


T :'%—i

g
it

OPERATING MANUAL

FOR THE

COMPUCORP 445 STATISTICIAN

.

B

]

T |
: 1

: [




TABLE OF CONTENTS

Introduction
Chapter 1 -- The Granaries of Isis
A general introduction to keyboard operations
Chapter 2 -- More About Keys And Things
A detailed tour of the keyboa;d |
Chapter 3 -- Greek Ships And Other Phenomena
An introduction to programming
Chapter 4 -- More About Programmir;g
A sophisticated look at the programmable 445
‘Chapter 5 -- Examples And Problems

Examples and problems

Chapter 6 -- Magnetic Cards And Other Important Things
Magnetic cards; recording and entering programs

and data; accuracy of the 445; peripheral equipment

Key Function Glossary
What things do
Appendix
Functions and codes
Index

Where things are

14

91A

125A

162

208

215

217

222




INTRODUCTION

Congratulations. You've ‘jﬁst bought an extremely versatile piece
of calculating equipment. .No|w all you have to do is learn how to
use it. But -- as yéu'fe about to find out -- using the Compucorp
445 Statistician isn't much more difficuli: than using your pencil.

(In some cases, it's easier.‘) And it's certainly a whole lot faster.

The reason it's so easy to us}e‘is simply because it was designed

from the ground up to do thi;mgs your way -- rather than the other

way around. So if you understand a particular problem, you can
probably do it on the 445 without much foqling around with mechanical
intricacies. Just enter the information,. tell the machine what to do
with it and read the answer. Of course, there's a right way to go
about doing this. And there are a few,littlé tricks that save a lot of
time and eliminate several steps on certain operations. So even
though the 445 is set up to follow your normal sequences, it's still a
good idea to read this manual first so you can get the most out of your

machine.

And getting the most out of your machine means more than just getting
fast answers. Because once you've mastered the technique of comm-
_ unicating with the 445 you'll discover another interesting asbect of
our little. machine. Besides being a lavishly powerful little bag of .

wires, it's a heck of a lot of fun!
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CHAPTER ONE'

THE GRANARIES OF ISIS
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CHAPTER 1 -2~

Back in the ancient lahd ‘ofvEgypt, the Pharaohs had great granaries
. built to store surplus wﬁ;at duriﬁg the good years so that they might

: r :
feed their peopi"e. during the lean years. One day, the Pharaoh
called upon theA Keeper of the» Granaries and asked him how things
were going. He also wanted to know how much wheat was produced
during the year, and how much vyoﬁ.ld have to be stored. And he
asked him a new question. One ‘that $ad never occurred to a Pharaoh
to ask before. '"How much wheat _do we usually get, and can we tell

beforehand how much wheat we'll have to store so we can build

enough grain houses in time to hold it? " . “l

To the first question, the Keeper of the Granaries was able to give a
relatively fast answer. He happened to have with him records of
grain production for the previous seven years, so he simply took a

mathematical average. He did it like this:
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While the Keeper of the Granaries was occupied with these calculations, -

another idea occurred to the Pharaoh. 'I notice, O Keeper of the
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Granaries, that there is often quite some difference between one

year and the‘next.‘ 'Is there not some way we can tell how much faith
to put in our answer? ' The Keeper of the Granaries looked at the
Pharaoh with injured ey:‘gs,a bui: nonetheless promised to give the
Pharaoh an objective measure of the accuracy of his answer. Accord-

ingly, the Keeper of the Granaries then calculated the standard devia-

tion. He did it like this:

On the 445, you'd do it like this:

YEAR (now = 0) AMOUNT OF GRAIN

year -1 962, 300 hekats
year -2 1,127, 000 hekats
year -3 627, 000 hekats
year -4 805, 300 hekats
year -5 719, 700 hekats
year -6 1,072, 500 hekats

year -7 984, 300 hekats
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_AMW/—’“—"\_—
SET 1 tells the ma.chinelwhere to
GROUP store the information.
F. |0 clears the areas where in- 0.00 CL
formationris to be stored.
]
9llell2||3||o]o]|Z 962, 300. 00 T o1
nxxs
1112710401}l 0O 1,127,000.00 21
6|l 2{l7lfoffo]lo z the 627, 000. 00 > 1
- " sigma
glloflsi{l3lfoflof]|= key 805, 300. 00 z 1
nxx enters
- -{-. :summation
-~ data .
TH1I] 91 7lo]llo n§x2 719, 700.00 > -1
110|712 51|[0]l O 1,072, 500. 00 > 1
9|l 8]l 4|l 3)foll o] | Fe 984, 300. 00 = 1
SD does what it says (prints SD) 186, 314.11 SDn-1 1
MEAN -
ZND " ‘
i . 899, 728.57 F 2
FUNC prints mean .

On the basis of this information, and considering that the populace con-
sumed around 700, 000 hekats of grain each year, the Pharaoh then
ordered that 200, 000 hekats of grain be stored each year to accommo-

date the general yearly need.

When he got home, the Keeper of the Granaries began thinking of all



CHAPTER 1 -5- oo

the grain the Pharaoh expected him to store. And he decided that
there had to be a better way to calculate the amount of grain needed

in any particulaf-year. "'Therz m\;st be a way, "' he thought, ''to

know how much -grain will l.)e pfoduced each year.'" So he sat down
and studied therrecords tha:t he had been keeping during all the twenty-
three years he had been the Keéper of the Granaries. And he also
studied the records his father had kept before him. And he discovered
an interesting thing. Every year that the Nile rose very high, there
was a lot of grain. And every yéar that the Nile didn't rise high,
there wasn't much grain. The Keeper of the Granaries now had
enough information to give the Pharaoh (and himself) a far better way
of keeping track of the grain they Woﬁld .need. He wrote down the
height of the Nile during each of the previous seven years, and next

to each of those numbers he wrote down the amount of grain produced.

Then he correlated those numbers. He did it like this:

On the 445, you'd do it like this:
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HEIGHT OF NILE HEKATS OF GRAIN
4.8 cubits 962, 300
o b

5.5 cubits ' 1,127,000

3.6 cubits | 627,000

4.0 cubits 805, 300

3.5 cubits 719,700

5.9 cubits 1,072,500

4, 6 cubits 984, 300

P 0 | clears areas where data

will be stored.

ADV| separates CL from data (on tape)

41 . 8 | [XY

9l 6| 21 3(|fOflO}|l =
The XY key
enters de-
pendent data.
The indepen-

5{ . 51 |1XY dent variable
goes in with
the XY key;

1 1{l2 7]/ 0] 0ff 0l =]\ then the de-
pendent var-
iable goes in
with the
equals key.

3 . 6| |XY The tape
skips a space
after each

62|l 71][0]Ofl 0} = pair.

0.00

4.80

962, 300.00

5.50

1,127,000.00

3. 60

627, 000.00

CL
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4 | XY

8 0f|l 5 3101l 0

3 L] 5 XY

7119l 7(lo]lo ’
dependent
data
’(continued)

5 . 91 IXY

1 ol 7 2 || 5 0

41 . 6 | | XY

9|l 81|41 3|01} O

SET 1 tells the machine where

GROUP first group of data is

LIN takes correlation coefficient

REG

2ND
FUNC

&n

between X and Y

gives us the slope

gives us the intercept
of XonY

%__“‘“W/
4.00 X
805, 300. 00 Y
3.50 X
719, 700.00 Y
5.90 X

1,072, 500. 00 Y
. LY
4. 60 X
984, 300. 00 2%
0.94 LR 1
190,121. 91 F.o2
33, 315. 83 3
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Therefore, the equation for estimating the amount of grain that could

be expected each year would be

o
Hekats of Grain = 190, 219. 91x(ht. of Nile) + 33, 315. 83
With that information, he went to see the Pharaoh once again. "O
great Pharaoh, " he said, "v;/hat dummies we were. There is a great
deal more to knowing how much grain to store than we thought. Let
me tell you what I have discovered.' And the Keeper of the Granaries
then explained to the Pharaoh how whenever the Nile floods a lot
they get a lot of grain, and whenever it ﬂoéds just a little, they get
just a little grain. And he showed him the table of numbers which
would predict the amount of grain that will be produced for each height

the Nile might reach.

""O Keeper of the Granaries, ' the Pharaoh said, after studying the
tables for a very long time, ''what a dummy you are. Nowhere in
your great table of numbers do you account for the Omens of Isis.
How are we to value your table of numbers if you leave out Isis? ',
The Keeper of the Granaries, knowing of the great power' of the Priest
of Isis, promised that he would undertake to consider the Omens of
Isis and bring the Pharaoh a new table by which to judge the produc-
tion of grain. So, grumbling somewhat under his breath, the Keeper

of the Granaries gathered up his table and went back to his home. And

he sent for the Priest of Isis. -
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The Keeper obtained from the Priest of Isis a record of the Omens
of Isis for the past seven years, and sent him away. Then he tried

to correlate these with the data he had already collected. He did it

like this: @ ‘6 -@
e “T =
@ T n~ }5
z MM ?
B » 1
sz 0 faa
o <=

On the 445, you do it like this:

OMENS#* HEIGHT OF NILE (cubits)  GRAIN (hekats)
+4 4.8 962, 300
+2 5.5 1,127,000
+7 3.6 627, 000
-3 4.0 805, 300
+1 3.5 719,700
+4 5.9 1,072, 500

+3 4.6 984, 300

(*Good agricultural omens minus bad agricultural omens for the six

month period preceding the harvesting of the crop.)



CHAPTER 1 -10-

$q o | clears areas where data

will be stored.

ADV sepa.rates.CL from data
4 | (XY
4 8 | |XY
9 6| 2 3404l 0} =
2 | |XY
51 » 51 | XY]
iflaltzll7llollolloll=
71 1XY

3 6 | |XY

6|l21 71 0]0] 0} =

Three-

variable
dependent
data are en-
tered the
same way as
two-variable,
using the XY
key for the
independent
variables and
the equals key
for the de-
pendent
variable. As
before, the
tape skips a
space after
each group
of data.

0.00

4.00
4.80

§62, 300.00

2.00
5.50

1,127, 000.00

7.00
3.60

627, 000.00

CL

U




CHAPTER 1 -11- ———— ]

%
Sclléil 3] XY -3.00 X
4| |xy v 4.00 Y
gllofsl|l3]olflo 805, 300. 00 z
1 | |XY 1.00 X
3.5 |xY 3.50 Y
711 91|l 7Ol O dependent | 719,700, 00 z

data

(continued)
4| |xY 4,00 b
s .| 9| (|xY 5.90 Y
1{loll7fiz]sllofo 1,072, 500.00 zZ
3| |xY .00 o ox
afl.|lello]l|xy 4.60 Y®
9llsll4||3]loflo]l-= 984, 300. 00 _.z

(*Since entry on the 445 is algebraic, the minus sign indicates subtraction

rather than a negative value. To make a number negative, you have

to use CHANGE SIGN.)
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SET 5 LIN
GROUP |REG
SET 3 | [LIN
GROUP REG|

correlates Nile and
Grain, as before.

K]

correlates Omens
and Grain. '

0.94 LR 2

-0.04 LR 3

%

Noticing absolutely no correlation whatever between the Omens of Isis

and the production of grain,_:the Keeper simply drew a symbol of the

benevolence of Isis on his 'té.ble and presented it again to the Pharaoh,

saying, '"O great Pharaoh, I have considered the Omens of Isis, and

the table before you does not in any way contradict their portent. "
The Pharaoh was very pleased, and ordered that just such an amount
of grain as was predicted by the Keeper's table be stored each year

according to the height to which the Nile rose, and with the grace of

Isis.

After three years, when the Pharaoh noticed that the Keeper's table

was, indeed, marvellously accurate, he sent for this Keeper of the

Granaries and made him Wizard of the Nile. And so he remained

until the end of his days.

If the Keeper of the Granaries had had a 445 (and the same data waé

in his machine as is presently in ours) he could have predicted the

grain production for each year like this:
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SET 4 | indicates three-variable data

GROUP :

a||®n| [9] first indepegdent variable 4.00 X
TG B [ et mteeen- SO
dependent variable automatically supplied 990, 630. 65 'Z 4

because of X 9 above.

I
With a machine like this, who knows, maybe he would have become

the new Pharaoh.



CHAPTER TWO

MORE ABOUT KEYS AND THINGS
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¢

As you may suspect, there's much more to the 445 than you can im-
mediately see on the keyboard. In addition to all the normal arith-
metic operations, ‘ther‘e's a whole bunch of statistical operations
built right in. You can fdb simultaneous summations for three dis-
tinct groups of data. You can enter data into these three groups
either singly or in ''grouped" form, or as two- or three-variable
dependent data. And you can delete data items from each of‘the'
three groups. Using the data in each group,” you can calcula.té tvhe,‘-
mean, standard deviation (either n or n-1 method), standard errof
of the mean, z-statistic and normal probability associated with the
z-statistic. Also, you can caléﬁl'a;te independent and dépendent t- ) é
statistics between any two of the groups. And you can do either two- ) g
variable or three-variable linear regression with the ability to "extend"

the regression to calculate dependent variables from the independeﬂts. '

And in addition to all this, you can do chi-square goodness-of-fit and I

permutation/combination calculations.

Besides the capacities of the machine, there are many ways in which
operation of the machine can be made much more sophisticated than

the techniques we've been using. So before we get into programming --
which in itself is a very powerful story -- let's go over the keyboard

in an organized kind of way and consider all the little nooks and crannies

in our 445's storehouse of tricks.
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SETTING IT UP

Assuming you've plugged the machine into a power source, the first
thing you hav‘e to face is the ON-STANDBY-OFF switch at the very
left of the top row of buttops. In the ON position, the 445 will be com-
pletely operative. All keys will operate, and all programming func-
tions will function. On STANDBY, no keys or programming functions
will operate, but the machine will retain in memory any program in-
structions or data that have been fed into it while it was ON. When
you switch the machine from STANDBY to ON, RESET is automatic-
ally executed -- which clears all signals which may have been lurking
in any of the operation circuits or in the entry register. Then you can
just continue using whatever data or program instructions you left in

the machine before putting it on STANDBY.

When you put the machine on OFF, all power is cut off and whatever
information may have been stored in any of the memory circuits is 4
completely lost. When you switch the machine from OFF to ON, ;ev-
eral significant things happen. All registers are cleared (we'll talk
about registers a little later). All program memory is filled with |
NOOP codes. This means that there is nothing --.absolutely nothing --
in program memory. (You'll find out why this is important when we

get to programming.) The decimal point is set to two places. There-
fore, all numbers will be printed (when they're printed) with two digits
to the right of the decimal point. Group 1 is set (more about Set Gi'oups

later). And RESET is executed.
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(Besides clearing the operation circuits and the entry register, RESET will

also clear an ERROR or OVERFLOW condition. If you press |RESET| in

the middle of a multiple-key sequence, the machine will abandon the opera-
tion in progress and clear it all out so you can start over from the beginning.

We'll talk more about ERROR and OVERFLOW later on.)

Now we have to consider the rest of that top row of switches. For keyboard
operation you can ignore most of them. But there ;.re three that have to be
checked first. The fourth one from the very right-hand side, the RUN-STEP-
LOAD switch, should always be on RUN when you're doing keyboard operations
which do not involve programming. And if your ;r;achine has a DEGREE/GRAD
switch, you have to decide which setting you want. With this switch in the
DEGREE position, all trigonometrié: functions are calculated on a base of the
3600 circle. With the switch in the GRAD position, these trigonometric func-
tions are calculated on a base of the 400-grad circle -- with 100 minutes per

grad, and 100 seconds per minute. Also, there are several choices to maké

and things to know about printing.

PRINTING

The 445 printer will print the mantissa of numbers with up to ten digits of sig-

nificance, the two-digit exponent (when required), minus sign for both exponent

and mantissa (when negative) and print symbols indicating the operation performed.

Print Format

When you plugged the machine in, the decimal point was set with two places to

its right. From then on, you're on your own. To establish the position of the
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SET
D, P.

single digit (0-9). Digits 0-8 indicate the number of digits to the

decimal point, all you have to do is push , followed by a

. right of the decimal point. Digit 9 tells the machine to print every-

thing exponentially.

Regardless of how you set the decimal point, however, the 445 will do
a few convenient things all by itself. Fractional numbers are always
printed with at least one digit of significance. If necessary, the dec-
imal point will be shifted to the left automatically until this is achieved.
If the decimal point has to be shifted beyond the tenth position in the
mantissa to find a digit of significance, then printing will automatically
shift to exponential. In exponential mode, the 445 will print the ten
most significant mantissa digits, the two exponent digits and a sign

for both mantissa and exponent (if negative). Also, if the number is
too large to fit to the left of the decimal point as it is set, then the
point will be shifted to the right until there are enough places to print
the number. If the decimal point must be moved beyond the right—han.d

margin, then printing will automatically shift to exponential.

Commas will be printed where they belong to the left of the decimal

point. And the minus sign of negative numbers will appear next to

the left-most digit.

" Print Control

With the RUN-STEP-LOAD switch in RUN position, printing is controlled
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primarily by the position of the PRINT switch. It can be "ON" or
"OFF'". With the PRINT switch ON, most keyboard operations will
print, providing an a.ﬁdit traii of what you did and how you did it.
There are, however, a few keyboard operations which will not print
even with the PRINT switch ON. These are:

-CLEAR ENTRY

-SET DB

-FLAG*

-HALT=*

-BRANCH*

-JUMP*

-RESUME%*
With the PRINT switch OFF, no keyboard operations will print except
a few functions which print in all cases. These 'print always' func-
tions are:

-PRINT ENTRY

-PRINT ANSWER

-IDENTIFIER*

-DOT PRINT*

-OVERFLOW

-ERROR

*These are programming operations, and will be covered in a later
chapter.
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PRINT ENTRY is simply a key that tells the machine to print what-
ever is in the entry register. It can be used to record selected
entries with the PRINT switch OFF. Or, if you haven't entered a

PRINT
new number before pushing ENTRY| ° then the 445 will print the

last number it has seen -- either the last number entered or the re-

PRINT:
ANS

except that whereas PRINT ENTRY will print the value with the num-

sult of the last operation performed. does the same thing,

ber of places indicated by the decimal point setting without rounding

off the final digit, PRINT ANSWER will print the value rounded off to

PRINT
ANS

the number of places indicated by the decimal setting. And

will leave the rounded number in the entry register, whereas

PRINT | will leave the full, unaltered original value in the entry reg-
ENTRY

ister even though it may have caused a shorter version to be printed.

CLEAR ENTRY is a key that you use when you make a mistake while
entering a number. Let's say you want to enter 345. 67, and by mis-

take you hit 345.77. If you catch the mistake before it's printed, just

CLEAR
ENTRY| °

enter the number all over again. CLEAR ENTRY clears only the num-

push The entry register will be cleared, and you can

ber being entered, it will not affect an operation in progress. CLEAR

ENTRY can also be used to clear an ERROR or OVERFLOW condition.

ERROR condition results from an attempt to engage the 445 in an illegal -

operation. When that happens, "ERROR'" will be printed, regardless of

Rt Y

o
BB

o

130 emg
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the PRINT switch position. The calculator operation will halt. The
keyboard will beco?ne inoperative. And the IDLE light will flash.
(The IDLE light is that rectangular little light on the upper right-hand
side.) Either RESET or CLEAR ENTRY will clear the ERROR con-
dition. These are the illegal operations which cause ERROR:

-Divide by zero

-1/x of zero

-V of a negative number

-Log of zero or nega.!:ive number

-Entry of more than thirteen digits (or a decimal point
followed by more than twelve digits)

-Calculating 0°* with the |a¥| key

-Calculating 0° with the ax| key

-Calculating standard deviati&; (n-1) withn=1
-Calculating standard deviation (n) withn=0
-Factorial of numbers less 1l:11;a.n zero
-Factorial of non-integer numbers

-Pressing two or more keys simultaneously
-Exceeding the two-level key buffer*
-Calculating linear regression withn=1

-Calculating z with n=1

*See ENTERING NUMBERS, below.
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OVERFLOW condition is caused by attempting to operate with num-
bers outside the range of the calculator. (The range of the 445 is

10-98 t5 10t98.) When this happens, "OVERFLOW'" is printed, re-
gardless of the PRINT switch position. Calculator operation halts.
The keyboard becomes inoperative. And the IDLE light flashes.

RESET or CLEAR ENTRY will clear the OVERFLOW condition.

(The IDLE light will remain off while the machine is calculating. In
most cases, you don't have to pay much attention to it, unless it's
flashing. When it flashes, this means the machine has gone into
either ERROR or OVERFLOW mode, and you have to clear it before

you can do anything else.)

Paper Advance

If you want to advance the paper without printing, just touch the AD-

1

VANCE key next to the paper bail. Pressing |ADV| will advance

the paper one space. Holding the key down will cause repeat spacing

until you let up.

OK. So we've plugged the machine in, turned it on and set PRINT to

ON. Now what?

ENTERING NUMBERS

x

Entering numbers on the 445 is a simple matter of using the 0-9 num-

eral keys in the middle of the keyboard and the decimal point (plus the
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CHANGE SIGN and EXPONENT keys, as explained below). All num-

bers entered are assumed to be whole numbers unless you hit

. ’

which you'll find between |0 | and |CHG| . The | .| is a deci-

SIGN

mal point, which you have to use to enter fractional numbers. CHANGE

SIGN, as you might have guessed, changes the sign. It may be
pressed any time during entry of the mantissa (also directly before or

after it) to make the mantissa negative. If there is a negative number

in the entry register and you press gII;I}(I-\;I , it will change this num-
b - . . ‘ e CHG .
er to positive. If the entry register is positive, SIGN will make

it negative. The CHANGE SIGN key may also be pressed during entry

of an exponent to make the exponent negative.

You can enter a number exponentially by using the EXPONENT key near
the bottom of the block of keys just left of the numeral keys. Simply

enter the mantissa (with the decimal point in any position), press

EXP| , and then enter the exponent (it can be either one or two digits).

If you don't enter a mantissa, but just hit |EXP| and enter an ex-

ponent, the 445 will assume a mantissa of 1. You can make the ex-

ponent negative by pressing gII.CI}CI}\I after pressing |EXP .

Keyboard Buffering

Most keys are electrically interlocked to prevent multiple, simultan-
eous depression. That's why the 445 goes into ERROR mode when two

or more of them are pressed at once. However, these keys are also

'
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buffered to two levels. This means that during calculation initiated
by a key, two more keys may be pressed without loss of operation
continuity. As long as no two of the keys are pressed at the same
time, the 445 will hold the three keys sequentially and perform the
operations they indicate in the order in which the keys were pressed.
If you press more than two more keys while the machine is working
on something for you already, it'll print "ERROR" and stop every-

thing.

A few keys operate independently of the interlocking and buffering.
These are:

-RESET

-CLEAR ENTRY

-PAPER ADVANCE

-LIST PROGRAM

BASIC KEYBOARD ARITHMETIC

Arithmetic operations on the 445 are performed algebraically. You
enter values and operations pretty much as you would write them in

an equation. For example, suppose you wanted to add 4 and 6. You'd

simply press | 4| then | +| then | 6 | and | =| . The 445 will

print both of the numbers entered and the result of the operation. The

procedure is the same for subtraction, multiplication and division,

with the substitution, of course, of - R X or | — | for the +
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in our example. Multiplication and division are rounded in the thir-

teenth digit.

Another key which operates like the basic arithmetic keys is [aX| ,

which you'll find just to the right of them. aX| raises a number to

a power. You do it like this: |

Enter number (a).

Press aXx .

Enter power (x).

Press = .

That's all there is to it. Both(a)and(x)may be positive or negative,
integer or fraction. Except that a negative (a) with a noninteger (x)will

cause ERROR. And there are also the following little facts to keep in

mind:
a0 =1
al = a
1Xx=1
0x=0

0~X = ERROR

0° = ERROR

Just to the right of |aX| is % . This is the INVERT (or RECIP-

ROCAL) key. It simply takes the reciprocal of the number in the entry

register, prints it and leaves it in the entry register. All you do is
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press S and the number in the entry register gets the reciprocal
X
treatment.

To the right of ‘ 1 | is|-/~| , which -- not surprisingly -- takes the
X

square root of the number in the entry register. All you have to do

is press |+/ | and the number in the entry register will be printed

again and then the square root of that number will be printed and left -

in the entry register.

SCRATCH PAD REGISTERS

In the left-most block of keys, along with PRINT ENTRY, PRINT
ANSWER, RESET, etc., there are two keys stacked vertically that

get you into the ten scratch pad registers accessible from the key-

board. These keys are (STh and [RC . Thatis, STORE n

and RECALL n, where n stands for the name of the register indicated.
The scratch pad registers are na.mec; 0, 1, 2, 3, etc., upto 9. They
are not affected by any keyboard operations except sum-square, XY
entry, delete, chi-square and register arithmetic (all of which will ’
come up again later on). To store a number in one of these ten reg-

isters, all you have to do is enter the number into the entry register,

push [STn| , followed by a single digit to identify the register in

which you'd like this number stored. At any later time, you can re-

call this number from the scratch pad register into the entry register

(and therefore onto the tape, if PRINT is ON) simply by pushing [RC
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and the name of the register you put the number into before. It's im-

portant to remember that when you use STn to put a number into

a scratch pad register, the new number will replace anything that was

there before. If, for instance, register 6 has 123.456 in it and you

enter 32.45, press [STp| and | 6 | , register 6 will now have 32.45

in it. The 123.456 that was there before is completely lost.

EXAMPLE: —

SE

4|56 718 |STal | 3 45678. 000 \ 3

RCLyl | 3 45678. 000 0 3

1|21 31({4]l5]||STal |3 ‘ 12345. 000 ) 3 |

RCLy| | 3 12345, 000 0 3
M

Notice that the 445 prints the number of the register you use as well
as a symbol indicating the operation performed. ! means STORE *

and T means RECALL.

It's also possible to add to a number stored in a scratch pad register.
And you can multiply it, divide it and subtract from it. That's the

subject of our next section.
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(To be perfectly honest, there aren't really ten scratch pad registers.
There are eleven. The decimal point also names a register which
has another use we'll find out about later on. But when it's not being

used that way, you can use it exactly like any of the other ten scratch

pad registers. Just press | . instead of a numeral key in conjunc-

tion with the access keys described above and it's at your service.)

Register Arithmetic

You can perform all the basic arithmetic operations on the values

stored in the scratch pad registers by using |STp| in conjunction

with the specific arithmetic function key. Fox example, suppose you

wanted to store 4442 in register 0 and then do things to it. You'd

press:
4 (141 4(|2]||STn | O
Now, if you wanted to add 2 to this number, all you have to do is press: =
2 which is the value you're adding

STp| which tells the machine you're going to send it to a
scratch pad register

+ which tells the machine what to do when it gets there

0 which tells the machine which register to do it in.

You now have 4444 in register 0. Let's divide it in half. Just go through
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the same steps as above, substituting [+ | for + . (This will

cause the number in register 0 to be divided by the number in the
entry register.) Now register 0 has 2222 in it. Shall we multiply it
times four? OK. Do the same thing again, this time starting off by

entering 4 into the entry register, then going through the same se-

quence, only substituting | X | for |+ | . Now press |RCL

and | 0 | . You should have 8888 in the entry register and on the

tape. It's important to note that in every case |[STh| was pressed

before the arithmetic function key. And the name of the register

after the arithmetic function. This is the only way it will work.

Here's the tape which shows all the arithmetic we just did:

aflaf[e]2]|smal |0 4442. 000
2 | |sTal | + ]| 0 2.000 +
@ 0 4444. 000
2 a = |j0 2.000 +
RCLq| | 0 2222. 000
4||sTol | x| 0 4.000
;_c_g 0 8888. 000

W
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We just recalled 8888 from register 0 into the entry register. Do it
again. You'll notice that you get 8888 again. Recalling a number

from a register doesn't disturb the register.

We can use numbers stored in registers in another way. We just
used a number in the entry register to add to, subtract from, divide
or multiply a number in a scratch pad register. We can also do the
same thing in reverse -- we can use a number in a scratch pad reg-
ister to add to, subtract from, divide or multiply a number in the

entry register. The procedure is the same, except that this time we

start with |[RCL,| , then indicate the function, followed by the name

of the scratch pad register. (In this case, RCLy| | = | will cause

the number in the entry register to be divided by the number in the

scratch pad register you recall.)

EXAMPLES:

We want to store 2 in register 7, and 4 in register 8.

So we do this: ——
2| [STnl | 7 2.000
4 STn 8 4. 000

Now we can use the numbers stored in these
registers to operate on numbers in the entry

register.

y 8




CHAPTER 2 -31-
g|l8|l8] 8| |rcLy,
RCL, |X l 7
RCLy| |- || 7

W\M

2222.000 - 1 8
4444. 000 X 47
4442, 000 - p 7

Note the printed symbols on the right-hand side of the tape which tell you

exactly what you did.

One Final Note About Register Arithmetic

When doing arithmetic operations into a scratch pad register, the re-

sults will be stored in that 'register. The entry register is unchanged

and any algebraic operation in progress is unaffected. If the register

being operated on overflows, its contents will be meaningless, and

the machine will go into OVERFLOW condition. When doing arithmetic

operations out of a register, the results will be stored in the entry reg-

ister and may be used in an algebraic sequence. The scratch pad reg-

ister is unchanged.

If the entry register overflows, its contents will ’

be meaningless, and the machine will go into OVERFLOW condition.

(Remember that the 445 overflows when it tries to work with numbers

outside the range of 10-98 5 10198, )

MAIN DATA REGISTERS

In addition to the ten scratch pad registers we've been talking about,

there are up to 512 main data storage registers (depending upon your

specific machine) which are also directly accessible from the keyboard.
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Fach of these registers can be used in exactly the same way as a
scratch pad register. But there are some differences in the pro-
cedure. Primarily because there are more main data registers to
name individually. Each of the registers has a numeric name, from
00 through 511. And these numeric names are used to access each
register separately. To the left of the top row of keys, there are

T
two keys called S and RCL . These work just like the

nn nn

STORE and RECALL keys we used for the scratch pad registers, ex-
cept you'll notice that instead of ''n", each of these keys has ''nn''.
This is because main data storage registers are accessible only by
two-digit numeric code names, instead of the single-digit names of
the scratch pad registers. Main data registers 00 through 99 are
accessible by pressing either of these two keys (depending upon
whether you're storing or recalling) and the two-digit name of the
register. But when you get to register 100, there aren't enough
places to accommodate the third digit. So we have to use a hundreds
code for registers 100 through 199. For this we use the DECIMAL

POINT. So if we want to store a number in a register between 100

ST
nn

and 199, we press then | . | and then the last two digits of

the numeric name. Similarly, for registers 200 through 299, we use

CHG| to stand for two hundreds. And we press the CHANGE SIGN
SIGN|

key directly after the STORE or RECALL key. For registers 300

through 399, we use |[EXP| to indicate three hundreds. Registers
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400 through 499 use | 1T

through 511 are not directly accessible.

€

as the four hundreds code. Registers 500

That's really all there is to

it. Full register arithmetic is available in each of the main data reg-

isters, and it is performed exactly the same as with the scratch pad

registers. You just have to remember that the access keys require

two-digit numeric codes.

for hundreds,

CHG
SIGN

dreds and |17
e

for two hundreds,

And you have to remember to use the | .

[EXP| for three hun-

for four hundreds. For example, if you wanted to N

store 25 in register 362 and then multiply it by 30, you'd do this:

2l s |IST| [ExP| |6 ]| 2
nn

3o |IST||{x| [EXP| | 6 |[ 2
nn

RCL |exp| |6 ] 2

nn

W

25.000 v 62

30. 000 X | 62

750. 000 A 62

%

W

Notice that the 445 prints the number of the register you've used. That

is, it prints a two-digit numeral code.

If the register number has

three digits, only the last two digits will appear on the tape.

Constant Multipliers and Dividends

The first number entered in a multiplication or division operation can

be used as a constant multiplier or dividend, respectively. Let's say

you wanted to multiply 2 by a series of numbers. You'd just do this:
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—~———
211X 2.000 X

-3 = 3.000 =
6. 000 *
4| = 4.000 =
8.000 *
51| = 5.000 =
10.000 %

e~

Or, if you wanted to divide 2 by a series of numbers (constant dividend), .

you'd do this:

2 || = 2.000 -
)
3= 3. 000 =
S &y
. 666 ¥
4 = 4,000 =
. 500 *
5 = 5.000 =
. 400 %
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The trick is that when you enter a number and hit | = | , the machine

goes back and performs the previously entered operation -- using

the new number as the second value. You can also get a constant

divisor simply by using % (reciprocal). You do it like this:
30 | % B 3. 000 1/x
. 333 *
X . 333 X
2 || = 2.000 =
. 666 *
3| = 3A. 000 =
1.000 *
4| = 4.000 =
1.333 *

As you can see, this just takes the reciprocal and sets it up as a con-

stant multiplier. Simple -- but effective.

To the right of the block of numeral keys we've been playing with, along

with | +|[| -| etc., are two more keys that come in very handy. These
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are [ ( | and | ) | . Parentheses on the 445 can be used very much

like those you would write in a formula. You can even have one set
of parentheses inside another. When using parentheses on the key-

board, however, there are a few logical rules to keep in mind.

-If you close parentheses | ) | without opening

them, the machine goes into ERROR mode.

-Close parentheses )| acts as = with

regard to the operation inside the parentheses.
-Two-level nesting is allowed [:i. e., ( () ):I .
But if you try to open a third set of parentheses
without closing the second, the machine goes

into ERROR mode.

Algebraic Chaining

One of the major conveniences on the 445 is algebraic chaining. Any

algebraic key may be used instead of equals to terminate a previous

algebraic operation and begin a new one. In the course of lengthy op-

erations, this eliminates quite a few steps. For example,

2 + 3 = 5
5 + 4 = 1.25
1.25 X 6 = 17.50

can become:



N
+
"

o
+
~
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2 + 3 + 4 X 6 = 17.50
You can also combine algebraic chaining with parentheses. Here are

a few examples to illustrate some typical situations involving these

techniques.
W
4 || = 4.000 +
( 4.000 (
6 ||+ 6. 000 +
71]) 7.000 ' )
13. 000 *
= ‘ 13.000 =
0. 307 *
4+ 4.000 +
511+ 5.000 < o
( 9. 000 (
61|+ 6. 000 +
71(1) 7.000 )
13.000 *
= 13.000 =
0. 692 *
W\ﬁ-—:—




(

(4 + 5)
(6 +7)
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> 1+ 1.000
( 1.000
( 1.000
4| |+ 4.000
5(1 ) 5.000
9.000
= 9. 000
( 9.000
6 || + 6.000
7)) 7.000
13.000
) 13. 000
0.692
1. 692

Repeated Equals and Repeated Arithmetic

Repeated equals eliminates the necessity to re-enter values. If you

depress again after terminating an arithmetic operation, the

445 will repeat the operation, using the first-entered value as a
constant and operating on the value then in the entry register. For

example,

—— e~ ]

¥*

3*

3
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As you can see

by (X

and

-39-

by

9 Notice that here we didn't have to

enter the 3 again, since it was
already in the entry register.

= 27 When we hit | = the second time,

9 was in the entry register. So
the machine just multiplied it by
3, the first-entered value.

= = 81 Here, by pushing | =| again, we

caused the machine to multiply the
27 that was in the entry register
after the last operation again by 3,
the first-entered value.

= = 8 As above, the second time we

pushed | =| the machine went
back and this time added the first-
entered value to what was in the
entry register.

= = =11 Obviously, we did the same thing

again, only this time the entry
register had our 8 in it.

= = 18 Tricky. Even though we entered
an intermittent value, 2, the
machine still went back when we
hit the second |=| and multiplied
what was in the entry register by
the first-entered value.

= = = 54 The same as above, except that
now the entry register had 18 in it
instead of 6.

the very first example, entering a number followed

is a fast way to get the square of the number. Re-

peated equals only works for multiplication and addition. It has no

ot
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value after subtract and divide. (If you want to find out why, just try

doing it.)

An operation similar to repeated equals is repeated arithmetic. In

this case, we repeat arithmetic keys instead of | = | . Here's how

it works:

3 X = 9 (Look familiar?) This is equivalent to 32.
3 X X = 81 This is equivalent to 34.

3 X X X = 6561 This is equivalent to 35.

What's happening is this -- the first time (3 X = 9), the single digit

followed by | X | and | =| gives the first-entered value an exponent

of 2. Each additional | X | doubles the exponent. Thus two [ X|'s

equal 34, three | X | 's equal 38, etc. That's with multiplication. With

addition, rather than doubling the exponent, each additional | +

doubles the answer. Like this:

3+ =6 (= 3 X 21)
3 + + = 12 (= 3 X 22)
3+ 4+ + = 24 (= 3 X 23)

Another way to look at this is simply to recognize that each time you

hit | + | the number in the entry register is added to itself. Re-

peated subtraction and division yield 0 and 1, respectively, and there-

fore have no value. Try it.
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MULTIPLE FUNCTIONS

Second Function and Double-Function Keys

Many of the function keys on the 445 keyboard calculate two quantities.
When you press a key that calculates two functions, one is printed

and left in the entry register; the other is stored in a separate reg-

ister. To get at the second function, you press 2ND . The
FUNC
SECOND FUNCTION key exchanges the contents of these two registers
. . ) 2ND
and prints the number now in the entry register. If you press FUNC

again, the two registers will again be switched, and the quantities will
be back in their original places. When you press a double-function
key, the first function will go to the entry register, and the second

function will wait in the second function storage register.

A good example of a double-function key is 'II » which you'll find

second from the top in the vertical row of keys just to the left of the
numeral keys. Pressing this key puts 1 (13 digits) into the entry

register and puts e (13 digits) into the second function register. If

you want to print T, push PRINT . And if you want e, push

ENTRY

2ND )
FZI.JNNDC . Then if you want 17 back again, just push FUNC| 28ain.

On the far-right side of the keyboard is a very useful pair of double-

X
function keys -- Ln and ¢ . Ln calculates both the

LOG 10¥ LOG

base-e and base-ten logarithms of the number in the entry register.

The number and the log, will be printed. The log, will go into the
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2ND

second function register and may be recalled by pressing Func!| -

X
Similarly, 1§X calculates the antilogarithm base-e and base-ten

- of the number in the entry register. The number and the base-e

antilogarithm will print. The base-ten antilogarithm will go into the

2ND
FUNC| °

second function register, and may be recalled by pressing

Third Function

In addition to functions which calculate two quantities, there are also
functions which calculate three quantities. In this case, one is printed

and left in the entry register; the second is stored in the second func-

2ZND
FUNC

tion register and may be recalled by pressing ; and the

third quantity is stored in the third function register from which it may

be recalled by @n 3 .

When you press &, 3| , the contents of the entry register will

be exchanged with the contents of the third function register, and the
new value in the entry register will be printed. If you press the two .
keys again, the entry register and the third function register will again
exchange, the new contents of the entry register will be printed and the
two numbers will be back where they were before. Note that the con-
tents of the second function register are not affected by the operation

of THIRD FUNCTION. However, if you initiate a function that calcu-

2ND

FUNC , the second function

lates three quantities and then press

value will be in the entry register, and the first function value (which
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was in the entry register) will be in the second function register. Now

if you press In 3 | , the contents of the entry register (which

is the second function value) will be exchanged with the contents of the

third function register. The result of all this will be that the first

function value will be in the second function register, the second func-

tion value will be in the third function register and the third function

value will be in the entry register. All of the values may, of course,

be returned to their respective registers by reversing the procedure.

ADDITIONAL FUNCTIONS

Besides the functions available with individual keys, there are ten ad- .

ditional functions available from the keyboard by means of ’En .

Each of these additional functions has a single-digit numeral name,

and is initiated by pressing -En and then the numeral name of the

function you want (as we did for THIRD FUNCTION, above). You'll
find a complete list of these additional functions and their numeral
names in the strip just below the top row of keys. Each individual
function will be described in detail as we get to the area of calculation

where it is used.

Except for INTEGER/FRACTION, which we'll describe right here

since there's no other logical place to do it. Pressing §n 5

will separate the number intheentry register into its integer and

fraction portions. The integer portion will be printed and left in the
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entry register. The fraction will be put in the second function regis-

ter and may be recalled with 2ND . Both the integer and the

FUNC

fraction will retain the sign of the original number.

STATISTICAL FUNCTIONS

Now we get to the statistical keys and the remaining Additional Func-
tions -- which perform specialized statistical calculations faster than
a speeding bullet. The statistical functions on the 445 are interre-

lated in many ways, and are used together to produce results tailored

to specific needs.

Set Group and Data Storage

Data entered with the keyboard data summation keys are stored in
the ten scratch pad registers we discussed earlier. Summation data

for three independent or dependent groups may be kept in these regis-

SET

is used to tell the machine which
GROUP

ters simultaneously.

Group or Groups of independent data to use — either for accumulating
data or calculating functions. Dependent data are always accumulated

in the same registers regardless of the Group set.

i i SET followed b 1 2| or 3 .
A Group is set with GROUP Yy

When a Group is set, you can accumulate and delete data (n-count,

X, ZXZ) and calculate standard deviation, mean, standard error of

the mean and z-statistic -- all with respect to that Group. Setting
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Group 1, 2 or 3 also determines which two Groups are used in the t-statistic

and two-variable linear regression and line calculations.

SET

GROUP followed by the digit 4 causes linear regression and Line functions

to operate on a three-variable basis rather than the normal two-variable
basis. Other group-dependent functions initiated while Group 4 is set will .
automatically use the Group that was in operation just before Group 4 was

set. Setting Group 1, 2 or 3 will remove the Group 4 setting and return linear

regression and Line calculations to the normal two-variable basis.

We'll keep track of what data are in which register of which Group as we

get to particular functions which use these Groups.

A NOTE TO BENNY:

Since Set Group data are accumulated in the ten scratch pad registers, you
can enter summed data directly into their appropriate registers just as well
as accumulating them with the keyboard summation keys. The function keys
don't care how the data got there, just so long as they're in the right places.
Then you can perform all the calculations you like on that data -- just as
though they had been accumulated by the machine. (Except for three-variable
data, where there's a little trick you have to use if you enter summed data.

See the note following Three-Variable Linear Regression.)

When you do accumulate data with the keyboard summation keys, it's a

good idea to make sure the scratch pad registers are clear before
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you begin. This is done easily with §n 0 { which clears scratch

pad registers 0-9 all at once.

Sum-Square

Using the number in the entry register as X, this key accumulates n,

ZX and =X2. Depending upon which Group you've got set, ngxz

puts the data in these registers:

G Register Usage
Toup n |TX |zx?
| 1 2 3
2 4 5 6
3 7 8 9
Like this:
SET 2
D.P
These operations
do not print.
SET 1
GROUP
?!'Sn 0 Cle:.ars scratch pad 0. 00
registers 0-9
EDV | Separates CL from data
2 1. 1 Zz 2.10
2 { . 5 ZZ 2.50
nxx
3 (. 1 ZZ 3.10
nxx




CHAPTER 2 -47-

Note the print symbols on the right-hand side of the tape. SET DP
and SET GROUP do not print. CL means we've cleared the scratch
pad registers. The Z means that a summation was performed on the
entered value. The 1 next to the = means that the summation went
into Set Group 1. Therefore, our sums should be in registers 1, 2

and 3, according to the chart. Let's see if they are.

—
RCL, 1 number of items (n) 3.00 r 1
RCL,} | 2 zZX 7.70 1T 2
RCLy| | 3 > x? 20. 27 r 03
%

As you can see, our summations are in their proper places. Now let's

do another group of summations, this time into Set Group 2.

SET > 3

GROUP

7 Zz 7.00 zZ 2
nxx

8 .{1 ngxz 8.10 z2

s

2 9.90 z2

nxx &

/_—’——%’J

And, just to keep the machine honest, let's recall the registers of Set

Group 2 and see what's in them.
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RCLp| |4 | number of items (n)
RCLy|| 5| ZX

RCLy| | 6 | =x?

Everything is where it's supposed to be.

tion into Set Group 3.

SET 3
GROUP
1| 3(]|Z,
nxx
1|1 ]| 2,
nxx
1|3 .]]5]]=>
nxx
e .12,
nxx

/\—/‘—-\—’\w\_’——f&—w
3.00 T 4
25.00 + 5
212. 62 t 6

Now let's do one final summa-

—_—

13.00 23
11.00 = 3
13.50 +22 3
14.10 Z 3

b

And, just for consistency's sake, let's see what's in the Set Group 3

registers.

RCLp| | 7| number of items (n)
RCL 8| ZX

RC 9| zx2

—

4. 00 A 7
51. 60 N 8
671. 06 " 9

S —
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""Grouped'' Data

If you've got a whole group of identical items to enter, you don't have

to enter them individually.

You can enter a group of data with this sequence:

enter X

2

press |2

enter frequency (f) of X

press | =

If £ = 20, and the Set Group is 1, 20 will be added to register 1; 20X

will be added to register 2; and 20X2 will be added to register 3.

Let's enter a group.

SET 2
GROUH
én 0 Clears scratch pad
registers 0-9 0. 00
ADV] Separates CL from data
51{ . 4 ZZ 5.4 is entered 5. 40
nxx .
— 8 times
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As you can see, the tape symbol for the frequency of X is n (i. e.,

the number of times X is entered). Let's see what got put in the Set

Group 2 registers. ~——

RCLy| | 4 | number of items (n) 8. 00 1t
RCLy| [ 5| ZX (5.4 x 8) 43.20 2
RCLy| [ 6 | TX2 (5.42 x 8) 233,28 4

Let's add another group on top of that one.

5 . ] 6 ZZ 5.6 is entered 5, 60

nxx .
3 times

Now let's see what's in those registers.

RCLp 4 | number of items (8 + 3) 11.00 »
RCLn| | 5] zx @s.4x8) ¥ (5.6x3)> 60. 00 o
RCLn| | 6| ZX2 ((5.42x8) + (5. 6%x 39 327. 36 N

Our second group of data was tidily added to the first group.

Deleting Data

Also, you can remove data from a summation by using the DELETE key.

Just enter the item you want removed from the summation along with
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DELETE, and the n, X and x2 will be removed from their respective

registers. You can press |DELETE| before or after entering X,

just so long as you've pressed |DELETE

before you press 2

To remove a group of identical data, use the same sequence as you

would use for entering the data, but press

getto | = .

DELETE | before you

Here's an example of a Sum-Square sequence using the keys we've

been talking about:

SET
GROUP

ADV separates CL from data

™
w
S

2. 34 is entered

2
nxx 4 times

UREN

W
0. 00 CL
2.10 Z 3
2.30 Z 3
2.34 Z3
4, 00 n
2. 60 = 3
8. 60 > 3
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2 {l. {12 ||5 Zz 2.25 is entered
nxx 17 times
1 7 =
8 . 6 ||[DELETE ZZ 8. 6 is removed
nxx .
from summation
210l. {(2 ||5 || 2~ 11 of the 2.25's
nxx?2 we entered before
are removed
1 1 DELETE]| | = here.

Z.

nxx2

2.25

17.00

8. 60

2.25

11.00

to add data, the print symbol is 2. When you use

e e e e e e e
Note the print symbols for summation and deletion.

zZ3
n

Z-3

zZ 3
n -

When you use

ELETE| ,

the print symbol is 2.-. Also, the tape will advance a space auto-

matically when you enter or delete a group of data.

Now let's take a look into these Set Group 3 registers.

RCL, |7 | number of items (n)
RCL, | 8] ZX
RCLy| | 9| Zx2

WW

14. 00 » 7

32.29 ) 8

74. 64 $ 9
‘MM\*_‘

If you add up the items we entered, and remove the ones we removed,

you'll discover that our little machine is keeping it all quite orderly.



CHAPTER 2 -53-

Standard Deviation, Mean and Standard Error Of The Mean (n-1 version)

The SD/MEAN key calculates the standard deviation, mean and stan-
dard error of the mean for the Set Group which is active. This func-

tion uses the following formulas:

SD = Tx2 . (ZX)2
n
n-1

(Note that the denominator under the radical is n-1, not n, so this key

calculates the estimate of the standard deviation for this Group. )

zX

n

X =

Standard error = _SD

/A

The standard deviation is printed; the mean is put into the second func-

ZND

tion register and may be recalled with Func| and the standard

error of the mean is put in the third function register and may be

recalled with §n 3| . No data is destroyed while performing

these calculations.

Here's an example:

SET
D. P'

SET 3
GROUP
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$al |o
L[4 |5 1|2,
nxx
-
1 4 . 7 ] 2 ZZ
nxx
1 syl ol || >
nxx%
1 4 . 4 || 4 ZZ
nxx
1|4 dl. |7 !2 DELETE| | Z_,|
’ nxx
1{14]|. |82 ZZ
nxx
ADV]|
SD takes standard deviation (estimate)
MEAN
i‘l;IJ?IC gives us the mean
3 3 gives us the standard error

of the mean

Note the print symbol (SDn-1) that indicates

which standard deviation you've taken.

0. 000
14.500 =3
14.720 z3
15.010 =3
14. 440 =3
14.720 zZ .3
14. 820 =3
0.269 SDn-1 3
14. 692 ' F 2
0.134 F 3

CL

Standard Deviation, Mean and Standard Error Of The Mean (n version)

Pressing

SD

standard error of the mean, just like MEAN

here the formula for standard deviation is:

In 4 | will get you the standard deviation, mean and

, above, except that
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SD = X2 - ( = XxX)2

n
(Since the denominator under the radical is n
(not n-1) this function is calculating the

sample standard deviation.)

Using the data we've already entered in the example above, let's

take the sample standard deviation, mean and standard error:

w_ww.
QT.;n 4 takes standard deviation 0.233 | SDn 3
[ (of sample)
}EII;II\II)C gives us the mean 14. 692 F 2
En 3 gives us the standard 0.116 F 3
error of the mean '

Note the print symbol (SDn) that indicates *

which standard deviation you've taken.

z -Statistic

' i
The function En 1 | calculates the z-statistic of the current Set ‘

Group. Using the number in the entry register as X, here's the formula: o

X -X
SD

Each time you press &n 1 | , the SD and X are calculated all :

over again for the above formula. Here, the sample SD (not the estimate)
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. SD
d. Y dn't have d or |b 4 | calcu-
1S use Oou needn ave one a MEAN n

lation beforehand. But you do have to be sure that the Group on which

you're taking a z-statistic has data in it.

The sequence you use to take a z-statistic is as follows:

enter X

press n 1

That's all there is to it. Both X and z are printed; z is left in the
entry register and may be used directly as input to the normal dis-

tribution function.

Since we've already got the right kind of data in our Group 3, and our

machine is already set to that group, to get a z, all we have to do is

this:
SICE AR E our X 14. 980 X K
our z 1.231 Z 3
Let's do it again with a new X:
1l 4]f. [l9 | [l | 1 our X 14. 900 X
our z 0. 889 Z 3
Normal Distribution e
E 2 calculates the area under the normal distribution curve.

Using the number in the entry register as z, the total area from -OO
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to z (one-tailed probability) is printed and kept in the entry register.

The area from -z to +z (two-tailed probability) is put into the second

function register and may be recalled with

2ND
FUNC

used for normal probability is

Y = 1 (e‘zz/z)

V2T

. The formula

If z <0, the area from -z to +z is negative. The area in all cases

is calculated to six fractional digits -- remaining digits are zeroed.

Again using the data we entered into Set Group 3 in the example under

Standard Deviation (n-1) above, let's take a z and calculate the normal

probability. r~———— ——
1l 4] 19 |1, 1 14.900 X
0.889 zZ 3
0 |2 0.889 P z |
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