 displays.
(5] [

' Enter 5 as the number
5. Uﬂﬂﬂ \ to be tested,

SSTTA[IHPT | Start execution.
Since the number en-
{ 0e \ tered is greater than zero,
“ block 2 is automnatically
{ F . I4l5 \ read into program mem-
ory causing the value of
7 to be displayed.
START
5T0P

—

U.E:’ \

. Tape Block 1 is read into

[ | Iy 3 pragram memaory again.

L or__\

[ ! | } Identifier di5p|a§5.
(5o 4] [ T4 0000 Y o eed. "

START
STOF

Since the number en-

{ UE’ tered is less than zero,
tape Block 3 is read into
f 04 program memory caus-
- ' ' . ing the value of e to be

[ 2 1182 j displayed.

Note that when these program segments are read into program memory under pro-

gram control, execution begins automatically.
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Example: Programmed Tape Control for Writing from
Data Registers onto Tape

The following example shows how data registers are automatically stored onto |

tape. It also provides an opportunity to use many of the programming techniques

already described in this book.

Suppose that you want to solve the same equation or problem many times and
then store the solutions so that they can be studied at your convenience. It is pos-
sible to write a program that automatically changes the value of the variable, solves
the equation and stores the result into a data register. After a certain number of
registers have been used, the program automatically writes the contents of the data
registers onto a block of tape and continues the program, solving the eguation for
other values of the variable and storing additional results onto a tape block.

Applications in which such storage of data registers may be used include the fol-
lowing: |

* Programs that have long execution times and many final results. This can

include the solution of problems by numerical integration or iterative tech-
niques. | |

* Programs that require the manipulation -of large amounts of data, such as the

~ solution of statistical problems. |

Fﬂf-exampie, let us solve the equation for the areg of 3 circle, A = 72, for.values of

the radius, r, over the range b < r < 9 where ris increased by 0.5 each time a new
A is to be calculated, |

Store the calculated values of A in registers O through 9, When 10 registers have
been used, write from the registers onto a block of tape. Then clear the data storage
registers and continue executing the program. When the final calculation for A has

been made, store all ten registers onto another block of tape and stop.

The program flow on the next page shows a convenient way of solving the prob-
lem. The main program stores the calculations for A into the correct registers and
writes 10 registers onto a block of tape as soon as they are filled. A subroutine calcu-

lates A, increments the value of r, and tests to see when the last calculation has

been made.
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C

Start

R

Branch to
Label 1 to
calculate A

.

Store A into
register 0

R

Branch to
Label 110 .
calculate A -

o

,{

Store A into
register 1

t

Branch to
Label 1

The calculation
of A is done as a
subroutine, The

storing of A into
the correct registers
is done in the main

pragram

®

B

Store A into
register 9

{

Write registers 0-9
onto the next block
of tape

1

18]

T

Clear all registers

Program Flow

Yes

Label 1

'

Recall r from

register [« )

No

Label 2

Calculate
A = qr?

i

{

Calculations are
complete, Write
registers 0-9 onto
the next block of

tape

Store A into

register

{

}

Increment r by
0.5

( Stop

:

These steps store
1 temporarily in
the Num/Op
register, clear all
the registers, and
_then restore 1 to

Recall A from

register

4

Return

} register {]
- s
Jump Start
Figure 36
161
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To load the main program
Do This See This

Comments

\ Start loading at step 001,

Branch to subroutine
labeled 1.

Store calculated value of
A in register 0,

\ Branch to subroutine.

} Store A in register 1,

\ Branch to subroutine.

\ Store A in register 2.

3 Branch to subroutine.

- e/ Nili)
_ 1KED (001 003
(000 .005

ool a0l

/ool 008

[ogr .01l

[002 0173

m e (7] [00/ 0/5
g 3 HENNR

\ Store A in register 3,

) mm(1] (007

015

Branch to subroutine.

g

021

Store A in register 4,

w e (1) [O07

024

Branch ta subroutine.

025

Store A in register 5.

E3(5) [oos

() o (007

i

Branch to subroutine,

(o0&

025

Store A in register 6,

(1] (OO0

SIEY

Branch to subroutine,

B3 7) (oo

BIEE

Store A in register 7.

wew(1] (D0

035

Branch ta subroutine,

037

Store A in register 8.

(ol
(- (1 00

048

Branch to subroutine,

-~ [or7

041

Store A in register 9.

(ER

iCE

Clear Entry places a zero

PRUGA

in the E-register.

5 WRITE EET

043

Write registers 0-9 onto
the next block of tape.

recisrers ON
TAPE
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(The Clear is used to
designate the next tape
block instead of zero, If
zero were used, a zero
digit would be added to
the value of A in the dis-

play.)

Do This

Clem

S
&)

L cTART
STOP

See This Comments
[01] .044 \ h
is pl rrent
m E’ 3 : U L’ _[ E I:Iﬁepfnicreizttn 1l;:h':vfzur\iurn-

her/Operator register so
that ilpwnn’t be affe¢ted
by the following Clear
All Registers instruction.

This clears all the data
registers. This is done sO
that when data registers
are later read from the
tape, you will know
which register was the
last one used.

The last A value in a
register will be followed
by a register containing
a zero.

[137 .048

This brings r back to the
Entry register from the
Num/Op register. R 1s
then stored agatn in

register [D

- 3 Jump to step 001 to con-

(020 . 050
[0i2 .05¢2

tinue calculations.

[033 .0O54

163



..\."!

i oLl
IR

l;‘l._.:'\-' :' .
"4‘"..,\..’. ¥
g N
S
v E 3
! A i
g :
i -;'\;.L .j
I,.:Eyb X
R i
i i3
':-.-i'-* .-: 3
_-.- £ i .!II
|.I ‘:. -.:E
f il e

id '

To load the subroutine X Do This See This Commen

| | - - This positions the tape sO
Do This See This | Comments E (Press and latch RECORD and READY) that the data registers will
. : _ :'. ' B PROGRAM

il .' - be written on Block 1
@ Iﬂ @ [ED | 055 3 Label 1 (subroutine). Q [ ( N 4 | - first. Later when data is

i 3 REGISTENS read from thedtapEvau
' ! ' 1 o . ill start reading from
@) @ Vut e 4 ( ERIRY T

g i o tape to gluck 14 we l'!atve
fag . - | ifi iting register
= g I - ( i {1, {j5§g \ Subtract 9 from . * - specified writing reg

0 onto block 14.

= g + [ 2 ] EUE' ] | UELJ . ‘k Lg:a?ert?h;?‘bgluiti; rh'.;: 4 L’_J &‘ﬂ ( 1y B UUB J Clear all registers.

A been calculated).

BN - jw e (/57 055 | Program continges in 1 r@ao L 70000 \ store the initial 1 value
s xt . . = A - _

[ 2 T into register [I] R =
culate r<, g 3
. [EA 3 Calculate A = 71, e

3 START Start the program,
010 ) Store A into register . |
, | The program executes
aie ' \ Increment r (in register [ -~ = - - - = 7 until 2.0000 displays.
| ¢ | (Registers are stored on
074 \ E]} by 0.5. ' [ c . Dﬂﬂﬂ \ block 02 last.)
016 W Recall A. |

‘ : R h To see the results of the calculations
s eturn to the main pro- g | _ ts
@ AETURAN {DHU Ol ' E gram. b Do This + See This Commen
l l ' : The system searches for
? ﬁ ( c0c .04 \ Label 2. . 1 EF%E,‘ | i ; block 1 and then reads

@ " {DDU 019 \ TAPE the data into the registers

E B of the 326.
paooAAM W RITE

Wri ster 0-9 on th % Data registers on Block 1
g 5 ON (3 HO . 080 W ne:ttebﬁgllftg?tapz?n : s (. ooog \ have been read into the
REGISTERS TAPE
(011 .08 )

data registers of the 326,
._ {033 . DBE w Stop executing. The last ‘ m

caleulation of A hasbeen i

{ made.

0
—
1
: EEEE: : [ 0 00on \ Switch to Run mode in )
Y ——
3
4

IR TE N e
S R
.

Values of A for

3.1415 ) r=1

; 7.0685 \ =15
~ 72 5663 \ =2

/9 349 \

.
[

L

[

L

[ 3g 2143 ) =3
[

a

L

[

[

preparation for running

i __ program. P | m
i s 3
: To run the program ' E m

Assume that the system is connected and a preconditioned tape is inserted. End-
b less or two-sided tape may be used. If endless tape is used, the number of calcula- E 3

".1' L.

5)
6]
tions that can be recorded is limited to 12 X {the number of registers used in each j
8]
(9]

= 2.5

-

3g . 4845 | r=35
cg.2654 | =4
E3. 5172 | r=45
78 . 5398 | =5
g5 _p33/ | r=55

biock). in this case 10 registers are written onto each block of tape. ffj'.'ﬁ
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Appendixes

Do This See This | Comments *
READ | The contents of the data "
FROM [ e . 0o 00 k registers that were writ-
TAPE ten on Block 2 are read
into the data registers of
the 326.

(o ] Values of A f
o [ 113.0973 }*Esh
act, |l [ /32.7322 ) r=6s 1
e (R [ 753 9380 \ -7 9
e, [ [ [76. 7145 | r=7s
B 4) [ 200 .06/ r=s -
B s [ 226 .9800 \ r=8s
) s [ - 254.4690 ) r=o
. Last A calculation is in 3
| 7 L 0.0000 3 regisier s 1
The procedure for displaying the results of the program can also be made into
a program that is completely automatic. You might try this as an exercise. .
Hints: |
1. Start reading from block 1 and then use the “'read from next block™ instruction
sequence, _ | o w
: 2, Recall successive registers.
.I 3. A display of r can pr{f:ce‘de the display of the A calculation. Use the Pause
instruction |.| for displays. . | ‘
4. Increment and test the value of r. Stop the program when r > 9, or you can test §
for the first register that contains zero.
]
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Appendix A: Accuracy and Number Sizes

All numbers used in the 326 Scientist have 13 significant digits and a two digit

exponent. This allows the range of numbers to go from 107 to 9.999999999999 x
1099 ’ '

Add and subtract are accurate to the full 13 digits. Multiply and divide are rounded
in the 13th digit to gain gfeater accuracy (e.g., 2 + 3 = 0.6666666666667). The
functions a* to Rectangular, to Polar, Sin, Sin™' Cos, Cos™, Tan, Tan™!, Lp, e log

10* are almost always accurate to one part in the 12th digit and never less than one
part in the 11th digit.

| Square root is accurate to 2 parts in the 13th digit, Radians-tu Degrees and Degrees
to Radians are both accurate 10 2 parts in the 13th digit. |

1/x is simply a divide and has the same accuracy as divide

The. accuracy of the Scientist most probably exceeds the accuracy you need in
most cases but it is there when you require it.
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Appendix B: Batteries and Recharging

The 326 Scientist may operate from the AC voltage adapter supplied with the 326

or from the batteries when operation from the AC line is inconvenient.

The batteries supplied with the 326 may be discharged and recharged approxi-
mately 1000 times during their useful life. When fully discharged, the batteries may
be recharged in 16 to 20 hours by connecting the computer to the AC adapter and
the adapter to the AC I.ine. Battery recharging occurs regardless of the position of

the ONJOFF switch and does not interfere with calculations.

The AC adapter supplies 300 to 350 milliamperes of charging current to the bat-
teries. For this reason only Monroe part number CD3400017 or similar nickel-
cadmium batteries rated for at least three ampere-hours should be used in the 326.
If you do need to use other types in an emergency,-DO NOT connect the AC adapter.
Attempting to recharge a rechargeable battery rated at less than 3 ampere-hours or

a dry cell may burst the batteries and damage the computer. Such damage is 1NOT

covered by warranty or equipment service agreement.

To replace the batteries, turn the 326 over, squeeze together the two round plung-
ers at the top of the case, and pull the door open. Remove the batteries and replace

with fresh ones, observing the polarity shown in the iliustration.

All nickel-cadmium batteries exhibit an apparent reduction of capacity after a
number of cycles of partial discharging and recharging. You may easily correct this
by running the computer on batteries until the display goes completely blank, and
then recharging the batteries for 16 to 20 hours. Care must be taken not to continue

the discharge period beyond the point when the displays goes blank. You may use

the computer during the recharge period.

The 326 concentrates many thousands of logic circuits into a small volume, so
the metal label on the bottom may feel noticeably warm to the touch. This tempera-

ture is normal and should cause no alarm provided it does not exceed 43°C (120°F).
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| 'Abpendix

326 Scientist Keys and Switches

Key (or Switch Setting}

ON

OFF

e - |
m
i)
m
e |

£

s|o|
.rd
—
n
_J
L
_

80
F__Jk 34
o

5T,

.

o D
| w 4

R

<1 ]+ (8]

A-=e0EC

Description

Turns the 326 Scientist on

Turns the 326 Scientist off

Ciéar the Entry register

Reset the Number/QOperator register

and clear the Entry register

Numeral entry

Decimal point

Change sign

Exponent

Add
-Subtract

Multiply

Divide

Equals

Parentheses

Store into a data storage register

Recall from a data storage register

Function key -

Degrees, minutes, seconds

Convert from a D/M/S angle to an angle
in degrees with decimal fraction or from
degrees with decimal fraction to D/M/S

Square root
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C: Summah} of 326 and 392 -
Keys and Switches -

Reference
Page Number

9
9
10

17

10
12
18
19
19
20
17

22

36

37

‘51

30

57

52

e

o

T e o

Key (or Switch Setting)

(wm) =
o

Description

Square -

Reciprocal

Factorial’

Grads

Degrees

Sine

Arc sine

Cosine

Arc cosine

Tangenf

Arc tangent
Polar to rectangular conversion
Rectangular to polar conversion
Logarithm to the base e
Antilogarithm to the base e
(exponential function)
Logarithm to the base 10
Antilogarithm to the base 10

Statistical summation; add 1, X and X#
into registers 1, 2 and 3, respectively

Delete from statistical summation;
subtract 1, X and X? from registers 1, 2

and 3, respectively
English to Metric Conversions

Metric to English Converstons

171

Reference
Page Number

52
51
51
56
56
58
58
59
59
59
60
61
- 62
53
53
52
53

63

65

68

68
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173

Ke ' - . Reference Reference
r ’ orr.Sw;tch setting Description Page Number i Key (or Switch Setting) ~ Description Page Number
r:'f_] O ] Clear registers 1, 2, 3 63 i EE‘:E; Load program instructions into memory 85, 87
[ r I b PAOGAAN
- 1 ¢ 7 g: | A program from the computer’s memory 140
—f 0 3 prog
-_] D | Absol 3 AEGISTERS is to be written onto a tape block
- solute val y ! ™ : :
~f =\ 1 uc 70 2 Data from the data storage registers is to 140
-_] 3 Mean RESISTERS be written onto a tape block
— J 66 .
r—; —— ‘ m Raise a to the power x 24,28
Sy i Standard deviation -
,_-1 f 5 Fract ] Set decimal point N
raction
I
E/I % ) 1 Integer 71
I i 71
&) .
E/’ (8. Round 79 392 Tape Cassette Drive Controls
o identifier ) page Nur
—f = 72 | Key or Switch Setting Description Page Number
B | (cLean Clear all regi
— g N\ j gisters
i — = 73 3 EJECT Opens the door of the Tape Cassette 139
7 ||| ExP Pause Drive and ejects the cassette
T byl R 72 |
1 ﬁ Jump to Label g 3 RECORD Record (i.e., Write) programs or data on 139
7 tape -
1 a8 e B ,
AL ranch to a subroutine 105 REWIND Rewind a non-loop tape 139
; nsert a program instruction code 100 § READY Place the Read/Write head against 139
{ | R . ] the tape
L= aewove emove a program instruction code 100 i
! H Go f d g FORWARD Move non-loop tape rapidly forward 139
! - O forward to the next program step 100 i (fast forward)
,u ACK . | .
] Go back to the previous program step 100 1 STOF Stops all tape operations 140
; -—* % Names a particular program step 93 % WRITE Write a program or data onto tape 140
: ON | -
| '- . :
!- ¥~ &. Return to the main program from a 106 : TAPE
T ART subroutine ?
i 5TOP Start or Stop program execution 86 Eggﬂ Read a program or data from tape 140
- | TAPE
Emg Make keyboard calculations or execute 85, 87 : :
=="':P progrem | - WRITE Precondition an unblocked tape cassette 141
v Execute a program one step at a time 85, 123 ; / TEEE
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Appendix D: Appendix E: 326 Scientist Error Conditions

Instruction Codes for the 326 Scientist

et g i g b e

Operations which cause ERROR are:

e e g e e g oy = ] e g e 2 A

v

et ——— e

» Divide by zero.

+ 1/X of zero.

L o T

‘ ) ive number.
RN EE « V' of a negat
11 1 024 + D72  TANGENT zun 05 5Ta” ]
802 2 w2 a* 073 T RECT. @ m- 10 pol . Lng or Ln of zero or negative number.
003 3 026 { 0wy o 21:—: M ORCL+ ; 3
004 4 027 ) ! } & zzn giro.p. | 312 RCL- % « Arc sine or arc cosine of a number greater than 1 or less than —1.
005 5 030  Rerurn | 11a) (0] 1 =] 313 RELX
006 5 | 033 STARI/STOP| 115/, 1/M/S 0 @0 04 ol * « Calculating 0~ with the a* key.
067 7 036  RESET | 137 CIE:HIIE :htl ::BB zqn ~ e g;g Hri:: a
010 B 037  CLEAR | 140 _ o .
011 9 040 WRITEPROG. | 150 £ DELETE 25 {o] Tﬂ- 2l B « Calculating 0 with the a* key.
012 . 001 READVAPE | 150 € 250 EXGH — : _
0t3 CHGSIBN | 050  Emxx* | 161 1 : } v« 323 EXCH X G s Factorial of numbers less than zero.
4 EP |00 tn 162 if 273 (o] Tll- G ) o
D20 = B2 Vv 170 ARG SINE 101 sr+ 300 WRITE gm - * Factorial of nu &
021+ 063 17X |171 aaccosme 302 sT— |30 uum ; _ ,
022 - 070 SINE 172 ARG TANGENT | 303 ST x ::; JUMP + i « Factorial of non-integer.
Jump- ;
[ ! \) - o ; ‘ nge of the computer
o a5 t0oe 3 mncrion CO0E | iﬁi i : « Attempting to generate a number outside the rang p
H'I'IE- Th FROM _ : )
== e cuammessiag) tos 3R RS (10-% to 9.999999999999 X 10%).
0 °F~op 240 | 280 1 DISPLAY e 101 || B8 e o o
1 INCH—CM 241 | 261 2 ABSOLUTEVALUE [ 102 || 30 e | + Exceeding the parentheses level fimit
D, (w1, e h
1 MILE-~NILD . DFV, * ) , , . ‘
M IN-~CW eaa|2s4]| 5 FRACTION 05 || 32 « Close without corresponding open when using parentheses
5 USGAL—~UTRE | 245 | 285 6 INTEGER 106 (| 303 peanen- _
6 uxea—-umae |25 | 288 7 DISPLAY 7 107 | 306 ahAncH4 = 3 « Mean with n = 0.
7 POUNE-—KILDGRAM] 247 | 267 ' :lnntn:dmlrmgrm 10 | S8 eRANCH - - :
8  OUNCE~-GRAM | 250 | 270 g TIFIE = _ , <1
9  L8/FP ...gwgu: ;51 z;r; cugﬁmu :%ginsf '}}i 367 BRANCH+-= ; « Standard deviation with n
»  LB/IN*~XG/CM® | 252 | 27 i , ditions.
CHG 516N DEG 16RAD)~RAD | 253 | 273 )| ctean cLEAR muLmecs | 137 | Pl Press or tc: restore operation after 326 error co
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Appendix F:
392 Tape Cassette Drive Error Conditions

Display Error

[ E _____ / \ READY not latched at the time of the
execution of READ FROM TAPE, or
WRITE ON TAPE.

RECORD not latched at the time of man-

\ ual or programmed execution of WRITE
ON TAPE,

Invalid preconditioning sequence. No
entry or an entry other than 0 or 1 before

the sequence |’| WRITE ON TAPE.

or: Block requested not 0 or outside the
range 1-14.

/ E-_ - .. ¥ \ An attempted read of a block that has

on it,

[  F-o- .- [ ' \ The information cannot be read. Either
the tape contains a flaw or the stored pro-

gram or data has been altered.

Press or to restore operation after 392 Tape Cassette Drive efror condi-
tions.

‘,:_.-
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neither program nor data registers written

e it el e e i e e b i S s Sl AL i

Appendix G: |
Parentheses and the Number/Operator Register

In addition to the Number/Operator register (Num/Op register) there are four

other internal registers. These registers are used when working with the parentheses

keys. For convenience, these registers are referred to as Paren 1, Paren 2, Paren J

and Paren 4,

The contents of the Num/Op register can only be changed by pressing an arith-

metic operator key {Bnnr m}. The designated operator and the

current contents of the E-register are placed in the Num/Op register for use in

calculation.

The parenthesis registers operate in conjunction with the Num/Op register, but

are only affected when parentheses are used; and then only according to a fixed

hierarchy.

The first time a left parenthesis is used, the contents of the Num/Op register is
duplicated in Paren. 1. Paren 1 does not change again until either another left paren-
thesis or a right parenthesis is used. A second left parenthesis duplicates the con-
tents of Paren 1 into Paren 2 and duplicates the contents of Num/Op in Paren 1.

A similar duplication into Paren 3 and Paren 4 takes place when a 3rd and 4th left

parenthesis is used.

When right parentheses are used the order of duplication is reversed. A right

parenthesis duplicates the contents of Paren 1 in Num/Op; Paren 2 is duplicated in

Paren 1; Paren 3 is duplicated in Paren 2 and Paren 4 is duplicated in Paren 3.

Arithmetic operations that change the contents of the Num/Op register have no
effect on the Paren registers. Pressing clears the Num/Op and the Paren

registers,
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Example:

Using two levels of parentheses

Th '
e following table shows what happens to the internal registers for the calcula-

tion 5 X [(6/2) + (7/2)] =

Calculation  Key Counter Display NomfOp 1T Papn e
(5] [ S.0000 | Blank Blank Blank Blank  Blank

[ T opoo ) < - - - -

B [ 5.0000 ) = s - - -

2 E . 0aan W 5x 5% 5x _ _

(6] 2 [z E.0000 ) & > = - -

B : E.000D ) & s s - -

. %] j E 0000\ & s s - -

U 3.00003) & s - - -

v 700003 » s - - -

2 @ 3.0001{ \, 3+ 3+ 5x - _

2 2 7.0000 Y% 3 aw s - -

= 2 [ 1.0000 ) 7= 3+ sx - -

() = [ S 0000\ 7w x  - o«

;jle: = ! ff 3.55&5 E 3+ 5% - - “

L £.5000 3 3% - — _ _

sxes= [ [ 30.5000 \ > - - .- -

Note: A dash () signifies that the register is blank.
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i
I
H
x
5
i
o

o
IR
=
i
H

Example:

Using four levels of parentheses

This example shows the changes in

Calculation

2% 6=

5+12=
0.7 X 17 =
0.8 =

3 % 00702

Koy

@]~ 8- -8

pEeEe=a-e0-E

Parent
Counter Display

S

the internal registers for the calculation:

3 X [0'3(0.?K{5+{2><6}H] -

Num{QOp

Paren
I

3 OO0 | Blank Blank

[ 3.po0d0 § >
[ 3.0000 ) 3
{1 0.8000 § »

0.8000 | s

5 Bo00 \ o8

0. 1000 \ o

2 o.1ooo | orx
(3 o000 \ 07
[3 g pong \ o
[3 . opno st
{4 5.0oo0 |\ s+
{4 2.0000 3 s+
[y 2. opog |y ax
{4 £.0000 \ o~
{3 r2.ooog ) s+

1 1.0000 Y orx

11.9000 \ oes

§.0102 ) 3

o.2i08 ) 3

Note: A dash (—) signifies that the register is blank.
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Ix
=
Ix
D.8a"
0.8a"
{.8a"
0.7
0.7x
0.7%
Gt
5
5+
5+
0.7
0.8a

£

Paren

Blank

3x

I

3x
0.8a"

0.8a"

0.8a"

0.7

0.7x

0. 7%

0.7x

0.8a"

Ix

Paren
3

Blank

ix
Ix

3ix

(.8a"
p.ga°
0.8a

0.8a*

X

Paren
4 .

Blank

ax
X
3%
Ix



Appendix H: Auto Test Routine

The 326 has a built-in self testing routine. This routine tests the operation of the
display, the 40,000 bits of Read Only Memory and the 4,000 bits of Random Access
Memory. If you think the 326 is not operating correctly, use the self test routine, If
the self test does not operate as described, the 326 may not operate correctly.

. VX
To use the self test routine, press o |’" o |- The auto test procedure

destroys any programs or register data that are in the 326. The self test routine

causes the display to go through a sequence of changes as described below.

Display Test
See This Expfanation .

This tests all the numeral segments of
[EHEEBEB8B88H86B8Y  the dispizy (16 g5 o

This tests the 16 decimal points in the
{ ................ W display.

[ } This tests the 13 commas in the display.
BEEEEEEEEEEN I The last three positions are points only.

The self test continues to the ROM chips test.
ROM Chips Test

The self test continues with the ROM chips test showing the check sum for each
of the six ROMs. The check sums will always be the same. Record them in the blank

displays for future reference.

See This  Explanation

[ r s 1 ‘\ Check sum for ROM chip 1
[ g 2| —\ Check surmn for ROM chip 2
{ L= O u \ Check sum for ROM chip 3
[ L 5, | \ Check sum for ROM chip 4
[ | > ﬁ? \ Check surm for ROM chip 5
L HDL \ Check sum for ROM chip 6

The self test continues to the RAM chips test.
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RAM Chips Test
See This
r b J Check sum for RAM chip 1

[ 1 | J Check sum for RAM chip 2

After the RAM chips test, the routine loops back to the

Explanation

display test and continues.

The self test will continue to repeat itself.

| i ain.
To restore normal operation you must turm off the 326 and then turn it on ag

As a final test:

Do This

B El -

The self test is completed.

See This

[ g.0000 \
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Appendix I: Environmental Conditions

N
)
i
|
!

e - S ——

i Temperature and Relative Humidity
The ranges of ambient témperature and relative humidity which the 326 can

accept without possible malfunction are as follows:

Operating Minimum Maximum

Temperature ~6.7°C (20°F) 40.6°C (105°F)

Relative Humidity 5% 95%

Storage Mintmum Maximum

Temperature - —40°C (—40°F) 50°C (140°F)

Relative Humidity 0% 959
Voltage

When using the 326 Scientist with the AC adapter, be sure that the switch on
the adapter is at the proper setting (115 Volts or 230 Volts) for your area,
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Appendix J: Peripheral Devices

The use of a Model 395 Interface allows the 326 Scientist to be

Model 33 Teletype or any other device compatible with the

Association’s RS 232 specfications.

For further information about the interface of compatible peri

contact your Monroe representative,
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Appendix K:
Notes on the Tape Cassette Drive

The following points shouid be noted with respect to tape cassettes and the 392
Tape Cassette Drive:

1. If tape cassettes from other suppliers than Monroe are used with the 392

Tape Cassette Drive, the tape must be computer grade tape that is free of flaws,

2. It is important not to subject the tape Cassette Drive to external shocks while
it is reading or writing tape. Sudden movements or shocks may result in a
failure to read or write some portion of the tape correctly, which can cause
an error condition.

3. The Tape Cassette Drive's recording head must be kept clean to assure that
information is correctly written onto and read from tape. After approximately
150 tape reading or writing operations, or if there seems to be difficulty in
reading or writing tape correctly, clean the recording head using the following
procedure:

{a} Open the door of the Tape Cassette Drive and remove the tape cassette.
(b) Rub the recording head gently using a cotton swab moistened with dena-
tured alcohol. |

{c) Dry the recording head with a clean dry cotton swab.
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