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The Introduction

INTRODUCING



Well now...so you have an HP-28S, eh?
Now the questions are, "What do you want to do with it?" and (mostly), "How?"

These are the right questions to ask, of course. And you may have heard that
once you've decided what you want to do, the ~ow should be intuitively obvious —
even to the most casual observer.

That's just not true. There's nothing wrong with your intuition or your personal
casualness index. It's simply that this machine is not all that simple. Even if
you're experienced with other HP calculators, this one is so radically different
that you may find yourself "starting over" in many respects. You may still re-
cognize some familiar HP stack-oriented arithmetic, but that's about where the
similarities end. For the most part, the HP-28S will be a "brave new world."

Of course, as with all calculators, the HP-28S is only a tool, a problem-solving
tool. So is a hammer. And though it's fairly obvious (even to extremely casual
hammer-observers) that a hammer is good for pounding, it takes more than cas-
ual observation to use it effectively to build a house. It takes time and practice.

So it is with the HP-28S. Being just a bit more complex than a hammer, it does
require more effort on your part to use it effectively. But once you make that ef-
fort, you'll be amazed at the "houses" you can build with it.

That's the purpose of this book — to help you learn to use a tool. Just be sure to
remember that it is just a tool, not a magic box that gives you the answer to your
every question. It can't check to see if you've given it the right numbers to
"crunch,” nor can it catch you when you're attacking a problem altogether
wrongly. It's an inanimate mechanical aid — not a replacement for your under-
standing of the problem. You must understand both your tool and your problem
in order to use the one on the other.
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What Is This Tool?

Before you begin to use the HP-28S as a problem-solving tool, you'd better have
at least some idea that it's actually the right tool for the job.

This calculator is not omnipotent. It does some things very well and other
things not so well. It's flexible, but for some tasks, it may cost you more effort to
bend it to your will than it's worth. In those cases, you would come out ahead by
choosing another, more appropriate tool.

So what is the HP-28S really "good at?"

Mostly, it's a math engine. It provides you with an extensive set of mathemati-
cal operations. And it uses these operations on a fairly comprehensive set of
mathematical "things": real numbers, vectors, arrays, complex numbers, and al-
gebraic expressions, to name a few. So if a lot of your problems involve this kind
of math, then the HP-28S is probably as good a "hammer" as any you will find.

But it's not a generalized computer. For example, it doesn't have the means to
save your calculations anywhere else (i.e., on magnetic tape or disc). It doesn't
have a full typewriter keyboard. You wouldn't want to try to type your doctoral
thesis on it.

Of course, with some effort you could coerce it into doing many different things,
but don't be surprised (or upset) if the results are not the best. After all, you can
drive a screw with a hammer, but if you do and then things don't turn out very
well, don't go blaming the hammer for not being a screw driver. It just wasn't
built for that.
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What Is This Book?

There are (at least) four ways to approach your learning about the HP-28S:

1. Be Joe Computer-Whiz, for whom it is either intuitively obvious or the es-
sence of joy to play with such a machine until it yields all of its secrets;

2. Apply brute force — not knowing where to start, but pressing buttons any-
way, hoping that something meaningful will result;

3. Resort to tears and despair (usually as a result of method 2);

4. Ask for some help and explanation (usually as a result of method 3).

If you're now using method 4, then this book is meant for you. And there's abso-
lutely nothing wrong with that. It carries no shame or stigma to say "I don't un-
derstand this yet." You just haven't yet seen it explained in a way that "clicked"
for you. This book is merely a different way to explain the HP-28S.

Admittedly, it doesn't appeal to everybody. You may find the pace too slow or
the explanations too meticulous. But chances are there is something presented
here that could "shed more light on your HP-28S" for you. So relax and browse
if nothing else. A lot of people discover the same thing — that such a slow, class-
room-style approach seems to work better than the "brute force" method.
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Above all, please don't feel "talked down to" by this Easy Course.

Just because the printing is large and spread out and the wording is simple and

"folksy," you shouldn't take this as any commentary on your technical expertise

or vocabulary. The subjects here are not trivial, nor is your intellect being trivi-

alized by seeing them presented in this fashion. The only reason for all this is to

communicate to you the skills and knowledge you need to make the best use of a

very sophisticated tool. And this method of communication often helps.

And how does this method go? Here are a few things to know about the book and

its classroom approach:

1.

12

Every so often, you'll come across a little set of quiz problems. These are just
some exercises to help you make sure you "have things under control” before
you move on. If you have any major difficulties with the questions, you'll find
the answers immediately following, along with page numbers so you can go
back and review if you wish.

. At certain points along the way, you'll be given the option to skip ahead if you

feel that you already know the material being discussed. If you do skip, it
will usually be to the quiz at the end of the section, so you can be sure you're
really as knowledgeable as you thought.

. There's no race, no time limit, no clock, no exam proctor, and no #2-pencil-

grading-machine breathing down your neck. This is your Course, to be taken
at your speed. Who cares if you go back and reread something a couple of
times? The idea is to learn about your calculator, not to break a speed record
for doing so.
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What's In This Book - and What's Not?

This book is not a re-packaging of the manuals that came with your HP-28S.
Many keys, features and functions on your calculator just don't appear any-
where in this book — and this is no accident. Why should anyone try to docu-
ment every last aspect of the machine? That's what the HP manuals do so well;
why try to improve on them?

Instead, what you're going to see here are the fundamental concepts and princi-
ples of the HP-28S. Of course, you'll need to learn the mechanics of the key-
board and the display first, but the real idea here is to orient yourself and move
around in the generalized data-manipulation world of the HP-28S. By the time
you finish this Easy Course, you should feel quite comfortable in using and com-
bining the different available data "objects" to help solve your math problems.

But all the while, keep in mind that this is only an introduction to the HP-28S.

Why just an introduction? Two reasons:

First of all, this book is meant to help you get enough "calculator savvy" to begin
building a more exhaustive understanding of this tool on your own terms — and
in your own way. Hopefully, it's enough to get you on your way down that road,
without unduly burdening you with a load of preferences and biases as to how
you ought to actually apply this tool to your everyday tasks. At some point you
must take over and decide for yourself exactly when and how to use it.

Secondly, there's only so much room in one book!
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How To Picture Your HP-28S



Before you can really do anything in the world of the HP-28S, you'll need to
know how to move around in it. Learning these mechanical skills isn't always a

whole lot of thrills — but it is necessary.

So you need to realize right up front that these next three chapters are really
just a set of lessons in controlling and communicating with your calculator. Bor-
ing as that may sound, don't underestimate the importance of these skills.

OK?

Now then: A picture is still worth a thousand words, so it makes some sense to
have a picture of the HP-28S's world to help you understand it.

Of course, the picture you'll need isn't exactly an 8-by-10 color glossy of the cal-
culator (with circles and arrows and writing on the back).

First of all, who needs such a photo when you have the real thing? And anyway,
you may already know from personal experience that you can stare at the physi-
cal HP-28S until drops of blood bead up on your forehead and you still won't
come any closer to understanding how the machine works.

So, because that's what you really want to know — Aow the thing works and not
what it looks like — you'll need instead a picture of something that doesn't physi-

cally exist, the logic of the calculator.

Unfortunately, the camera that can take that picture hasn't been invented. But
you might try another method instead: mind games....
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The name of this particular mind game is "Easy-Course-Warmer-Upper-HP-28S-
Mental-Picture-Of-Its-Logic." (Sort of catchy, don't you think?) It's for all ages
and requires only one player and one mind (and since you seem to "have a mind"
to use your HP-28S, you'll do quite nicely, thank you).

As you might suspect, the object of the game is to paint for yourself a mental pic-
ture you can use as a map to explore the unfamiliar world of the HP-28S. But
there are no rules; you just make it up as you go along.

So, if you're ready, flex your mental muscle, and sure enough, a picture begins to
form in your mind's eye....

The first thing you see is, not surprisingly, the HP-28S (see it there?). Of course,
as you've already observed, this doesn't get you very far (especially if, in your
mental picture, you've forgotten to open the calculator).

So you concentrate even harder, focusing in on its two most obvious features, the
display and the keyboards, and slowly but surely, a better picture forms....

You're the newly-elected president of a very talented little company of mathema-
ticians who make their livings by solving problems for others. By prior arrange-
ment, these mathematicians have their offices inside the HP-28S.

Of course, as president, your job is to properly delegate and assign tasks, so that
the overall results are those requested by your clients. You're the go-between,
understanding and translating your clients' needs into terms that your staff can
understand and act upon.
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The Display

Think of the display of your HP-28S as a bulletin board, and picture it that way.
It's how you communicate with your staff (the calculator).

Upon reflection, you'll find that this makes quite a bit of sense because the dis-
play is interactive. That is to say, it changes as you and the calculator do things
to change it.

As with a real bulletin board, messages are posted in the display by you (for the
machine) — problems to solve, numbers to store or "crunch", etc.

And messages are posted by the machine (for you) — status reports, information
and graphs for your inspection and correction.

You'll see as you go along that your bulletin board is quite well organized with
different messages from different departments posted in different areas on the
board. And you'll also find that, very much like a real-world bulletin board, your
display bulletin board can become cluttered. New messages can obscure or even
"bump off" old messages.

Not to worry though. There are ways to tell your "staff’ that whenever they
need to post messages that would "bump off" other ones, they should save such
bumped messages, just in case you want to look at them again. Your staff will
obey this — and all your instructions — if you make them clear.

Actually, all things considered, you have a fairly well-organized, imaginary
math-problem-solving business here.
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The Keyboards

The next areas to notice are the keyboards (and you should probably continue to
think of them as two distinct keyboards rather than as two halves of one key-
board, because there are some significant differences in how each is used).

Continue with your mental picture: If the display is your bulletin board, then
you can envision the keyboards as your typewriter or dictation recorder. After
all, as president you need some way of creating memos anc messages for posting
on the bulletin board, right? OK, draw it in your mind as a typewriter (got it?),
and look at how this typewriter is arranged.

First, look at the left-hand keyboard. If you pay attention only to the white let-
ters on the keys, the left-hand keyboard really does look like a typewriter with
its keys rearranged. And indeed, these keys are used for typing words and
phrases (ignore the other, less obvious things on the keybnard for now. You'll
come back to them later as you need them).

Likewise, if you look at the right-hand keyboard and notice only the white keys
with black lettering, you'll see what appears to be a simple, 4-function calcula-
tor. Again, this is how it ought to appear; that's exactly what those keys are for
(and again, ignore for now the other, less self-explanatory keys).

So, as a new president, you're beginning to at least find your way around the of-
fice. Review your picture up to this point:

You have a bulletin board (the display) through which you communicate with
your staff (the HP-28S system). You also have a simple, desktop calculator and
a typewriter to use in writing memos for posting. Not bad.

Next thing to figure out: How do you actually post memos?
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Posting Memos:
Interactions Between the Keyboards and the Display

As you might expect, in order to get any work out of your staff, you need to tell
them what to do —i.e. post a memo, after composing it on your typewriter.

Of course, right now is when you realize that your typewriter actually types di-
rectly onto the bulletin-board (quite a high-tech office, really).

Unlikely? Well, yes, it's true that things don't work exactly like this in the real
world, but it doesn't stretch your imagination too much to picture it this way
nevertheless.

Now then, it's time for everyone's favorite game (yep — even company presidents
like to play):

"Press the Pretty Buttons and See What Happens."

But before you do that, stop and think for a minute: Whatever memos are post-
ed on that bulletin board now are from the previous administration (heaven for-
bid). Better clean up the bulletin board so that everyone will know exactly who
to blame (you) for anything that appears hereafter.

Ready?
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Scrub And Dust: Clean up your HP-28S bulletin board.

Here's How:* Press (#]4)0]oJ1)B]FJcJ4]oJoJoJoJoJo]o] ENTER) (S]TJOJF]

@(PurcE) (H(OJM(EJENTER). Next, press and hold
down the key. While holding this down, press the (a) key

(the upper middle of the right-hand keyboard). Now release
the (o) key. Now release the (ON) key.

After doing all this, your display will look like this:

4
3
2
1

OK, now everyone in your company should be ready to receive instructions from

the new chief.

And now you're ready to try your typewriter to see its effects on the bulletin
board. Of course, you'll notice that the board (the display) isn't totally bare.
Don't be too concerned about what those remaining numbers and colons mean.
For now, just watch them move around as you begin to use your typewriter....

*This is, admittedly, a rather complicated procedure to start with here, but there's only one other way to ensure
that you're starting "in step” with this book — clearing the machine's 32K-byte memory entirely. And since you
may not want to re-key in the 31.5K-bytes of stuff you may already have stored...
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(At this point, if you already know how to type and post message and command
memos, how to use menus and immediate-execute keys, then you can probably
skip ahead now to page 40. Otherwise, stick around.)

Go: Find the (A) key in the upper left-hand corner of the left-hand keyboard.
Press it once, and then look at the display. You should see this:

"Whoa!" (you undoubtedly say), "that's quite impressive!" Not at all (shucks).
Actually, here are the really important things to notice:

Firstly, notice that almost everything that was already in the display has been
pushed up one line — to make room for the newcomer on the bottom line.

The space opened up at the bottom is lovingly known as the command line. In
your mental picture, this is where the things you type on your typewriter are
first put onto the bulletin board.

Secondly, there's a flashing, empty box immediately to the right of the A.
This box, called the cursor, shows where the next character will be placed if you
type another one (notice that your typewriter does indeed produce characters —

not just letters; it can type other things, such as numerals and special symbols.
All of these things are collectively called characters).
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Next: To prove to yourself what this cursor (the flashing box) is for, find (B) on
the left-hand keyboard and press it.

o puldh
m EN EE ER

O

=l

The B is placed where the box was, and the box is moved one space to
the right — to where the next character will be placed. And so on.

Important point: You will see the cursor only when typing in the com-
mand line.

By the way, if you press the wrong letter key while using the command line, use
(#) to correct it. (@) is the same as the backspace key on a typewriter keyboard.
That is, by pressing it, you move the cursor one space to the left and remove the
character that was there.

If you use (@) to remove the last remaining character, the command line goes

away. If you keep pressing (@) after that, nothing more will happen.

Play with it, if you wish (then restore your display to the way you see it above).
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OK, since you're a new chief executive trying to learn the ropes around here, do
a trial run: Pretend that what you've typed so far is actually something mean-
ingful that you'd like to post on the bulletin board.

Give It A Whirl: Seeing that the cursor is still blinking merrily, you press
[ENTER).

The command line goes away and the message is posted.

You see:

=rI00

IHBI

What can you learn from this?

1. The message was posted at the bottom of the bulletin board. It was put in
the first spot, indicated by the 1 5.

That's what those numbers on the left-hand side of the bulletin board are —
level markers. They just tell you the age of each message on the board, the
youngest (most recent) ones going on at the bottom.

And as in any normal office, those newest postings are always the most inter-
esting. If anything is to be done by your staff, therefore, they will look first
at that bottom (the last) memo you've posted.
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2. You're already seeing the work of the "memo poster" — that loyal "office boy"

4.

24

on your staff, whose job it is to make sure that your posted memos are given
the space and attention they merit.

Of course, this memo poster has worked here longer than you have, so he
knows enough to do certain things without being told all the details. After
all, weren't you wondering just who was actually cleaning and rearranging
the bulletin board to make room for the command line? And who was put-
ting that cursor up there?

And note that the memo poster has put single quotation marks around your
message. Why? Because he didn't recognize the memo as anything but a
message to be remembered (e.g. "softball practice today at 6:00"). Therefore
he didn't do anything special to or with the message; he just posted it.

The command line then went away. By posting something with the
key, you've told the memo poster that you don't need the command line any-
more, so he clears it away — to leave more space on the bulletin board for
messages.

The cursor went away, too. As you know, that cursor will appear only when
you're typing in the command line — and the command line is gone now.
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Now for the real test: Post something that really is a command — a memo that
someone in your staff knows is an explicit request to do something.

Try This One: Type, from the left-hand keyboard, (DJu]P).

The display at this point shows nothing that you haven't seen
before (just different characters). And everything was pushed
up to make room for the command line, and the cursor is sitting
there, telling you where you are. No surprises, right?

Now press [ENTER.. Here's what you should see:

D
m

=M

And here's why you see it:

DUP is indeed a command that someone in your staff understands. In this case,
that someone is the memo poster himself; he recognizes it as a command intend-
ed for him and, without hesitation, he does what it tells him to do. He doesn't
even bother to post it — he just does it.
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DUP is shorthand for "DUPlicate the last message on the bulletin board."

The memo poster reads this and quickly makes a copy of the bottommost memo
(i.e., the memo at Level 1). Then he pushes the old memo (' AB " ) up the board,
and posts the new memo (the copy of ' AB ") as the last message on the board.

And keep this in mind: To you, there's no real difference between posting a com-
mand memo and posting any other kind of memo. Either way, you can just type

it in and press (ENTER).

The difference to your staff is whether or not someone knows what to do with it.
In this case, your office clerk — the memo poster — was the person responsible for
carrying out the command, and he did so immediately.

Now stop and recap for a minute: What all do you now know about this HP-28S
"staff" you have working for you?

You've seen basically how you and your office/business work together — how the
common language currency is the memo. You also know how to write and post
these memos, and you know that there are basically "information" memos and

"command" memos.

Are you starting to feel more at home in your new position (a couple of ferns and
some pictures of the family ought to just about do it, then, eh)?

Weeell...unfortunately, being somewhat new at the job of president, you don't
yet quite know all the commands you might need for working with your staff.

But all is not lost. You do have a command card file.
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The Menu Keys: Your Command Card File

The key to any efficient office is organization. And though you may not realize it
yet, your office is organized "to the max."

You have a command card file, a file containing virtually every command that
your staff can execute. Not only that, being a card file, it has index tabs (those
little category names that stick up out of the card file, effectively dividing the
file into sections). It's about time to explore this card file and see how it works,
but before you do that, you should first know about this:

The @ ('Shift") Key

See that red key on the right-hand keyboard? Now notice that most of the keys
on both keyboards have red words or symbols written above them. This is not a
coincidence.

Up to now, you've assumed that when you press a key, it will produce the action
or character written on the key face (e.g., pressing (A) causes an A to be placed
into the command line).

Well, by pressing the red key and then any key with a red word or symbol over
it, you'll produce the action or character that's written in red over that key.

For example, press . What happens? A% is written into the command line.
And < just happens to be what's written in red above the (Y) key. The red key is
called the shift key, because it shifts the operation of the keys to a second set of

operations — just like the shift key on a typewriter.

(If you have indeed pressed , then press («) now, before you go on.)
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Back to this card file you were going to explore. Notice the top three rows of
keys on the left-hand keyboard. Most of these keys have red words inside light-
grey boxes above them — as do the keys in the second row on the right-hand key-
board. These keys are the index tabs for your command card file. As in a real
card file, if you select one of these index tabs, you should find a logically-related
group of "things" under it.

Try One:  Press JA) (which is really {f(ARRAY)). You should see:

3
1 'RE
#ARRVIARRY 3 PUT | GET | PUTI| GETI |

As you look at this, you should realize:

1. The words in the black boxes at the bottom of the display are all commands.
What's more, they're all related — they're all array commands. ARRAY is the
red word over the (A) key, which you just pressed. In other words, you've se-
lected the ARRAY index tab, so you're given this set of array commands.

2. A set of commands such as this is called a menu, because it's a list of items
from which you choose, just as in a restaurant.

3. A menu's appearance in the display moves everything else on the bulletin
board up one line. Notice that this doesn't make the memos any older; it
only moves everything up out of the way — just as the command line does.
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Now then: You've seen how the command line will take the bottom line of the
display. But what happens if there's a menu already there when you activate
the command line?

One Way To Find Out:Type :

You'll see:
2: | HB |
1: 'AB"
sSTDO
*+AERYIARRY+] PUT | GET |PUTI|GETI

As you can see, the menu stays on the bottom line, and the command line takes
the next line, pushing everything else up one line farther than usual.

Why does the menu remain? Because you might want to use one of its choices in
the command line.

Now press to execute what you've just keyed in (apparently it was a com-
mand that was meaningful to someone on your calculator staff. You can see this
by the fact that it wasn't simply put up on the bulletin board as a message. In-
stead, someone recognized it and did it — immediately).
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Try Another Menu: Pick another index tab from the card file, say, i}
(@E).

You should see:

This is the REAL number menu. Because it's a menu, you should be able to pick
and use an item from it.

To do so, first notice that the black boxes around the items are lined up over the
top row of keys on the right-hand keyboard — and those keys are blank.

Another non-coincidence.
Whenever a menu is shown in the display, the keys in that top row take on the

meanings of the names in the menu. By pressing the key under an item, you
will be choosing that item from the menu.
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Order From This Menu: For example, press the key under [EEH# and see:

3: 'AB'
2: IH 1
1: 'MAXR
| MEG | FRCT | RAND | ROZ | MAKE [MINF

MAXR, in this case, is another command to the message poster. It just says
"Post this name (MAXR) as the message.”" As you'll see later, posting such names
can be very useful in certain situations.

But here's an important point: Menus are a convenience feature, not a vital ne-
cessity. You could have typed the name, MAXR, to get the same result. In fact,

Try It:  Type M[A[X]R) ENTER).

3: 'AB
25 "MAXR’
1: 'MAXR
| NEG | FRCT | RAND [ ROZ | HMAKE [MINF]

You accomplished the same thing on your typewriter as you did with
your card file! You can therefore think of your card file as your stock
of ready-typed memos.

In case you were wondering, it's true that many menus have more than six
items. To see the others, you simply need to flip to the next "page" of the menu
by using the key. To flip pages in the other direction, use )[PREv). Prac-
tice now with these two keys by looking through the entire REAL number menu.
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Once again, tick off the things you now know:

You know how your memo poster obeys your keyboard by posting or acting upon
memos. And you know that you can change the meanings of keys with the {§
("shift") key.

You also know how to pull out various collections of related commands from your
command card file. Each such collection is called a menu, and when you want
to, you can select from it by using the blank keys on the top of the right-hand
keyboard.

But those menus just give you easy access to the names of the commands. What
if you forget the particular rules for using them?

Ask your office boy. If you press [ [CATALOG), you can get him to show you the de-
tails for each command — rules and limitations that might appear on the bottom
of each card in a real, paper card file. You can check the spelling, fetch, or re-
fresh your memory on the use of these commands, either in straight alphabetical
order or beginning with whatever letter you specify.

Play around with this special CATALOG menu. The commands on this menu are
fairly self-explanatory, so go ahead — try 'em out!
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Immediate Execution ("Do-It-Now") Keys

Now that you know where to find commands and menus, the next thing to notice
is that menu-related keys work a bit differently than the typewriter keys.

When you pressed the typewriter keys, the command line came on, and the char-
acters that you typed were placed there — but the message you were typing
wasn't considered by the memo poster as being ready for posting until you

pressed (ENTER).

By contrast, when you press a menu key (either an index tab or a command from
a menu), the effect is to "do-it-now." Such keys don't wait for you to press
before they present themselves to the memo poster; in essence, they "press the
on themselves," thus saving you a keystroke.

And some of these immediate-execution keys are so frightfully useful that
they've been awarded keys of their own. Of course, itself is one such vital
"do-it-now" key, but now it's time to introduce [ENTER)'S counterpart, which is also
a "do-it-now" key:

DROP

As you know, tells the memo poster to put memos on the bulletin board.
But what if you want to take memos off of the board? What if you make a mis-
take and don't notice it until after that erroneous memo is already posted? How
do you discard and replace it?

You press (DROP). The command tells the memo poster to rip down and
trash the last memo and move the rest of the memos on the board down a level.
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So if you were to press right now, what would you expect to see?

Try It: Use (it's on the right-hand keyboard, just above (9)). Press it
once and voila:

Memo 1 is trashed and everything else is moved down one level — just
as you would have expected, knowing the rules for DROP.

Notice, by the way, that ' AB "' sitting up there at Level 3. Where did it come
from?
It used to be up at Level 4.

Nothing had really "happened" to it; you just couldn't see it while it was on Lev-
el 4. The bulletin board is, for all practical purposes, "infinitely tall." But the
display isn't (an infinitely tall display doesn't fit very well in a calculator).

So for practical reasons, the HP-28S shows you, at most, the bottom four levels

of the bulletin board. But, any items you have posted which have been bumped
up above the fourth display line are still on the bulletin board, safe and sound.
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All right, so you've seen some immediate-execution ("do-it-now") keys, a couple
of which you'll be using quite a bit: and (DROP).

But there are plenty of other such keys. For example, notice that weird-looking
one next to the shift key: («¢).

What Does It Do? Press it once and see the following:

4z

3+ 'AB"
D AR
1: "MAXR’

What happened? The menu went away.

() will turn the menu display either on or off, whichever makes sense at the
moment (press it again and the menu comes back; once more and the menu goes
away again, etc.).

The big advantage of this sleight-of-hand is that when you don't need the menu,
you don't have to keep it around cluttering up the bulletin board. That («¢) key is
your quick, convenient way to tell your memo poster to set that current menu
aside until you ask for it again.
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Messages From the System — Memos From Your Staff

At this point, you've explored some of the ways that you can use to communicate
with your staff, but you really haven't seen much about how your staff responds
to your commands and messages.

Now, everybody knows that one of an employee's most important jobs is to tell
the boss when he's messed up. It's time to see how your staff does this for you.

First, of course, you have to make a mistake (this may come as a shock to you
personally, not having done such a thing in so long; but of course, if you make a
mistake on purpose, then it's not really a mistake, is it?). All right then,

Mess Up: Press three times. All the memos are gone. You've dropped
them all.

But now, what happens if you tell the memo poster to drop a memo
when there's not one there to drop? ("Let'sfindout...1...2...3...")

Press [DROP) once more.

You'll hear a beep (to get your attention), and you'll see:

DROP Error:
Egn Few Arguments
i

Is your staff bored because there hasn't been enough bickering in the
office lately?
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Not really. Actually, this mathematical staff of yours is just guilty of using big
words. When they say argument, they mean "something to work on."

So your memo poster is simply telling you that when you told him to drop some-
thing off the bottom of the bulletin board, he didn't have anything to drop. A
reasonable objection, don't you think?

But forgetting for a moment about what this particular message says, you

should examine in general what your staff does whenever they notice a mistake
of yours.

1. They yell at you (remember the beep? Yep — that was them yelling at you).

2. They post a memo for the whole office to read. The memo says, in effect,

"You Blew It and This Is Why"

3. This message is posted at the top of the bulletin board — as are all error mes-
sages. But these messages don't bump others off or push them up the board;
they just temporarily cover up what's there.

The next time you do anything to the bulletin-board, the memo poster will

remove the error message (and if you just want to be rid of the error message
without otherwise changing the board, you can do so by pressing (ATTN), which

is the key).

So error messages are one way your employees talk to you.
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Status Messages: The Annunciator Area
There's another way your staff can tell you things.

There is actually another line visible on the display/bulletin board — above the
fourth "active memo" line. Up to now, this area has been largely irrelevant as
you've been learning your way "around the office." But now take a look at it.

That line is the annunciator area, a place where little "wait-a-minute-I'm-busy”
and "remember-your-lunch-money" messages are posted by your staff, for your
benefit.

For example, you may have noticed — though it wasn't pointed out — that many
times during the process of posting a memo (especially after pressing (ENTER)) the
symbol ((#)) will appear briefly on the top line.

Simply put, your staff is telling you that they're busy at the moment. As you
may have observed, in most cases, they're so fast that this "busy signal” only
flashes(but later on you'll know how to issue commands that will keep them oc-
cupied for quite some time).

Another symbol you may have noticed is the one that comes on when you press
the shift key. The symbol is —4~. It's there to remind you that the next key you
press will perform its shifted function (written in red above the key). You can
turn the —4 off by pressing [ a second time, thus shifting all keys back to their
main functions.

There are other annunciators that can appear on this top line, but you'll encoun-
ter them as you go along; no sense crossing those bridges now.
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A Tricorder Reading

As usual, before going on, it's a good idea to get your bearings in this mental
"world" of your HP-28S.

This first Monday at the office was all about learning to communicate with your
staff through memos and messages on a bulletin board.

You saw how the keyboards are connected to this bulletin board (the display),
and how the keys produce either immediate actions (the "do-it-now" keys) or
characters for building memaos.

You specifically know about 3 immediate-execution keys: ([ENTER), (DROP), and («4»).

You know that as you type in characters, your "office boy" will show you your
memos-in-progress on the command line. And if these typed-in memos are com-
mands recognized by anyone on your staff, they'll be carried out promptly after
you officially give your OK to post them (by pressing [ENTER)). If nobody recogniz-
es them, they'll stack up on the bulletin board, with the oldest memos on top.

You know how the ) key changes the meaning of keys on both keyboards and
how a lot of these red-printed functions bring to the menu keys various sets of
related commands for your use. And you know that you can review your entire

repertoire of commands by pressing JJCATALOG).

You know how your calculator staff can give you signals and temporary error
messages when they need to — by using either the annunciator area or the top
lines of the actual bulletin board.
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So here's a set of questions to let you test your understanding before you go on.
The answers are on the next page, so check yourself; if you need to go back to re-
view, just look on the pages noted after each answer.

Quickie Quiz

1. What's the command line for?

2. What's the main purpose of the left-hand keyboard?

3. What's a menu key?

4. What are ((¢)) and _4 and how do you get rid of them?

5. What's a character?

6. When would you expect to see this: [ ?

7. How many days hath September?
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Quickie Answers

1. The command line is for typing and editing memos for posting (page 21).

2. The left-hand keyboard is mostly used for typing, especially the alphabetic
characters A through Z (page 18).

3. A menu key is one of the six blank keys at the top of the right-hand keyboard
which take on the functions of the displayed menu (page 30).

4. (()) and —4 are both annunciators, appearing on the very top of the display.
((®)) is the busy annunciator, which you would get rid of simply by waiting for
the machine to finish what it's doing. The —4* is the shift annunciator, and
you would press [ to turn it off (page 38).

5. A character is any alphabetic letter, numeral, or special symbol that the HP-
28S can generate (page 21).

6. You see [] (the cursor) when the command line is active (page 22).

7. September hath thirty days.
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Making Your HP-28S Work For You:
The Command Line



The command line is where you'll be spending much of your time and energy as
you communicate with your HP-28S. So now that you've seen most of the vari-
ous communication channels you have with your office staff, it's time to concen-
trate on this particular one. This chapter is all about the editing and presenta-
tion options you have in the command line.*

Typing Characters Into the Command Line

As you know, the command line is where you type in numbers and words — as
series of characters — preparing them for posting or for issuing as commands. In-
deed, you've seen how directly it can be compared to the output portion of a type-
writer. It is, in effect, a very simple text editor.

But have you noticed that there's no command that says "Start the command
line"? Rather, certain keys that you often use in spelling out commands and me-
mos automatically tell that "memo poster” to start the command line.

The most commonly used of these keys are the alphabetic and numeric keys, (A)
through (z) and (0) through (9). Invariably, if you press one of these keys when
you're not yet typing in the command line, the memo poster will start a com-
mand line for you and begin with the character you typed into it.

And of course, once you've keyed in all the characters you want on the command
line, you press to post it.

So if all the command line allowed you to do were to type out commands and
other memo postings, life would certainly be fruitful — but it wouldn't be very
easy. That is, being not quite perfect, you'll sometimes need simply to correct
your typing errors — and mercifully, the command line allows you to do this.

*Of course, if you're already feeling quite comfortable with all that, then you may skip ahead to page 67.
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Changing a Character in the Command Line

You already know about the most commonly used correction key: backspace((«)).
In the command line, it removes the character immediately to the left of the
cursor. In this way, it's quite convenient, especially if you notice your error be-

fore you've typed too many more characters.

But if you type something like CKARACTERISTIC, then backspacing over all
but the first character is a waste, especially since almost everything is correct.
Somehow, you need to be able to move the cursor to the second character and re-
place the K with an H — without erasing everything else along the way.

Fortunately, you can: Remember the («+) key? You've seen how it turns on and
off the menu area of the display — but that's not its most important talent. The
arrows on its face are the tell-tale signs:

The («¢») key enables and disables the cursor-movement keys.

Those cursor-movement keys are, non-coincidentally, the same as the menu
keys. This is because the («#) key — much like the shift key — shifts the function
of the blank menu/cursor keys between the current menu's functions and those
printed in white above the menu keys. The cursor-movement functions of these
keys are available only when there is no menu in the display.

And notice that, unlike the shift key, the («+¢*) key changes the functions of those

keys until the next time the (<) key is pressed. In other words, you don't need to
repeatedly press (+#+) to maintain the menu selection keys' current functions.
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So look now at those cursor-movement keys (called cursor keys, for short).

As you might expect, since they affect the cursor (which exists only when the
command line is active), these keys work only with an active command line.

Time For Some Practice: (If at first you see a menu in the display, just
press («#) to get rid of it for now.)

Type in CKARACTERISTIC, "mistake" and all
(but don't press afterwards; you're going to
"catch" this "mistake" before actually posting it
onto the bulletin board).

You should see:

=00
:,.'.: EE BN EN

ARACTERISTICO

As you know, characters can be added to the command line only at the current
location of the cursor. Thus, typing a character key now would add the charac-
ter to the end of the word and move the cursor one character to the right.

As you also know, you could use («) repeatedly to delete all of the characters be-
tween the cursor and the first C, thus deleting the K in the process. But all you

really want to do is to move the cursor on top of the K and overwrite it with an H.

How can you do this?
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You do it by pressing the key with the white (€] over it (but remember: the white
cursor symbols are only active when there's no menu in the display. When you
press a menu key, if there's any menu visible, the function of that menu key —
not the cursor control function — will be performed).

So press the (€} key.

The cursor moves to the left by one character, but it doesn't delete that charac-
ter. Press it again, and it moves one more character to the left. Press it and hold
it down, and the cursor will continue to move to the left until you let up on the
key. When the cursor has moved all the way to the left — over the top of the first
character — pressing («) will no longer move it at all.

Now press (»). What happens?

No real surprises here, right? (») moves the cursor to the right, but notice that if
you keep pressing the (») key until you reach the last character of the word, the
cursor doesn't stop there; it goes one space farther, to exactly where it was when
you stopped typing the word in the first place — and for the same reason — so
that you can add more characters to the end of the word.
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Now, go fix that typo.

Playing Editor:

Press f«. What happened?

The cursor moved all the way to the left-most character.

Press (»). What happened? The cursor moved all the way
to the right.

These are shortcuts. You could have accomplished the same
thing simply by pressing and holding down either the (€} or
(») keys, respectively; but pressing i saves you some time.

So press (<) and then ().

The cursor will now be over the K. Since characters are add-
ed to the command line at the position of the cursor, pressing
now will put an H in the command line — right where the
K used to be. Do it.

As you've come to expect, the cursor then moves one space to
the right.
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Adding and Removing Characters

Now, what if you had simply omitted a character, rather than accidentally typed
the wrong one?

To see how you would deal with this, use (€] and (») to move the cursor so that it's

positioned over the E in CHARACTERISTIC.
Now press («). What happened?

The backspace key did what it always does. It deleted the character immediate-
ly to its left. In this case, since there were characters to the right of the deleted
character, they were all moved one space to the left, to fill up the hole.

Next, press [»).

This is what the command line would look like if you had originally forgotten to
type the first T.

CI=PJ00
I EE EE BE

ARACERISTICO

Notice that you have just learned the way to remove a character or characters if
you've typed too many:

You use (¢) and (») to move to the space immediately to the right of the offending
character, then press («) to delete it.
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Now the command line is all set up to look just as it would if you had just keyed
in CHARACERISTIC. You want to correct the omission.

Use (€ to move to the E, which is the character that your missing T will precede.

Now, can you simply type in a T to fix things? Nope. Remember that if you type
a character now, it will replace the E. What can you do?

Press (INS).

What happens? Look closely and you'll see that the cursor — which was a flash-
ing box ([) — is now a flashing arrow ().

is the INSert key. It tells the command line that you want to insert one or
more characters before (to the left of) the character that was sitting under the
flashing box cursor ((]).

So the arrow is now pointing to the place (between the C and E) where a charac-
ter would be added. Make sense? OK, do it: Press (T). Now what happens?

Cy==Ma0d
I EE ER BN

ARACTARISTIC

First, the T was added to the command line at the place where the cursor was.
Then the cursor moved one space to the right. What's different is that every-
thing to the right of the arrow's point moved with the arrow. You have now cor-
rected the omission!
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Press (€ and (») a couple of times. Notice that they work the same way with this
arrow cursor as with the box cursor. The only difference is when you press a
character key.

When the cursor is a box, the new character will replace the one on which the
cursor is sitting.

When the cursor is an arrow, the new character will be inserted before the char-
acter on which the cursor is sitting.

Finally, press (INS). What happens?

The cursor changes from an arrow back into a box. Repeatedly pressing (INS) will
change the cursor back and forth between a box and an arrow. In this way, it's a
"toggle key" — like ) and («#») — shifting alternately between two modes.

Another key that you should find useful when editing the command line is the
(delete) key. works just like (@), except that instead of removing the
character to the left of the cursor, it removes the character under the cursor.

And just like (@), all the characters to the right of the deleted character are
moved to the left one space to fill up the hole.

Also, both and («) will repeat their functions if you hold their keys down.

You can see now that you have a number of different ways to correct minor er-
rors you may make while keying in a memo on the command line!
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@ins), @0EL) and

Suppose that your error isn't so minor this time: you need to delete more than

one character.

Of course, you could always fix things by moving the cursor with (¢} and (») and
then using either or (@) — as you just saw.

But what if it's a whole string of characters that you need to remove?

In that case — whenever you need to delete all characters to the right or to the
left of the cursor — you have yet another option....

Using the word CHARACTERISTIC from the previous examples, assume that
what you really wanted was the word CHARACTER.

Assume also that the cursor is now sitting over the E — because you just inserted
the T (so if you've pressed (INS) to get the [] cursor, then for the purposes of follow-
ing along here, press again. Just bear in mind that the example will work

no matter which kind of cursor you use).

So you should see the following:

Cr=Ma0d
Ill EEm mm

ARACTIRISTIC
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Obviously, you want to delete ISTIC. You could move the cursor to the first I
and use [DEL). Or you could move the cursor to the right end (with fJ(»)) and use
(«@). Or, you could move the cursor over the first I and press @DEL.

Try It (You'll Like It): Move the cursor over the I and press @DEJ). What

And Now This:

happens? Everything to the right of — and under — the
cursor is deleted, right? It’s exactly as if you had
pressed and held down the [DEL) key.

You're left with CHARACTER®, and the cursor has
been left at the end of the new word, so that you can
add more to it if you like.

Type in MI TE and move the cursor so that it's sitting
over the first (left-most) T. Press INs).

See? Everything to the left of the cursor is deleted, and
the remaining characters are shifted to the left. It's ex-
actly as if you had pressed and held down the (] key.

Last Resort:

If all else fails, you can always press ((ON)) to clear
the whole command line and start with a clean slate.

Try it now. Notice that the key serves two func-
tions: When the HP-28S is off, this turns it on; when
it's already on, functions as ATTN (attention), inter-
rupting and effectively shutting off the command line,
discarding everything that was in it.
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While you're paused here with such a clean slate, take a minute to review all
these options for correcting errors on the command line — just to be sure you
have them all straight in your mind.

The («) and (») keys move your cursor to the left and right, respectively. You
can't go any farther left than the first character on the line; you can go exactly
one place farther than the last character — to be ready to type another, of course.

Pressing {)(«) and )(») are shortcuts for moving to the very ends of the com-
mand line.

The [] cursor lets you type a new character right over an existing one (thus re-
placing it). The @ cursor lets you insert a new character between existing ones.
You alternate back and forth between these two cursors by pressing the (INS) key.

To delete an unwanted character, you can press (@), which would delete the char-
acter to the left of the cursor. Or, you can use the key, which would delete
the character under the cursor.

Pressing (INS) and are shortcuts for deleting all characters from the cur-
sor to the left and right ends of the command line, respectively. The one differ-
ence is that JOEL also deletes the character under the cursor, while (INS)
doesn't.

OK so far?
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@NEWLINE), (4) and (V)

If you're at all verbose with your commands, you can certainly overrun the visi-
ble 23 characters of the command line. But this is no problem, really, because
the command line is effectively infinite; you can type as much as you want.

Test This: Type in the 26 letters of the alphabet onto a fresh, clean command
line (i.e., first press if there's anything on the command line):

(GIHLYKILUMINO[PJQ[RISITIUIVIWIX]Y]Z)

You'll see:

wF GHIJKLMHOPRRSTUYIWRY Z[

Notice that when you exceeded 23 characters, the command line scrolled to the
left and showed an ellipsis ( ) as the first character to tell you that the com-
mand line does indeed continue to the left, but that the beginning part isn't cur-
rently visible.

Now press (<) to get to that far left end.
The command line now scrolls to the right and places the ellipsis at the right

end of the display. Makes sense, right?
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Well, that's all good and fine, but it doesn't take advantage of the other 3 lines in
the display that are available to you.

Happily, if you want to see more of the command line, you do have the option of

using [JNEWLINE) to separate words....

Try This:

Press and type (TYH(I)S] s
(AMPYLIE (0)F) @NEWLINE) (TYH)E) (SPACE) (U)S)E) (SPACE) (0)[F)
(NEWLDNE.

This is what you should see:

IS IS AN EXAMPLE OF
E USE OF HEWLINE.[O

You can use as many [JNEWLINE)'s as you want in order to make
things more readable, and you don't need to fill up each line before
going on to the next line.
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Your command line is essentially unbounded, since you can add lines — separat-
ed by @INEWLINE)'s — to the point where the text scrolls off the top of the display.

And because the bulletin board is unbounded, even when these lines do scroll up
out of sight, they're faithfully preserved and usable!

OK, but how can you see or edit these lines that disappear off the top?

Simple: You move from line to line and scroll lines back into the display with (a)

and (v).

These two vertical cursor-movement keys work in the same way that (<) and (»)
do — except that they move the cursor up and down rather than from side to
side. And, as you might expect, {J(a) and {J(v) also function similarly, sending
the cursor to the very top or very bottom line, respectively.

Next question: How can you get rid of these NEWLINE's that you've embedded in
your command line?

Next Answer: Use to "undo" a NEWLINE).

Try It:  Press Ja) JJ») to move to the end of the first line, where you pressed
@ \EWLINE), and press DEL). The two lines are joined into one, with the
one that was on the bottom extending off to the right.

Notes: and affect only the line containing the cursor. And you can't
use (¢) or (») to move from line to line; you must use (a) and ().
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The (LC) Key

Up to now, when you've typed something into your HP-28S, it has come out in
upper case. But that's not the only way to do things. If you need to use Lower
Case letters, just press (LC) (it's down there on the bottom line of keys on the left-
hand keyboard).

Go ahead and do that now.

Nothing obvious happens, but if you now use any of the alphabetic keys you'll
find that they all put lower-case letters into the command line.

Notice that (LC) is like (INS) in one respect. Once you press it, it stays in effect until
you press it again (or press [ENTER)), much like the upper case ("Caps") lock key of
a standard typewriter.

This may not seem like a very important feature, but you must realize that the
case of a character in any command is taken quite literally by the HP-28S. If
you accidentally capitalize some character in a command that's not supposed to
be capitalized, the machine won't recognize it.

In order to have your commands recognized, you must spell them exactly the

way they appear in the command CATALOG, including all upper and lower-case
characters.
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The (o) Key

So far, you've been concentrating on the keys that function only to put their

symbols into the command line. You've ignored most of the immediate- execu-

tion ("do-it-now") keys, such as (+) or (5). Recall that pressing one of those keys

all by itself normally causes the calculator to perform that function.

Watch:

Press ®

What happened? 'AB' was posted just as if had been
pressed, and an error message was displayed. Don't worry right now
about why this error occurred. Just realize that immediate-execution
keys will normally try to "do their things" even when the command
line is active.

Sometimes this is convenient; sometimes it's not. After all, what if
for some reason you wanted a symbol such as + or = to appear in the
command line?

You would press () first. The (o) ("alpha") key tells the system (your
memo-obeying staff) to treat the keys pressed as character keys rath-
er than as "do-it-now" keys.

As you might suspect, certain vital immediate-execution keys, such as and
(ATTN), are exempt from the (o) key's disabling influence.
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So Try It: Press (o) [ +H=IX][=).

a
=1
2
1:
+ - % -8B

See how convenient (@) can be when you want to type merely symbols rather
than the commands usually associated with those symbols? All of those symbols
have been entered as plain old, garden-variety characters into the command
line.

Notice that when you pressed (@), the oo annunciator appeared in the top line of
the display and the cursor changed to a solid block (l)to remind you that you are
in this mode where most of the immediate-execution keys are "blocked" from ex-
ecuting immediately.

Alpha mode will stay on until you press or (o) twice.

"Twice?" Yes, twice. The (o) key is a three-way toggle. You've already seen two-
way toggles (), (LC), (INS) and («¢»)) that turn certain modes on or off. Well, (@) cycles
between three different modes.

Think about it this way: normally, when the command line is active, you get the
[0 cursor — the immediate-entry cursor — and are in immediate entry mode.
Character keys put their characters in the command line and command keys do
their commands.
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But if you press (@) immediately before or while the command line is active, the
a annunciator comes on, you get ll — the alpha cursor — and you are in alpha
mode. Most keys will then put characters into the command line, but notice that
keys like (), (5}, (X) and (=) will put spaces around their names, too.

Now, if you're in alpha mode, the command line is active, and you press the ()
key, you'll get the B cursor — the algebraic cursor — and be in algebraic mode.
You'll see most of the usefulness of this mode later, but for a sneak preview,

Looky Here: Press (A) +[-X][+)

D=Ma0

= 5m uE BN

-#-8

There are no spaces between the characters.

Notice, though, that you must have at least one character in
the command line (to activate it) before you can activate al-
gebraic mode.

If you press (@) again while in algebraic mode, the cursor changes back into [1
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You're adding rapidly to your bag of tricks for controlling the command line.
First, you learned how to correct errors. Now you've seen some ways to key in
lower-case letters, long strings of characters, or strings involving symbols nor-
mally reserved for immediate execution. Review:

The NEWLINE) key produces an invisible character that lets you break a long
command strings into manageable segments, so that you will see these segments
in your display (your bulletin board) on adjacent lines. When you have such a

multi-line command line, you can move around between lines with the help of (a)
and (v) and their short-cutting versions, {fJ(a) and {v).

The key lets you type in lower-case letters — until you press it again or post
the memo.

The (o) key toggles between three different entry modes — immediate, alpha and
algebraic.

Now go on and look at some convenient variations of skills you already have....
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Item Delimiters and

In past examples, you've almost never completed the memo on your command
line to the point of pressing [ENTER).

That is, you didn't actually give the go-ahead to your faithful office boy, the
memo-poster, to officially post a message or otherwise try to evaluate the com-
mand line.

This is because most of what you've keyed in so far just wouldn't make much
sense — either to you or to your office staff (the calculator system) when it was
evaluated.

And on those occasions when you have pressed ([ENTER), you may have noticed that
the command line may not have been posted as a single memo.

For Example: Type in (PYO)s[T) (TEET)

What you'll get is this:

s

What's going on here, anyway?
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Three things of interest:

1. The space between the two words in the command line effectively separates
them into two postings when is pressed. In this case, then, the space
is called a delimiter, because it acts as a marker, denoting the end of one
memo and the beginning of another.

2. The memos are posted from left to right; the word on the left was posted be-
fore the word on the right (and as a consequence, POST now appears farther
up on your positionally-"dated" bulletin board).

3. Neither of these words was recognized by your calculator's system, so they
were posted as is — with single quotation marks to let you know this.

Conclusion: You can use the command line for posting more than one memo at
a time by marking each successive item with a delimiter character!

So, besides (SPACE), what other characters will play this role of delimiter?

NEWLINE) will.

So will the comma: "s " or period: "« " — whichever the HP-28S is not currently us-
ing as the radix mark (decimal point). In other words, if the current radix mark
is the period (i.e. if 1 « 9 is interpreted to mean one-and-a-half), the comma is a
delimiter; but if the current radix mark is the comma (1 y 3 = one-and-a-half),
then the period is free to be used as a delimiter.

There are many other delimiters too: €, 2, [, 1, #,", ', €, and ¥. But these all
have special meanings to the calculator — meanings you'll see later.
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@)(COMMAND) and

Another variation on something you've already seen: You've seen how to correct
errors in the command line — as long as you catch them before you press [ENTER).
But what if you don't catch them that soon? How do you "undo" an error that
has gone so far as to be officially posted on your bulletin board?

Of course, you could simply unpost the memo (using ([DROP)) and totally retype it.
But this seems like a colossal waste of time if the error is minor and the memo is
major. Wouldn't it be nice if you could just edit the posted memo?

Good News: Press (A[CJENTER); but now decide that you really wanted ' ABC " .

So press . You should see this:

Notice what has happened: The command line is activated containing the con-
tents of Level 1, which is highlit to show that it's being edited. Alpha mode is
activated for your convenience, as indicated by the o annunciator and the solid
cursor.

You may now edit the memo in the same way that you would edit anything in
the command line. And when you're finished, pressing replaces the high-
lit line with what's in the command line. Or, if you change your mind midway,
pressing aborts the edit and does not change the highlit line.
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Even if you do DROP an erroneous memo, there's still a time-saving shortcut to

re-post it:
DROP the bad memo and then press [COMMAND).

Try It:  Press (to discard whatever command line you may now have in
progress).

Then: (DROP) [COMMAND). You should see the following:*

The last thing you typed and followed with is what will be in the com-
mand line after you press {J(COMMAND). Then you can edit it in the old familiar
way(cursor keys and all that) and re-post it with [ENTER).

* This feature is actually an option — one that you can disable ("turn off") if you wish. Only those commands en-
tered while the command memory is enabled will be remembered. It's your choice — and this and other such
preference options live in the MODE menu. Thus, you would press IEZT to enable this command
memory (it's a command "stack,” actually). IHEIM is off, HE[TA is on.
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By the way, §(COMMAND) has an even better memory than you might have first
supposed. Not only does it remember the last memo you posted, it remembers
the three before that, too!

If you press a second, third and fourth time, you'll see the second-to-
last, third-to-last, and fourth-to-last commands (or "memos") you have ([ENTER)'ed,
respectively. And as each one of these comes to the command line, you may edit

it or repost it with (ENTER).

If you press [J([COMMAND) a fifth time, it will cycle around and show you the most
recently posted command again. As always, you can get rid of the command line

altogether by pressing (ATTN).

This extra-good, short-term memory may hint to you of another advantage to us-

ing [§(COMMAND).

If you're doing a lot of posting and many of the memos are the same, you don't
need to retype any that were already posted within the last four postings. You

can just use to call them up again.

As you might imagine, this is especially useful if the postings were long or
tricky!

Now it's time to put it all together and see how well you know your way around
the command line....

66 An Easy Course In Using The HP-28S



Command Line Quiz

1. How do you turn on the command line?

2. What's the difference between the functions of (@) and ?

3. What's a delimiter? Name two.

4. Change 'CONFRONTAHBLE"' to 'COMFORTRHBLE ' (assume that the
memo 'CONFRONTABLE ' is now sitting at Level 1 of your bulletin
board).

5. Change 'cent imeler' to 'cent ipede' (again, assume that what
you start with is sitting at Level 1).

6. Change 'Apples’' to 'Oranges’' (again, at Level 1).

7. What's the capital of Montana?
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Command Line Answers

. Press any character key (see page 43 to review this).

. (@) deletes the character to the left of the cursor; deletes the character un-

der the cursor (pages 48-50).

. A delimiter is a separator. In the case of the HP-28S, it is a character separ-

ating two memos in the command line. and [J(NEWLINE) are two exam-
ples (pages 62-63).

- > IM or >>]>IM(F]OJR) (DEL) ENTER), for ex-

ample; of course, there are many different ways to accomplish such an edit-
ing job (page 53).

. @EDT) o)) or @EDIT) W) (] «)«[«)« e

(PJEIDJE) or 200000 (PYEYDJE) (ENTER), for example
(pages 53 and 57).

: (9) (L) (RIAINIGIE]S] (page 57).

Helena.

An Easy Course In Using The HP-28S



Notes
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Real Numbers, The Stack,
And Postfix Notation



How does this imaginary HP-28S world seem to you now? On your first Monday
at your new job as president, you familiarized yourself with your office, the bul-
letin board, your typewriter, your command file, and your faithful office boy, the
memo poster. On Tuesday, you spent all day learning all those skills for effi-
ciently posting and editing memaos.

It's now Wednesday morning (time flies when you're having fun).

Real Numbers - and the Real World

There are a lot more high-powered brains working back there in the offices be-
yond the bulletin board. It's time y'all were introduced.

As you know, many of your HP-28S "staff” system's talents lie in the area of nu-
meric problem-solving. So you can't really relate to them unless you're brushed
up on their language: numbers.

It's probably best to begin by using real numbers, since they're probably familiar
to you already.*

Numbers can be broken up into different classes which are useful in different
circumstances. Real numbers form a collection of most of these classes into the
one big group that you normally think of as being numbers: the positive and
negative integers (1, 2, -3, -5, etc.), the positive and negative rational numbers
(4.56, —.23, etc.), the positive and negative irrational numbers (—x, e) and zero

(0).

*If you already know how to key in, format, and otherwise represent real numbers on the HP-28S, then now's a
good time to skip over to page 84.
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Right, then: Your first priority is to learn to communicate with your calculator's
math brains. That is, when it shows you a number, you'd better be able to recog-

nize it.

Usually this isn't too much of a problem, except for extremely large and ex-
tremely small real numbers. These are always a bit awkward to deal with (in
any tool — from paper and pencil to a high-speed computer), because their repre-
sentations use a lot of digits.

For example, the number one-half is relatively easy to write. Its representation
is .5, ("point-five" or "five tenths"). But much smaller numbers, such as one ten-
thousandth (.0001), are more cumbersome and less easy to read.

And really small numbers — like one hundred-millionth (.00000001) — or really
big numbers — like one billion (1,000,000,000) — are actually unpleasant to deal
with, precisely because of all of these zeros you need to carry around.

For this reason, an alternate representation has been developed, called scientific
notation.* In this notation, you take a number and split it into two parts. The
first part consists of all the digits except leading or trailing zeroes. The second
part tells you how many of these leading or trailing zeros you also need and
whether they're leading or trailing.

Thus, 5,280 is 5.28 x 103, 0.00023 is 2.3 x 104, and 1is 1 x 100,

Notice the convention here. The first part of the number (called the "mantissa")
shows its precision and is written with its first digit just to the left of the deci-
mal point, with the rest of the digits, if any, to the right. The mantissa is then
multiplied by a power of 10 (called the "exponent”) in order to show the number's
magnitude.

*It's called scientific notation not because it's in any way more "scientific" than other notations, but because in
science one commonly deals with very large or very small numbers. It could as easily have been called "national
debt notation," for example.
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Representing Real Numbers On the HP-28S

Scientific notation is especially useful for representing numbers on machines.
As you would expect, the HP-28S can be used to represent and manipulate real
numbers of extraordinary magnitudes. But being just a finite machine, it has
some limitations, peculiarities, and rules that you need to understand if you're
going to communicate with it well. Fortunately, these are few and reasonable.

Scientific Notation on Your HP-28S

First of all, the HP-28S does not use strict scientific notation. It uses a slightly
compacted, computerized version of it.

For example, 2.5 x 104 is represented as 2. DOE4
And 3.9 x 106 appears as 3. FE-6

As you can see, the E means "...times ten to the...". That is, the number follow-
ing it is the Exponent of 10.

It's just a convenient way to write scientific notation without resorting to super-
scripts in the display of the calculator.
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12-Digit Accuracy: Rounding Error

Secondly, keep in mind that some real numbers have representations that are
just plain infinite. For example, the decimal representation of 1/3 is .333...,
where the 3's continue forever.

Of course, it's unreasonable (and fortunately, unnecessary) to try to use all of
those 3's during real-number arithmetic. What you do, naturally, is round it,
shortening it to a value that is both convenient and accurate enough for your
purposes. To be sure, the rounded number is not the same as the original, but
the difference is negligible in practice.

Well, the HP-28S rounds, too. In dealing with infinite or extremely long repre-
sentations, it rounds the number, remembering 12 digits of the original number.

The inaccuracy that results is called rounding error. And as you would suspect,
multiplying together two rounded numbers will multiply this error.

So, just how great an error is this?

"Let's find out."
Say that you're the pilot of a plane flying from Los Angeles to New York — a dis-
tance of 3,000 miles. Well, it's a lovely day, and once airborne, your navigator

lets it slip that he's been using his HP-28S to do fuel calculations.

Not only that, he freely admits that his computations of the number of miles per
pound of fuel are only accurate to .000000000001 miles (the 12th digit).

Uh-oh. If his calculations are off by that much per mile, how big an error will
this make over a lot of miles (3,000)...?
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Oh, about one two-hundredth of a millimeter.

Not a lot, really.

If you'd flown clear to the moon and back, instead (roughly 500,000 miles), the

accumulated error would be an entire eight-tenths of a millimeter.

And in a round trip to the sun (about 186,000,000 miles) you'd gain or lose about
a foot (now you're talking gross error).

As you can see, digital accuracy to 12 decimal places as given to you by the HP-

28S is slightly more than barely adequate. So if an answer isn't exactly what
you were expecting, it's very, very close.-
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Magnitude: How Big (or Small) Can You Get?

A third limitation of the HP-28S is the magnitude of a real number (i.e. the nu-
meric value — not the number of digits) it can represent. And again, it's the fi-
nite nature of the HP-28S that imposes this limitation; you simply cannot expect
it to be able to represent arbitrarily large or small numbers (everyone has his
limit; you do and so does your machine).

The largest real-number value representable on the HP-28S (which you can pro-
duce with the command MAXR — "MAXimum Real") is

9.99999999999 x 10499

And the smallest representable real-number value (which will result when you
use the command MINR — "MINimum Real") is

1 x104%

These numbers are extremely large and small, respectively. It's difficult, if not
truly impossible, to convey — or even contemplate — the enormity and tininess of
these values.

"It's a tough job...but someone's gotta do it..."
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To try to get some idea of the size of these numbers, compare them with some of
the largest and smallest things in the known universe:

The best approximation for the effective radius of an electron is about 2.817938
x 1015 m(eters).

Putting this into other units, the electron radius is about 2.978626 x 10-3! light
years (a light year is the distance which light will travel through free space in
one year's time, abbreviated lyr).

Therefore, the volume of an electron (assuming that it's a sphere) is about
9.373093 x 1044 m3, or about 1.106972 x 10-°1 lyr3 (sure, you can picture a cubic
light year — can't you?).

Now, consider that the radius of the sphere of the visible (i.e. the "known") uni-
verse is only on the order of 1010 lyr. That means that the volume of the known
universe is about 1030 lyr3. So if you packed the known universe absolutely sol-
idly with electrons (no wasted space), you would need about 10121 electrons.

Now, that's a lot, admittedly — more already than anybody can really envision.

But consider this: The number MAXR is so much larger than this, that if you ac-
tually had MAXR electrons, you would have enough electrons to fill

10,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,
000,000,000,000,000,000,000,000,000,000,000,000,000 known universes.
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On the small end of things, picture in your mind that packed pile of MAXR elec-
trons. Then picture yourself picking out just ten of those electrons. That ten —

in relation to the whole — is the fraction you're talking about when you say
"MINR."

So you see, the magnitude limits of the HP-28S aren't all that restrictive. In-
deed, to further put things in perspective, you may have heard of human socie-
ties whose numbering systems went something like:

"1...2...3...more than 3."
And that was all the farther they could describe numerical magnitude.
So it is in every society. In this modern-day technical world, for example, the
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