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For reasons of brevity and clarity, the name
“HP-4I” has been used throughout this course
to denote either the “HP-4IC” or the “HP-4ICV)
which are the complete names of the hand-
held computers made by:

The Hewlett-Packard ComPang.

LJe extend our thanks to Hewlett-Packard
Cor Produdns such top- obuali'tg products and.

documentation.

Disclaimer: The material in this book is supplied without representation
or warranty of any kind. Grapevine Publications, Inc., assumes no
responsibility and shall have no liability, consequential or otherwise,
arising from the use of any material in this book.



You have an HP-4I!

Now...what are you go'mg todo with1t?

You bough’c an HP-4l because you were sure
that 1t could do many things. But you are not
quite sure how to program it to do those ‘chings.

That'’s whg Yyou bought this book ... —>



Well, 5ou’r‘e righi. The HP-4l can do many,
many thinss.

That'’s what is meant when it's called a
powerful machine. That doesnt mean it can leap
tall buildings in a single bound, or predict the
future, or appreciate music. The HP-4l is not
a magic box. It is only a tool to help you
solve problems, and the reason it can be used
to solve so many different problems is that
wt s very...
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Think about it this way: you can build. many
different 't){mss with a pi le of bricks, but the
bricks themselves are very simple. Theg are the
fundamental building blocks you use to build
ang‘thing you want.

That's exactly what a computer like the HP-4|
really is: just a pile of bricks, so to speak.

By giving the computer instructions on how
to manipulate numbers and. letters, you can
build the solution you are looking for, step-by-step
brick-by-brick.

Now, when a bricklayer is finished, the bui lding
looks large and complex and very impressive ... and.
it {s. The completed building is very useful as
well. But there's no mystery about hous it was
done. You saws the blr'ic.ldaqﬂer~ putting the bricks
together, one-by-ore.

That's how it is with the HP-4I. Tt’s just one simple
brick after ancther. You just need to knouw how to put
the bricks together.... So, let's mix some mortar. 2
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How Do THE BRICKS 0o TOTETHER 2

How does the HP-4l manipulate numbers and
letters for you?

In learnins this, the first ‘ching you need. to
have is a Sood woy to picture in your mind jus-t
how the computer stores and. keeps track of

numbers and letters in its continuous memory.

PICTURE IT LIKE THIS:

ALPHA - rogictcr

Display

N

Stack regi sters

7 Data resisten
26 ‘

°5
oy
o3
o2
LY

T

If You know all about this a\re.adg then go on

ahead to page 18 . Otherwise ... >
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PATA BECISTERS | —— s
[ oisplay
Just for convenience, we |—;

call numbers and letters R M~
“data,” and so it makes sense| C—* | ,
that a data regis‘cer* s a o
place to store data- numbers pata i
rq’utm—-.l
and letters. o

All of the data registers are the same size.
Each can hold one number or up to six letters
(but not both at the same time).

Data. re,gisters are numbered., starting at
0. You'll use these numbers to refer to the
registers in the computer.

So how many data registers are there?

Lell, there’s only so much memory space
in the HP-4l. You can use some (or all) of it for
dota registers - to store data. Then you canuse
the remainder for storing programs - the
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instructions that manipulate this data. You can
change the location of the boundary between
data and program memory anytime, as you 'll see
later.

-0~



OLPHN-BeCISTER
This special register is what
helps to moke the HP-4l an ﬁpﬁ&mﬂg Co
powerful tool. With the help of
this register, the computer can

store and manipulate letters

as well as numbers.

Now, when we say letters, we really mean more than
just A o Z. Actually, weare regerrinj to most of the
characters you can Prooluce with a standard %5Pewri ter.
And, for this reason, we should start g_;jlx_ng them
characters — ALPHA characters.

The ALPHA-register canhold only ALPHA characters,
Tt can hold up to 24 of these. BUT IT CAN NEVER
HOLD ANY NUMBERS.

If you see “12" in the ALPHA- register, this is simply
the numeral *I” sitting next to the numerd “2. Tt mayas well
be “?K. They're all just characters. There’s no number
twelve in sigh')c. And if You ever try to 96.)(. the HP-4l to
do arithmetic with ALPHA characters, it will refuse to do it.




THE DISPLAY

- i‘ter N
J ALPHA ~ ¢ ‘5 WD oo ‘%\ \‘:.\.:,

--------

o
€y

You can think of the display as a window. When
you look. at your computer and there is noi:h'mg in
front of this window, then you can look through this
window to see the contents of some reqister.

This window we call the displag canbe “located”
over either the X-register or the ALPHA-register.
Then, if the window is clear, you see the contents
of one of those registers. But if there’s some‘rh'zng
“in front” of this window, then that is what you

see when you look at the displag. uguallg you
see the contents of the X-register or the ALPHA-

-12-



resis’cer t_}m_gh the disp\ag window. But it's

possible to move the contents of any register into

the displag window so that it blocks your view
of the X- or ALPHA-regis’cer‘.

When you are looking at a number in, say, the
X-register; you can use the disp)a3 to “block out”
part of your view of that register by fixing the

decimal places that you wich Yo see. The gi;_s_plmj
does this by rounding the number. But remember,

the displcuj does this screening just to shows you
the pari' of the number you want to cee. [t does
not c_hange the actual number as it sits in the
X-register.



31¢K REGISTERS

r ] ALPHA-register
[ visplay
T
|2
2R & | |ee---- Y St“!‘t ,
g Ry
SEE A . 9
=EE .
NSNS0 I .
N :
x> ’I ==
SR —— ::'
y bata o3
reqisters = gp
L]

The stack registers are rea\\\j just data registers.
They are the same size as the numbered data registers,
but they are named with letters (rather than numbers):

X, Y, Z, T, and L.

The reagon they are called “the stack” is because

they are stacked on top of one another-

The stack registers are linked together in a special
way, and -theg are the most frequently used
registers in the HP-4].



Por Quiz

.. What's a data register?

2. How many data registers are there ?

3, What kind of register is the Z- regisi'er?

4. How many numbers can the ALPHA-register
hold? How many ALPHA- characters?

5. If you looked. at your computer and. it read
“HELLO,” what register would. you be 1ookin3 at ?

GIVE UP S w>
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POoP DNSWERS

. A data register is a place tohold data. Tt can hold.
one number orupto six ALPHA characters, but not
both at the same time (Review page I )

2. The rumber of data. registers depend.s on the location
of that boundary between data and program memory.
That boundary is something that you can adjust (page 9 ).

3. The Z—register is one of the stack registers. It is
a data regester; but it is named. with a letter to remind
You that it belongs to the stack - that collection of
5pecio.”5 linked data r‘esisters (POQQH).

4. The ALPHA-register cannct hold any numbers,
That's why its called "ALPHA~ it can hold only ALPHA
characters. [t can hold up to 24 ALPHA characters
(page 11 ).

5. You mayrot be locking at any register: It's entirely

possible to have "HELLO® in the displag and nowhere
else (page 13).

-lb-



How DD You DO 2

Do you {eel| that you have o good “mental Pid'ure )
of the differert parts of the memory and what they're
used for ?

If <o, then... 90 for it—

If not, then 9 back and. let it soak in a little bit more.
Re-read the pages that bounced off the first time.

Tt's worthit, even if it takes a couple extra minutes.



Now that you knows where the computer stores
data, it's time to leamn how to get data into it in
the first place.

TOGGLE KEYS

The first thing to do, of course, is to turn on the
HP-4l. Press the [ONl key at the upper left.

Question: LJhere's the [OFF keg?

Nice trs, risht?

Answer: There is no [OFF] key. To turn off the
HP-4l, just press IONI once again.

This kind of key is called a toggle key. If you
knous all about toggle keys, move to the next page.

A toggle key is any key whose meaning
alternates betuseen tuwo opposites (such as ON and
OFF, or RUN and STOP, e'tc..).

Thus, if your computer is o$f, then the [ON keg

means ‘“turn on, but if your computer is oireadg

on, then the [ON key means “turn off.

-]8-



TO STORE SOME DATD

There are only tuwo ways to key data into the HF-4I.
. To enter numeric data (numbers), you just key them
in and they re stored. in the X—regis’cen (Remember
the X-r'eﬁ'zs{-er ? Tt's one of the stack registers.) All
numeric data (all numbers) gointo the X-register when
wu first key them in.

For example, if you want 1o stere the number 1.2345
in the X- reqister; just press WERBIENS] and you'redone.

2. All ALPHA data (all characters) go into the
ALPHA-register when you First key thern in.

Easg to remember, right? Let's see...

-|9-



Chal\ense: Enter the characters ABCDE into the
ALPHA-register.

Solution: Rress [APHA (A] [B[C [DI[EI[APHA]

SATISFIED 2
NO?

Think about it this way:
Angtime You press the [ALPHA keH before you

press any other keg, you are readg to enter
characters into the ALPHA-register.

Lhen you're finished with this entry, just

press the [ALPHA] key once again to restore the

computer to its normal readiness for numeric

en’r.rg.

Notice that the [ALPHA key is a toggle key.

-2@-



FONCTIONS

Now that you can Piciure how the HP-4| stores data
and how you canget it into the computer to start with,
1t's time Yo start %Hmk'mg about how it combines data
and. moves data around. from one reqister to ancther

Lets agree to call any of these “combming”or

“moving—around”ad'ions bj one name:

TUWCTIONS

A function is any action that the compud‘er
takes ... period. If this is clear, qoon. —

ook, for examp]e, at the function called X<3'Y.
(Sag "X exchanse Y,")

As the name imp\ies, this function s'zmplg exc)'nnses the
contents of the X~ and Y-registers. Thats k. X<>Y
doesn’t. do any artthmetic at all.

Now, the function + also does some’ch'mg to the X- and.
Y-requsters, but it combines, numbers as well as moving then

around. It puts the sum of these two reg;slcers into the X- reg'zsjtef‘.

_2'-



Al told, the HP-4l has well over 10D different functions you
can choose $rom.

Question: There are on’H about 39 keys on the
keyboard.. How can we possibly use over |00 different
functions 7

It you know the answer, move on. 9

First, that go\cl key (called the "shift” key) allows you to
change the meaning of any key, if you press the gold. key
just prior to pressing the desired. key. You dont have
to hold down this shift key while you press the desired.
key. Just think of the shift key as a “prefix” keg. This
little feature wi r’cuaHH doubles the number of kegs as Sar
as the compu’cer 15 conc.erneo(, Jjust as a %ypewril‘er‘
shift key allows each key to print either upper- or lower-case.
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Challenge: Use the BEEP function to make the
compu’cer bee_p at you.

Solution: [54 [BEEP]

NOPROBLEM32 >

T hink about it this way:
The™ keg means just that: when You press this

keg, you key the number 4 into the X—~re9is’cer (or
its part of another number 3ou're keying in).

BUT, iactjou press the shift [ key before pressing
the & key, then the computer will beep. And, sure

enough, written in goH just above the ] key is the word
BEER Pressing %}\ega[d key will cause all the keys to

change their meanings to the functions written above

Hem in gcﬁ
Notice the little word swer that appearsin your dz’sp]ag
whenever the \«egs have switched their meanings.

Notice also that the shift+ kewj is o toggle keg.

- 23-



YES, Bur...

Even withthe chift key, we've accounted for less

than 80 functions on the kegboo.rci.

What about the rest of them ? How can we tell the
computer to per‘{:orm them ?

Well, we speH them. T his is one of the greo% %Hmﬂs
about the HP-4I. Its ALPHA capabilities allow you to

spe“ out your instructions.

Cha“enge,: Tell the computer o BEEPat you by

spelling out the name of the function. Don't use
(%] [BEEP],

Solution: XEQ[ALPHA] REEP [ALPHA]

First, find the KEQ] key. That keyis the “execute’
keg. (IF you say the letters X-E-Q , H’\eg sound like
the word. “execujce," ard XEQ is short enou.gh to fit
on a keg.)

Whenever you press the [XEQ keg before any other
key, the computer is immediately alerted. Tt has just

-zq_



been told that it is about to be asked o do somei'hing.

TRY Ir Now: [XEQ

To let you know that it is listening, the HP-HI responds
by putting the letters XEQ into the display (and only
the displmj— not into the ALPHA- register or angwhere
elee). So those letters are now in front of that
“window,” as we called it, and any letters that you
key in to follow XEQ will go into Q.[ll_% the disp]mj.

Now you should see XEQ __ in your display. The
computer s ready and waiting for your command. To
Spen anyf\'ling, you must be "IN ALPHA MODE." So
press the [ALPHA] key and be sure that the little word
ama appears in the digplay. Whenever this ALPHA
annunciator appears n the disp\og, the kegs all d‘\ange
their meaninﬂs—just as i—"\eg did with the [ key- on]S
this time all the keHs become letter keys. Each key
corres por\ds o a chamc_)cer, ard. these characters are
prin%eal in blue on the front faces of the kegs. Also, the

-25-



display window moves from in front of the X- register Yo
in front of the ALPHA-register.

"The computer now knaws that you want to
"execute’ a function and that you are now going

to spe“ it out.

NN

S ESSNSIT AT N == ,\;s‘;*‘,~;;;.“‘:‘-\“;~“$§,“-
~—— \ o SRR N RN
.7-&) : \@‘\ y , p é‘ N 9
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i
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[
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i
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7.
]
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nthe word BEEP? But,
wait @ minute ! Uhlj would you ever spell it out when
there 15 a keg waiting to be used. for BEEP?

In this case, of course, you'll spell it because we told.
you to spen . True, it 15 more conuenient o use one of
the keys, it you can. For this reason, \jou'l] find that
the functions Yyou use most often do have keljs of f"\eir

!

So you re going to ké

own.

But the poirt is, when Lou press a key you are telling
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the HP-4 to execute a function-_just asif you hadl

ALPHA]

spe”eo( out that function name us'm9 the XEG

procedure. And the computer will respond. exactly

the same in either coce.

So a0 ahead and l<e.3 in BEEPR

Your display should nowbe: XEQ BEEP_ | withthe
ALPHA annunciator still on. Turn that annuncioYor

off by pressing the [ALPHA] toggle key once again.

Ir BEeP3/

It's supposed to beeP. Whenever you §inish the

T

ALPHA

proce_dure blj 'l'urn)ng ot§ the ALPHA

annunciator, you are fe\liﬂg the Compu{'er “Heg, HR4|!
Im $inished Jce”)ng you what o do— sodo it 1"

Y.
% ,"\.’,?
2 - - B -
B AT AN
3 RS AN 1Y N\l #3
i 4 ...>DEEPREEP t
~ - 7 P 4 E
» 2 3
RNATIAYE REE BEEP
)
VAP A A AR
-l ALK/

RIS ) N
e, €
- '("‘C(\‘;:':I "l-':.

. FERINRY N
NV RS
‘\J"\o“ <

AND IT DoES IT
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Suppose nows that you have some message tn the
disp)ag ard you want to clear that'window’ so that
you can look ’chrough it and. see the X-register or the

ALPHA- regis’c.er (but you dont want to oles{‘roi,; the
contents of that reqister).

Question: How do LYou. doit?

Suppose, then, that you wish to dear the contents
of that register (Xor ALPHA).

Question: How do you do it?

Or what if you are \(eging in a number to the
X-register or a string of ALPHA characters to the
ALPHA-reg'z ster and you make a mistake (keg the
wrong number or letter) ? How do you correct the
mistake without c\earing the entire contents of the

re.sister and s?:ar%'mg over ?

Answer: he answer to all three of these %ues%ions:

VU3E ™E EIKEY

If all this 1s review, proceeol topage 3|,

-28..



As you may have noticed bynow, the only two
registers that the display “Lindow” can"cover” (the
X-register and the ALPHA-register) are also the only
two into which you can olired:\g ke\j data. (Hmmm...)

So the [<] (backarrow) key must be allowed todo

several H-\irgs.

[ If You have some’cking (a me5503&) in frort of the d’lsplag
window so that it is blocking your view of the X- or
ALPHA- register, and you want to clear that message

(and only that message), then press (=—l.

Under these circumstances, the [==) means "clear
the Aisp’alj onlg. !
2. I there's nothing "in front” of your displa5 LWindow,
so that you have a clear view of either the X- or ALPHA-

register, then the [&J key means:

"Clear the X- register back to zero” if you re ‘ool(mg
at the X-register.
OR
“Clear the ALPHA-register “ if you re looking at the
ALPHA- register.

-2q-



3 If Hou're inthe process of ke_\_.,'mg in the digi’cs o
a number or the characters of an ALPHA string,
then the (=] key means: "Delete the last digit or
character keged in.” In other words,

RACKSPACE !

Three different uses: Not bad for one little ke}j!

Also, notice that the gold function written

above the (=] key is CLX/A (clear X /clear ALPHA).
T his means that Bd[=] will either clear the X-

register or the ALPHA-register; depending on where
the display is located at the moment. B (=] wil
always clear a register as well as the display, whereas

‘ust [ =] may not clear a reaister-as in cases | and
) Y 3

3 above.

-30-



So, on with more and more functions ....
How can anyone remember them all? And

how to spe_H them correctl y ?
Suppose you forget that X<>Y has o key of its
oun, and you want to spell it using the [XEQ[ALPRA]

procedure, but you can’t remember how to spell

the name of this function, and you left your
Owners Handbook in Siberia? L;;;f,’}“\\\\%:&?}“,\j} S
Question: What do 3oudo?
a. Lump it
bo Cr‘lj
c. Panic
d. None, orall, of the above

Answer: The answer is d with the "none of the

above“option. Instead, use [ [CATALOG 3 (CAT
3) and then stop the listing so that X<>Y shows in
the display.

Now, if you a]reaclg know all about this little
convenience, move dhead to page 3.

-3‘-



Otheruise, ... attend:

The CATALOG function tells the computer to run
brieﬂg *chrougk an internal list. The third such list,
CATALOG 3, ic a list of all the functions. One'b}j"
one, in alphabelzic_a\ order, each function name is
brought, very brieﬂg, in front of the o‘.isplcuj window.

Now, anytime the HP-4! is busﬂg oloing some’c\winﬂ
automatically, and you want to stopit, chances are
that you can do so by pressing [RZS1. This key is the
“run- s‘):op' |<e3 , and it 5 called that because its a
toggle key that alternates meanings between “run” and "stop.”

If you've just executed CAT 3 (CATALOG 3) and
the computer is ripping down the list, and you're
ua)cc_hing brea'l\'\\essll_.s for XY, relax.

First, you don't need anacute sense of timing to
get to the proper entry. 1§ you do choke under the
pressure ard press [R/S] to soon, the list will stop,
of course. But pressing again will re-start it.

Second, once you ve stopped. the list, You can use
the (sing\e-step) and (back-sw‘:ep) kegs to

-32—



step forward or backward, one function name ata time ,

H’\roush the list. You can get anﬂwher‘e, using this
method, in any CATALOG.

-33-



Challenge: Adjust the computer sothat you will
see 9 digits after the decimal point, wherever possible.

Solution: B [FIX] 9

OK ? Next page. —

NO?
Remember, this is all that FIX does. You can FIX

from @ to 9 decimal places, as you wish.

Also, remember that no matter how rmany
decimal places you actually see, the computer still
“knows about” and works with all possible digits (10
al’coge%her).

The HP-4I mer'elg uses the di splag (not any resisfer)
to round as you spe.ciﬂ.i when dxagmg you a rumber;

< ~




Now, remember when we Promised that you would be

able Yo decide how many registers the computer woulc!
have ?

[t's time to learn haw to do Hhis.

Chdlenge: Adjust the total number of data
regis)cers In your computer to 20.

Soluton: XEQ[APHA] ST ZE [ALPHA] @2 Q.
OK ? Move ahead —

Lell then.... SIZE is )'us)c ancther function—one
that demands a 'three_-disi{ argu.mgn% ) rather than
the usual 2.

All that SIZE does is move the Par)ci%ion behoeen
the last dota register and the .END. of program
memory. It moves this partition so that you end up
with exactly the number of data registers you
reciuesl:ed.

So, after you ask for 20 data registers, you have 20
of them, namelvj, dota registers DO through 9.

35-




Cha“enge: Recall the cortents of data regis%er Dl to
the X-register.

Solution:

RCL

OK 2

Q|
Move to the next page.

TROUB LE3 2

is the recall key. Uhen you press i, you tell the

HP—L{I to recall some’ckmg to the X-register. The computer
responds bg plac'mg the name of the function (RCL __)
in the displa&. The tuwo blanks bg RCL are the HP-4ls

way orasking you " what register ?" So, you key in

ol

~

)
ik
7

7
7/

77
4/,

7

147
4 ,11

/ ,'l
4

"lll”l'll

i

As scon as you have given it two digits, it ’cakes ofk

and does the job.



C\'\a\‘enge: Store the contents of the X-reg'ts%er
into data regi ster Q2.

Solution: ET0] 02

TOOEASY ! =—>

This is the same idea as RCL— exac.HEj— except
that you use the [STO] ke:j (STO means "store”).

x,"

N

\§

77

NN ‘
~@ §\‘

2

7

-

7
/ 7
i

7 Z
7777
//”’ %
47, /st

N

97

/Z"

NS \\i\ N
\ 3"’1‘" N * <, 2B
\ D= AR NN
D \ NN N \ NN
SRR s e
ST A H A H T T ETTTET T S IAETRAN aES

Notice that, inmanyways, STO and RCL are a
"matched set.” RCL brings a copy of the contents
of the specified register to the X-register. STO sends
a copy of the cntents of the X-register to the specified

r‘eg l S{'ef‘. -37-



Cha\lenge: Recall the contents of the Z-regisw‘:er
to the X- reg; ster.

Solution: RCL[] Z
YAWNING ? Move ahead. —’

NoY SO FAST <
The RCL partisno Prob]em, right ? But then

you have to tell the machine that the regis%er
number its expec’cing (two cligi%s) 15 not Soing to
appear- You re going to sive it a stack regisi‘er instead.
To do this, press the [: ke\j. This changes the
displmj to RCL ST _ . Now the compu’cer 15 expec)c'mg

a STack reg'zs)cer name— a single letter:

Just press the ke»j with the Z on it.

(Don't go into ALPHA mode to gef the Z. The
computer has al r‘ead»j told you with "ST" that it is

expecting a letter)
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Chal \enge Recall the contents of data register @1 to
the X-regzsi‘er but this Eme don't use the [RCL] kenj.

Solution: XEQ] [ALPEA] RCL [ALPHA] @ |
TRIVIALI, Right this way. —D>

Notice that this Proceo(ure uses the exact same

format as when the [RCL] kenj is used.
First tell the computer the name of the function

to execute.

It then o.cknou\edses your request by plac.i ng that
name in the display. Then it prompts you for the
register (i.e., it prompts you for the argument of
the function).

PRESSING THE [REU KEY IS EXACTLY
~ LIKE PRESSING [XEG] [APHA] RCL[ATPRA],

-3q-



Cha”enge: There is a [RU(RDN: roll-down) function on
a ke3 in the second row. There's also a R7 (ro“-up)
function, but it’s not on the keyboard. Execute the

function R/
Solution: XEGI{ALPHA| R / [ALPHA

NO mbtﬁk\s ? Move on ——

The /character isn't Prini’ed in blue on any of the
keys, isit ? Ahbut turn the HP-Hi over.

That little gold picture of the keyboard wias put
there to help you remember what the entire ALPHA
keujboard looks like.. This is what every key and every
shifted keg means when the ALPHA annunciator s on.

The / character is accessed. bﬂ using the
cshifted [N keg.

-L’e-



1sters

t pause to prompt you

!

find the < and > characters ?
ion to take and what reg

XEQI[ALPHA] X < > Y [ALPHA

(it upon.

on

d Yyou manage to

Cha“enge: Execute XY without pressing the
Notice that the computer doesn

XY keg.
Solut
Di

for an argument after you have spelled the name. It

knows exacﬂnj what act
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Chal \enge: Execute X<> L

Solution: [XEQJALPHA] X < > [ACPHA][-] L
1f you know all this, move ahead. =——pmp

MURKY WATERS ¢

This functions name is just X<>, not X<©>L
(there's no X<>Lin CAT 3).

So you must give the computer the function name
anrd let it qo H'\rough its routine where it pujcs the
name in the display and asks you for the argument. All

it knows is that it is supposed to exchange the contents
of the X-register with that of some cther register.
But, jus)c like STO and RCL, t doesn't know which

regis‘cer until You supplﬂ the argumen% (L inthis

case).

The X<> function is %O%QHH different from XOVY. The
XY function was provicled because itis used so often.
(Yes, you can use the X< function and spec'z{:g STack
Y @Y) as the argument . But why bother ?)
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Challenge: Execute the function called X€@7? (X

less than or eclual to 2ero 7).

Solution: XEQ][ALPHA] X < = @ 7 |ALPHA

§M“ 60 MZ Goto page 45. e 4
HEMWY SEdsS <

Chances are that if you had problems with this one,

they were:
. The € notation (how to k53 itin?).
2. How to keg in a @ character.

3. Forge‘):\:inﬂ the necessary R

l. Even if you checked the handj-dandg ALPHA
keyboard on the back of your computer; you couldn't
find a character that looks like <, could you ?

BUT, if you checked CAT 3 you fourd X<=0Q7?(in
its proper alphabetical order).

Notice that you dso find X% @72 and this does
ook similar in your display to X<QO7?, but X£Q7
means X#Z @7 (X not e%ual tozero?). | he # (not

-qs_



ecLua} to) sign is on the kegboard.

2. Any of the numerals @ to 9, the decimal point,
and the 53mbo|s +,—,%, and / can be obtained bH
pressing (in ALPHA mode, of course) the shift key
(gold keg) and then the corresponding key. The
ALPHA keyboard on the back shows this dearlﬁ'

3Ifa c‘ues{ion mark were not a part of the function
name, then the 7 would not appear in the CAT 3
er&ra for that function.

Don't forget — the HP-4| will not recognize any
function name that doesn’t e_)@_c_’gl_g match the
function's name as it appears in CAT 3.

_L'l.'-



Cha\\ense: Execute the function FS?C 22.

Solution: [XEQ] [AlPHA] S P [ALPHA] 22

NG SWEBT? Next page —3>
? (Even mild dampness 7)
OWENT ¢ p

You ProbaHH ao’c into trouble with:
. The "?” Don't neg)eci:it.
2. The argumen)c, 22: Uhentokeyitin?

REMEMBER! The name of the function is what
you tel] the HP-4l. Then it asks you for the
argument.,

The name of this function is FS?C, as CAT 3

will show. So that is all you tell the compu%er at
first.

Then it will prom pi' you for the argumen’c (22
in this case) with two cursors.

-L{S-



Cha”enge: Compud:e the sine of 1 radians. (If
you ve never had a trigonometry course, feel free

to s\dp ahead to paqge 49))
Solu‘z‘:ton [XEQBALPHA RAD [AtPHA] [ [ [SIN)
XO) Movetopage H8. —-—

The HP-HI makes assumptions about the numbers
its asked to work on. In this case, the assumption is
about the angle it works on with the SIN function.

If You see the little rao (radians annunciator) in the

display, that means the number in the X-register is in
radians as far as the HP-4| is concerned. 1§ you see
sam, likewise, the computer assumes the number is in
grads. I§ You don't see any annunciator there, then the
computer is assuming degrees.

You can change what your computer assumes by executing the
appropriate function—RAD, GRAD, or DEG. For this problem,
you execute RAD. Then you brmg T into the X-register
with the Pl function (@ keg) Now, if you press [SIN]
you s\‘\oulol Sef SIN ( TT) which 1S Zero.

%-




'BUTWAIT! You didn't get zero! ?!
What s wrong? SIN(m) is zero.

The Prob\em here is that you didn't take the
sine of T (5&5 what ?). You tock the sine of
3.141592654. That is not 1. Thats almost rr. Thats
the first 1@ Jigii‘s of 1.

But m has an infinite number of disi’ts (accorcling
to the latest information). There is po way that any
compu*cer can ever take the sine of exad:]g T, because

a computer can oan work. with so many digifs.

The Po'm)c of all this is not to q’uibb]e about 1, but
to remind Yyou that the HP-4| keeps |@ digi‘cs (whichis
usually more than enough) of any number.

So, no matter how exact you know an ansuer should
be (mathemo?cic.al\g speaking), the computer uses |@
digi{'s of each number involved, and therefore, the last
digit of the final answer may vary from your expectations.
This limitation is characteristic of all computers, but you

wil] seldom need to consider this at all.
-y47~



Challenge:-ﬁke the inverse cosine (or "arc-cosine’) of
the number you 90% as a result for SIN(n). T hen
tell the compu’cer to return its assumpﬁon to DEG rees.

Solution: [ €057 (or [XEq]ALPHA] ACOS [ALPHA )) then
XEQ|[ALPHA] DEG [ALPHA

Satisfied? Next page. ———————

Notice that the name of this function (as it appears in

CAT 3) is different than the sn_.jmbo] used for it on the key.
Notice the answer you So’c: .570796327. This is

“almost zm,” Whichis correct, because the cosine of
‘almost £ Tt " radians is “almost zero, and you hod “almost

2ero’ to begin with.

AT e e
ey ¢ BRI X

72 :
NN

o) | A 2 \\\\\\\\Q\
(>—7 C—>
Notice how the radians annunciator disappeared when you
executed DEG. The calculation was done while the HP-A) was

stil] assuming radians, but now itis assuming deqrees.
9 3943




Cha“enge: Rt “TAKE 5" into the ALPHA-regi ster.

Solution: [AlPHA] TAKE [sPaceE] §  [ALPHA

Just c)nec\dng to see if you remember how to put
ALPHA data. into the ALPHA-register (as opposed to

spe”ing a function name in the disglag),
If you're hazy atall, go back and revieuw page 20.

(mark. your place here),




Cha\lenge: Look ot the contents of data
register 02 without using the RCL function at all.

Solution: ] MEW] Q2

éL B ? Step this way. >

mUD Z Well, VIEW is a “clever” function.

Ty pu’cs a copy of the contents of the indicated
register into the display onlg.

)

_,,,1,,.?7&:,' T /1/7 ;/ (4
77
// /

In other words, VIEW puts those contents “in
front” of the display “window, so you can no longer
see “through” the “window” into the X- register.

-sa—



Challenge: Put the contents of data register D3 into the
A\_PHA-regis)cer.

Solution: [ALPHA /18 ARCH D3 [A ﬁ
IFTHIS 1s HAT  roeon —.

“VEW HAT

It happens that when you are in ALPHA mode (that is-when
the computer is in ALPHAmaode), not dllof the kegs change
their meanings to ALPHA characters, Some of them
change to different functions, and some of them don't
c.\'xange atall, The handﬂ-dandﬁ ALPHA keﬂboard onthe
back of the HP-4| shows these functions in white.

The function you just executed is "ALPHA-recall,” ARCL.
Now, put the HP-4| back into ALPHA mode to see Lhat happened.

Notice that the contents of reg'xs)cer D3 were added
to the characters that were oJreaAg in the ALPHA- regis%er
(remely, TAKE 5)



Cka“enae: Recall the contents of the X- register to

the ALPHA- regisi'er.
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Chadl lenge Arrange {hings so that you are \ook'ma ok the
contents of the ALPHA-register... withouk bemg in
ALPHA mode.

Solution: XEQ[ALPHA] AV/TEW/ (ALPHA

QUESTI ON.S ? No?—

YESS

Just like the VIEW function, AVIEW fills the
display so that the register behind the “window’ s no
longer visible. The only difference between VIEW
ard AVIEW is that AVIEW uses the contents of the
ALPHA- register (VIEW uses the contents of data
registers— Including the stack registe rs),

Because there is o doubt about which register AVIEW

is using, it doesn’t need an argurnerct.

Also, notice that AVIEW is onthe ALPHA kegboar‘d.
You can execute it that way. (However, the \(egboord
function could not be used to solve the cho“enge as we
poseA it. T;'Lj it and Bou’n see u\'\g)
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C\\a\\enge: Add, thatis, ggp_e_gi the characters "ABC”
o those a\readtj inthe ALPHA- regis)cen

Solution: [APHA] [, [APPEND] A RC [AtPHA

APPEND is a keg on the ALPHA keyboard (because
it pertains to the ALPHA—regisizer). Lhen you prese
the APPEND key, the HP-4] is instructed to “pretend”
that you are suclo{enlﬂ in the middle of an ALPHA
data entry— as if you had just entered. the current
contents of the ALPHA- register.

Then, you can add characters simply by spelling
them out , or you can delete characters, one-bg-one,

W T T T L N T AT T N, TN, o e v T YA T T AT e
S O SRS IO OISO \‘0\ R R R R e I R R RO DY R IR RIRES

R ORI R R IR SRR R IORDRG AR RN
R RS KRN
R ,

o7 A7
4 / / ) e

NIV O PN VITIVAVEE ¢

T ST TR,
RN '.'«“‘”o\vo‘.»c?‘.
/ e

K5/
)
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Cha“enge: Key the number |, 0Q@, QD@ inko the

X-regis’cer without using the

Solution: [EEX] [&

|

or (D (zero) kegs.

numbers in powers o 0.

EEX] means " enter exponent;” and it is used to express

So, 10°=|*|Q°= l, Q00,202 (note the six zeros),
and this represents the amount of money, in dollars,
that we Plan on maddng 55 L.JriJcing this book.

For ancther examp'e, .35 %1073 = 0.00135, ard

You would. kenj tinas U

-] (3] (51 [EEX] [3] [CHY)

Notice that when you press [EEX] before any

number ke\_.l (as in the above solution), the computer

puts a one (I) in for you. [he keystrokes [TEEXI[C

are the same as J'usi: EEX

ol

One more thing: You may sometimes see a number

like 8.2 *1@% written as 8.2 E8, (The E stands

for "expone nt.")

-55-



Notes

l. The on)3 way Yo rell the HP-4! that You are
Sped ﬁj;m\? Q fund'/‘om name - rqther than s/'mp/b

kcyi;z?fzn a bunch. of characters to the ALPHA-

registér = is to vse the [XZ@_]&%




So, you've seen some kegsiroke combinations,
the kegs are alreo.olg ge’c)cing some individual

Persona)i{'ies.

But let's talk ’curkeﬂ, here.

and

No calculator is worth its weight in

Penci\ lead. if you cant use it effectively

jus’c to do arithmetic. So...

///\\\ _______

“.‘ »AARANIEA2.

v Em e~ - =

=1 lrﬂ,,.ﬂm f-r S
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The stack is a special set of five data. reqisters thak
is found on most HP calculators. This stack is what
makes HP calculators so much eosier to use than the
other leading brands. The main reason HP calculators
are easier to use is that when 5ou're doi nq \ength\j
calculations, your intermediate results get saved Sor
you automatically thusyou arent forced to use

pareritheses to grind through a. big, fat, hairy equation.

So, how does it work P Well, the Ouner's Handbook
often refers to a block diagram that locks like this:

P4

Y
X

L

This 1s an excellent way to picture the stack inyour
rmind, so we will use this method, too. Also, let's agree
that , unless we specifically mention the L—register)
we will be referri rq to the X, Y; £, and T-registers when

we use the word " stack.”
-sq—



Now, as you remember (from page 19), WHENEVER
you keg in a number, you are keﬂing & into the X-resis’cer.

ALL NUMBERS ARE KEYED INTO THE X-REGISTER

Once Bou’ve, put a number into the X-register,
THEN you can store it or add. it , etc.

Cha“ense'. Set up the X-,Y-,Z-, andT"regisi'ers

as S’O) ‘OUS.

_..8__|T
. <2
LY Vi S |

3.4 X

Solution: 8 ENTER 6.9 [ENTER} |2.4 [ENTER|3.9

Now, it Lou thoroughly understand this, and you
truly want to skip a fine discussion oy ENTERland
[CX, then go ahead. to page 6.

OTHEBWISE —

-be_




So, what is the famous ENTER] key ? Well, before we
get to that, there is a certain phrase we'll need to

use:

STHCK-LIFT

Stack-lift is the process by which each of the
values in the stack get lifted. one notch.

T
Z
Y
X

"

To never-never land (gone §or good)

/
—

T
Z

IR
X

Notice that the orisina\ value in the T-register 1S

gone Sor goocl after a stack-lift.

P
».
T




“But when does this stack-lift happen? How do L
know whether it's going to happen when 1 \<e5 ina
number ?”

Well, it the stack-lift does occur when you key in
a number, that means it was readg'o.nol- able to do
0. We say stock-lift was “enabled.”

But, if the stack doesn't lift whenyou key ina

number, then we sy stack-litt was “disabled.’

So, the question you're reo\lﬂ asl{mg 1s: “Howdo I

know when stack-lift is enabled and when it is
disabled (i.e., when the stack is lﬁig to lift and when
it's not) ?"

You should use this rule: There are only tuo things
you will commonly do to the computer to DLSable
stack-lift. Those are:

press [ENTER]
or press [CLX],

Now we're r‘eads to discuse ENTER], ——>

-2~



“So, the ENTER function leaveg stack-li§t
DISabled ; rig\'ﬂ: ? LJhat else does itdo?”
It does two things (in this order):

|. First, it pgdg_cma a stack-lift.

2. Then, it disables stack-lift.

Look at the §irst tuwo s%eps \n our solution.

_ 7a__ T T T T T
e _|Z |2 __fa_|2
e |Y Lt _|Y .8 __|Y

% x 8 )x 8 x

L— 8 L ENTER)—)

(2 means: “We don’t know what's in there, and we don’t care”)

The §irst sheP 1s to kexj-in the number 8. No mxjsteg,
rig\\t ? It goes into the X—registe.r.

Now, when we press [ENTER], a stack-lift is
gr‘;ormgi (reaarolless of whether stack-lift was
enabled or dicabled). So our stack is lifted. That
s, a CopY of the 8 is sent o the Y—reg\ster; and,

the oi'her values are bumped up one notc}\.
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Now ENTER] also disables stack-lift, so that if the
next step is one where a number is recalled or
keyed in to the X-register, the stack won't lift.
The value formerly in the X- register just gets

replaced by the new value, and the other
registers aren’t touched.

o T e |T
Lt |2 I S P4
.8 Y Y - Y | ¢
8 X 69 |X
L eq—T
Watch once again:
___:P_A__-T ___T.?_c_;___T ____?_u___T _-__}?_\_:___T
7 |2 R v 4 a2 | __Pa_ |2
I ) __%a___|Y I =T ) ¢ . 8__]Y
Pa|X 8 |Xx 8 X 6.9 |X

L——u8 T\ :ENTER: T )Q.C’—J

Think about it this way: [ENTE makes a copy of the
X—regisi:er in the Y-regisfer and bumps everﬂﬂ'\ina
else up one notch (lifts the stack). But that value in
the X-register Is a sitting duck if the next step
performed is a recall (RCL) or the keying-in of another

number:



Here is a comp\e’ce diasram of the sdlution to the
last dna”ense. Studtj 1t until Bou're_ comfortable

with the ENTER function.

____?_d___T ___:?_f_:.___T ____?_b___T % T
| __fe__|Z e _ |2 L __fa_]Z | __Pa_|Z
___De__|Y L Y L8 Y L_._.8__][Y
Pa__ X 8 |X 8 X 9 |X
l ) L — ENTER]—T L— éq__f‘
e T [T [L.e. T [L.8.]T
__.8_.|Z ....8._|Z | __e:A (2 | _ea_ |2
__e.4__|Y | __6:4_|Y |2 Y IV T ) {
6.9 |X 1.4 X 125 |X 39 x
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While we're on the subject of disabling stack-lift,
let's mention |CLX

CLX also does two l:kings.
. It replaces the number in the X-register

with a 2ero - without o\is‘):urbirB an_g’c)'\'er
else.

2. Tt disables stack-lift.

So, both ENTER and CLX |eave stack-lift
disabled. But \:heg both do very different '\:hinss
before that:

ENTER disturbs the whdle stack..

CLX disturbs onlg the X-register,

o

T RS
RSN
\\\§§§\\‘\\\ o

functions that leave stack-lift dicabled.

-bb—




Your stack should Jook like this:
.8 T
oa |z
a4 Y
3.9 |x

Cha\lenge: Replace the 6.9 inthe Z-register with
a 5.5,

So)ution Here 's one oF man5 solutions: [R¢
X<>Y XOY Q][ALPHA] R72 LPH

?IECI OF CA“EzTrg a bigger piece (page &9).

So here are more useful functions for

manipu\o.%:ing the stack, rig‘ht P

| ook at the stack diaﬂmms on the next poge
and observe how these functions accomplis\h

their task. Lt will be easy Sor you o see w)'tg

we cal| them “roll-up”(R1), “roll-down” (RY) , ard
“X exchange Y (XOY).

-6(—



8o v [ 34a_]v [34_ ]t [.39_]T
4 |z [8elz [ 8o |z [.s.@_|z
122470y [Ceq ]y [2AYy  [ozAl Y
3.9 X 12.4 |X 0.9 |X X
———»———TL—-> XOY —JL—>‘CLX ——3}

.. 3.9_|T 3.9 |T (. 8.2]T

8.9 |z . 8.2 |Z | _5.5__|Z

1241y __5.5_Y 124 Y
4! 5.5 x 12."" X 3-q X
5.5 71 , ks o I R»r__s

Remember, RT is not on the keyboard)so you. use

the (XEQ]ALPHA] proceclure.

Now, what would happen it you Pressed D2
ofter EX1? Lhat Lould the stack look like after
you keged in 557

Well, pressing [ST5] @2 wsould store @.0 in
register @2 and leave stack-litt enabled. After
ke3'm8 in 5.5, the stack would lodk like this:

_8.0_|T
2.4 |2
0.9 |Y

fos = - - — - -

5.5 |X

Since Q2 leaves stack-lift endbled, the stack
would lift when you keBed in 5.5, Every common
function except ENTERard CLX leaves stadk-lift enabled.
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Your stack is now set up like this:

.82 1T
.55 |2
124 Y

39 X

Chal\enge-. Let's reverse the order of the values
in the stack.

Solution: There are many ways to accomp]is)w

this, the most straightforward of which is
Pmbab\}j‘ RY XOY RUXOYIRY.

If this settles well with you, move on ahead.
Otheruise, Follow the step-by-step solution belou;
then take a break. When you return, re-read. from

a c,ouple FIJ-SQ% tD.Ck.
80 T [ 3a ]t [34a v [B5_]T
"8.5 0z [[Be ]z [Be lz [[34 ]
MY T I A 4 | _S5.5_|Y N Y  _8.@ Y
3.9 X 120.49 |X 5.5 X 2.4 |X
— R— - E—

 [zAT [2a T [3a]r

55 |z [[85 0z [xA ]z

34y [[&oy [[55_]Y

¥ 8.2 |X 3.9 |Xx 8.0 |X




Your stack is set-up like this:
3.9 |T

2.4 |2

5.5 |Y

8.0 | X

Question: What is the value in the Y—register'
oSter you press L+ ? The T-resister?

Ansuer: After you press [H, the stack looks

like this: 3.9 T
___3:.9_12

2.4 Y

3.5 X

OK? Go To PAGE 72

The functions +, —, %, +, and y* opera?:e_ on the
X-ard Y-registers. That is, theB take the value in
the X- register and the value in the Y-register and
combine them as specified by the function.

The result stags in the X-register and the
stack “drops.” The value in the Z-reqister drops
to the Y—regisi:e,r, and the value in the T-regis’cer
dmps Yo the Z- r‘eg'zs’cer‘.
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Note that the value inthe Tregister stays
the same.

The y* function is named so that it
tells you what it's oloing. From the name, you
can see thot it raises the value in the Y'reg'tstef‘
o the power of the walue in the X-registen If
2 is the wvalue in the Yregister and 3is inthe
X—regis’cer, then pressing [ will return an 8
(Uhich is 2%) to the X-register.

It would be nice if E and &) were named in
a similar manner because in thege functions,
the order of Y and x is important. The(=]
function could be named Y-x, and the divide

function could be named. ¥x, because these
names would be more deccriptive. But that
lon't how ’cheg 're named, so just remermber:

=] means Y-X ( the number in
the Y-register minus the number in the X—regxs%er)

= means 7x




Your stack is set-u.P like this:

3.9 T
_3.9_12
124 Y .
13.5 X and}jouve Just come

from the last cha\lense (a. couple pages back).

Cha“erge: Ui thout tou.c}'dns any of the
number keys, get the 8.@ (that used to be
in the X—re,gister) back into the X—reaister.

Solution: [Ms] [EASTX]
Are you comfortable with the L- reqister 7
Go to page TH.

Are you t\ninking,“ What-in-L is the L-re_gisi‘er? g
Lell, allow us to introduce you to this unique

member of the stack.

1
X<N-{
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The L-register is where the last X-value ie
automatically saved after the execution of many
functions that operate on (or chcmge) X. So,

if you wish to recover the last X-value, just
Press F’\i LASTX.

Most functions that c,hange numbers (ltke +
%, COS, ¥*,...) save x in the L-reqister. But
functions that move numbers around (like STO,
RCL, X0Y, RT,...) dongt save x in the
L-register.

In the Owner's Handbook ) around page 25@,
there's a list of the functions which tells whether
theg save x (the number in the X—register) in the
L-resister. 15 you're wondering about a particular

function, that's the place to look.
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Now we are going to supplﬂ you with a few more
challenges to hel P you oleuelop a'feel” for the stack.
It will take a little time before all the motions
become automatic. But now you know when to use
ENTER and when ENTER isn’t necessary. Plus,
you know that many intermediate answers are
o.w‘coma’cica”y saved in the stack.

Take a few deep breaths, and relax before you
Proceeol. (A lotus position, somewhere close to
the center of your livinsroom, may be appropria’te
while working the next few pages.)




Chal lenge: Using oan the stack (no paper or
numbered data registers), calculate the answer:

q+ [37"‘(5.*7) - 72.
q*(l31-5) (Looks touah,dmn'tit?)

Solution: 3.955395944
If you got that answer the first time and you

don’t want to look at the step-by-step solution
to this problem, then skip ahead to page 74,
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Cha\\enge'. Evaluate /3+(5%7) =72

Solution: 3[ENTER] 5 ENTER] 7 ¥ [H [*] 72 (=
and the stack looks like this, step-b}j-step.

e T e (T e T __fa_|T
e |2 | __Pa_]Z | __Pa_lZ [ __3__|Z
P 1Y 3 __1Y L __3__1Y ___5__]Y
3 X X 5 X 5 X
3—3\— [ENTER]—4— § fL—,m—U
;
___:?_A___ T ____‘?_Q___ T ____?_Q.___ T ____?G_-_ T
3 12 | __fa__|Z | Pa_|Z I 4
B Y L3 Y L Za Y L? a_|Y
L7« 35 x 38 | X 6. 16 | X
7—1 - k| —TF L — [F 3., [(X|l—T
[ Pa_|T | _Pa _|T
| __Pa_|Z | ?a |2
L _6.16_|Y | __<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>