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Introduction

This booklet is intended to help you to master your HP38G calculator. The heart of
this calculator is a very sophisticated computer, having more capabilities than any
university mainframe computer of the ‘70s, so you should not expect to come to
grips with its full capabilities in one or even two sessions. However, if you
persevere with this booklet you will find that, in time, you are using the calculator
with efficiency and confidence.

The majority of readers will probably only have used a Scientific calculator before
so [ have tried to make all explanations and examples as complete as possible.
Those who are already familiar with another brand or type, may find that a quick
skim of the majority of pages is sufficient, followed by a detailed reading of the
Appendices & sections entitled “Tips and Tricks” which appear in various places.

Many of you may have parents who wonder ( or may indeed be wondering
yourself) what the impact of these calculators may be on the Mathematics
curriculum - the topics taught and even more, the way they will be taught. The
impact of these calculators will probably be far greater than has been the impact of
computers during the last 10 years, because of their greater accessibility and
portability and, in comparison with the computers available even 5 years ago, their
power and capabilities. The inventiveness and flexibility of teachers of
Mathematics will be stretched to the limit as we gradually change the face of
Mathematics teaching in the light of these machines. For those who are concerned
with the impact of a graphical calculator on the ‘fundamentals’ of Mathematics, it
should be recalled that the same fears were held for Scientific calculators when
they were introduced into the syllabus in the late ‘70s. History has shown that these
fears were for the most part groundless. Students in the ‘90s are learning
Mathematics in Years 11 and 12 that students of the “70s did not cover until their
University years. In particular, the Scientific calculator proved to be a great boon
to students of middle to lower ability in Mathematics, relieving them most of the
burden of tedious calculations and leaving them far more time to concentrate on
coming to grips with the concepts.

While not intended to fully replace the Owner’s Manual supplied with the
calculator, the Owner’s Manual is certainly not the clearest and most explanatory
of documents! This booklet is intended to fill in the holes, and also to provide a
series of tips, both small and large, that will make your operation smother and
more confident.

You have chosen one of the best calculators on the market. The HP38G is not only
powerful but genuinely easy to use. Congratulations, and happy computing.




How to use this Manual

In attempting to design this manual to cover the full use of the HP38G calculator I
have included explanations which will be useful to anyone from a student who is
just beginning to use algebra, to one who is learning advanced calculus, and also to
a teacher who is already familiar with some other brand of graphic calculator.

This also means, however, that readers may encounter one of two difficulties.
Firstly, the information in here will be beyond the needs of some readers and
secondly, the explanations may be too detailed (slow) for more advanced users.

For students who don’t yet need the more advanced capabilities, suggestions on
what parts of the manual to read are given below. The suggestions are based on the
Mathematics curriculum in Western Australia, but if you live somewhere else
(why?) you should be able to adapt them to your own system without too much
difficulty. For more advanced users, it is suggested that you read the sections on
the Function, Sequence, Statistics and Solve aplets, and also read the ‘Tips and
Tricks’ sections which follow many chapters.

There is also a chapter of fully worked examples at the end of the manual which use
a great many of the capabilities of the calculator.

Year 8

Some topics covered include. ..
Solving linear equations, graphing linear equations and
possibly simple quadratics, examining number patterns,
expanding brackets, factorisation involving removal of a single
factor, calculations involving powers (x>, x° ,... ), square roots,
cube roots, order of operations, positives and negatives,
scientific notation, simple indices.

Suggestions...
Read about the Function aplet in full, ignoring any bits that
don’t make sense. Don’t worry about the explanation of the
‘FCN’ menu but make sure you know how the ‘Zoom’ menu,
the VIEWS button, and PLOT SETUP work. Learn to ‘Build Your
Own’ in the NUM view because it let's you find values for rules
easily (i.e. if y =2x + 3, find y if x=4). Learn to use the HOME
view for routine calculations and how to use the calculator’s
memories. Read about the Solve aplet and using it to solve
equations. In the MATHS menu, read about the functions ROUND,
TRUNCATE and POLYFORM. Make sure you know how to save and
transfer aplets. Learn about the Sketch view and the Notes
catalogue for a bit of fun.




Year 9

Some topics covered include...
Solving complex linear equations and simple quadratic
equations, factorisation of quadratics, use of formulae, indices,
percentages, simultaneous linear equations graphically and
algebraically, trigonometry, statistical graphs and measures of
central tendency, simple probability.

Suggestions...
Cover all of the material mentioned in the Year 8 section on the
previous page. Also read the explanation of the ‘FCN’ menu in
order to know how to find the intercepts and turning point of a
quadratic, and to know how to find intersections of graphs when
solving simultaneously.
In the MATHS menu, read about the Trig functions and =, the
functions ISOLATEand QUAD, the | (‘where’) function, RANDOM and
POLYROOT.

Year 10

Some topics covered include. ..
Solving complex linear and non-linear simultaneous equations,
and trig, exponential & complex quadratic equations,
factorisation of any quadratic, use and re-arrangement of
formulae, complex indices, 3D trigonometry, statistical graphs
(univariate & bivariate), measures of central tendency and
spread, time series data, absolute value and greatest integer
functions, matrices.

Suggestions...
Cover all of the material mentioned in the Year 8 and Year 9
sections on this and the previous page. Also read the
explanation of the ‘FCN’ menu in order to know how to find
the intercepts of graphs and intersections of graphs when
solving simultaneously. Read the suggestions on how to deal
with graphs whose shape you don’t know in advance. In the
MATHS menu, read functions CEILING, ABS and FLOOR, FNROOT,
POLYCOEF, and POLYEVAL. Read the section covering the Matrices
catalogue and the functions DET, IDENTMAT, INVERSE, and TRN.

Year 11 and 12

Topics covered here will vary according to which course students undertake. It is
suggested that students read the whole manual, and also re-read it at intervals as
more material is covered in their courses, making more of the manual relevant.
Make sure that you read the last chapter of worked examples.



Where’s the ON button?

Let’s begin by looking at the fundamentals - the layout of the keyboard and which
are the important keys that are used frequently. The sketch below shows most of
the important keys, with the exception of the HOME key. These are the ones which

control the operation of the calculator -

the others are just used to do calculations

once the important keys have set up the environment to do it in.

These six keys are flexible,
changing their function as you

do different things. The
W shaded bar at the bottom of
the screen labels them.

The PLOT %
key swaps ( /// 3
to the graph

view. T wout [

Always check this bar to see

what special functions are
available in the current
situation.

The SYMB key nearly always

takes you to a view in which

e ——

you can enter equations.

The NUM key gives you a
tabular view of your function,
sequence or data.

These are the cursor (or arrow)
keys. They let you move

The LIB key is the king of the
all! This is the key that allow
you to chose which aplet you
wish to work in.

What’s an aplet? Read on.

So - where’s the ON button? Here....

around within a window.

The MATH key gives you access
(via a series of menus) to all the
mathematical functions you could
ever wish for! See pages 126-171

The VIEWS key gives a different
menu in each aplet. It can be
very useful, and is always worth
checking out.

Examples of the effects of each of these
keys are shown on the next page, and on
the pages that follow.



Some Examples

Shown below are snapshots of some typical screens you might see when you press
each of the keys shown on page 9. Exactly what you see depends on which aplet
(see next page) is active at the time. The aplet in use below is the Function aplet,
which is used to graph and analyse functions. Notice how the functions listed at the
bottom of the screen change in each different view. They relate to the blank
programmable keys underneath the screen and their use changes from view to
view.

The SYMB key: s FUNCTION SYMENLIC VIEW B
F1ii)=i 2—KE-THH+E
(setup to gra3ph i F§E§§=
y=x*-x>-Tx+6) Faidis
FSisa= L)
[EMT [#CHE] & |  [SHOW]EVAL |

The PLOT key: aofy
after graphing it /
(after graphing it) q e S :
0 F18): B MENU |}
The NUM key: =

(showing a tabular view
of the same function.)

[5]
lzo0] | [ EIG JDEFN] |
The LIB key:
(used to choose which unct ion
: . Parametric
aplet is the active one.) Falar

Sequence
Salue

[ SAYE [RESET] SORT [ SEMD [ RECY [STHET]

The MATH key:

MATH FUNCTIONS

(showing the Probability } A|COMB
section of the menu.) Prob R
RANDOM v,

[MTHe[CMOS|CONS | [CANCL




Finding Buttons & Notation Conventions

There are three types of keys/buttons that are used on the HP38G.

The first type are the normal ones that you see on any calculator - the ones that you
see in front of you when you look at the calculator. Most of them, of course, have
two or more functions.

Take for example the COS button shown left. If you simply
press the button as is, you will get the COS function.
However if you look at the left side of the calculator, under
the ENTER key, you will see two keys (the A..Z and the BLUE
keys) that change the function of the button, like the 2ndf
and INV keys do on other brands of calculator.

The BLUE key is the one that gives you the second function for
each button. In the case of the COS button, the second
function is ACOS (arc-COS or inverse COS). Most buttons have
a second function that is obtained via the BLUE key. When I
want you to use one of these buttons that needs to have the
BLUE key pressed first I often won’t say so. It seems to me
that you’re intelligent enough to work out for yourself when
the BLUE key needs to be pressed.

All references to keys that appear on the normal keyboard,
whether they need the BLUE key or not, are in boldface.

The second type of key is the row of blank keys
directly under the screen. These keys change their
function depending on what you are doing at the time.
The easiest way to see this is to turn the calculator on
and press the LIB key. As you can see in the snapshot
on the right, the functions on the programmable keys are listed at the bottom of the
screen. All you have to do to use them is to hit the blank button under the
definition that you want to use.

Farametric

All references to keys of this type are shown in quotes  |Far BT SR
s . PollEhronoloaicall

and italics. For example, if I want you to press the Smc Alphabet ically |

button under the SORT label it would be written as .

‘Sort’. Do it now and you’ll see the screen shown on LS

the right. Notice that the programmable keys have now changed function. Press

the one under ‘Cancel’.




Sometimes pressing a key pops up a menu on the screen as you just saw. You use
the up/down arrow keys to move the highlight through the menu and make choices
by pressing the ENTER key. Choices that are listed in a menu will also usually be
written in the same way using italics. As an example, I might say to hit ‘Sort’ and
choose ‘Chronologically’. By the way, the manual you get with your calculator
uses a different convention to this. They write the programmable keys as { {SORT} }
and the normal keys as (LIB).

The third way a key can be used is to get letters of the alphabet. This is not so that
you can write letters to your friends (although you can do that with the Notepad)
but so that you can use pronumerals like X and Y or A and B. The key above the
BLUE key labelled A..Z is used to type in letters of the alphabet. The full range of
letters is there if you look for them. Lower case letters are obtained by pressing the
BLUE key before the A..Z key. If you want to type in more than just a single letter,
hold down the A..Z key.

Try this...

If you haven’t already, ‘Cancel’ out of the menu from
the previous screen. Press the HOME key to see the
screen on the right. Yours may not be blank like mine
but that doesn’t matter.

Press 12 and then press the programmable key labeled
‘STO»’. Now press the A..Z key and then the alphabetic
D key (on the TAN button). Finally, press the ENTER key. 12 12
Your screen should look like mine on the right. You
have now stored the value 12 into memory D. Each
alpha key can be used as a memory.

You can also use these memories in calculations. Type o0

in the following (not forgetting the A..Z button before C3HDI S
the D).... (3+D)/5 ENTER 2
The calculator will use the value of 12 stored earlier in D |-----
to evaluate the expression (see right). In case you haven’t worked it out for

yourself, the / key is the divide button and the * key is the multiply button.

More information on memories and detailed information on the HOME view
in general is given on pages 12 - 26.



The calculator also comes with a huge number of e P

mathematical functions that are very useful. They can R T I

all be obtained via menus through the MATH key. Try Stat~Two |DEGARAD
pressing the MATH button now and you should find your |- Test= | wlFHROOT  wf°

screen looks like the snapshot on the right. [MTHs[CHMDZICONE] IGANGL] OK |

The MATH menu is covered in detail on pages 126 - 171 but we will have a
brief look now.

The left side of the menu lists the categories of

functions. As you use the up/down arrows to scroll A|%CHAMGE 4]
through the topics, you’ll see the list on the right ¢|EeLanan. EEIEIEG .
change. Move down through the left menu until you Ezal vV~

reach ‘Prob.” (short for Probability) and then one step
more and you’ll find yourself back at ‘Real’. Now hit the right arrow button and
your highlight will move into the right hand menu. Move the highlight down
through this menu until you reach ‘Round’ (see above). Press ENTER.

oG]
You should now be back HOME, with the word ROUND(  [12#D
entered in the display as shown right. You can also CE+D T

achieve the same effect by using A..Z to type the word IR
in letter by letter. eroe [ [ | | | |

Now type in: 4+D/18,3) ENTER
(the comma key is next to the + key on the keyboard)

ROUHDC4+D- 18,30

4. 667

As you can see, the effect was to round off the answer |
TN I I —

0f 4666666.. to 3 decimal places.

There are shortcuts for obtaining things from the MATH menu that are covered later
(see page 126).



Everything revolves around Aplets!

The designers of this calculator decided that it was impossible to arrange matters so
that such a small number of keys and such a small screen could hold all the things
needed for everything that you might want to do with the calculator. Instead they
provided a set of “Aplets” for you to use, which effectively means that this is not
just one calculator but six (or more), changing character and capabilities as you
change aplets.

The best way to think of these aplets is as “environments” within which you can
work. Although these environments seem dissimilar when you first start to use
them, they all have things in common, such as that the PLOT key produces graphs,
the SYMB key puts you into a screen used to enter equations & rules, and the NUM
key displays the information in tabular form.

There are six standard aplets available via the LIB key. More can be created by you
or down loaded from the Internet (see pages 104 and 111) The standard aplets are,
in alphabetical order:

The Function aplet
Provides f(x) style graphs, calculus functions etc. It will not only
graph but find intercepts, intersections, areas and turning points.
The Parametric aplet
x(t), y(t) style graphs used in Year 11/12. Ever wondered how
the ABC logo is produced? Find out when you explore this aplet
later.
The Polar aplet
r(0) style graphs are explored in Year 11/12. Quite apart from
their mathematical use, they produce some really lovely patterns!
The Sequence aplet
Handles sequences such as 7, = 2T,,.; +3; Ty =2 or T, = 2"\,
Allows you to explore Fibonacci’s sequence to your heart’s
content. Never heard of it? Well, read on.
The Solve aplet
Solves equations for you! Give it an equation such as
A =27z r(r+ h) and it will solve for any variable if you tell it the
values of the other two.
The Statistics aplet
Handles stats data and graphs really well. Data entry is easy, as
is editing. Gives you not only the mean but the median and IQR
as well. Draws histograms and box & whisker graphs, as well as
analysing bivariate data in many different ways.




The Function aplet is probably the easiest to understand and also the one you will
use most often, so we will have a very quick look at this aplet.

The LIB key is used to list ot i
FPatrametric

all the aplets and to start one up. Fol ar

Sequence
Soluve

[ sAYE [RESET] SORT [SEHD |

S FUNCTION SYMEOLIC VIEW S5
Let3 -2

The SYMB view is used to enter equations....

It can store up to ten functions. Room for more Faenes
can be made by making copies of the Function Foixa= ¥
aplet (see 104 - 106) CENT JcHk] & | |SHOW]EvaL]

The NUMeric view shows the
function in table form...

The PLOT view is used to display the
function as a graph...

The ‘Menu’ button gives access to a number of
other useful tools allowing further analysis of the function and its graph.

Although these views are superficially different in other aplets, the basic idea is
similar.

Having said that aplets are best thought of as “working environments”, it is
equally true that aplets are essentially programs, with the standard six simply
being built into the calculator. This is a programmable calculator, having its own
programming language and able to perform quite sophisticated tasks.

Unless you particularly want to learn about the programming language, there is no
reason why you should worry about it. The standard six aplets will cover most, if
not all, of your requirements.

However one of the great strengths of the HP38G is its ability to “download”
additional aplets (programs) from other HP38G’s, from a PC or Mac and even
from the Internet. Once aplets are downloaded from the Internet to the PC or Mac a
“Connectivity Kit” is available from Hewlett-Packard (and dealers) which allows
you to connect a cable from the PC or Mac to your calculator and then transfer the
aplets to it.
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Once an aplet is on any one calculator, transferring it to another takes only seconds
using the built in Infra-red link at the top of each calculator. This is exactly like the
remote control of a VCR, and allows two calculators to talk to each other. In the
interests of exam security the distance over which they can talk is limited to about
9 to 10cm.

Aplets are available to do many Mathematical tasks such as Bivariate Analysis,
Time Series Analysis, exploration of graphs and even some tasks called for in
Physics and Chemistry. There are currently only a few Web sites available with
aplets but this should increase with time.

The Hewlett-Packard site is the best and is found at...
http://hpcvbbs.external.hp.com:80/calculators/hp38g/aplets/index.html

If you have access to the Web you might wish to check this site out to see the list of
aplets and get a feel for their capabilities even though there’s no point downloading
them without a Connectivity Kit.

It may not be worth the expense (about $60) for you to buy one of these
Connectivity Kits yourself. If your school has decided to specify that you buy the
HP38G then they may well have bought at least one kit themselves. They can then
download any aplets they want to use into the teacher’s calculator, who will then
download them into yours via the infra-red link.

The topic of aplets is discussed in more detail in the chapter entitled “Using,
copying & creating aplets on the HP38G”.

The HOME view

In addition to these aplets, there is also the HOME view, which is independent of all
the others. This is accessed via the HOME key (which is just below the LIB key) and
is the view in which you will do your routine calculations such as working out 5%
of $85, or finding V35. The HOME view is the one of the views that you will often
use, so we will explore that view first.

11



The HOME View and a General Overview

This is the HOME base for the calculator. All other AT
aplets can be accessed from it to varying degrees, and 11
all mathematical functions are available in this view. S*E*EDS(SE?glq_glEEGS?B

Calculations performed can range from the simple to
the complex. You should learn to use this view as
efficiently as possible, since a great deal of your work will be done here.

[roel [ [ [ | |

We will explore the HOME view and the general use of the calculator in the order:

Exploring the Keyboard.

Fractions on the HP38G

The History.

Storing & Retrieving Memories.

Referring to other aplets from the HOME view.
A Brief Look at the MATH Menu.

A e

Exploring the Keyboard

It is worth looking over the keys on the calculator to familiarise yourself with the
mathematical functions available. If we examine them group by group, you will see
that they tend to fall into two categories - those which are specific to the use of
aplets, and those which are commonly used in mathematical calculations.

The first row of blank keys r
are usually aplet related. The
reason they have no label is
that their meaning is
redefined in different
situations - they are the
‘programmable keys’. The
current meaning of each key
is listed in the row of boxes at
the bottom of the screen.

@ Bvereet] AY 356G

2 HOME L

In the HOME view shown
above, the only key that has '
been given a function is the far left one. It has the
function labeled STO>, and is used to store values in
memory (more later). Shown on the right is a snapshot
of the LIB view, in which all the keys have definitions.

APLET LIEFAFK

[ =AVE [REZET] SORT [SEWD | KECY [ETAET]
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Note that it is worth developing the habit of checking the screen to see if any of
those keys have been given meanings. In many views, the programmable keys have
been set up with useful shortcuts and functions.

The next two rows of keys are mainly aplet related, so we’ll deal with them as a
group. :

The arrow keys on the right are
used in a variety of different
views, usually to move the
highlight or the cursor (a small
cross) around on the screen.

The LIB key is used to choose between the various different aplets available.
Everything in the HP38G tends to revolve around aplets, which you can think of
either as miniature programs or as environments within which you can work. The
HP38G comes with six standard aplets - Function, Sequence, Solve, Statistics,
Parametric and Polar. Which one you want to work in is chosen via the LIB key.

In addition to these six, which are covered in great detail in the chapters following
this, many more aplets are available from the Internet (probably via your teacher)
which have been written by other programmers. Once these are downloaded into
your calculator they can also be accessed via the LIB key. For more detail on aplets,
see the brief summary later in this section, or the chapter entitled “Creating Your
Own Aplets”.

The PLOT, SYMB and NUM keys are used within aplets to move from view to view -
for example, within the Function aplet, the PLOT view shows the graph, the SYMB
view shows the equations and the NUM view shows the equations in tabular (table-
like) format.

HOME VARZ

The VAR key is used (mainly by programmers) e I
to access all the different variables stored by the EEEE G2

. . ibrary G2
calculator. Shown right are two views of the VAR |-|List pale
screen, the first from the HOME list showing
the graphic variables (memories) G1, G2.... and the
next from the APLET list showing some of the variables
in the PLOT controlling set. The VAR key is not Sumbolic |Coord 5
normally one that you need access to, and you Humeric ¥ aﬂs =1
probably did not follow much of this ‘explanation’. C i T S Y T R
Don’t worry. The key is really used only by those programmers who want to
produce more complex aplets of their own and is discussed in more detail
elsewhere.

Flot FCH |Connect

13



The MATH key provides access to a library of mathematical functions. Some of the
more common ones have keys of their own, but there is a limit to the number of
keys that one can put on a calculator before the user gets too frustrated at having to
search for every key needed. Hence the MATH key. [Frmmms

MATH FUMCTION.

| Polynom.

The MATH menu lists all those functions that would Frob.
not fit onto the keyboard. Shown in the screen
snapshot right is a small selection of the total list.
For a listing of almost all the functions, together with examples of their use, see the
chapter entitled “The MATHS Menu” starting on page 126.

On each of the keys discussed so far you will see another function written in blue
(aqua) above the button. As with most calculators, the
HP38G gets twice the action out of every key by having a
second function for each one.

This second function is accessed via the BLUE key on the
left side of the calculator. Although this manual will
sometimes tell you explicitly to press this key, in most
cases it will be assumed that you are capable of working
out for yourself when it is necessary to press it.

The SETUP keys (above PLOT, SYMB and NUM) are used to
‘set up’ their respective views. For example, the PLOT
SETUP screen controls things like axes, labels etc. Their
use changes in different aplets, so for more information see the explanations in the
chapters dealing with the various aplets, particularly with the Function aplet.

The VIEWS key pops up a menu from which you can choose various options. This
menu is provided for two purposes...

Sequence, Solve etc.) it provides a list of special gae63 [ azaure
views available to enhance the PLOT view. A

Firstly, within the standard aplets (Function, L"L_ T T FI

For example while the standard PLOT screen just
_ . provides a graph, the VIEWS menu allows you to use a

Flot-Cetail split screen such as shown above right. More

. Eig:’-flabé?ut _#| information is given on this use of the VIEWS menu in

-3s(Auta Scale #5] the chapter dealing with the Function aplet. Part of the

Decimal b ;
e mmrranra Standard VIEWS menu is shown left.
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In addition to this first use, the VIEWS key also has a much more important role when
using aplets which have been downloaded from the Internet (perhaps via your
teacher). When a programmer writes an additional aplet for the HP38G, he or she
will usually need to provide a menu from which you
can control and use it. This menu is always tied to the
VIEWS key and replaces the menu that is normally
found on the key. For example, the snapshot shown
right is of a VIEWS menu taken from an aplet designed E‘----m
to analyse and graph Time Series data.

n
1 -
# 2. Moving Avas

3.5eas. adi.
4. Avged resid.

Information on the use of the SKETCH and NOTE keys can be found in the chapters
entitled “Using the Sketchpad with the HP38G” and “Using the Notepad Catalogue
with the HP38G”. As a quick summary, any aplet (including the standard six) has a
note and a sketch associated with it. For the standard six these will usually be
blank unless you have added to them yourself. The main use for them comes with
aplets downloaded from the Internet. The instructions for using the aplet are
usually included with the aplet in note form, sometimes with an accompanying
sketch.

The next group of keys is shown on the left. The HOME
key allows you to change into the HOME view from
wherever you are. Above it is the MODES key, accessed
by pressing BLUE first.

The MODES view (see
right) controls the numeric
format used in displaying  |nmeHm

numbers and angles in all g%__
aplets. At the bottom of

the screen you will see that one of the programmable
keys has been given the function ‘Choose’. Pressing
this key pops up a menu of choices from which you

can select the option which
suits you.

DECIMAL MARK: Dot o,

. CHOOSE AMGLE MERZURE _
If you don’t want to use the menu, then pressing the ¢+ | HE.E__—__—-TT T

key repeatedly (instead of ‘Choos’) will cycle through the choices without a menu.
This can be a lot faster if there are only one or two choices.

The options for ‘“Number format:” are shown on the

right. Standard is probably best in most cases, nru|Enginesring
although it can be a little annoying to constantly have \Fraction
I

12 significant figures displayed.
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Using Fixed, Scientific and Engineering formats all need you to also specify how many
decimal places should be displayed. The
screenshot on the right shows the setting of Fixed 4, AMIGLE MERSURE: Desrees

NUMEEF FORMAT:
DECIMAL MARE: Dot €0

which rounds everything off to 4 decimal places.
You can of course change the 4 to any other number  |"TLe: HOME

CHOOZE FORMAT FOR WUMEERZ
you want. I S

A setting of Scienfific notation ensures that any results are displayed in scientific
notation. Of course, the calculator’s idea of scientific notation may not be the
same as yours. Since the calculator has no way of displaying powers as
superscripts, a result of 3- 203x10* has to be displayed as 3.203E4. The alternative
of Engineering notation is very similar to Scienfific, except that powers are always
displayed as multiples of 3. This is done to allow easy conversion in the Metric
system, which also works in multiples of 1000.

The screens below show the same numbers displayed as Fixed 4, Scientfific 4
and Engineering 4.

EuE]
S2EEE
- BEESEET

Epe]
SCE3E
- BERSEAT

S2E36. A888

B, BEEES

A quick tip... when you ‘Zoom’ in (or out) on a graph an you have labels switched
on for the axes, you end up with axes whose numeric labels are horrible decimals.
This can be fixed either by changing the values in PLOT SETUP to better ones, or by
having previously set the Number Format to Fixed 2. Changing to Fixed 2 afterwards
will not help, since the setting only affects numbers drawn from then on. If you see
the problem start to develop (the axes are drawn first) then just hit the ‘Pause’
button, change to Fixed 2 and then hit the PLOT button again.

The setting of Fraction 4 is deceptive in some important ways and is discussed in
more detail on pages 19 - 21.

The next alternative of ‘Decimal Mark:” controls the character which is used as a
decimal point. In many countries, especially the Asian ones, a comma is used
instead of a decimal point. If you opt to use a comma rather than a full stop then
any places where a comma would normally be used (such as in listing sets) will
swap to using a full stop.
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The final option of ‘Title:” controls the title which is displayed at the top of the
HOME page. If you move the highlight onto that line you might like to try typing in
a new title. The A..Z key under the ENTER key is used

to obtain alphabetical characters, while pressing BLUE  [ansLe MEnsTJI::;:EDr;u;isees

first gives a lower case letter. The alphabet can be

found in red on each of the keys, starting with ‘A’ on TITLE:

the HOME key. If you want spaces in the title, use the Ha_”dﬂ*L_m

space found on the ‘2’ key (pressing BLUE first).

4

Moving back to our tour of the keyboard, the next key is the ENTER key. This is

used as an all purpose “I’ve finished - do your thing!” signal to the calculator. In
situations where you would normally press the ‘=" key on most calculators, press
the ENTER key instead.

HAMDZ OFF...

Above this key is the ANSWER key. This can be used to
retrieve the final value of the last calculation done. An

E
3
example of this is shown right. Groel 1 T T 1

Having a key like this becomes more important in a D.A.L. calculator (Direct
Algebraic Logic). In the old style calculators, an expression like 32 +4? could

be evaluated by pressing E |1-| Ebecause even though

the expression is written as V25 the old calculators required you to enter it as
25[ . With the new calculators this doesn’t work (try it!) because they require
you to enter it in the same order as it is written. On a D.A L. calculator like the

HP38G you have to put the previous answer affer the \. The equivalent set of
keystrokes on a D.A.L. style calculator is:

[ [ ][] [ ENTER ] [/] [ BLUE] [ ANSWER ][ ENTER ]

This is shown in the snapshot right.

e Pressing the \ key with

B Invalid 25| nothing after it will |-----
TAM__Sunt ax | | simply produce the error message shown left, because
T4 ﬁ the calculator is saying “find the square root of what?”.
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If you are not terribly confident about using brackets, then the ANSWER key can
be quite useful. For example, you could calculate the

7

value of 3-7x2 by using brackets...

C3-TEZILSC2BHTNID
22453 C“8.32713175295E-2

[svoe] | [ 1 1 |

.... or you could use the ANSWER key.

An alternative to using the ANSWER key is to use the

(3-7*2)/Ans History facility along with the ‘Copy’ function. This is
—8.52F12178295E-2

discussed later.
|-----

Another example of the influence that D.A.L. style
thinking has on the result is the provision of a
‘negative’ key (shown right).

If you want to calculate the value of (say) —2 — (=9) then you must use the
negative key before the 2 and the 9 rather than the subtract key.

If you press the EI key before the 2 instead of the key, then the calculator
will enter instead: Ans - 2!

The reason this happens is that a subtract cannot start a ‘sentence’ in mathematics,
while a negative can. Since the subtract can’t come first, the calculator decides that
you must have intended to subtract from the previous answer. Hence the sudden
appearance of an Ans.

E PECIAL CHARACTER:
ed : < LnEekde w0 ET_
The pext key to be examined is the CHARS key. This by
key is used to access all of the many characters that "R IZINNKEESHER

are used occasionally but not often enough to bother

ZELECT A CHARACTER AMD PRE:: OK
putting on the keyboard. Pressing BLUE CHARS will ECIAL CRARACTER

pop up the screen on the right. One of the EE;S?;RE hullponde
programmable keys is set to be a ‘Page Down’ key, 23an (a1 42"
and will give access to two more pages of

ZELECT A CHARACTER HNDFRESS oK
characters. [ECHO] | & PHGE ¥ JtRMCL]

ECIAL CHARACTER

These special characters are obtained by pressing BAAGABERBLOGOTER
the programmable key labeled ‘Echo’. You can giggggﬁfigggi S

¢ h ’ times as you need to in Order SELECT A EHHHHE‘TER AHD PR‘:SSHIJK
press EC 0 a? many Y [ECHO] [ & PRGE W [CANCL] DOk |
to obtain multiple characters. When you have as

many as you need, press the ‘Ok’ button.
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The next key is the DEL key. This serves as a backspace key when typing in
formulae or calculations, erasing the last character typed. If you have used the
left/right arrow keys to move around within a line of typing, then the DEL key will
delete the character above the flashing cursor. Another use for the DEL key is to
restore factory settings. For example, if you move back into the MODES screen and
move the highlight down onto the Title, then pressing the DEL key will restore the
word HOME. The CLEAR key above DEL can be thought of as a kind of ‘super delete’
key. For example, where pressing DEL would erase one formula only, CLEAR will
erase the whole set of ten. Pressing CLEAR in the MODES view would restore factory
settings to all the entries.

The remaining buttons of LIST, MATRIX, NOTEPAD and PROGRAM have special
chapters of their own.

Fractions on the HP38G

Earlier in this section we examined the use of the MODES view, and the meaning of
Number Format. We discussed the use of the settings Fixed, Scienfific and Engineering, but
left Fraction for later. The final setting of Fraction is a little deceptive and has a few traps
that lie in wait for the unwary.

Most calculators have a fraction key, often labeled , that allows you to input

(say) 1% as 1 =23 or something similar. What these calculators usually won’t do
is allow you to mix fractions and decimals. If you type in something like

12/3 + 3- 7 then you will receive an a decimal result - the calculator will not
attempt to convert the 3- 7 into a fraction. The reason for this is that while some
decimals like 0.25 are easy to convert to a fraction, others, such as recurring ones,

are not so easy. Hence most calculator designers opt for the easy way of switching
to a decimal answer in any mixture of fractions and decimals.

The makers of the HP38G have taken a very different approach. Once you select
Fraction mode, all numbers become fractions - including any decimals. If you are
only going to be using fractions from that point on, then this will not cause a
problem as long as you bear the following two points in mind....

The first point is that there seems to be no provision for inputting mixed fractions
such as 1% . Fractions are entered using the divide

HAMDZ OFF...

key and, while the calculator is quite happy with
improper fractions such as 5/3, it (correctly)

interprets 1/2/3 as (1/2)/3 (one half divided by 3) and I —

gives a result of 1/6 !
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The solution to this problem is simply to enter mixed fractions as (1+2/3). While
the brackets are often not strictly necessary it is a good idea to include them
anyway or “Order of Operations” problems may occur, such as 1% * % being

interpreted as 1+(2/3*1/5) rather than as (1+2/3)*1/5.

Some examples are... (using Fraction 4 or higher)

1,41
35 15

2. 314l 41
32 6

The second important point involves a drawback of the approach taken by the
HP38G, and lies in the method used to convert decimals to fractions.

The method the HP38G uses is basically to generate (internally and unseen by you)
a series of continued fractions which are approximations to the decimal you typed
in. The final fractional approximation chosen for use is the first one found which is
‘sufficiently close’ to the decimal. The trap lies in what constitutes ‘sufficiently
close’, and this is determined by the ‘4’ in Fraction 4. Very roughly, the calculator
will use the first fraction it finds in its process of approximation which matches the
decimal to that

number of significant digits. The process is actually more complex than this, but it
will do for an approximation.

For example, a setting in the MODES view of...

3
Fraction 1 changes 0.234 to E

which is actually 0.2307692...
(matching to at least 1 sig. fig.)

7
Fraction 2 changes 0.234 to %

which is actually 0.2333333...
(matching to at least 2 sig. fig.)

11
Fraction 3 changes 0.234 to -—

47
which is actually 0.2340425... T2 I I I N

(matching to at least 3 sig. fig.)

117 234
Fraction 4 changes 0.234 to —— | or—— ] which is exactly 0.234
500 100

Basically, the value of ‘n’ in ‘Fraction n” affects the degree of precision used in
converting the decimal to a fraction.
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This can be useful if you understand what is
happening. As you can see in the screenshot right, a
setting of Fraction 4 produces a strange (but

actually fairly accurate) result for 0.667, while

changing to a setting of Fraction 2 will give a result ~ E-CH SE_-_T E_—_-—_—_- -
of 2/3. In other words, what makes this approach taken by the HP38G useful is

that it is often capable of producing results which may be strictly less accurate
but are probably closer to what was intended by the 0.667 in the first place.

If you are wanting to use this facility to convert decimals to fractions, here are
some tips...

e if you are converting a recurring decimal, set to ~ [FTZEEEE DS OFF- L
about Fraction 6 and ensure that you include 25-99

. . . 83333333
more than 6 decimal places in the number you 56

enter. As you can see in the second screenshot,
| T o ——

not including enough decimal places does not g HANDS OFF.. E

produce gOOd results! - 533333 41 EEEd 499997
.85335388

56

rel | [ 1 [ |

HAMD: OFF...

i

e if you are converting an exact decimal to a

fraction, then set to a Fraction value at least 2 cos 1-d

more than the number of decimal places in the 58

|\:/alutt; engered. Both examples right were done at | o p e m——
raction 6.

Forgetting the current setting of Fraction can produce some unfortunate effects. For
example, at Fraction 2, the value of 123.456 becomes 123, with the 0.456 dropped
entirely! Beware!

This need for a correct setting of Fraction n extends
even to working purely with fractions. One of the
earlier examples at the top of the previous page was 87
1/3 +4/5 =17/15. If you use a setting of only | ]

Fraction 2 to perform this, you will find to your R
amazement that 1/3 + 4/5 = 8/7 | The reason is that the 1/3 and 4/5 were
converted to decimals and added to give 1.133333.... This was converted back to
a fraction (needing to match only to 2 sig. fig.) to give 8/7 (which is 1.1428..).

In conclusion, while it is not suggested that you entirely dismiss the use of the
Fraction format, it is important that you understand and remember its limitations.
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The History

The HOME page maintains a record of all your calculations called the History. You
can re-use any of the calculations or their results in subsequent calculations.

Try this for yourself. Type in a series of about eight
calculations, pressing the ENTER key after each one to
tell the calculator to perform the calculation. You will
now be looking at a screen similar to the one on the
right.

If you now press the up arrow key, a highlighted bar
will move up the screen. When you reach the top of
the screen the previous calculations will scroll into
view.

You may have noticed that as soon as the highlight
appeared so did two labels at the bottom of the screen.
If you now press the unmarked button under ‘Copy’
(there is a row of them under the screen) you will find
that the highlighted calculation will be copied on the
edit line. This is shown in the screen shot on the right.

| TN N I I .
HOI AT
4. 91491226573

=Tt

[sToR] [ [COPY[SHOW] |

I=Rgs]

Ve ERL )
Lstoe] [ Jcopv[sHoW] |

At this point you can use the left and right arrows and the DEL key to edit the
calculation by removing some of the characters and/or adding to it.

For example, in the screenshot below
right, the calculation of 3*2*C0S(35) has
been edited to 3*COS(375). 3-8

HOM AWE
4.91491 226373
.275

. . . S=4050375)
Pressing enter will now cause this new [sroe] | [COFV[sHOW] |

calculation to be performed.

Some tips...

e Pressing ON instead of ENTER will erase the whole line.
e Pressing BLUE CLEAR erases the whole history. This is worth doing
regularly, since the history uses memory that may be needed for

other things.

e You can ‘Copy’ pieces and results from any number of different

lines in building your new expression.
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Next to the ‘Copy’ key you will see another programmable key labeled “Show’.
This key will display an expression the way you would write it on the page rather
than in the somewhat difficult to read style that is forced on the calculator when it
must show the whole expression on one line.

Some examples...

|tzen
> =7
ST T T | e o o — T
E0ES] HAWD: OFF...
R i neananas
roaE+qey |[FEEE
5 L4
ST I N I — | e o o T
s S
kb -4 (-B+[E=-%AL)
(BT (BE-4%REC) 1 (23A) N -
ST N O — | e e s s —
EDES] HAWD: OFF...
e . .
SEHE-TH+L p [FH7-rl
27
ST I N I — { e o — —

Storing and Retrieving Memories

Each of the alphabetic characters shown in red on the keys can function as a
memory. Some examples of this are shown in the third and fourth examples above
where the values of 1, -3 and -4 are stored into A, B and C and the value of 3 is
stored into X. All of this ‘storing’ of values is done with the ‘STO»’ key, which is
one of the programmable keys listed at the bottom of the screen in the HOME view.
There are ways listed in the official manual of obtaining even more memories than
these 26 alphabetic ones (such as storing as a list) but 26 is enough for most
people.

Once a value is stored into the appropriate memory, it
can be used in any calculation simply by typing the
letter into the place where you would normally use the

value. Just typing the letter and pressing ENTER will
display the contents of that memory (see right). I—Im-----
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There is an advantage to storing results in memories, particularly if they are long
decimals, or if you’re going to be re-using the result a number of times.

2+4><1—3}

As an example, we will perform the calculation of 3 We will do this
2-3-5

in two stages, calculating the top and bottom of the fraction and storing the results

in memories.

Firstly the top of the fraction, storing
the result in memory A...

Now the bottom, storing inB ....

HAWD: OFF...

And then finally the result...

Referring to other aplets from the HOME view.

Once functions or sequences have been defined in other aplets, they can be
referenced in the HOME view.

SIS FUMCTION SYMEBOLIC YIEW S5

e.g.l  Suppose we use the Function aplet to LR iE
define F1(X)=X%2 and F2(X)=e"X as shown Fa
. Fdixa=
right. FSxo= v

ENT [#CHE[ | [EHOMW]EVAL |

These functions now become accessible not only from within the HOME view
but also within any other aplet also. This is shown by the screen shots below.

The way the results are shown will (of course) depend

on your settings in the MODES view.

Even algebraic references can be made, as shown left.

Easeessssessmmmm|  The reason for the QUOTE(X-2) rather than just X-2, is

that using X-2 would tell the calculator to use the value
cw-z32-z currently stored in memory X, while QUOTE() tells it to

FEEF%‘EE%EIE%Q%R(HE—E) use the symbol. The QUOTE function is available

through the MATH menu under Symbolic.

S4. 592156232

Lsroel [ [ [ [ |

This type of work is actually far more easily done in the Function aplet, where
QUOTE is not needed and the ‘Eval’ key does a more efficient job. See pages 38.
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e.g.2  Suppose we use the Sequence aplet to TR SERUENCE STMEOLIC WIEW B0
define a sequence with 7,=3, 7,=1 and
T.,=2T+T

ntl T n-1-*

CEU1CN-11+11CN-2]
[th=23

. iW-13] W [ U1 [eAMcL] Ok |
In the HOME view, the sequence values can be T

referred to as easily as the function values in
the previous example.

|-----

Shown in the chapter on the Sequence aplet is an example of referring to a
sequence from within the Solve aplet.

A Brief Look at the MATH Menu

The MATH menu holds all the functions that are not used often enough to be worth a
button of their own. There is a huge supply of functions available, many of them
extremely powerful. When you press the MATH button
you will see the pop up screen shown right. The left

1|5t at-Two |DEG*EAD

hand menu is a list of topics. Sumbolic |FLOOR
—|Test = ¥|FHROOT  =|-

Scroll through the topics until you find the one you
want, then use the right arrow button to move into the list of functions for that
topic.

For example:

The function ROUND will round off to a specified E=al _ JANCHAHGE &
. S5t at-Two |XTOTAL
number of decimal places. Sumbolic |RAD+DEG
Tests L

E.g. round off 145.25667 to 3 decimal places.

e Press the MATH button & move
immediately right (—) into the Real group

of functions. ROUMD 145, 25667, 32
e Press the ‘R’ key (the * button) to move to 145,

297

the first of the functions beginning with Forae ] ————

‘R’, then move down one more function to
ROUND. Press ENTER.

o Now finish off the command and press ENTER again to see the result.
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Summary

1.

The up/down arrow key moves the history highlight through the record of
previous calculations. When the highlight is visible, the ‘Copy’ key can be used
to retrieve any earlier results for editing using the left/right arrow keys and the
DEL key.

Care must be taken to ensure the your idea of order of operations agrees
with the calculator’s.
For example: (-5) 2 must be entered as (-5) ? rather than as -5 2

\/5 + 4 must be entered as \/(5+4) rather than \/5+4

j - 3 must be entered as (2+4)/(3-7) rather than 2+4/3-7.

. The ANSWER key can be used to retrieve the results of the calculation

immediately preceding the one you’re working on. E.g. \/(5+Ans)

The DEL key can be used to erase single lines in the history. The BLUE CLEAR
key will delete the entire history. Regular clearing will ensure that memory is
not taken up with material that is not required.

The ‘Show’ key will rewrite a line of calculation as you would see it on the
page.

The MODES view can be used to set the format in which numbers are displayed
on the HOME page, and to choose the angle measure which is to be used. The
Fraction mode is dangerous to use if you don’t understand it.

Numbers are stored in memory using the programmable key labeled STO »>. The
stored values can then be used by simply putting the letter in the expression in
place of the number.

For more information on the complete set of mathematical
functions available in the HOME view (and everywhere else
for that matter) see the chapter entitled ‘The MATH
menu’.
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The Function Aplet

The Function aplet is probably the one that you will use most of all.
It allows you to:

e graph equations.

¢ find intercepts.

¢ find turning points (maxima/minima)

o find areas under curves.

¢ find areas between curves.

e find gradients.

¢ find derivatives algebraically.

¢ find integrals algebraically.

e cvaluate functions at particular values.

e graph and also evaluate algebraically expressions
such as f(g(x)) or f(x+2).

The first step for any aplet is to choose it in the
Aplet Library. Press the LIB key and you will see
something similar to the screen on the right. Use
the arrow keys to move the highlight up or down gg?ﬂgnce

until the Function aplet is selected. Now, looking |mmammemEnaseErm
at the list of programmable functions at the bottom

of the screen, you should see labels of ‘Start’ and ‘Reset’.

Press the key under ‘Reset’ first. You’ll see the
message shown right - press the ‘Yes” button. The
reason for doing this is to clear out any functions
that you may have put in there while playing
around, and so to ensure that what you see will be
the same as the screen snapshots shown to you.

Now press the “Start’ key. When you do, your
screen should change so that it appears like the
one on the right. Notice the screen title so that v
you will know where you are (if you didn’t [EDIT [wCHE] & | [sHobd] EVAL |
already). This is called the SYMB (Symbolic) view.

Note: Pressing ENTER here would have had the same effect. Whenever there is an
obvious choice (such as here, or if the only choices were ‘Cancel’ or ‘Ok’)
then pressing ENTER will usually produce the desired effect.
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Whenever you enter an aplet, one of the keys which usually changes its function is
the key labelled. As its label suggests, it supplies an X, ora T, ora 0,

depending on which aplet you are in.

Let's use that key to produce a graph of a quadratic y = 3x?> — 5x — 4 .

Using the up/down arrows, move the cursor (if necessary) to the line F1(X) =.
Type in:

[3] [xre. ] [ewe | [ [-] [s] [x10 ] [-][e] [evier ]

This will produce the screen shown on the — [EEEEFUNCTION STHBILIC VIEW Fe:
=2 -S4H-g

right. Notice the tick next to the function.

The tick is to signify that this function is to be
graphed, so that if you had (say) five functions M
entered but only wanted numbers 1, 3 and 4 LUt LE L

graphed, you could simply ensure that only F1(X), F3(X) and F4(X) were ticked.

The key that turns the tick on and off is one of the screen keys - the one labelled
with the ¢ Y'CHK’. In case you’re wondering, the CHK is short for ‘Check’,
because the Americans call ‘Tick’ marks ‘Check’ marks.

Try turning the tick on and off for function F1(X). Remember, the highlight has to
be on the function before the tick can be changed. Make sure it’s on when finished.

If you now press the NUM key, you will see the
screen on the right. It shows the calculated
function values for F1(X), starting at zero and
increasing in steps of 0.1 Make sure the .
highlight is in the X column, and then press 4 | Ea ——" T -—
ENTER. You will find that the numbers will now start at 4 instead of zero. It is also
possible to change the step size via the ‘Zoom’ button, which can be convenient at
times, particularly for trig functions. This will be covered later (see page 51).

you’ll see will not be a terribly useful one (see
right) because the axes will not be set up
correctly. We’ll look next at how to do this.

Now try pressing the PLOT key. The graph \ I

B FLiR: -4 MERL]
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One of the easiest ways to set up the axes properly for a function whose shape is
not known in advance is to let the calculator suggest a suitable scale. This is done
using the ‘AutoScale’ option in the VIEWS menu (see pages 46 - 51 for more
information on the VIEWS menu. Also see page 50 for a way that offers advantages
over this method but is not as quick).

Press the BLUE key and then the VIEWS key (it’s 1ot Dotail
above the PLOT key). Use the arrow keys to Flot-Table

Ouerlay Plot
scroll down to ‘AutoScale’ and press ENTER.

The calculator will adjust the y axis in an becinal ¥
I — T T

attempt to fit as much of the graph on to the
screen as possible given the x axis you have chosen. The drawback is that it
doesn’t choose ‘nice’ scales such as we would choose (going up in 0.2’s or 5’s or
40’s etc.) so we really need to tidy up its choice a little. If you look at the y axis in
particular, you’ll see that the tick marks are so close together that it looks like a
solid line!

This tidying is done in the PLOT SETUP view. If you look at the PLOT, SYMB and
NUM keys you will see the word ‘SETUP’ above them. The SETUP view for each of
these keys is obtained via the BLUE key.

If you press BLUE then PLOT SETUP you
will see the view on the right.

FUMCTION PLOT ZETUP
£.5
MG 29 BF 155,25
HTICK: 1 ¥TICK: 1
There are two pages to this view (see the
‘Page V’key at the bottom of the screen). The
first page is used to set axes.

EDIT

Move the highlight to ‘XRng:” and type in -4. (see box below)

NOTE: Don’t use the subtract key to input a negative. You MUST use the key
labelled -x which is in the same row as the ENTER key.

Type in 4 for the other ‘XRng:’ value, then -20 and 20 for the “YRng:’ values.
When you’ve done this, move the highlight to “Ytick:” and change it to 5.

Move the highlight to ‘Res:’ (short for FUNCTION FLOT SETUF3
‘Resolution’) and press the ‘Choos’ key. You 4 4
will see that you have a choice of ‘Faster’ or
‘More Detail’. Choose ‘More Detail’. Your
view should now look like the snapshot on the
right.

Letail
CHODZE PLOT REZOLUTION
[ [cHoO:] PAGE W |
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Now press the ‘Page V’ key. You will now be FUNCTION FLOT SETUPS

looking at the screen shown right. Using the ,:.;,,HNET.;T gmgfs
arrow keys to move the highlight, make sure £ HUES — &RID
that your CHKs match the ones in my LAEEL THE RYEST
snapshot. (See the next page for an L LHK I —
explanation of all those ticks.)
goly
Now press PLOT again. Perfect! \ /{
-y i y
i 0 F1ii: -4 EE

The next stage of our exploration works better
if we have two graphs on the screen, so press the SYMB key, enter the function
F2(x) = x#(x — 2)*(x + 2) exactly as you see it e
(minus the ‘F2(X)=" part of course). Make sure both //
functions are ticked, then press the PLOT button. i
Your display should now look like...

-y i y

Wil F1lidy: -4 [HEHL |

If you look at the programmable key list at the bottom of the screen you will

see only a single entry, labelled ‘Menu’. 2l //
"

If you press the button under it, your screen will = Sy
change to look like the one on the right.

(200K [TRACK[CE. 1 [ FCH_[DEFM |MENL |

Press it again and the screen will clear completely. The same button will bring the
list of functions back again too.

See page 50 for a good method of quickly graphing a
function whose appearance you do not know in advance.
Note: You may find that you won’t follow it properly
until you read the pages in between.

We’ll look at each of these functions on the menu bar in turn, but not in the order
they appear on the screen. Before we do, let's go back and have a look at the
meaning of the CHKSs (ticks) on the second page of PLOT SETUP.
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The first tick ‘Simult’ controls whether each graph is drawn separately (one after

the other) or whether they are all drawn at the FUMCTIDN PLOT SETUP S35
same time (from left to right on the screen). £ HLakELs
Drawing the graphs simultaneously saves quite a — SR

bit of time, but makes it difficult to tell which LHEEL THE ANESD

[ Iwchk[ & PasE | | |

graph is which when drawing multiple graphs.

The second tick ‘Conect’ controls whether the separate dots that make up a graph
are connected with lines or left as dots.

Eg.

M k) i u
—u u Y

u
e 0 FLilik: 0 [HENL | £ FLO): 0 HENL |

If your graph is discontinuous, for example as a piecewise defined function might
be (see page 45), then you might choose to unCHK ‘Connect’.

The third tick ‘4xes’ controls whether axes are drawn. The fourth ‘/nv.Cross’
controls the appearance of the cursor cross that can be moved by the arrow keys. It
is best if you try this one yourself to see the effect.

The fourth tick ‘Labels’ controls whether labels (X, Y and numbers) are put on the
axes. The only time this causes problems is if the scale is odd, causing the ticks to
have many decimal places. See page 51 for an example of a trig graph that was a
problem until the labels were changed to be only 4 d.p.

The fifth and last tick ‘Grid’ causes a gridof | =}
dots to be drawn on the screen (see right). [ ... ..
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The Menu Bar functions

Trace

‘Trace’ is quite a useful tool. The dot next to the word means that it is currently
switched on. You can press the button underneath to switch it off, but leave it on
for now. With ‘Trace’ switched on, press the left arrow 5 or 6 times. You will see
a very small cross (or cursor) move along the T
F1(X) function. The up/down arrow moves the //
cursor from function to function. Try moving the i
cursor to F2(X), and then press the button
labelled “(x,y)’. You will find that the co- - 307692 Flod): -2.17751 I
ordinates of the cursor will appear at the bottom of the screen, changing as you
move the it. Unfortunately, the jumps in x values as you move the cursor are not
usually a useful size. It is possible to reset the axes so that each pixel (each
left/right jump) is 0.1 exactly using the VIEWS button and then choosing Decimal
(see page 50), but this resets the scales to —6-5 < x < 6-5 on the x axis and to
—-3.2 <y <3-2on the y axis, which may not be what is best to display the graph.

-4 T y

Defn

Press the MENU key to bring the function list ol
back and then press the button labelled ‘DEFN’ //
(short for ‘Definition”). You will find that the i
equation is now listed at the bottom of the screen.
The up/down arrows will move the cursor from Fluiy: 38ua-Gai-d [HEHL |
F1(X) to F2(X), with the definition changing as it does so. This is extremely useful
if you have multiple functions displayed.

-y T y

The Zoom functions

The next menu key we’ll examine is ‘Zoom’.
Pressing the button under ‘Zoom’ pops up a new
menu, shown right.

Cent e
[=I=Er

The menu is longer than will show in one screen
height, so I’ve included two screen shots to show
the whole menu.

w—Zoom Jut wd -l-/
Y—Zoom In x4
T=Zoom Out x4 | %

The list which follows covers the purpose of each of

. | I T T
these options...

‘Center’ This redraws the graph with the same scale for each axis but
centred around the current position of the cursor. If you have a ‘nice’ scale, this
will preserve it, while showing perhaps a more interesting section of graph.
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‘In/Out’ These two options zoom in or out by adjusting the scales by the factor
shown. The default factor is 4x4 but this can be adjusted through the ‘Set Zoom
Factor’ option later in the menu. I find the most useful settings are either 5x5
or 2x2.

‘Box..." This is the most useful of the ‘Zoom’ commands. When you
choose this option a message will appear at the -
bottom of the screen asking you to ‘Select first . //

’ L]
corner’. If you use the arrow keys to move the | et
cursor to one corner of a rectangle containing
the part of the graph you want to zoom into SELECT FIRET CORWER (LM NI
and then press ENTER, the message will change to The cursor
‘Select second corner’. As you move the cursor this time to  [positioned at one
a position at the diagonally opposite corner of a box, the corner of a box.

box will appear on the screen.

box to fill the screen. - —

aaly
Pressing ‘Ok’ expands the il /;
T [
\

| |...and at the
other corner.

SELECT fECOMD CORMER [LITH TN

You’ll notice that the scale has

been disrupted so that the labels 7.30158730158 | ¥
are no longer very helpful. A «T ...and finally

quick switch into PLOT SETUP TrmEiEEE e the result.
would allow you to choose better
end points for the axes.

[200F [TRACE[ (XY | FCH_ | DEFN [MEHU]

Rather than doing that however, try looking at
the ‘Zoom’ menu again. If you scroll down
right to the end of it, you will find an option
that was not there before - ‘UnZoom’. If you
choose this option, the screen will go back to
the way it was before you did the ‘Zoom’. If you see that the graph is going
wrong while it is forming, you can press ‘Pause’ and then ‘UnZoom’.

EERTER
—Zoom Out =
-~ |Square

This is worth remembering!
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‘X-Zoom In/Out x4’ and ‘Y-Zoom In/Out x4’
These two options allow you to zoom in
(or out) by a factor of 4 on either axis.

ZET 200M FACTORZ

H 1
¥ZO0M: E]
 RECEMTER

The factors can be set using the ‘Set
Factors...” option, which gives you access to
the view shown above right. Changing the x
factor to 10, is reflected in the ‘Zoom’ menu as

. w-Zoom In =18
you can see in the second screen snapshot. You  |—[4_Zocm dut =1im
will also see a CHK mark next to an option =L e
called ‘Recenter’. If this is CHKed then the
graph will be redrawn with the current position
of the cursor as its centre.

ENTEE VERTICAL 200K FACTOR
EnT] | ] JeAWil] oK |

L1 1 [  [hNiL] 0K |

‘Square’
This option changes the vertical scale to match the horizontal scale.

The FCN Function menu

Before continuing, set the axes back to the way we

set them on page 29 using PLOT SETUP. Then, o //
looking at the menu functions again, you will see i
that the only one we have not yet examined is the - —
one labelled ‘FCN’. This button pops up the

Function Tools menu.
Move to about

this position.

Before you use this button, move the cursor so that it is

in roughly the position shown above right. You’ll also need to have ‘Trace’
switched on. Remember the up/down arrows move from function to function.

Now press the ‘FCN’ button. As you can see on
the right, this button gives you access to a number
of useful tools. If you move the highlight to ‘Roo?t’
(as shown) and press ENTER (or ‘Ok’ ) then the
cursor will jump to the nearest x intercept for the
function it is on, starting its movement at the current position. Try it.
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right) giving the value of the root that was found.
To find the other root, you would need to move the
cursor so that it is closer to the other root than to
the present one. In this case, since it’s a quadratic, RUOT: -.580667200886 [MERU|
that means moving it past the turning point.

Notice the message at the bottom of the screen (see _
%

- e 4

NOTE: Those familiar with the Newton-Raphson iteration, and other similar
iterative methods of finding roots will realise that I am over simplifying
when I use the word “closer”. For our purposes here however, it will
suffice.

The next function tool in the ‘FCN’ menu is
“Intersection’. If you choose this option, then
you will be presented with a choice similar to
the one in the screen shown right. Exactly what
is in the menu depends on how many functions | EEE—E—_T— RN W T
you have showing. In the case shown here we only have two, so the choice is of
finding the intersection of F1(X), which is the one the cursor is on, with either

the X axis, or the other function F2(X). The results Ty //
"

for F2(X) are shown right. Notice that the cursor
jumps to the point of intersection.

- e 4

I-%ECT: (-.B!!EB!I...;E.BED!HE...@'
The next tool is ‘Slope’. This gives the numerical value of the derivative at the
point of the cursor. This can be of somewhat limited value if your scale is not
chosen so that the cursor movement jumps are on ‘nice’ values (see next
paragraph). See page 50 for an explanation of how to arrange ‘nice’ choices of
axes.

For example, if I wanted to find the derivative -3

at the point x = 2, then the best I can do in the  |ax¢F1exas
present scale is to choose a value close to this. 7

The best ways to handle this is either to rescale | m——————

the axes using the VIEWS - Decimal menu which sets the scales so that the cursor
jumps in increments of 0.1 and then zoom (see page 50) or to use the HOME view as
shown in the screen on the right. Note that F1(X) has to be defined in the function
aplet first, or else typed out in full inside the brackets!
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Note: For more information on using the HOME view to calculate values of
derivatives and integrals, see the “Tips and Tricks - Functions & Calculus” section
at the end of this Function aplet chapter (see pages 38,39,42 - 44).

Another useful tool provided in the ‘FCN’ menu is _ au]v

the ‘Area...” tool. Before we begin to use it, make %
sure that Trace’ is switched on, and that the cursoris |5 =y
on the function F1(X) - the quadratic. The ‘4rea...’

tool is somewhat similar to the Box Zoom in that it SELECT STARTING PN TN

requires you to indicate the start and end points of the area to be calculated. If you
now choose ‘FCN’ and then ‘A4rea...” you will see the message shown on the right,
asking you to choose a starting point. Move the cursor to a position somewhere
near the position shown in the snapshot and then press the ‘Ok’ button.

When you do this, another menu will appear, asking you to indicate which area you
wish to calculate. In this case there are only two choices - between F1(X) and the
X axis and or between F1(X) and F2(X). If we had defined more functions in the
SYMB view then this menu would of course be longer.
If you choose the function F2(X), then the graphs will
reappear, with a message requesting that you choose
an end point.

‘--I-m
As you move the cursor along the graph F1(X), the area will be shaded by the
calculator. When you reach the end point you are looking for, press the ‘Ok’ button

and the area will be calculated as T
2nd pt .
[ F1(x) - F2(x)ax - :
Ist pt .
ThlS iS shown I'ight. AREA: -9.876EA274922 EET

As with the ‘Slope’ tool, this can be of somewhat limited use because of the
difficulty in specifying the endpoints precisely if the scale is not chosen carefully.
See pages 50 for details on how to set up a more useable scale. It is often simplest
to define F1(X) and F2(X) and then to change into the HOME view and type in the
calculation_[ (a,b,F1(X)-F2(X),X) replacing a and b with the endpoints of the

integral desired. (See pages 42 - 44 for more details on this.)

Note: When you use the ‘4rea...” tool, the shading remains on
the screen. The simplest way to get rid of it is to force a
redrawing of the screen by doing a zoom, pausing it
immediately and then un-zooming.
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The final item is the ‘Extremum’ tool. This is used to find relative maxima and
minima for the graphs. Make sure that ‘Trace’
is switched on and that the cursor is positioned = //
on F2(X) in the vicinity of the left hand i
maximum (turning point). Now choose . =

‘Extremum’ from the ‘FCN’ menu. You should  |eure: c-1.154700....3.075201... GET
find that the cursor will, after a slight delay, jump (see right) to the position of the

maximum at approximately (-1-15, 3-08). The value given is accurate and does not
depend on your having chosen a ‘nice’ scale.

The cursor will probably not be positioned precisely at the point found, so don’t

expect that you can now (for example) use the ‘FCN’ menu to find the area from
the extremum to the y axis. Because the cursor is usually slightly off the extreme
point you area won’t be correct. See pages 173,174 for a neat way to accomplish
this type of problem in the HOME page.
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Tips and Tricks - Functions & Calculus.
Note: See also the ‘Tips and Tricks’ after the Solve aplet.

Composite functions

The Function aplet is capable of dealing algebraically with composite functions
such as f'(x + 2) or f(g(x)) in its SYMB view. The ‘Eval’ and ‘Show’ buttons are
particularly helpful with this. For example, if we define F1(x) = x> -1 and
F2(x)= Jx , then we can use those definitions in our defining of F3, F4...

eg.
SEEEE FUNCTION SYMBOLIC VIEW S 1 1 1 < IWFUHETIDN SYMEDLIC VIEW S
VF1(R)=K2-1 The highlight is now PF1gn=ha-
:Eg&;fé?(’:z(x)) positioned on each of v EZ L >c:
./=1)) these in turn, and the Y e
VESCO=F1Cx+2) L N R N WFS = E b2 -1 -
n pr .
e ¢ uton pressed. e e

The result of each ‘Eval’ is shown in the upper right hand

screen shot. Far =[]
Notice that the calculator is smart enough to realize in | e s s s o

2
F3(X) that (v{c_) — 1 is the same as x —1 . There is a

limit to this however. If you define F1(x) = x> —x -1 AR FINCTION STMEOLIC WEW S

and then F2(x) = F1(x +1) , then the ‘Eval’ routine will
not simplify (x +1)°= (x+1) = 1 to x> +x 1.
These functions can of course all be graphed. The speed | KN EIET NI N HTY
of graphing is considerably slowed if it is not Evaluated first.

Using functions in the HOME view

Once functions have been defined in the SYMB view of the Function aplet, they can
be reused in the HOME view (and indeed in any other aplet!). For example suppose
you needed to find some exact points (x =0, 1, 2 and 3) for a graph of

fx)= i when doing a hand sketch of it. E
x-2) & Infinite | C
FL1O™ Result —z
Type its definition into the Function aplet SYMB ST
view, switch to the HOME view and then simply type ﬁ

F1(0) and press ENTER. The function will be
evaluated for x = 0. Similar results can be obtained for F1(1), F1(2) and F1(3).
Note the error message for x = 2 when a divide by zero is attempted.
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Differentiating
There are a number of different approaches that can be taken to differentiating,
some of which are best done in the HOME view and some in the SYMB view of

the Function aplet.

The syntax of the differentiation function is:

O X (function) ,

where function is defined in terms of X.

The function can either be defined in the SYMB view of the Function aplet, or typed
in on the spot. The & symbol is obtained either through the MATH button in the
Calculus section, or via the CHARS button (above the left bracket). The variable
name (X in this case) can be any other alphabetic character depending on what you
used in your function.

ie.
ECIAL CHARACTER: .
ekt w T | LT ] Althoggh it may seem
et I BERT 2 aRwx Calculud more involved, the
W me .
B EIRANESEDEY Constant |TAYLOR MATH button is actually

—|H k. .
= T the simpler.

ZELECT A CHARACTER AND PRESS DK
[ECHO| | PAGE W [(AMIL]

The MATH menus can be found quite quickly by hitting the alphabetic key that
corresponds to the first letter of the menu you want. Hitting MATH then the C key
(on the COS button - no need to hit A..Z first) will take you straight to the relevant
Calculus menu. (Hitting C twice would take you to the Complex menu.)

If you use this function in the HOME view you will not receive the result you
expect. Eg.
Ene]

The reason for this is that the result you see is the
derivative of x? — x evaluated at whatever value of
SR LHE=HD .
-3. 33846155846 X happens to be currently in memory.

Lsroel [ [ [ [ |

This can be seen more clearly if we store a specific value into the memory
X beforehand...

2| The value of 3 which results is the value of the
g| derivative 2x —1 at the value of x = 2.

|Eﬂllllllllllllllll

SH ORI
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But what of algebraic differentiation? It is possible to do this in the HOME

view using what is termed a “formal variable” of S1.  (..or S2 - S9)

Eg.

The drawback of this is simply the awkwardness of
having to work with S1’s rather than with X’s.

EJDEGE
ETE k]
a51C5128-512

2%51-1

An easier method is to do this in the SYMB view of
EDaeessssnmmmmm the Function aplet. In this view the earlier method

of using X produces the result we desired. Either define your function as F1 and its
derivative as F2 (see the first snapshot below), or else type in the whole expression
on one line (see the second snapshot). As you can see the calculator’s algebraic
abilities do not extend to differentiating f'(x) =2* asf'(x) = In(2).2*, but at
least it is numerically correct.
Eg.

S FUNCTION SYMEOLIC VIEW S5
WEL L =tE -k press ‘Eval’
F: [STEFE
F3ixar= >
Fadixr=
FSlix=

EOT [#CHE] 8 |  [SHOMW[EVAL]

GBS FUNCTION SYMEOLIC VIEW S5

v
ENT [#CHE] ® |  [=HOW]EVAL]

SESELFUNCTION SYMEDLIC VIEW S8 ‘ s
vy press ‘Eval

VE2CHI=280-1 >

(and ‘Show”) F3(¥)=.69314718856. 2"

r
EDIT [wiHk] & |  [SHOMW[EVAL |

Doing your differentiation in the Function aplet offers the additional advantage of
being able to graph the result. S FUNCT N STFRIL VI
WF10HI=LHCKE D

One additional trick which is worth remembering “ch:&mF Rk

is to set up the SYMB view as shown right. When | E3¢2= .
you press the ‘Eval’ button, the derivative replaces | grmET mrm E—ETETN

whatever was typed there, which can be inconvenient if you have to differentiate

more than one function and therefore have to retype OX(F1(X)) every time. Pressing
‘Eval’ on the F3 function instead means that you only need retype ‘F2(X)’.

Trig Functions

The only time that the SYMB SETUP view is used in
the Function aplet is when the function is a
trigonometric one. Ensure that the ‘Angle
Measure’ is set to the right type. Pressing the + key
will cycle through the three possible types, or use
the menu popped up when you press the ‘Choose’ button. See page 51 for an
example of graphing a trig function and using the VIEWS menu to get a good scale.
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The NUMeric view revisited

We saw earlier that the NUM view gives

tabular view of the function. It is possible to
manipulate this view through the NUM SETUP

view.

a

Firstly, one can change the start value and the step size that is to be shown.

Eg. Values of 10 and 2, rather than the usual 0 and 0.1, give:

S FUNCTION MUMERIC SETUP $558E
WUMSTRET: 16
HUMETER:

WUMTYPE:  Automat ic

HUMZooH: &

ENTEF IMCREMENT VALUE
EnT] [ [ [FLOTH |

You may also have noticed an entry call

ed ‘NumType’ with the value of

‘Automatic’. The alternative to ‘Automatic’ is ‘Build Your Own’ (obtained by

moving the cursor to ‘NumType’ and pr
NUM view after this will show an empty
values for X.

B FUMCTION WUMERIC SETUP S35
NUr=TAET: [F[E]
MUFMETER: 2
Build Your Own
NURMZOOM: g

ENTEE STARTING WALUE FOR THELE
Ent] | 1 [FLoTe] |

MUMTYPE:

Typing in the values of (for example): 3

essing the + button. Switching back to the
table, waiting for you to enter your own

i Fl

LECIT | INZ [SORT] EIG [DEFH] |

(ENTER) -2 (ENTER) & 5 (ENTER)

Don’t forget to use the -x button to put in the negative!

gives...

LEMT | IN: | SORT| Bl JOEFH] |

...with the function values being
calculated as you input the X values.
This can be quite useful if you are
wanting to evaluate the behaviour of
a function at selected points.
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If you now switch back to ‘Automatic’ (via PLOT
SETUP), you will see a ‘Zoom’ button at the bottom
left of the screen. This can be quite useful as a fast
way to reset the scale.

Pressing the ‘Zoom’ button pops up the menu on the
right. The first option of ‘/n’ causes the step size to
decrease from 0.1 to 0.025. This is a factor of 4 and
is changable via the NUM SETUP view. I find a zoom
factor setting of 2 or 5 to be more useful.

[2]
L1 1 [  [tAWcl] Ok |

GBS FUMCTION MUMERIC SETUP S8
HUMETRET: @
: £} : MUMETER:  H25
The second option of ‘Out. causes the opposite HUMITRE: Bt omat ic
effect, changing the step size upwards by whatever HurzooH: - ]

. EWTER Z00M FACTOR
the Zoom Factor is set to. ey

Changing the

The ‘Decimal’ option is the normal one.
Zoom factor.

It changes from whatever is showing
back to the step size of 0.1 The ‘/nteger’ option on the other hand, changes the
scale so that the step size is 1 (i.e. an integer scale).

The ‘Trig’ option changes the scale so that the step size is Z or 15° exactly. This
24
will obviously be of use when dealing with trigonometric functions.

Integration

The situation for integration is very similar to that of differentiation (the
explanation for which I will assume you have already read). The difference is that
although using the HOME page still requires the use of a “formal variable” S1, the
results are far better than they are in the Function aplet.

The syntax of the integration function is:

I(a,b,function,X) ,

where a and b are the limits of integration
and function is defined in terms of X.
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Some examples of this follow, together with an example of why the Function aplet
is not good to use in this case.

The .[ symbol is again obtainable either via the MATH or the CHARS buttons, with
the MATH button being marginally easier.

Let’s look first at the definite integral...

2
EIHER
L] L] 2 —
Sl é E%BBSBBBBBB The screen left shows .[ x>+ 1dx=3.3333...

Sy LHOZ 0y 2™ KD 1
1 In2

EDeesssssmem|  {0llowed by _[ edx=1.

0

It may help you to remember the syntax of the differentiation and integration
functions if you realise that they are filled in with values in exactly the same way
that they are spoken.

2
Eg. Ix2 + 1 dx isread as:
1

“the integral from 1 to 2 of x>+ 1 dx”

— / / /

( 1,2, X?+1, X) (without the spaces!)

A similar tack has been taken with the differentiation
function, so that:

d
- [X 2] , which is read as “the derivative with respect to X of X*”

’ \ /
is entered as: ﬁ,\’()ﬁ)/
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Algebraic integration is also possible, in the following fashions:

(M)

(i)

If done in the SYMB view of the Function aplet, then the results are
exactly what we would hope for, excepting only the absence of a
constant of integration ‘c’.

G FUMCTION SYMEDLIC YIEW S5
The screenshot right shows the results of ~ [4ELHI=0EZ1
defining F1(X)=X?1 and then T -5
F2(X)=_[ (0,81,X%1,X), together with the
results of the same thing after pressing the
‘Eval’ button (placed in F3 only for convenience of viewing). All that one

3
X
need do now is simply read -S1+S1°3/3’ as — x + ?
x3

or, better yet, as it should be ? —-x+c

EDIT [wCHE] % |  [SHOW[EVAL]

Note: If you intend to integrate a number of functions then it is annoying to
have to re-type F2 each time. Instead, define F1(X) as the function,
F2(X)= _[ (0,X,F1(A),A) and finally F3(X)=F2(S1). If you do this then you
can press ‘Eval’ on the F3 function and not have to re-type F2(X).

If done in the HOME view, with X as the variable of integration, then
the results, as they were for differentiation are not good.

3
x
ie. J. x*—1dx  which would normally become 3 + ¢ is instead

interpreted as a definite integral if entered as im

2 . . s
J.(},X,X 1,X). Thls means that it is evaluated £,y HE—1
with an upper limit of whatever happens to be « BEEEE666666T

in the X memory at the time. This is shown in B ——

the screenshot on the right.

E
i i “ K ]
The solution might be to use the “formal Y

variable” S1 which we encountered earlier. B, S, HE—1, D
- L% B B RN | (=5,

The results of this are shown right, together e ] ———

with the ‘Show’ version of the answer given. 3
The reason for the mess is that the calculator '%
assumes that X itself is a function of another L =| "L+
variable and integrates accordingly, doing a EEH] west E
‘partial integration” which. I I S S

There are also limits to what the calculator can integrate. If you try to
evaluate .[ sin® x.cos x dx using the calculator, it will not be able to do it.
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Piecewise defined functions

It is possible to graph piecewise defined functions using the Function aplet,
although it is neither terribly convenient, nor totally satisfactory.

. a2 ;x<1
For example: f(x)—{ 3oxixo1
If you enter the function into the SYMB view as:
FIX)=X<D)*X?-2)+X>1D*(3-X)
oras FI(X)=IFTE(X<1,X?-2,3-X)
(obtaining the < and > signs through the CHARS key)

...then you will find that the result is reasonably aafr .
satisfactory with one exception. Unfortunately, ; L
the ‘Connect’ option on page two of the PLOT By \_,J T aaE
SETUP menu causes the graph to be drawn
connected at x = 1 when it should be e R 2 G
discontinuous.

Switching off the ‘Connect’ option removes this ] =

problem but leaves the graph drawn as a series of i
dots rather than as a connected shape. It also e \\-__ L 32
doesn’t treat the endpoints of the graph properly.  |«:« FLuiy -2 B

Many prefer the second graph even though it is
not as good as it could be.

The reason why this method works is that the (x < 1) and the (x > 1) expressions
are evaluated as being either true (which for computers has a value of 1) or false
(which has a value of 0). Thus for values of x such as -3 or 0, where (x < 1) is true
and (x > 1) is false, then F(x) becomes F1(X) = 1*#(X? - 2) + 0%(3 - X) which is
simply F1(X) = X? - 2 (as required). The IFTE function is not documented in the
manual and stands for “IF Then Else” ie. IF (X < 1) Then X?- 2 Else 3 - X

Graphing piecewise defined functions whose definition has three or more parts is a
little more complex. The inequalities have to be more specific as to which part of
the rule governs each part of the axis. The trick is to ensure that only one of the
inequalities can be true for any given section of the x axis.

¥ -2 ;x<1 aafy
For example: f(x)={ —2x2+2 ;-1<x<2 /" -H“\ .
3—x ;x>1 AdE 325
w0 - [HEML |

...would need to be graphed as:
F1(X)=(X<—1)*(X2-2)+((X>-1) AND(X< 2))*(-2X24+2)+(X>2)*(3-X)
oras  FI(X)=IFTE(X<-1, X2, IFTE(X< 2, -2X2+2, 3-X))
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The VIEWS menu

In addition to the views of PLOT, SYMB and NUM (together with their associated
SETUP views), there is another button which we have so far only used fleetingly to
Autoscale... the VIEWS button.

Note: The contents of the VIEWS menu changes according to
which aplet you are currently using. The Function aplet
contents are covered here. You will find that the others
differ in only small ways. Aplets downloaded from the
Internet will usually have radically different VIEWS menus,
which have been created by the person who wrote the
program for the aplet.

The VIEWS button (located above LIB, so you will need to press BLUE first) pops up
a menu that can be extremely useful. We have already seen the use of the
‘AutoScale’ option (see page 29). The other options are also very useful.

Shown on the right is the graph of as[v

F1(X)=X2-1.1If we press the VIEWS button,
the menu shown below will pop up. Two views

are shown so that all the options can be seen. . ”
W0 FLi¥: -1 [HMENL |

Flot-Detail

----- = e |—y—|

—— )
L[ [ T  [GAWIL] OK | L[ 1 T  [GAHIL] OK |

Choosing ‘Plot-Detail’ from the menu, splits the screen into two halves and re-
plots the graph in each half. The right hand side can now be used for any of the

Zoom’ functions without affecting the left screen. All the normal

function tools
are available.

i aaa

ZELECT ZECOMD CORMEFR [GTTH IATEE \ /

For example a ‘Box...” zoom gives the graph on the L
right allowing easy comparison of ‘before” and [Z00H ITRACE] G721 ] FE JDEFN] 5= |
‘after’ views..
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We can now use the left graph again to zoom in on another defining F1(X) and
F2(X) section of interest, or alternatively, press the button under the ¢ € label.
This switches the right hand graph onto the left screen, allowing you to zoom in
even closer if the first zoom was insufficient.

NI N/ AN /AN

=4 | the other tools then
SELECT SECOWMD CORMER ML allOWS you tO ﬁnd or

examine points of interest, and any of the normal ‘F'CN’ tools such as ‘Area...” or
‘Extremum’ can be used in this split screen.

H:-1.03185  Flid: 0634766 TR

The next item on the VIEWS menu is ‘Plot-Table’. This ¥ | Fl
option plots the graph on the left, with the Numeric R P
view on the right half screen. Using the left/right @
arrow keys moves the cursor in both the graph and the ] fas [d.06es

numeric windows. The jump size of the scale in the T N 1 (31 M.

window is set to %2 nd of the scale in the full window. My x axis was set to —8 <

x < 8 which results in the fairly useful scale shown. With only one function
showing, hitting the up or down arrows simply centres the current value in the
table. If more than one function is CHKed, then up/down switches between them.

Let us switch now to a graph of the two functions 1s]v

FI(X)=X?-1and F2(X)=X3+2X%-5X-4.

This shown in full on the right. - 5 u"r :
H 0 FLik: -1 ml

® | F1 Changing to a ‘Plot-Table’ gives the result shown left.
JX nE As you can see, the scale has been preserved

1 ﬁ unchanged, although without labels, and the table on the
| 3/ 15 |58 | right has a scale of 025. Looking at the table heading
T O I I 0

you will see that it currently shows the function F1(X).
The left/right arrow keys move within that function, with the cursor keeping track.

Hitting the up/down arrows now not only centres f ?5-‘4 _EFEEMI
the table highlight but, more importantly switches i =)
from F1(X) to F2(X). v : =T
|r -J'[ E.EE E.EEEE!
[zooed] | [FEW JOEFM] |
= 1 F= | What makes this view even more useful is that the
k JX " |3 .| table keeps its ‘nice’ scale even while the usual ‘FCN’
- tools are being used. As you can see in the screenshot
|r 1511" 188 gﬂ left, the table automatically repositioned to show the
[HENL]

EXTRM: (.7BGZ3964,:..~6. 20BEZ.. closest value to that of the extremum found.
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The ‘Area...” tool is also available in this view and, more importantly, when the
cursor is moved it follows the scale in the table. You will recall that the problem
with using the ‘Area...” tool was that the cursor did not usually land on the values
that were required. However in this view, unlike the normal PLOT view, it is
possible to find the integral from (say) 0-75 to 1'5 visually instead of having to do it
in the HOME view. Let's try it first to find the value of the slope of F2(X) at the
point X=15.

The method is the same as it is in the PLOT view. IX _ ?f “FEEHE

-5 -1.185
Start with the view shown above right. This has F1(X) v 8- £
and F2(X) as given on the previous page, with the |r Y 75 |-d.20dl

[z00] [ [FCW JOEFN] |

scale set in PLOT SETUP to -8 < X< 8 and
—-10 <Y< 15 and YTick set to 5. Choose ‘Plot-Table’ from the VIEWS menu and
you should see the screenshot above right.

| F2
Use the up/down arrows if necessary to ensure that the 5 [EEE
table shows F2 not F1. Use the left/right arrows to £
move the highlight in the table to 1.5 and then choose

‘Slope’ from the ‘FCN’ menu.

i

You should find that you obtain a slope of 775 as
1

w8 shown in the screenshot left.
ZLOPE:7.75 EE

1.5
Now let’s try a similar method to j F2(X)dx

find 0.75

Use the ‘FCN’ button again, but this time choose _ ?;&' IlsFaEus
‘Area...” and then position the cursor at 0-75 (see -5 |-
right), remembering that it is the left/right arrows that " : £
move within the table, not the up/down arrows. U'[ 75 [-6.20d1

ZELECT ETRETING POINT [N BTSN

Press Ok’ to choose 0-75, then choose ‘X-Axis’ from [ w%

- Sk USING Foiid AMD... SR|1aE
the menu of choices that appears. Ficka=ia—1 E406
ell-Fis | ee

-—H--m
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H F2
Next select the end point of the integral. Very S5 |saE
unfortunately, the highlight in the table doesn’t move P I R

-y
with the cursor as it creates the shaded area. You must (1 é‘%
keep track in your mind of the cursor position, knowing M
that each press of the arrow key moves it by 0-25. This weakens an otherwise

useful technique and is an oversight on Hewlett-Packard’s side. Hopefully it will
be fixed in the next model.

The consolation is that once the integral is calculated,
k y # | F2 | the highlight moves to the end point you selected. At

1 -8
185 |2531i1%| least then you can tell when you chose incorrectly (as I

i %ﬁ-ﬁ% did left). Frankly, T don’t think the job is worth doing
= this way, but it is there if you want to use it.

ARER: -4.69270833334

Another possibility from the VIEWS menu is ‘Overlay Plot’. This option can be
used to add another graph over the top of an existing one, without the screen being
blanked first as it usually is. As an example, if you have already graphed functions
F1(X) through to F6(X) and then add another one in the SYMB view, then you don’t
really want to have to wait while all the earlier ones are redrawn. If you unCHK the
earlier graphs and then Use ‘Overlay Plot’ for the new one then the new one will
be drawn over the top of the existing ones. Of course the results will not be good if
you change the scale before overlaying!

The use of ‘Auto Scale’ has already been seen earlier. It is a handy way to ensure
that you get a good picture of the graph if you are not sure in advance what scale to
choose. After using ‘Auto Scale’ you can then use the PLOT SETUP view to adjust
the results.

Auto Scale works by using the X-axis range that is currently chosen in PLOT SETUP,
and adjusting the Y-axis range to include as much of the graph as possible.
Unfortunately, the scale that is chosen is seldom a ‘nice’ one that goes up in 02 or
10 or 5.

350000000029 1Y

Another point to remember is that the ‘Auto Scale’ is
done only for the first CHKed graph. If there are .
other graphs and they don’t fit the scale then they s vy |
will not benefit. As you can see in the example shown right, the quadratic shows
well but the second graph (a cubic) shows only an ascending section. Zooming out
would be the only option here.

The next option of ‘Decimal’ resets the scales so that each pixel (dot on the screen)
is exactly 0-1. The result is an X scale of —6:5 < X< 6-5and a Y scale of

—3.2 < Y<3.2. Although it may not give the best view of the function, the main
advantage of this is that the (x,y) ordered pairs will be ‘nice’ values.

A program can be downloaded from my website (see page 124) which will
automatically adjust your axes to the nearest set giving ‘nice’ values.



Here’s a possible strategy (other than ‘Auto Scale’) for graphing which works quite

well and, more importantly, gives ‘nice’ scales...

*  Enter your graphs into the SYMB view.

*  Press VIEWS and choose ‘Decimal’. This will
give you the ranges we discussed at the top of
the page, probably not showing the graph to best
advantage.

Place the cursor so that it is in the centre of
the area you are most interested in.

S FUNCTION sYMEOLIC VIEW S8

Use the ‘Zoom’ menu to adjust the
view. You may choose first (as I did) to
change the zoom factors to something
other than 4x4, and to ensure that

‘Recenter’ is CHKed.

The advantage of doing it this way is that if you
zoom in or out by a factor of 2 or 4 or 5, the
cursor jumps will stay at (relatively) nice values.

L[ 1 [  [ANIL] O |

.,
=
i

=4.85

W =1.55

\
\ N

Faixx: -1.16088 [EE

This means the problems with ‘Area’ and ‘Slope’ mentioned earlier don’t apply.
In the case shown above right, the cursor moves in jumps of 0-05, which is good

for most purposes.
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The next option on the VIEWS menu is ‘Integer’. This i|l‘ .
is similar to decimal, except that it sets the axes so =T B33 |
that each pixel is 1 rather than 0.1. The result of this
is usually rather horrible unless the graph is suited to
this. For example, the graph on the right is

the same functions as those in the screen shot immediately above.

Hi-1.7 F1lida: 1.89 [MEML |

The final option of ‘Trig’ is one that is very useful when graphing trig functions. It

T
sets the scale on the axes so that each pixel (and so each cursor jump) is i or 15°.

This means that if you were graphing (say) F1( X' ) = sin( X) then 24 presses of
the left or right arrows will move you through exactly 7. If you zoom in or out
from this, the jumps will still stay relatively ‘nice’, particularly since 24 has many
factors. For example, with a zoom factor of 2, zooming in once would mean each

T T
pixel was now & or 7-5°, while zooming out would give a pixel jump of E or

30°.

G FUNCTION SYMEOLIC VIEW SRR
WE1CHI=SIHCHD As you can see, the cursor aa|v
Fz = T
o= is nicely at a value of =, L L
Foitdy= v 2 _-BS0E4E0L B.5UBHBAL03S
PEDIT [ CHE] BT 1 EHOM | EVAL | although the labeling is
not the best. % 1.570796  Flom: 1 [HERL]

If you decide that you want better labels, change the
numeric format to ‘Fixed 4’ in the MODES view, NUMEER FORMAT:

) . DECIMAL MARK: Dot .2

then use VIEWS ‘Trig’ again to re-plot the graph. TITLE: HOME
CHOOZE FORMAT FOR MWUMEBERZ
L fewonsl 1 [ [ |

. . 3200y

The result, as you can see, is much better. Two decimal

places would also have given a good result. koL ST
#:1.570796  FLw: 1 [HEML |

Cursor at 7. The
graph should show | Suppose we are primarily interested in the first 27 of the graph.

F1(X)=0 but We move the cursor to 77 (the middle) and then zoom in. This
doesn’t due to example uses Zoom Factors set to 2x2 and with ‘Recenter’
internal rounding | CHKed.

errors (normal).

a.aoon |y / * ¥
N i el | /4
BT . WEIES ? -13126 /3958
| NS

#:3.141593  Flik): -1E-11 L=nOr [TRACs]c. v | FCW JOEFH [HENU
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The Parametric Aplet

This aplet is used to graph functions where x and y are both functions of a third
independent variable t. It is generally very similar to the Function aplet and so the
space devoted to it here is limited mainly to the way it differs.

An example of a graph from this aplet is:

x(t) = SCos(t),

y(t) = 351n(3t); 0<t<2rx

which gives:
[200H [TRACs[ (R [ [DEFM [HENU]

Although it allows you to graph equations of this type, only some of the usual PLOT
tools are present - as you can see in the screen shot above, the ‘FCN’ button is not
shown, meaning that none of its tools are available. Some thought about the nature
of these equations will tell you why.

APLET LIEFRARY
As we saw, the first step for any aplet is to choose it
in the Aplet Library. Press the LIB key to view the
Aplet Library and use the ‘Reset’ button to wipe

Sequence

Solue L)
any existing functions. [SHVE JRESET| SORT | ZEND | RECY [ETRET]

S PRRAMETRIC SYMEDLIC VIEW 555
FE1CT=5%C05CT2

As with the Function aplet, this aplet begins in the
SYMB view by allowing you to enter functions, but
Parametric functions are paired. Each function

consists of a function in T for X and another for Y. v

ENT [ACHE[ T ]| [SHOMW]EVAL |

Looking at the PLOT SETUP view, you will see that we now have to enter a range for
T as well as the usual ranges for X and Y. It is crucial to understand the different
effects of the T range to that of the X and Y.

The X and Y ranges control the lengths of the axes. They determine how much of
the function, when drawn, that you will be able to see. For example...

ARAMETRIC PLOT ZETU

o 192 I gives a graph of: Wm
TRNG: — 6 U\/\J

EMTEFR HMIMIMUM TIME VALUE
[evit] | Pesew] | | o s
whereas..

ARAMETRIC PLOT ZETUP
ene: NN ©. 22312, )
TSTER: . B gives a graph of:
uENG: —d 4 i
VENG: -2 2
EMTEFR MINIMUM TIME VALUE /\ /

[ECT] [ FRGEW [ | | T: 00 (500 [HEHL

B
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Notice that in both cases, ‘Trace’ and ‘(X,Y)’ are on and show the T value, followed
by an ordered pair giving (X,y).

The effect of T on the other hand is to determine how much of the graph is drawn
in the first place, not how much is displayed once drawn.

. [
gives a graph of:

YENE: -3.5 3.5 k
ENTER MINIMUM TIME YALUE
[EviT [ [ PASE ¥ |

RAMETRIC PLOT ZETUP

T: 0 (5.0 [HEML |

As you can see above, changing the T range from 0 <t <27to 0 <7< 5 gives a
graph that appears only partially drawn. What constitutes “fully drawn” depends,
of course, on the function used.

TStep: controls the jump between successive values of (\ f
T when evaluating the function for graphing. Any

graph is always a series of straight lines, and making ll/\ / \\__[
TStep: too large produces a graph which is not smooth 254

(see right for TStep = 0.5 instead of 0.05). Decreasing TStep beyond a certain point
will not smooth the graph further, only slowing down the graphing process.

5 PARAMETRIC S'l'MBIJLIII SETUF%
HANGLE MERZURE: [CETEH

Since trig functions are often used in parametric
equations, one should always be careful that the
Angle Measure chosen in SYMB SETUP is correct.
CHOOSE AMGLE MERZURE
The NUM view gives, as usual, a tabular view of the T ——
function. In this case there are three columns, since X1 and Y1 both derive from T.
As with the Function aplet, it is possible to change the starting point and step size
of the table, and also to change it into a ‘Build Your Own’ type of table (see page
41).

Interesting graphs are available through this aplet...

For example, try exploring variants of the graph of:

x(t) = 3sin 3¢ %&z

HLITIZIEEIMCIETY. V1CTa=2EIM (R

y(t) =2 sin 4¢
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The Polar Aplet

This aplet is used to graph functions where the radius r is a function of the angle 0
(theta). As with the parametric aplet, it is very similar to the Function aplet and so
the space devoted to it here is limited mainly to the way it differs.

Some examples of functions of this type, together with their graphs are:

r=4cos(36) r=0.56 r=3+[2sin(106)|

\ -

=

2

1 -
RLig: YECOSCTHE) [MENL | R2ie: G¥d EET R3tal: J+RESCEESINCLOERN [HEMU |

As with the Parametric aplet, looking at the PLOT SETUP view reveals that ranges

must be specified not only for X and Y but for 6 also.

The values set for XRng and YRng control the length of the axes. The views used
above were produce by using the VIEWS - Decimal option, but there is no real
advantage in choosing this scale for the Polar aplet (where each pixel is 0'1 in both
X and Y directions) since the movement of the cursor follows the increments set for

0 in OStep regardless of the X and Y position.

The values set for 6Rng and for 0Step are the critical  |jpue: -2
components in controlling the appearance of the ENTEE MINIMUM & YALUE
[ECIT] | FAGE W |

graph. The values set for ORng control how

POLAK PLOT SETUP

6. 28318,

6.5

3.2

much of the graph is drawn, while the values for XRng and YRng control how much
of the graph is displayed on the screen once drawn. The value of 6Step chosen
controls how smooth the graph is, as did TStep in the Parametric aplet. Read the

Parametric aplet (pages 52,53) for a more detailed discussion.

The values set for ORng in this instance were 0 < @< 2. This is the default value
for ORng and usually gives you a reasonable idea of the appearance of the graph,

allowing adjustment in PLOT SETUP.

As you will see if you try plotting these graphs yourself, this is too much for R1
(7 < 0< 27 just re-plots the same graph for a second time), not really enough for
R2 (I would have liked to see more of the spiral) and exactly correct for R3. The
value of 005 set for OStep is a good compromise, although there is evidence in R3

that a smoother graph might result from using (say) 0-02.
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If you go into the Polar PLOT SETUP view (as above) LA PLOT SETU
and press the CLEAR button (above DEL), you will find
that the view will reset to its default values set in the
factory (as will happen in most other views). The ENTER MINIMUNM § VALUE
value set for OStep is 7/24. I feel that this setting LENLL___|__FhEET |
results in graphs that are too ‘chunky’ and I usually change it to 0.05 even
though it slows the graphing process down a little.

vENG -3, 1 -]

It is often important in the Polar aplet to have a set of

axes that are ‘square’, so that graphs which are /’l— -\\\
supposed to be circular do not look oval. Choosing \\ J
the Decimal option from the VIEWS menu will give

(OO [TRRCACR V] [DEFM JMEHU]

this ‘square’ appearance. If the resulting axes don’t
show enough of the function, then ‘Zoom’ in or out. See page 50 for discussion of
this method in the Function aplet.

Many of the ranges used for ORange involve n. The T key can help here.

. 3
Suppose we wish to use a ORange of Z<p<2” : LA FLIT SETIR
2 2 i
. wsTER: , @5
Enter the PLOT SETUP view and then move the cursor HENG: :g.? gg
to the left value of 6Range and use the T key on the Ge .

LI 1 [  [tANCL] DK |

keyboard (on the 3 button) to type in 7t / 2 and press
ENTER.

The calculator will evaluate 7t / 2 and enter the appropriate value into the minimum

of BRange. Now move to the right hand maximum value and enter 37 / 2. If you
plot the function now, you will find that the OBRange has been set appropriately.

The value of Tt can also be obtained through the Constants section of the MATH
menu (see page 151) but this involves the use of far more key strokes.
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The Sequence Aplet

This aplet is used to deal with sequences (and indirectly series) in both explicit or
non-recursive form (where T, is a function of n) and implicit (recursive or
iterative) form (where Tj, is a function of Ty.1 ).

Examples of these types of sequences
are: (explicit/non-recursive)

T,=3n-1 ... {258,11,14,....}

T=n* .. {1,4,9,16,25,.}

T=2" .. {2,48,16,32,.. }
(implicit/recursive)

T,=2T,,—-1 ;T,=2 ... {2,35,9.17,..}

r,=5-T,, :T,=2 . {2,3,2,3,2, }

T,=T, ,+T,,;T,=1,T,=1 .. {1,1,2,358..}

As with most aplets, putting the Sequence aplet to use starts in the SYMB view with
the entering of the formulae. The Sequence aplet uses the terminology U(N) rather
than the more common T, for its definitions, probably in order to avoid having to
use subscripts which would not show up well on the screen. As is mathematically
correct, all functions of this type are assumed to be defined for the positive integers
only -forN=1,2,3,4.

EE SERUENCE SYMEOLIC VIEW S

Each definition has three entries - U1(1), UT1(2) and Hiezo=
UT(N) (see right). If the sequence is non- recursive L2:1a=

then only the UT(N) entry need be filled in, with the (--mm;

entries for U1(1) and U1(2) being calculated
automatically from the given definition.

S SEQUENCE SYMEDLIC WIEW S

Let’s start with a non-recursive
sequence of 7, = 2". If you type it in
as shown right (using the X,T, 0 button
to get N), press ENTER and then watch
carefully, you will see the entries for UT(1) and U1(2)
filled in automatically. CHK marks appear on all three, | NEIN Fs BE—-—_1TTT ETTY
but CHKing or unCHKing any one does for all three.
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There are a number of very convenient extra buttons provided at the bottom of the
screen when entering sequences.

R SEQUENCE SYMEDLIC WIEW S8

q

Two of these - UT and N - are available as soon
as the cursor moves onto the U(N) line (see right).
Pressing either will enter the appropriate text
into the sequence definition.

Uz2h= -
[EIT [ CHE] W[ U1 [sHOw[ EvaL |

EHEE SEQUENCE SYMEOLIC l.llswm
w1 CH2=2"H
U2ila=

The rest (see right) become visible once you have
begun entering the sequence definition. Suppose

we enter the Fibonacci sequence into U2 by e
defining U2(N) = U2(N-1) + U2(N-2). Rather than LIz 4
[EN=2i[eN-1 | W | U2 [ehNcL] Dk |

having to type all of this we can use the buttons
provided, pressing:
U2 then (N-1) then + then U2 then (N-2).

This is a very convenient feature, and worth remembering.

The result...
T Cho iy T MEHEE  There is no CHK mark next to the definition yet,
Heelez since the sequence is defined recursively and no
(N>=U2(N—1 24+UZ CH.. values have yet been given for U2(1) and U2(2).

mErressmmErErm| 1 yPe in a value of 1 for both of these and then press
the NUM button to switch to the Numeric view.

2] U | Uz

As you can see in the screenshot right, the Numeric

| H 1
view shows the values in the sequence as a table. If [ . [
you move the highlight into the U1 and U2 columns, [ FH g
you can press the ‘Defin’ button and see the sequence éﬂm--mmm-

rule if you have forgotten it. You can experiment for
yourself and see the result of pressing the ‘Big’ button (see next page for an
example). The ‘Zoom’ button is also available as usual, but is not really much use.

The NUM SETUP view offers more useful features.
Change to that view now and change the NumStep
value to 10. If you swap back then to the NUM view
you will see (as right) that the sequence jumps in
steps of 10. In case you don’t realise...

2.1475E9 is ‘computerese’ for 2 -1475x107 .
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Now go back to the NUM SETUP view and change the ‘Automatic’ setting to ‘Build

Your.Own’ by moving.the highlight to it and. H IE =
pressing the + key. Switch back to the NUM view %a %824 éa

and enter the values 1, 10, 50 and 100 into =0 1. 13515Fﬂ§m
the N column. You will find that the values for 108 1.27ESHS. S4E20

X X 12586269825
those terms of each sequence will appear in the U1 | NI B TR IETED [
and U2 columns almost immediately. In case you

didn’t realise, the reason for the larger text is that I have the ‘Big’ button switched
on.

Due to the type of problems one is
usually trying to solve with sequences,
the PLOT view is really not terribly
useful in this aplet, but let's have a look at it anyway.
Two types of plots are available, the more useful being
‘Stairstep’. Change to the PLOT SETUP view and ensure
that the setup view is the same as that shown above right. Now change to the PLOT
view and you should see a graph similar to the
one shown below right. The values shown at the
bottom of the screen are produced by switching
‘(x,y)’ on using the menu. N
W:7 ] uaNx1d [FERL|

YRHG: =5
CHODSE SEGUENCE PLIE SERUENCE PLOT SETUR
[ [chons[ Pai 1 #TICK: 5

QSIMIJLT KV, CROZE

 LAEELS

PLOT FUMCTION: SIMULTRMEOUZLY?
[ [+ cHE] | |

The second type of graph is the ‘Cobweb’.

It will not be discussed here.
You can explore it yourself. The U2(7)

termis 13.
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Tips and Tricks - Sequences & Series

Defining a Series using a sequence (Sum to n terms)

Defining a series (sum to n terms of a sequence) is fairly straightforward if one
uses two sequences, the second being a running total of the first.

S SEQUENCE SYMEDLIC VIEW S5
Suppose we define Ul as: UI(N)=2""1;, N=1,23... [¢UlcHi=2"CH-1) .
Then the sum to n terms of U1 can be defined in U2 by
setting up its definition as shown in the screenshot
right. Note the reference back to U1 in the definition
of U2. You have to calculate the first two terms yourself, because for some reason
the calculator won’t allow a reference to another sequence in U(1) and U(2).

As you can see right, the result is entirely satisfactory. ll L .
Once U2 is defined in this way you can change Ul, 5
needing only to adjust the values of U2(1) and U2(2). :

7

An alternative is available if the definition of the
sequence is one that is better or more easily done in the Function aplet.

If you first define the sequence as a function in

the Function aplet (see right) then the definition ﬁ%&“igi P MM
shown in U3 will produce the same result. You Fct

have to use the A..Z key to input the F’s in the

.. v
definitions.

U2 & U3 give the
SHME CEQUENCE SYMEOLIC VIEW SEE [ H [ Ul | uz | U=
Lz =2 & same result. i T T T
wLZCH I =UZ CH—1 3+ 01 (M2 2 : 3
wlZC1a=F1¢1 > i B 15
wUSE2I=F1C134+F 102D H i 3 3
=D 3 H—12+F1CHa b =

ENTJ/CHE] |  [SHOWJEVAL]
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Solving Problems

Questions like “What term is the first to be greater than 10 000?” or “When
does S, first exceed 10 000?” can easily be answered in the Numeric view.

H ui | Uz | us

Simply move into the N column, make an inspired
guess as to the term you require and type it in.

For example, in answer to the first question, we
estimate N=35. Typing it in and then pressing ENTER,
we find that UT(35) [Tss] is far too large! By
successive guesses, we find that Tis is the one we
were seeking. The second problem is as easily solved
in this way.

Population type problems
this way.

For example, “A population of mice numbers 5600 and is growing at a rate of

12.5% per month. How long will it be until it %Eﬁ“ﬁ"“ SYMBOLIC YIEW SRR
numbers more than one million?” 1czi=

Uz2dl=
Pressing CLEAR (above DEL) clears out the existing — [2bB8#1. 123"(H-11+4

. [(N-2ifiN-11] W [ U1 JCAWEL] OK |
expressions, and I can enter my formula. The two
values of 5600 and 6300 are automatically calculated, and we make a mental note
that the number of months is one less than the term number N (since 5600 is
supposed to be after zero months). All we need do now is switch to the Numeric

T SERUENCE STMEDLIC ViEM B view to find, with some H
W11 1 =SEAE . .
w1 ¢ 2 =6 260 experimenting, that U1(46)  |&

3=SEEA%1. 125" (.,

is the first to exceed one

¥ million. Thus the answeris |45
LEDIT [WEHE] | [SHOW[EVAL | 45 months

Note: It is also possible to answer these questions in the Solve aplet (read the
pages which follow to learn how to use the Solve aplet first!).
For example if we use the Sequence aplet to define UT(N)=2"(N-1) as before,
then we can change to the Solve aplet and enter into E1 the equation
UT(N)=10000, change to the NUM view and press ‘Solve’ and obtain an
answer of 14-29. This means, of course that N=15 is the first term exceeding
10000. If you’re wondering why we didn’t suggest setting E1 to
U1(N)>10000, the reason is that the Solve aplet doesn’t seem to be able to
deal with inequalities even though no error message is given if you try.
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The Solve Aplet

This aplet may rival the Function aplet as your ‘most used’ tool. It solves equations
and finds zeros of expressions involving not only many variables but even
derivatives and integrals.

To ensure that we are using the same terminology, let's define our terms first.

An equation includes an = sign, and can be solved:

OLVE SYMEOLIC VIEW

=
2=|]2+23R3D)
=x2 E2:B-C+1=(A+2)D
Y Ed:H2-Skk-6=i
5 D) ES: -
v-=u"—2ad RO L Evi1 [ il = | o] v
eg. b a+3 ...are all equations. "_ [Note the = sign
c = d provided for
X —6x+5=0 convenience.

An expression, on the other hand, does not contain an = sign. It can be evaluated
or rearranged but not solved. When you enter an expression into the Solve aplet it
internally tacks an “ =0 ” onto the end so as to convert it into an equation which
can be solved.

x>—4
_ LYE SYMEOLIC WIEK
b-1.4 1 i EiiiEt
cg. ...are all expressions. E&: cB—12-C+1
¢ E7tRE—Gai+s
X —6x+5 Ea:

E3: L
LECIT [wibk] = |  [sHOW]EvAL |

Let's start by looking at the equation v* = u> — 2ad . This equation gives the final
velocity (v) of a body/particle as a function of the initial velocity (u), the
acceleration acting on it (a) and the distance traveled (d).

Suppose you had the Physics problem:

“What acceleration is needed to increase the speed of a car from

1667 m/sec (60kph) to 27-78 m/sec (100kph) in a distance of
100m?”

We’ll assume that you have already realised that this is the appropriate equation to
use (you see: the calculator is never going to replace your brain!) and also that you
have entered the equation into E2 (as above) and have made sure that it is CHKed
(as above).
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& FOLNE MUMERIC VIEK

E: N
3.1

If you press the NUM key to change to the Numeric
1
%é81?12859283

view, you will see something similar to the screen on
the right. What values are showing on your screen

will depend on what happens to be in the memories V, o S A i LS
U, A and D at the time.

:
u:
A

Move the highlight to V and enter the value 2778, then to U and enter 16:67 and
finally to D and enter 100.

. . SO0LVE MWUMERIC VIEM
Now move the highlight back to A (the value you’re
trying to find) and press the ‘So/ve’ button. You
should find that you too obtain the answer to our

EWTER VALUE OF PRES: =OLVE

problem of 2:47 m/sec?. [ 1 Toernzniee

When the ‘Solve’ process has finished, you can

obtain a (very bare!) report on it by pressing the T T

‘Info’ button. The result in this case is not very b Ezera |

informative as you can see. There is more about ENTER WALUE OF PRESS SOLVE
I I — —

these messages at the end of this chapter.

Our first example was fairly simple because there was only one solution. When
there is more than one possible answer you are required to supply an initial estimate
or guess. The Solve aplet will then try to find a solution which is ‘near’ to the
estimate.

For example... “If f( x) =x>—2x*—5x +2 find all values of x for which

W f(x)=1
and (ii) f'( x) =27

Although you may have a clear enough picture in your mind to be able to provide
the Solve aplet with the estimates it needs, I’'m going to assume that you (like me)
would find it helpful to see a graph first.

While it is possible to do the whole process in the Solve aplet, using the Function
aplet offers more advantages. The PLOT view in the Solve aplet does not work in a
very intuitive way and I find it far easier to work first in the Function PLOT view, in
addition to having access to all its tools.

. . . R FUNCTION SYMEBOLIC VIEW S
Change into the Function aplet and enter the function (i ZEHE =S,

f( x) = x> — 2x* — 5x + 2 into the definition of F1(X).

Faiii=
I s e L A
[ 1 1 & | loaWol ok |
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Use VIEWS - Decimal to get a quick idea of the function, E'T"&!." f

then ‘Zoom - Out 2x2’ to expand the scale. Note: If your 4

zoom factors are not set to 2x2 it is suggested that you e { Euh

change them first - the default of 4x4 is often too much. |gEEEEEEEEEEEEzIEZT
The graph which results does not show the minimum B.uon0 |

but we don’t really need it for our problem. If needed

we could move the cursor and then use ‘Zoom - Centre’ x

which would keep the convenient scale but reposition Slad ) [ e

the axes. bl FLH: -Y ml
We can now use this graph to estimate values of x for Buo0n |

which F1(X)=1. Press MENU and engage ‘Trace’ (if not

already selected) and the ‘(x,y)’ tool. ¥

Now move the cursor (in jumps of 02 for our present R N

scale) until you find the three approximate locations 3. LLLER L. e

where F1(X)=1. Suppose we find X =-16, 0-2 and 3-4.

From the graph it also seems to me that estimates of -1 and 3 will be close enough

for Solve to use in finding where f ’( x) =2.

Now change back to the Solve aplet. Having already ILVE STMEDLIC VIE
defined F1(X) we can reuse it in the Solve aplet. _Q{Eﬁ M
Define: E1 to be Y=F1(X),

and then: E2tobeY=0 X ( F1(X)) e —

(in other words the derivative of F1(X) with respect to X)

Note: Some reminders - the = sign is one of the screen keys.
- the derivative character O is obtained
through the CHARS key or through the
MATHS - Calculus menu.

Now make sure that E1 is CHKed rather than E2 and then change into the NUMeric
view. Enter a value of 1 into Y, move the highlight to X (if not already there) and
enter our first estimate of -1:6. Press ‘Solve’.

Before... and after...

Z0LVE MWUMERIC VIEH 3 SOLVE MUMERIC YIEM

- e

ENTEE VALLE OF PRESS SOLVE ENTEE VALLE OF PRESS SOLVE
ENT[INFO| | [UEFH [SOLVE] ENT[INFO| | [UEFH [SOLVE]
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Now press the ‘Info’ button. An answer of “Zero” or SOLYE MUMERIC ¥IE

“Sign Reversal” means the solve process worked o gl
correctly. See page 66 for an explanation. 5%;?3;32?@?%

EMTER YALUE OF PRESS ZOLYE
| [ |

If you repeat this for the other two estimates, you will FOLVE WUMERIC YIE

find solutions to part (i) of x = -1:5758, 01873 and  |v EmEm
3-3885 (to 4 decimal places.).

EMTER YALUE OF PRES: SOLVE
EDIT [INFO [ | [DEFM [EOLUVE]

Change back to the SYMB view and change the CHK
mark to E2. Then move to the NUM view again. This

time we requiref’( x) =2,sosetYto2.

LEOT [wiHk] = | [SHOW]EVAL ]

Z0LYE MUMERIC VIE
Enter the estimate of -1 into X, ensure the highlight is .
still on X and then press ‘Solve’. You’ll find that, after

a longer delay due to the derivative calculations, the ENTER VALUE OF PRESE SOLVE
value will come up as still -1! Good estimate wasn’t LENTLINFD ]| __|UEFH [30LYE

it! Don’t forget, you should always press ‘Info’ after ZOLVE MUMERIC VIE
each solve to verify its validity.

ENTEE VALUE OR PRESS SOLVE
ECTJINFD | | _ [DEFH [OLVE]

The other solution to part (ii) of x = 23333 can now be obtained if you enter the
second estimate of 3.

Note:  The Solve aplet does not seem to be able to cope with
inequalities. Although there is no error message when you
use < or >, the answer it supplied when I tested it in a
number of examples was incorrect. What is even worse is
that they were reported in the Info messages as being
correct!

The Solve aplet can also be used in conjunction with any of the functions available
through the MATHS menu.
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jx3—xdx:4”

2

Example 1: “Find a such that
SetE1to: [ (2,4, X°-X,X) =4

In the NUM view, set A to an initial guess of 3, and position the highlight on A (not
X). Ignore X since it is not really involved except as a temporary variable during
the integration. Press ‘Solve’.  Answer: X = 24495 (to 4 decimal places)

Example 2: “Let X be a random variable, representing the heights of
basketball players. If X is normally distributed, with zz= 184 -5

and o2 = 105 then find the height above which only 5% of
players should be found.”

The MATH function for the Normal distribution is UTPN - Upper Tailed Normal
Probability. In the Solve aplet, set E1 to: UTPN(184-5,105,X)=0-05.
Enter the NUM view and press ‘Solve’. Answer: 201-35cm

Further reading

There are many more ways in which the Solve aplet can
be used in conjunction with the functions available in the
MATHS menu. The MATHS menu is discussed in detail on pages
125 - 170, with worked examples often using the Solve
aplet.
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Info messages

When you press ‘Info’ after a solve operation you will see a message similar to the
one below right. Basically what happens in this solving process is that the

calculator solves equations by transposing them so  [=#2is S0LYE NUMERIE viEW
that they are equal to zero. ) E2|=|: 2.4531975 I
Thus: v =u?-2ad g L

. 2 _ 42 — EWTEE YALLE OF PRESS SOLVE
becomes: Vi-u+2ad=0 I — — —

which becomes: (27 . 78)2— (16~ 67)2+ 2 x a x100 = 0 when the values you
supplied where substituted into it.

The calculator then proceeds to find a value of A which would make this zero, and
it is reporting that it succeeded. Happy? An answer of ‘Sign reversal’ is also Ok,
since normally one expects to find an answer of zero at the point where the
equation changes from positive to negative (or vice versa). It’s just saying that it
couldn’t get a precisely zero answer to 12 significant digits, only two answers
minutely on either side of zero. The only time that you need to worry about this is
when you receive any of the error messages. These are:

‘Extremum’ - it found a minimum, but could not reach zero. Try solving the
equation x? + 4 = 0 (which has no real solutions) and you will
see this message. The smallest value that x> + 4 can have is 4 at
x =0, so the answer supplied will be very close to this (such as
1-2E-9). Unless you check ‘Info’ you won’t realise that this is
not actually a valid solution.

‘Bad Guess’ - the initial estimate you supplied was outside the domain of the
function. For example, the equation involves a square root and

you supplied a negative value as your initial guess.

‘Constant?’ - no solution was found. The value of the function was the same
at every point tested (and it wasn’t the value you wanted).
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Tips and Tricks - Solve

Easy problems

Have you ever thought “There has to be an easier way!” when confronted in a test
with something like:
(-1

3

(3-x)
4

172
5~

1 FOLVE F¥YMEOLIC VIE
As long as you are sure that there is only one P T S e
[E=: |

answer to a problem, as there is in this case, then
solving it is simply a matter of entering the
equation into the SYMB view and solving it. : hd

Enter any value at
all and “Solve’...

OLVE NUMERIC VIEW

OLYE MWUMERIC VIEK

EMTEE VALUE OF PREZ: SOLVE

ENTER VALUE O PRESS SOLVE
LEOIT|INFO| | [EnT[INFD] |  [UEFM [SOLVE]

|____[DEFN [SOLVE

Harder problems

When you know or suspect that there is going to be more than one solution to a
problem it is often advisable to graph the left and right sides as separate functions
in the Function aplet first, in order to get estimates. S FUNCTION SYMBOLIC VIEW i8S
vE1(X)=2/X
2 (x—1) «(x+1)/2
For example: -= 4Cxo=
X

F4(X)=
3 FS(X)= v

LEOIT |V CHK] 3 | |SHOW]EVAL |
When you plot these in the Function aplet (I used SOLYE SYMBOLIC VIEWS
VIEWS - Decimal), you can see that the solutions are
near -2 and 1'5. If we now switch to the Solve aplet
and enter the equation (see right) we can use these as
guesses.

This will give solutions of -2-:56 and 156 (to 2
decimal places.).

Of course your teacher may be insisting on an

answer given as a surd, or on showing all working, T T B e

but at least you’ll be able to check your answer!

NOTE: Unfortunately it is not possible to use the Solve aplet for simultaneous
equations. The aplet will only search for a solution to one variable at a
time. See Matrices (pages 91 - 93,176) for techniques to handle these.
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The Statistics Aplet - Univariate Data

One of the major strengths of the HP38G is the tools it provides for dealing with
statistical data. Unlike the other aplets, the Statistics aplet begins in the NUMeric
view which offers easy input and editing of values, while the SYMB view is reserved
for specifying which columns contain data and which ones frequencies, as well as
for indicating pairing of columns for bivariate data.

L1 C2 | C3 | C4

The HP38G treats univariate and bivariate data quite
differently and those differences are reflected in the
SYMB and PLOT views. Because of this we will split
the Statistics chapter into two and deal with
univariate data first. On the screen you will see a
button labeled either ‘2VAR’ or ‘1 Var’. Pressing the button under this label
changes from univariate (1VAR) to bivariate (2VAR) and back. Make sure the
button is showing / VAR’ before proceeding.

[

]

If your NUM view already has some data in it, press
CLEAR (above DEL) and choose A4/l columns’. The DEL All columns
key is used to delete individual pieces of data, rather
than whole columns.

LI [ [  ItAWil] OK |

Let's use the following set of data and obtain all the usual statistics on it, as well
as a histogram and a box & whisker graph.

{2,3,1,0,-2,3,4,2,2,0,6,2,3,1,0,4,1,3,3,2 }

Move the highlight into column C1 and enter the data,
pressing the ENTER key after each piece of data.

Looking at the bottom of the screen you will see a
series of tools provided for you. ‘Edit’ is not really
worth bothering with. It is easier just to retype a number than to press ‘Edit’ and
then use the arrow keys and DEL to change it.

The key labeled ‘Ins’ inserts space for a new number

by shifting all the numbers down one space. ‘Sort’ =
INDEPEMDEMT: [ 1

does exactly what it says... it sorts the data into DEFENDENT: Hone
ascending or descending order. The extra bits in the CHODSE SORT DROER

screen shot right are used with bivariate sorts and will
be explained in that section of the notes. Press ‘Cancel’ to stop the sort.
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The ‘Big’ key does exactly the same thing as in any other aplet. The last key
labeled “Stats’ is the really useful one.

Press the ‘Stats’ button and you will see the screen
shown right. If you use the down arrow, you can scroll
down and see the rest of the screen (shown below
right).

NOTE: Ifyou got an error message instead of own | HL
these screens, change into the SYMB view, il
press BLUE CLEAR to get rid of any left over  |HEMAN EE
definitions, CHK the H1 row and finally
change back to NUM view and try again.
This is explained in more detail later.

As you can see in the screens above right, the HP38G gives not only the standard
statistics that any scientific calculator would give, but also the minimum and
maximum values, the median and the upper and lower quartile cut-offs. The mode
is not given, but this is easily obtained from the histogram as we will see later.

The method the calculator uses to find the upper and lower quartiles is as
follows: If N is even (eg. 12)...
— median = av. of 4 & 5 =45
{1,2,2,3,4,4.56,6,6,7,8 }
L Q2 =median of upper half =6
> Q1 = median of lower half =25

If N is odd (eg. 11)...
— median = middle score = 4
{ 1,2,2&4,5,6,6,6,7}
_ Q2 = median of upper half =6
excluding median value
Q1 = median of lower half =2
excluding median value

As you probably know, there is no standard way to find these Q1 and Q2 values.
This is a fairly common method and is only likely to cause you problems if your
teacher insists on another method which gives a different result.
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Let's create a second column of data, and cheat by making all its values double the
values in the first column. We can use the HOME view to avoid having to retype the
values as follows...

* Change to the HOME view and type
in: then press ENTER.

CxC1PCE4
* Hit the NUM key to change back to the NUMeric |IETT2 B E_—_—"U_—_—_IS— S

view. You should find your new column created and ready.

If you now hit the ‘Stats’ button, you will find that you still only see statistics for
the first column (H1). The reason for this is that you have not set up the second
column in the SYMB view.

Change into the SYMB view and change yours so
that it looks like the one on the right. You must
make sure that H2 is CHKed, because only CHKed
columns will show on the ‘Stats’ page.

EEE STATISTICS SYMEOLIC VIEW 335

wH1:C1

v HE : (R 1
H=: 1
Ha: 1 L)

ENTER SHMPLE
EOIT [WCHE] C | [SHOM]EVAL |

Note that a programmable key is provided to give ——/A
you the letter C without having to use the A..Z button.

If you check you will find that the stats are now available for both columns of data.

You may be wondering why the SYMB view is organised around H1, H2..H9 rather
than simply around the columns C1, C2..C9. The reason is that it allows you to
easily cope with a frequency table by setting up one column to represent values and
another to represent the frequencies. If not using a frequency table, the frequencies
are normally set, of course, to 1.

Let's set up columns C3 and C4 to represent the table below.

xi | freq. Enter the values 3, 4, 5, 6, 7 and 8 into C3
— and then 12, 19, 25, 37, 15 and 9 into C4

3 12

4 19

5 25 Now set up your SYMB view to look like the one

6 37 below. Make SIS STATISTICE SYMEOLIC VIEM S0

7 15 sure only H3 is :

8 9 CHKed.

ENTEE SAMPLE
EOIT [WiHE] € |  [SHOW] EWAL |

Only one histogram can be drawn at a time and if

more than one is CHKed, only the first one is drawn. I

70 H3: [4..5) F: 19 [HERL |




Now use VIEWS - ‘4uto Scale’ to plot the graph. You will find that it looks like the
one on the right.

If you use the left/right arrows and look at the bottom of the screen you’ll see that
the frequencies and ranges are listed. I found that I

could tidy this graph up a little by going into PLOT | ]

SETUP and (on the second page) setting the YTick IIII

value to be 5 instead of 1. I also CHKed the SAMPLE
‘Labels’ option. The result is shown right. Hata. F12 gEm|

You probably noticed a lot of other options in the B STATISTICS PLOT SETUPE
first page of PLOT SETUP. Their explanations follow. |imwae . 15*" e

2.4
¥ENG: - 12,333, 43,9373
HENG: 32 El

FELECT STRTISTICE PLOT TYPE

PSS STATISTICE PLOT SETU

The setting of ‘Statplot’ controls what type of graph ~|STATrLar-EERE _wiots: |

. . . #RNOH | 2t ngram '
is drawn. There two choices are ‘Hist’ (for 'fﬁNi 5

histogram) or ‘BoxW’ (for Box and Whisker). ::::-:T:Tnnsncs pLOT TYRE
Pressing the + key while ‘Statplot’ is highlighted L_L_L___lnNcl Ok ]
will switch between these two, or you can hit the button under ‘Choos’ and pick

from the menu that pops up.

Unlike histograms, it is possible to have more than L m )

one box and whisker graph plotted. This makes :l: |
comparisons between data sets very easy. If you Tt e
look for the cursor (circled) in the diagram shown (Efmsn: D s
right, you will see that when ‘Trace’ and ‘(x,y)’ are

turned on (as they are by default) then information " {1}
about the graph is given at the bottom of the screen. [T 1 3
As usual the up/down arrows change from graph to 1 -
graph, while the left/right arrows move within the  (trms 12 O |
graph.

As an aside, pressing the ‘Menu’ button produces the normal tools of ‘Zoom’,
‘Trace’, ‘(x,y)’ and ‘Defn’. They all behave in the normal manner. The ‘Defn’ tool
can be quite useful by displaying at the bottom of the screen information on which
columns make up each graph if you lose track.
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Looking again at the screen shot of page 1 of PLOT SETUP (second from the top of
the page) you will see that there are three ranges. As with the Parametric and Polar
aplets, XRange and YRange control how much of the graph is seen. If your
histogram has frequencies of (say) up to 30 then you need to make sure your
YRange reaches at least that value or the top of the histogram will be cut off. In the
same way, if your data has a minimum value of -5 and a maximum of 35 then your
XRange will need to be at least that size. Using VIEWS ‘Auto Scale’ generally
produces very satisfactory results.

The effect of HRange is rather odd. It controls what range of data is analysed in
calculating the frequencies, and is normally set to be
the maximum and minimum values for the data. For
example H1 (shown right) has an HRange of -2 to

7. 1f I go into PLOT SETUP and change this to 0 to 7
then the graph loses the left hand column
representing the value of -2.

41
H1: [-2..-1) F: 1 [HMEML |

This allows you to eliminate outliers from your
graph quite easily. Eliminating them from your
graph does not eliminate them from inclusion in the
calculation of the values that appear in the ‘Stats’ 1 r3 e
page. To do that you would need to use DEL in the
NUM view to delete the actual data itself.

If you have a particular need to graph two histograms, the only way to do it would
by using VIEWS - ‘Plot Overlay’. This would only be visually successful if the two
did not overlap. Basically this is not advisable.

One final note concerns the grouped data. We saw earlier how to deal with data
displayed in a frequency table, but did not deal with the case where the data was
also grouped into intervals or classes.

For example: The HP38G does not provide a way for dealing
data Vi with data of this form. Statistics for the data can be
obtained by entering the mid-points of the intervals
10 - 19 15 as the data values but these will of course only be
20 - 29 25 approximations.
38 ) 4313 ;g The graphical plot of this will then show a series of
50 - 59 17 isolated columns (width one unit) at each mid-point,
instead of columns extending the width of the
intervals from 10 - 19, 20 - 29 etc.
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Tips and Tricks - Univariate Statistics

New columns as functions of old

You have already seen the use of one trick when we created a new column C1 by
storing 2*C1 into C2 using the HOME view. This can easily be extended to create
new columns as functions of any number of others. For example, a set of data that
you suspect is exponential could be straightened by storing LN(column) into a
fresh column. Changes of scale and origin can be investigated in this way by
storing (say) -2*C1 + 3 into C2. You can even combine columns such as storing
C1 + C2 into C3.

If you don’t particularly need the data to be actually [FEE=TaTIETICE sYHEOLIC VIEW TR,
stored as a fresh column, you can use the SYMB view :
to accomplish the same thing in a simpler way. For
example, the SYMB view snapshot on the right would (ewrer sarpie

accomplish the same thing as storing 2*C1 into C2. T ET S R T
A histogram of H2 would look the same as the one we produced earlier using the
HOME view, and the ‘Stats’ command would give exactly the same results. The
advantage of this is that it takes much less memory if both columns need not be
stored.

L

Simulating Random Variables

It is occasionally handy to be able to fake a set of data that simulates observations
on random variables of various sorts. This can be done using a function from the
MATHS menu called ‘MAKELIST".

(Covered in the section on the MATHS key, see pages 125 - 170)

The syntax is: MAKELIST( expression, variable name, start , end, increment )
where expression is the mathematical rule used to
generate the numbers.
variable name  1is the letter (X, Y etc.) that is to be
used in the expression (any other
letters will be taken as constants).

start is the first value that variable name is
be given.
end is the largest value that variable name
is to take.
and increment is the amount that variable name

should be incremented by.
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For example: MAKELIST(X?,X,1,10,2)
would produce { 1,9, 25,49, 81 } as X went from 1 to3to 5to ...

Example 1: Simulate 100 observations on a U[0,1] r.v. to be stored in C2.

In the HOME view type: MAKELIST(RANDOM,X,1,100,1)>C2
Note: 1. The > symbol is a programmable keys in the HOME view,
appearing as ‘STO»’ and read as ‘store’.
2. The X is only a dummy variable here to count off the obs.

Example 2: Simulate 50 observations on a discrete uniform r.v. U[3,7]

In the HOME view type: MAKELIST(INT(5*RANDOM+3),X,1,50,1)>C2

Example 3: Simulate 50 obs. on a Binomial r.v. withn=20 and p =

0.75. In the HOME view type: MAKELIST(X(J=1,20,RANDOM<0-75),X,1,50,1) > C2
Note: The X and the = can be found using the CHARS key.

Example 4: Simulate 100 obs. on a normal distribution with p=80 and c>=50.

In the HOME view type: (ensure MODES is set to radian measure first)

MAKELIST(80+V50* (V(-2*LN(RANDOM)) *sin(2 *RANDOM)), X, 1,100,1) > C2

Example 5: Simulate 50 obs. on an exponential distribution with a mean of 2.

In the HOME view type: MAKELIST(-2*LN(1-RANDOM), 1,560, 1) >C2

As an illustration, the result of this particular
simulation is shown graphically on the right. Its
mean turned out to be 2.067 (3 decimal places.).
Yours will be different of course - after all, that’s
the point of using random numbers!

H1: [0..1) F: 19 FEML |
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NOTE: Sometimes when dealing with large columns of data you will
get an error message saying ‘Insufficient memory’.
Some steps to help are given below. Retry whatever you were
doing after each step. Remember, the memory is not infinite!

1. Use BLUE CLEAR to delete the HOME history. If you’re using
HOME to deal with large lists then it will use a lot of memory
in a short time because the lists are stored in the history as
well as being copied into the column you specified.

You could just delete the lines showing the lists and leave the
lines of complex typing if you’re going to re-use them later.

2. ‘Reset’ any aplets containing data which is no longer required.

3. Hold down the ON key and simultaneously press the first and
third programmable keys from the left. Hold down all three
keys for about a second and then release. This does a low level
memory clear out. It will not delete any programs or aplets that
you have downloaded into the calculator, nor will it affect any
Notes or Sketches that you may have stored.

4. Do the same as for step 3, except use the first and
last programmable keys.

WARNING! This resets the calculator to factory defaults
and will delete the entire contents of your calculator, including
any aplets you have saved. Only the standard six aplets will not
be deleted, since they are permanently built in to the calculator,
and their contents will be lost.

5. Sometimes the HP38G can lock up completely. This is very
rare when running any of the standard six aplets, but can occur
when running a ‘foreign’ aplet. If this happens, try pressing the
ON button repeatedly. Next, try steps 3 and 4 above. If the
calculator is still not responding then turn it over and look at
the back. On the right hand side (of the calculator, not the
cover) you will see a very small hole. Gently insert a wire (an
unbent paper clip is ideal) into this hole and gently push the
reset button hidden inside. Now turn the calculator back over
and try turning it on again. If you still have no luck you will
need to consult a service provider.
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The Statistics Aplet - Bivariate Data

As I said in the Univariate section, one of the major strengths of the HP38G is the
tools it provides for dealing with statistical data. Unlike the others, the Statistics
aplet begins in the NUMeric view which offers easy input and editing of values,
while the SYMB view is reserved for specifying which columns contain data and
which frequencies, as well as for indicating pairing of columns for bivariate data.

C1 C2 | C2 | C4

The HP38G treats univariate and bivariate data quite T
differently and those differences are reflected in the
SYMB and PLOT views. Because of this we have split
the Statistics chapter into two.

LELT | IN: | SORT | E:Il? HT]
"
The previous section dealt with univariate data and we are now going to look at
bivariate (paired) data. On the screen in the NUM view of the Statistics aplet you
will see a button labeled as either ‘2VAR’ or ‘1Var’. Pressing the button under
this label changes from univariate (1VAR) to bivariate (2VAR) and back. Make sure
the button is showing ‘2VAR’ before proceeding.

If your NUM view already has some data in it, press
CLEAR (above DEL) and choose 4/l columns’. The
DEL key is used to delete individual pieces of data,
rather than whole columns. One must be careful
when doing this for Bivariate data. If your data pairs were in column 1 (C1) and
column 2 (C2) then deleting a single piece of data from C1 without deleting its
paired element in C2 would destroy the relationship between the two columns.

LI [ [  ItAWil] OK |

Let's use the set of data on the next page to illustrate the use of the features of the
Bivariate aplets. We will obtain all the usual statistics on it, as well as drawing a
scattergram.

Move the highlight into column C1 and enter the x; Lo lkd
data, pressing the ENTER key after each piece of data.
Now do the same for the y; data in C2.

mmmmﬂm

Looking at the bottom of the screen you will see a

series of tools provided for you. ‘Edit’ is not really worth bothering with. It is
easier just to retype a number than to press ‘Edit’ and then use the arrow keys and
DEL to change it.

Note: You can enter the x; and y; data into both columns simultaneously if you

enter it as an ordered pair in brackets.
i.e. as (1,5) ENTER (3, 10) ENTER etc.
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The key labeled ‘/ns’ inserts space for a new

Xi i number by shifting all the numbers down one
space. If working with bivariate data you will

1 5 need to be careful to insert into the paired column

3 10 as well.

8 18

5 13

7 16

3 8 . . .

6 15 One of the options listed on the screen is ‘Sort’,

2 8 which is capable of dealing with Bivariate data if

7 18 you are careful to enter the column number of the

9 22 dependent column into the appropriate space.

§ }z The ‘Choos’ key will pop up a list of columns

. 1 from which to choose, or you can use the A..Z

6 18 key. St?e th’e ‘Tips

8 20 and Tricks section sonr GRoer: Ascending

5 12 at the end of this INVEPENDENT: C1

2 8 Chapter for auseful CHODZE DEPEWDEWT COLUMM

0 4 technique using O Townsl [ ool ok ]

7 17 ‘Sort’.

8 19

R E STATISTICS SYHBOLIC WIEMW S5
w51t cz
& Eét 12 m#xE+b

Fito: med+h "

The next stage in dealing with bivariate data is to
specify the relationships between columns. This is
done with via the SYMB screen. ENTER INDERENDENT

The S1:, S2: ... refer to data sets 1, 2... This allows [EOIT | CHE] C_| | HOkA] EVAL ]
you to display more than one set of bivariate data by specifying the columns for
each set. Columns can be used in more than one set.

The screen above right shows the default setup established when you ‘Reset’ the
aplet in the LIB screen. It specifies that columns C1 and C2 are paired and that a
linear fit (m*X + b) is to be used when calculating a line of best fit. Notice that a
special ‘C’ key is provided for your convenience in the set of programmable keys
below the screen.

If you have calculated a line of best fit (see page 81) and want to remove the
resulting set of numbers from the SYMB display and return to the ‘m*X+b’ default
(perhaps in order to change the number of decimal places displayed or the data
itself) then just position the highlight on the relevant ‘Fit’ line and press the DEL
key.

77



The SYMB SETUP screen allows you to specify what
type of fit equation is to be used. The choices available
are:

FEE STATISTICE SYRMEDLIC SETUP S5
ANGLE MERZURE: Radians

=1FIT: [Tl 52FIT:L i near
3FIT:Linear HAT:Linear
FEFIT:Linear

CHODSE STATISTICS MODEL TVPE
I [ TVTF I I

Linear - m*X+b (Y=mX+b)

Logarithmic - m*LN(X)+b (Y=mIn X+b)

Exponential - b*EXP(m*X) (Y= be™) el incar

sipr|Logarithmic
zapr|Exponent ial

Power  -b*X’m (Y=bX") 5|t i

Quadratic - a*X"2+b*X+c
(Y=aX?+bX+c)

Cubic - a*X"3+b* X2+ X+d
(Y=aX3+bX?+cX+d)

Logistic - L/(1+a*exp(-b*X)) this function fits the data to a logistic
L . .
curve ( Y= ———) where L is the saturation value for
1+ ae™X

growth. If known, you can store a positive real value in L prior
to the curve fit or, if you want it calculated automatically, pre-
store L = 0.

and User Defined (not discussed here)

The specification of pairs of columns also allows the use of functions of columns.
For example, we could pair C1 with C2+C3, or C4 with In(C5).

FEMESTATIETICS SYMEOLIC SETUP S
AMGLE HER:URE: Radians

s1FIT: [Tl #eFIT:L inear
AT Linear #HAT:Linear
SSFIT:Limear

CHOOZE =TATIZTICE MODEL TYPE

_ Jewoos] ] T T |
Pressing BLUE CLEAR in
either of these screens will reset
them back to their defaults (as
shown).

Continuing our demonstration, make sure that your
SYMB and SYMB
SETUP screens
look like the ones
shown on the
right.

EEME STATISTICE SYMEOLIC WIEW 35S
S1:C1 2
Fit 1= [Eas]

S2i
FitZim¥k+b

ENTEE USER DEFIMED FIT
E0IT [WCHE] B | [SHOM]
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We could use VIEWS - Autoscale to produce an automatic plot (generally producing
very satisfactory results), but let's have a look at the PLOT SETUP screen this
time.

EMEEE STATISTICE PLOT SETUP

As you can see, it is very similar to the other PLOT Yine: ZE

SETUP screens that we have encountered earlier with ~ [FIHE 7, SEHE0E & SrARe: +

the main difference consisting of the list of settings  |ewrer ramrum vermicaL veLue

for STMARK, S2MARK etc. These are the markings that —EZR S SIS N N_—-

are to be used in plotting the points, allowing you to choose different markings for

different data sets.

SRS STATISTICE PLOT SETU

Set your PLOT SETUP screen so that it looks like the HTICK: VTIck: 5

. . . — COMMNECT ~INY. CROZZ
one shown at the top of this page, also switching to ~ |«a:es # LHEELS
the second page and ensuring that it is ticked as —

. . . ENTER HORIZONTAL TICK ZPACING
shown right and setting YTick to 5. [EnT| [ & PazE | |

. 25| DEPEHD
If you now press PLOT you will see the result shown

right. If you look at the screen you will see a small .
cross and, at the bottom of the screen, a listing of + INDER
S1(1): 1,5. This is telling you that the cross is S1C 115 HERL |
currently sitting on the first point in data set S1

whose value is (1,5). Using the left/right arrow keys you can move this cross
through the data set with the values being reported at the bottom of the screen. If
you have more than one data set displayed on the screen then the up/down arrows
move from one set to the other.

One of the settings on the second page of the PLOT SETUP screen deserves further
comment at this point. One of the common tasks in many mathematical courses is
the analysis of Time Series data. Unlike most bivariate data, time series values are
usually plotted as a line graph - i.e. as connected points. This is allowed for by the
_ CONNECT setting.
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For example:

The sales of an ice-cream shop are shown as quarterly sales figures for the
years 1992 to 1993. Display this data on a graph.

Yr 1992 1993
Qtr 1 2 3 4 1 2 3 4
Sales 12 18 20 15 13 20 23 16
(x$1000)
The result (with CONNECT ticked) is shown right. /\,/\
Note: Instructions are given in the Statistics INREP

30 11-1942. 12 [HEML |

‘Tips and Tricks’ section on how to create a moving
average column from a set of data.

Two Variable Statistics

As with univariate statistics, summary statistics are
available through the ‘STATS’ button in the NUM view
(see right).

Pressing this button changes to a screen which lists
the following:  MEANX, =X, ZX?, MEANY, XY,
Y2, XY, CORR, & COV.

Note: Be SURE that you see “Warning # 2’ on the next page
about the unusual value given for the covariance.

Let's use the set of data shown in the screen above to go through this process a
second time and this time examine the line of best fit. The data is also listed in the
box below.

Xi Vi Enter the data into the NUM view and then switch to the SYMB
| ) view. Make sure that S1 (Data set e N[ e
1 3 1) is set to C1 and C2 and that the :Elt 1I2_1 ——
5 > fit is linear (m*X + b). If not, the sé: " s
5 7 fit can be changed in the SYMB Fit2:mestb ¥
. ENTEFR UZER DEFINED FIT

6 6 SETUP view. CeniT [#CHk] & [ [cHoW]EvhL]
5 7
‘51' Z Now change to PLOT SETUP view SElSE STATISTICS PLOT FETUPS
¢ |4 and set the axes to be as shown e o= T

below right. SIMARK: » SEBMAKK: £ S3MARK: 4
2 2 SHMARE: 10 FEMARK: 30

EMTER MINIMUM HORIZONTAL YALUE
EnT] | FRGEW ] |
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Now press the ‘STATS’ button and you will obtain the results listed in the two
screens shown below right...

NOTE: Make sure that
the S1 data set is CHKed
before you try to obtain
these results. Results are |£----m | i s s o
only given for Data sets

that are defined and CHKed.

If you now press the PLOT button you will see the

graph shown right. If there is no line of best fit on :
yours, press the ‘MENU’ button to get the list of L : '
1

programmable functions along the bottom of the
screen and then press the ‘FI7T” button.

As soon as the line of best fit has been obtained, you can switch back to the SYMB
view to get its equation. This equation is only calculated when called for by
pressing the ‘FIT” button.

SEHE STATISTICS SYRMEOLIC VIEW 355
w513 C1
v Fit1l: ENEEEEEE

S2i
Fit2i m¥x+h ¥

ENTER USER DEFIMED FIT
EOT [WiHE] & | [SHOW]

As you can see in the screen right, the equation is
given to so many decimal places that it doesn’t fit
onto the screen. I only want it to 4 decimal places so
I will change to the MODES screen (above the HOME
key) and specify ‘Fixed 4’ as my Number Format (see below).
If I now change back to
the SYMB view, position

AMGLE MERZURE: Degreoes

WUMEER FOEMAT: Fixed 4 |

DECIMAL HARK: [ioh . ) the highlight on the A.81995+1. 1667

TITLE: HOME N .

EMTER DECIMAL PLACEX TO UZE equatlon Of the hne Of

TN LT N W W et fit (as seen above [EOT [ cHE] % | [sHOM[ EvaL ]

right), I can now press ‘SHOW’ and obtain the view
seen right which gives the equation of the line of best fit as y = 0-8199x +1-1662 .

With a correlation coefficient of only 0.7829 (from previous page) this would
probably not be regarded as terribly reliable.

In order to make predictions from our line of best fit, we need to be back in the
HOME view. We will use the functions PREDY (PREDict Y value) and PREDX from
the Stat-Two section of the MATH menu.

EIESE:
The functions PREDX and PREDY use whatever was the [ o0 <=
last line of best fit calculated. It is up to you to ensure |gEEIILE
that the one you want used was the one last graphed.
If I want to predict a y value for x = 3, then I simply
type PREDY(3) into the HOME view as shown right. Note: see ‘Warning # 1’ on the
page following about using PREDX.
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Warning #1: 1t is not advisable to use the PREDX function since it gives
statistically questionable results.

FEHE STATISTICE SYMEOLIC WIEW S

S1:C1 cz
Fitl:. 819944C5198338...

The PREDX function simply reverses the line of
best fit Y= 0-8199 X +1-1662 given earlier

(=

. (Y-1.1662) . fF'tE:.?4?4?4?4?4?5"
and uses X = ———— to predict the X :NT:R INDERENDENT 7
0.8199 [EDIT [wik] € ] [sHb] EvhlL |

values.

This is mathematically incorrect, since the line EAhER) A [
of best fit (unlike the correlation) changes as the [FEV 4. E7SETSETSET
i i PREDY (52

independent and dependent variables swap roles 4. 29777799

and can’t be just reversed.
TN I I I —

The formula for the slope b in the line of best fit y = @ + bx is given by the

Syy

formula: b =g y2. While the value of S, will not change if the roles of

independent and dependent columns are reversed, the value of (S)C )2 on the bottom
means that this formula will give a different value if you change which column is
regarded as x and which as y.

If you wish to predict X values, you should change to the SYMB view and enter a
new Data set S2 which uses C2 and C1 in reversed order, thus avoiding the need
to re-enter the data.

Now plot the line of best fit and then use PREDY rather than PREDX. As you can see
in the screen above, the result of PREDX(5) with C1 vs. C2 is not the same as
PREDY(5) using C2 vs. C1 (which if PREDX worked correctly it should be!).

Warning #2:  As you probably know, most of the statistical measures have
two possible values, called the ‘population’ and ‘sample’ values. The formulae are
almost the same. In most cases, and certainly in most high school courses, the
population values are the ones used.

X (53
For example: pop. variance... S = i=l

x

n

X (x5

Szi

X

sample variance...
n—1

As you can see, the only difference is that the sample version divides by # - /
instead of by ». This is a minor but crucial difference.
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Both of these measures are quoted in the Stats
screen (obtained by pressing the Stats button in the
NUM view). The values are shown in the screen shot
on the right.

The population values (the ones normally required) are PVAR. and PSDEV, while the
sample values are SVAR. and SSDEV. Notice also that you can obtain a value
accurate to 12 significant digits by highlighting the rounded value and looking in
the space immediately below the table.

The only problem, and the reason for this being a warning, is that only one value is
supplied for the covariance and it is the one which is far less often used!

The formulae for the covariance are:

(5 Hn-3)

population... i
Sxy =

n

S (x-(n-)

and sample... g _in

n-—1

The value given in the bivariate version of the Stats
page (see right) is the sample value divided by n - /
rather than by #n. This is particularly strange in view
of the fact that the usual value (the population one) is |13, Fez4z 16526
used in calculating the correlation coefficient! S . ——

Fortunately the error is very easily corrected. All you need to do is take the value
quoted in the screen (13.8684210526 from above) and multiply by # - / and then
divide by n.

In the case above, 13.8684210526 * 19 / 20 gives the correct population
covariance of 13.175.

83



Warning # 3: Another quirk of bivariate stats needs to be kept in mind, but
becomes important only when the fit chosen is not linear. This quirk is that the
correlation coefficient quoted is always for the linear model even when the fit

chosen is not linear.

When a set of data is non-linear in nature you can choose to fit a curve rather than
a straight line to the data. There are two ways to do this - you can choose a curve
fit from those available, or you can transform the data mathematically so that it is
linear. Let's illustrate this with a set of exponential data.

A As you can see, I chose a very

11 2 simple rule for the data: y = 2*

2| 4 If you set up a linear fit for the
38 data in S1, and then view the

41 16 bivariate stats, you will find that
5| 32 the correlation for a linear fit is
6] o4 0.9058 As you can see from the

graph, a linear fit is not a
very good choice.

+ If we change now to the
SYMB SETUP view and
choose an Exponential fit rather than a linear fit
then the results are far better.

C2 | C4

Srum

S2i
Fit2i m¥x+h ¥
ENTER USER DEFIMED FIT

JLEMT [ CHE] ® |  [SHOW]EVAL ]

[EEME STATISTICS SYMEDLIC SETUP S|
HMGLE MEHSURE Radians

wpF i S2FIT:Linear
SHFIT:Linear

S3FIT: Epr1
S5FIT: L imear

CHODZE STATISTICE MODEL TYRE
| [ |

The curve which results in the PLOT view is exactly what is required and the

equation (below) comes out as
HEME STRTISTICS svMEDLIC VEWEEEE Y= 1. EXP(() 693147 X)
C

wSl:iC1
wFit1: FEI which means
Y= 1. 693147 X which

S2i

FitZ:im*s+h
ENTER USER DEFINED FIT
LEDIT [#HE] % |  [SHOM]EVAL ]

The only problem is that checking the ‘STATS’
button shows that the correlation is unchanged at
0.9058 even when the new equation fits the data
perfectly!
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then changes to Y=2".

Z10 41:4- 16

e

SEHE STATISTICS SYMEOLIC VIEW 355
: LHCCE

S2i

Fit2imer+hb
EMTER USER DEFIMED FIT
[EMT [#CHE] 8 |  [SHOM]EVAL ]
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The alternative to this is to graph column C1 against In(C2) which straightens the
data. Since the data is now linear, we also use SYMB SETUP to change the fit back
to linear (press DEL to clear the old equation).

y=axb As you can see in the mathematical transformations
. shown left, the coefficients m and b in the resulting
= In(y) =In(a x b*) line of best fit

= In( y) = In(a) + In(b) x  correspond to the
natural logs of a and b

fromy=axb*.

The line of best fit (obscuring the data points) which results from the graph below
right is y = 0- 69314718056X+ 0 .

This gives coefficients of a = ¢ = 1 and /

b = e"09314718056 - 3 which gives the same equation as  |FimEE FEAAGEETIGET

before.

The main difference between the two methods is that
checking the ‘STATS’ button now gives a correlation
of 1 as it should for the data chosen.

As you can see, the second of the two methods is more involved and slower than
the first. If you require the equation of the curve then the first method of changing
to an exponential fit is the better one by far. If you require the “correct” correlation
coefficient you can then define a new ‘straightened’ data set and use it solely to
find the value of r,, via the ‘STATS’ button.
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Tips and Tricks - Bivariate Statistics

New columns as functions of old

As with univariate statistics, you can use functions
of old columns as new sets of data. See the
Univariate version of this section for two different
ways of doing this.

EENE STATISTICE SYMEOLIC WIEW 3558
L1

+h
LMCCED

ENTEE USER DEFINED FIT
LEMT [ CHE] ® | [SHOW]EVAL |

For example, a set of data (C1,C2) that you suspect is exponential could be

straightened by setting up S2: as (C1,LN(C2)).

The effects of changes of scale and origin on data and summary statistics can be
investigated in this way by storing (say) -2*C2+3 into C2. You can even combine

columns in this way, such as storing C1+C2 into C3.

Obtaining values from the Stats page for use in calculations.

It is often useful to be able to retrieve values such as the mean and standard
deviation for use in further calculations. With most simpler calculators these
values are found by pressing keys rather than reading from a ‘Stats’ page, so doing
a calculation like ‘multiply the mean by 3.5’ is not hard. The values shown on the
‘Stats’ page can also be retrieved for use on the HP38G, even if not quite so easily.

For example, the set of data below contains a suspected outlier (erroneous value).
In the case shown below, one might suspect a missing comma.

{29 39 5’ 2’ 195’ 3’ 69 7’ _29 39 59 59 55}

A common test for an outlier is to calculate the mean and standard deviation
without the presence of the suspected outlier, and then to check to see whether the
suspect piece of data is within three standard deviations of the mean. If not, then it

is discarded.

Enter the data (minus the suspected outlier) into
column C1 with the calculator in ‘7 V4R’ mode.
Ensure that the SYMB view is set up correctly and
then press the ‘Stats’ button.

As you can see on the right, the values of the mean

and standard deviation are given in the ‘Stats’ screen
to 12 significant digits.
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If we now switch to the HOME view, we can recall these values and use them in a
calculation to find the upper and lower cut off points for acceptance of data.

As you can see on the left, the range for acceptance is -
3.46 to 10.38, which makes the value of 55 almost

certainly an error.
el 1 | [ | |

It is worth noting here that the ¥ character came from the CHARS page, and that I
typed all the formulae in uppercase - the calculator converted when I pressed
ENTER.

MeanZ—3xPShew
-3.46153846153

IMPORTANT NOTE! The values of the mean and standard
deviation retrieved are those of the /ast set calculated. 1f you have
more than one set of data in the NUM view then it is a good idea to
firstly unCHK all except the one you want, and secondly, to press the
‘Stats’ button in order to force a calculation of the values you want.
This ensures that the ones you retrieve in the HOME view are the ones
you want!

This technique can also be used for Bivariate data in exactly the same manner.
You should ensure, as per the note above, that only the set of data you want to use
is active (CHKed) and that ‘Stats’ has been run for it.

All the values shown in the ‘Stats’ page are retrievable. A problem is that there
seems to be no way to retrieve the coefficients of the line of best fit, since they
appear in the SYMB screen rather than the ‘Stats’ screen.

The easiest way around it is to use an algebraic ‘cheat’. The function PREDY( ) from
the MATH library gives a predicted y value using the last line of best fit that was
calculated. This means that you must not only use the SYMB view to ensure that
your set of data is the only one CHKed and make sure SYMB SETUP is set to a
‘Linear’ fit, but also use the PLOT screen and the ‘FIT” button to ensure that your
set of data was the last one graphed and that it has had its line of best fit displayed.

If the line of best fitis y = m* X + b (as shown in the SYMB screen) then the

calculations shown below, performed in the HOME page, will give the slope and y-
intercept of the line of regression.

PREDY(0)=m * 0 +b

=b

and PREDY(1) — PREDY(0) = (m *1+ b) — (m * 0 + b)
=m+b->b
=m
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Assigning Rank orders to sets of data (including Competition results)

It is occasionally handy to be able to assign rank orders to a set of data. You might
be running a Quiz Night, or recording times for the 100 metre sprint, but in either
case it is handy to be able to sort the data into descending order and assign
rankings. This is easy for small sets of data, but becomes more difficult for larger

sets.

Let us assume a set of 20 competitors in the 100 metre sprint, with times
recorded to two decimal places, and competitors numbered 1 to 20.

Suppose that the results were as shown right...

Enter the competitor numbers as column C1
and the times in column C2. In addition to this,
put the numbers 1 to 20 into column C3 also.
The numbers 1 = 20 become a bit tedious to
type in for lists longer than 20, so you could use
the expressions MAKELIST(X,X,1,20,1)>C1 and
C1>C3 to shortcut the process.

Make sure that the ‘2VAR’ option is selected.
The result should look like this...

C3 | C4

[FnEwme] |

mmm
Now position the highlight on column C2 and
press the ‘SORT’ button. In the SORT SETUP

screen (shown below right) enter C1 as the
Dependent column. This will have the effect of

Competitor Time
1 12.23
2 11.47
3 11.34
4 12.87
5 12.23
6 11.30
7 10.51
8 11.34
9 11.46
10 12.34
11 12.23
12 11.50
13 12.01
14 11.97
15 12.05
16 12.87
17 12.02
18 12.52
19 11.37
20 10.75

pairing columns C1 and C2 and then sorting column

C2 into ascending order, re- arranging column C1 to

reflect the changes. When ready, press ‘Ok’.

The results of this sort are shown on the right.
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The final column C3 has not been re-arranged and it will be used to contain the
rankings. Looking down the column it can be seen that there are two values of
11.34 (the 4" and 5™). Their ranking should therefore both be changed to 4.
Continuing this process down the length of column 3 will produce the rankings for
the whole 20 competitors.

Note: There are two common ranking systems in use. In the first, a set of scores as
shown below would be ranked as shown, with same scores receiving the rank of the

first one.

score | 6 13 10 10 10 9 9 &8 6 6 6 6 3

rank | 1 2 3 3 3 6 6 &8 9 9 9 9 13

In the second system, scores that are the same receive the average of the ranks of
all those that are the same. Under that system, the ranks would be...
score | 16 13 10 10 10 9 9 8 6 6 6 6 3

rank | 1 2 4 4 4 65 65 8 105105105105 13

Av.of 3,4&5. j ¥ Av. of Gand 7.
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Using Matrices with the HP38G

The HP38G deals quite well with matrices. A special Matrix Catalogue is provided
with full editing facilities which allow easy manipulation and changes.

MATRIR CATALOG

The Matrix Catalogue is entered by pressing the BLUE “3 KERL MATRI
MATRIX key (located above the 4 key). It allows for M% e
the storage of up to ten matrices (M1,M2,..M9,MO) M4 181 REAL MATRI
. . . MS 141 REAL MATEIH )
which can be almost any size, depending only on e —

available memory. In the example shown right, the

catalogue contains two matrices, a 3 x 3 and a 3 x 1. The reason that the catalogue
specifies that they are ‘real matrices’ is that the HP38G is capable of storing and
manipulating not only matrices of real numbers but also matrices of real vectors,
complex numbers and complex vectors! The ‘New’ cnsms NEr. 2
key pops up the menu shown on the right, replacing iE

the highlighted matrix with one of the new type that |4 [Complex matrix
: M5 [Complex wectar v
you specify.

L[ 1 [ [ANIL] O |

Those not yet at University will normally only require the default real type and,
apart from small diversions, only those type will be covered here.

Let us begin by entering a matrix into the catalogue to practice simple editing.

If there are any matrices currently in the catalogue,

use BLUE CLEAR to delete the whole catalogue. m 1
Move the highlight to matrix M1 and press the ‘Edit’
key. The normal state for a blank matrix is to contain
nothing but a single zero (this is why they all register |&
as 1x1 even after erasure). — -

If you look at the list of programmable screen keys along the bottom of the view,
you will see one labeled ‘GO’ with an arrow. This key determines which way the
highlight will move (across or down) each time you enter a number. If you press
the key repeatedly you will see it change from ‘GO’ (down), to ‘GO=>’ (across),
to ‘GO’ (no movement). You will also see the usual ‘BIG’ key and an ‘INS” key
that can be used to insert an extra row or column into an existing matrix. The
keyboard DEL key can be used to delete a row or column.

My 1 z 32
11 3 E]

With movement set to ‘GO->’, type in the numbers 1, 2
and 3, pressing ENTER after each. Your display should

now look like the screen shot right. [Euir] ms [oos [bia | | |

If you now press the down arrow key on the keyboard — [ma] 1 z z
the highlight will move back to the first element in the é i E E
second row. If you now enter the numbers 4, 5 and 6

you will find that the calculator automatically drops
90 Ceorm [Nz [Gos [6ia | ||




down to row three without the need to use the down
arrow key, since it now knows how many columns the matrix is to contain. Finish
your matrix so that it looks like the one shown right.

2 -1

Now press BLUE MATRIX to switch back to the Catalogue and ‘Edit’ M2 3 4
to contain the matrix shown right.

-1 7

Switch now to the HOME view and multiply M1 * M2. As you can
see, the result displayed in the HOME view is not very

i 13 S s . .
Ze1o1 B L1610 : useful.or readable. Pressing ‘Show’ does not help in this
case either.

M1£M2
[[53,2281,[17,558], [29, 8.

Lsroef [ [ [ 1 |

A better method is to store the result into a third matrix and then to view it through
the Edit screen of the Matrix catalogue. This is shown below...

OME

i

1Mz

[[5,223]1,[17,221, [29. 8., : :

MismcRRE ' ' Matrlx.MS is created left

[[5,228]1,[17,52]1,[29,2.] and edited rlght,

| o

[svoe] | [ T [ | EDIT | e [G0* [EIG | | |

The most common functions that you will use are INVERSE, DET and TRN
(transpose), so we will begin with some worked examples using them.

2x+3y—z=-6
Eg. 1 Solve the system of equations: x=3y+z=12
3x-y+4z=13

Solution: The system can be represented as the
system of matrices: 1 -3 1 [||ly|=]12
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This system can then be algebraically rearranged to:

) o 2 3 17!
where the inverse matrix is...
1 -3 1
3 -1 4
X 2
which gives a final answer of y|=1-3
z 1

Mathematically what we
have done is:
Ax=b where A is the coeff. matrix

and b is the constant matrix.

= — X b
T
which is usually written as:  x=4"!'xb
or as: x = inverse( A) x b

The method for doing this on the HP38G follows...

MATRIR CATALOG

Step 1. Enter the Matrix catalogue. Use BLUE CLEAR

. MZ (@ 1 11
to erase all matrices. HE

M5 181 REAL MATEIX L

LI [ [ [ WO JvEE]

Step 2. Enter the 3x3 matrix of coefficients in M 1.

Hg| 1
1|-8
Step 3. Enter the 3x1matrix of constants into M2. igé
Notice the change to ‘Go|’ in order to make
entering numbers easier. T —
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Step 4. Change to the HOME view, evaluate A~! x b using any of the following three
methods (all of which are acceptable to the HP38G), and store the result into M3.

(a) M1~ '+ M2

17— 1%HZB#M3Z
(b) M2/ M1 [[21,[-21,[. 999995994,

[roel [ [ [ | |

The best of these is probably (a) because it doesn’t involve fetching the INVERSE
function from the MATH menu like (c¢), and reminds you, unlike (b), that the
operation is really left-multiplication by the inverse, not a division (which is not
strictly speaking defined for matrices). You may, of course, please yourself.

(c) INVERSE(MT)*M2

The answer is displayed in the HOME view as ((2),(-3),(.999999999999)) which is
really the same as x =2, y =-3, z= 1. The strange answer for z = 1 is caused by
rounding error. The reason is that the determinant of the inverse matrix is -33
giving recurring numbers in the calculations when it is used in divisions.

2 1 4
Eg.2  Find the inverse matrix 47! for the matrix A= 1 1 3
2 4 -1
The first step is to store the matrix A into M1. If s
you now simply store its inverse into M2 you will -7

find, depending on the determinant, that the result is T%I__éggigﬁ?m, -2 42,

probably a collection of decimal values (see right).

While correct, this is hardly the best way to display
the answer.

1.59714283714
LECIT ] IN: [oO* [ElG [ | |
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A better way it to write the answer as a fraction

multiplied by a matrix of

det( 4)
whole numbers.
i.e.
EnEd] ME ] : . Ha| 1 z 3
B E with M2 being... YR T -
- E1L -10 1
DETCHM1 %M1~ — 1BHZ
[[-13, 17, . 9399999999,, S N —
|----- LENTLN: Jan= Leie |_L__J|
-13 17 -1

1
Thus we can finally write: A = — IS 16 2
6 -10 1

Eg. 3 A company manufactures three types of coats; Cotton, Tweed and Wool at
factories in Mid-West, Eastern and Hopwood. The numbers of coats
manufactured in October were at Mid-West; 345 Cotton, 174 Tweed and 97
Wool, at Eastern; 462 Cotton, 203 Tweed and 122 Wool, and at Hopwood;
111 Cotton, 62 Tweed and 54 Wool. The cost of each type of coat to
manufacture is $45 Cotton, $87 Tweed and $210 Wool. The coats retail at
$57 for Cotton coats, $101 for Tweed and $250 for Wool.

(a)  Display the information given above in the form of a
production matrix N, a cost matrix C and a retail matrix R.

Using matrix multiplication techniques:
(b)  find the total costs incurred by each factory.
(©) find the total income before costs for each factory.

(d) find the total profit at each factory & the total profit for all
three factories.
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(a)

(b)

(©

(d)

M| C T

M | 345 174
E 462 203
H | 111 62

M| C T W

i Enter these as M1, M2 and
97 M3 into the matrix

122 catalogue, using the

54 dimensions shown.

$ |45 87 210

M3|Cc T W

|57 101 250

Total costs = N x CT, where CT is the transpose of C.
This is done in the home view, storing the resulting matrix in M4.

EnEG]

M1 TRHCM2 kM4
[[51832], (646711, [217..

|EHHIIIIIIIIIIIIIII

Thus the answer is:

These results are
more easily seen
in the matrix edit
view with ‘Big’
switched on.

S1E33
LEMT] N | GOs (iG]l ]

$51033 at Mid-West, $64071 at Eastern
and $21729 at Hopwood.

The same method for Total income = N x RT, stored into M5 gives...

EADEG] HOME
M1=TREHCM2 kM4
[CS1@33], [646711, [217..,
M1%TEHCHI RS

[LE14839], [FF337 ], [266.,

51459
LECIT | INE [ GO+ [Ensel | |

... with the final answer being: $61489 at Mid-West, $77337 at Eastern
and $26089 at Hopwood

Profit
=MS5 - M4

with the final answer being $10456, $13266
and $4360 at Mid-West, Eastern & Hopwood

respectively.

Total combined profit is given (remembering

= Income - Costs

that matrix operations must be used) by

1
multiplying M 67 by Ill
1

This gives a total profit of $28082
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[[E1439], [¥F337]1, [260.,
MT—F4 kS
[[18456], [132661 [436.,

Lstoel [ [ 1 | |

A

I

[[18436]1, [13266]1, [436..

TRMCMEX#[C011,[11,[11]
[[23a5211]

|EHHIIIIIIIIIIIIIII




Eg. 4  Find the angle between the vectors @ = (3,4) and b = (4,1) .

51 Using the formula that
dl b=l [p.cos0
NI (3.4) aeb=l|p.cos
27 \e where a o b is the dot product, we can
I .1 rearrange to obtain:
N seb
14 ==
cosf= ——
27 Jal I
34 Therefore:
44
0 (3.4) e (41)
54 cosl=7—-
|3.4)|| (4,1)
3x4+4x1
V3442 e
_ 16
w17
=139 -09°

On the calculator, the functions DOT and ABS give the dot product and magnitude
respectively, when fed with vectors. The HP38G writes vectors as row matrices.
For example a = (3,4) would be written as (3,4).

The calculations are shown in the two screen shots
on the right.

B [T [&E
Ans<CABSCLS, 41 2#ABSCL..,
FrEl14888116

ACOSCARS
29, B933538862

Lsroef [ [ [ 1 |

The list of matrix functions available through the MATH menu is covered on pages
159 - 163. Not all functions are covered, since many of them go far beyond the
requirements of the average student at whom this book is aimed.
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Using the Notepad Catalogue with the HP38G

The HP38G provides Notepad which can be used either to attach notes to an aplet
or to create independent notes for any use. The six standard aplets don’t have any
notes attached to the them unless you add them, but any copies you transfer from
another calculator may have had notes added to them by other people. In
particular, any special aplets you download to your calculator from the Internet
(perhaps via your teacher) will almost certainly come with an accompanying set of
instructions in the form of a note and perhaps a sketch also.

Every aplet has a note attached to it, whether it is actually used or not. This note is
available via a button labelled NOTE (on the VAR button). Thus an instruction to
‘press BLUE NOTE’ refers to the aplet Note.

In addition to this, there is a Notepad Catalogue available via a button labelled
NOTEPAD which can be found above the ‘1’ button. Thus an instruction to ‘press BLUE
NOTEPAD’ refers to the Notepad Catalogue, not to the aplet Note.

Since notes attached to aplets are explained in more detail in the chapter “Creating
an aplet for the HP38G” on pages 104 - 124, only a brief example of an attached
note is given below:

The PERIODIC aplet is one that can be used to teach 21001
.. . Sequence
about the periodic nature of the graphs of sin, cos and |Statistics
tan. It has been downloaded into the calculator from
the Hewlett-Packard site on the Internet and is now LehvE [RESET] SORT [SEND [RECY [STHET]
available to be run via the LIB key.

When the aplet is run, the first thing that you will see  (#For the periodic
1s.the Note attaghed to the gplet. This is very common =AESTHIBHRAC4D
with these special aplets - since they are not standard N = BT
aplets, the author ensures you have a chance to see [ [sFACE[ FAGE ¥ | #..2 [EK3F]
some instructions first. ERIDIC NOTE
iz the distance
TraneTal Ton,
. . . Fans .
This particular set of notes consists of four pages,
. SEE SKETCH
™ T with only the first and last
|L_L:PACEL & PRGE__[ A2 [EK:F
l_ }3_“2"_-.{_ f/___'-. _ %‘_\ of them are shown on the | EEETEEENIT N ERAFE
”{5 o i right. As you can see, this aplet also has a sketch
T perapp—T attached to it. This can be viewed via the SKETCH key
[T . AT ahove the MATH button. The sketch is shown left.

Sketches can also have multiple pages and are covered in the following chapter.
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The Notepad Catalogue can be used to hold various notes to yourself. You might
for example have one for Homework and/or Assignments. As an exercise here, we
will develop a Note containing some common formulae. What you are allowed to
keep and take into tests is, of course, a matter for the policy of your school’s
Mathematics department. It is not a good idea to cheat by taking illegal material
into a test, since it could well result in (at the very least) a score of zero on the test.

Notes can be shared between friends, since they can be transmitted over the built
in infra-red link in the same way as for aplets, lists, matrices and programs. It is
worth pointing out that this will not help you in a test situation, since the infra-red
link in the HP38G has been deliberately ‘nobbled’ in the factory so that it will
only operate over extremely short distances. It’s going to be pretty obvious what
you’re doing if you try to transmit Notes in a test.

Notes also consume memory. If you start accumulating Notes you will find that
you don’t have room for your aplets (which are surely more useful).

In addition to this, the HP38G was never designed nor intended to be a typewriter.
Typing text is a slow and laborious process. As you begin to become more familiar
with the positions on the keyboard where the various letters of the alphabet can be
found your typing speed will improve, but it will never remotely compare to typing
on a keyboard. If you want to prepare anything more than casual Notes, then it is
best to invest in the HP Connectivity Kit. This Connectivity Kit, discussed in more
detail in the chapter on Aplets, allows transfer not just of aplets but of Notes as
well. The Connectivity Kit does not however allow editing of the note and you
cannot use a normal text editor to finish it off and then transfer it back to the
calculator. A FREE piece of software is available over the Internet from Hewlett-
Packard called the Aplet Development Kit which allows easy editing. It runs only
under Windows, not on Mac computers.

Having said all this, let’s create a small Note
containing some commonly used formulae. If you
press BLUE NOTEPAD (not BLUE NOTE ), you will see
the Notepad Catalogue shown right. Yours will
probably be empty.

As you can see, the keys at the bottom of the screen allow you to ‘Edit’ an
existing Note, create a ‘New’ one or to send/receive Notes to/from another HP38G
(or PC/Mac). A Note is deleted using the DEL key, while the BLUE CLEAR key
will delete all Notes in the catalogue.

Press the ‘New’ key to begin a fresh Note. You will
be presented with the screen on the right, requesting
that you enter a name for the Note. Names can be
any length and can contain any characters, w'-ll_ﬂwtf_g*m
alphabetic, numeric, spaces as well as any from the

CHARS menu.
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When you press ENTER after typing in the name, you will see a blank screen
waiting for you to begin typing in your Note.

Before we begin, a word about making your typing easier. The normal method to
enter an alphabetical character is via the button below the ENTER key labelled
A..Z. Lowercase letters are obtained by pressing the BLUE key first. This A..Z
key can be held down with one hand while you type with the other, but this is
hardly convenient. A space is obtained via BLUE SPACE, with the SPACE located on
the 2 key.

ORMULAE MOTES WOT

At the bottom of the screen in the Notepad view (and
in many other views too) you will see programmable
keys labelled A..Z, SPACE and BKSP (backspace). If
you press the A..Z key then from then on all the
buttons on the calculator will give their alphabetic values rattre

mathematical functions. Pressing the BLUE key first before the A..Z key will lock it
into lowercase rather than into uppercase. Pressing the A..Z key again disengages
it.

The reason for the SPACE key is that the normal SPACE key is located on the same
one that gives a T once the A..Z key is active.

. . ORMULAE WOTEZ WOT
Use the keys discussed above to type in the screen Common §ormulas

shown on the right. Note that the non-alphabetic A=4BasexHeight

characters such as the = sign and the © symbol are A=4T-2  (Sphere)+
obtained through the CHARS menu. The three pages |mmErm: =

of the CHARS menu are shown below. As you can see, there are many special
characters available for use. The arrow keys can be used to move around in the text
and insert or delete characters.

PECIAL CHARACTER SPECIAL CHARACTERS SPECIAL CHARACTERS S
A T dacnBhpTraT EEEELELISAISS S § ¥
LTl ATnT | s imR WREE SN, T =T, BGoaB0xS0000TER
"R ANNLESEHER =EE S LN Bl TR P dashfampeeediiia
dEsEEE6THLOa09P 4

SELECT K CHARACTER AMD PRESS DK SELECT A CHARACTER AND FREZ: DK

SELECT A CHARACTER nunpss K | FRE: T S ST T8 RS

Once you have finished, and perhaps added some more formulae of your own, just
press the BLUE NOTEPAD key again to return to the catalogue level. You will find
that your new Note is now listed. There is no need to save your note, it is saved
continuously as you work. This unfortunately also
means that there is no way to undo a mistake by
reverting back to a previously saved version.

You may wish to try transferring your newly created
Note to a friend’s calculator over the infra-red link.
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Using the Sketchpad with the HP38G

If you have not already done so, read at least the first page of the previous chapter
entitled “Using the Notepad Catalogue with the HP38G”. As is explained there,
every aplet has associated with it a Sketch, consisting of up to ten pages. It can be
viewed by pressing BLUE SKETCH, which is located on the VAR button.

None of the six standard aplets come with pre-prepared sketches but you will often
find that an aplet that you download from the Internet (perhaps via a teacher or a
friend) will have some Notes and Sketches attached by way of instructions for use.

The facilities provided in the Sketch view are good for a bit of fun, but you will
quickly discover how very primitive they are when you try to do anything at all
complex. This is not meant as a criticism of the calculator. It does an extremely
good job at what it was designed for - working with numbers - but it was never
designed to compete with a true computer drawing package. If you’re intending to
do anything serious then use a proper Paint package in conjunction with the Aplet
Development Kit (see page 98).

When you first enter the Sketch page you will see the
view on the right. There are four screen keys
available. The ‘Text’ button allows you to place
strings of text on the screen.

[ETOk [WEWE[ | [ TERT JORAL]

If you press ‘Text’ then you will be prompted to enter
a string of text at the bottom of the screen. You will
notice that an A..Z key is provided to lock in Hello World!
alphabetic keys, but unfortunately no SPACE key is [T TEIG ] A JiHNOL] DK |
provided, which means you have to disengage A..Z at
the end of each word.

+
{——
When you press ENTER, a rectangle will appear in the
middle of the screen. The rectangle is the same size
as the text will be. Using the arrow keys you can now
move the text to the position in which you want it
and then press ENTER again to fix its position.

LI [ [  [whNiL] Dk |

Hello World!

[sT0k [HEWR] | | TERT [DRAl]

New Sketch pages (up to a total of ten) can be produced by pressing the ‘NewP’
button. They can be erased with the DEL key.

The ‘Draw’ button gives access to a slightly enlarged
menu of drawing tools. The ‘Ok’ button seen on the Hello World!
far right exits from this menu back to the original one.

[ooT+ [00T- [LIME | B0 JCIRCL] OK |
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The small cursor (cross) in the middle of the screen
can be moved around using the arrow keys. If you
press the screen key labelled ‘Dot+’ then a trail will
be drawn as you move the cursor. Notice the small
dot next to the ‘Dot+’ showing that it is engaged.

Pressing the ‘Dot-° button turns the cursor into an
eraser (and automatically disengages ‘Dot+’ as
well). Pressing the same button again disengages
both buttons and leaves the cursor free to move with
no effect on the Sketch.

Moving the cursor to one end of a proposed line,
you can now press the ‘Line’ button and move the
cursor to the other end of the line. When the line is
correctly positioned, press the ‘Ok’ button (or
‘Cancel’).

A box is drawn in the same way. Position the cursor
at one corner, press the ‘Box’ button, move the

cursor to the diagonally opposite corner and press
‘oK.

The circle command is similar. You should position
the cursor at the center of the proposed circle.
Pressing ‘Circl’, move the cursor outwards from
the centre, forming a radius. As you do so you will
see a small arc appear, giving you an indication of
the curvature of the proposed circle.

Pressing ‘Ok’ (or ENTER ) will then complete the
circle.

Using the ‘STO>»’ button you can capture part of the
screen and store it into any of ten graphics memories
G1,62..69,G0 (called ‘GROBs’). When you press
‘STO»’ , which is back on the original menu (so
press ‘Ok’ to leave the drawing tools), the message

,
[l

[OT+a[DOT- [LINE | EOZ [CIRCL] DK |

t
Hello| Horld!
L +
[DOT+ [pOT-u] LINE | EOR [CIRCL] OK

E"HE-ll-cu borld!
+

LI [ [  [whNiL] Dk |

ﬁ'HellnrNDr'ld!

[ooT+ 007~ [LIKE | EO% [CIREL] DK |

“n

[}
ﬁ‘Hellu’unrld!

EN

11o| War

[ooT+ [00T- [LIME | B0 JCIRCL] OK |

L[ [ [ [AKIL] DK |

you see on the right will appear, asking which GROB to use.
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Once you have chosen a GROB to store the screen
capture, you will need to specify the corners of the
rectangle to be captured.

It is now possible to paste the captured screen portion
into the a Sketch page using the VAR button. The
screen does not have to be blank but to make things
clearer, create a new sketch page using the ‘NewP’
button (see right). Notice the appearance of a new
‘Page’ button to allow movement between Sketches.

Press the VAR button and, when you see the screen
shown right, press the programmable button labelled
‘Home’. (NOT the normal HOME key.)

Move down through the menu until you reach
‘Graphic’ and across to the particular GROB you chose.
Now also press the button labelled ‘Value’ and then
press ‘Ok’.

You will now find yourself back in the graphics screen
with a rectangle representing the size of the GROB to be
pasted in.

Move the rectangle to the desired position and press
‘Ok’. The GROB will appear. GROB, by the way, is short
for ‘graphics object’.

This technique can be very useful in building a Sketch,
particularly when used in conjunction with the ability
to capure PLOT screens and store them in GROBs.

To capture a PLOT screen, just arrange the PLOT display
so that it shows the features you wish to capture. For
example, if you don’t want the screen menu showing,
make sure it is set up that way before you proceed.
When ready, press and hold down the ON button, press

ZELECT FIRET CORMER  [GTTHIATEE

[STOF [MEWF| & PRSE__ [ TERT [DEAL]

Axes
Flot FCH |Connect
Sumbolic (Coord
Mumeric wlFastRes =

[HOHE] [Hik s[UALUE[CRNCL] OF ]

Libraryg
List ¥|G hd

[HOH =[APLET[HAr a]VALUE[CAMEL | Ok |

LI 1 [  [tANCL] DK |

[Ha1lo]

[=TOk [NELIF] & PRSE__ | TERT | DRk ]

\ /|
\V

the PLOT button and then release both. The screen will be automatically stored into

GROB G0.
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Now change into the sketch view, press the VAR button, select the programmable
key ‘Home’ rather than ‘Aplet’, move the highlight to Graphic and then move it
right and find GO. Press the ‘Value’ key and then press ENTER. Unlike the previous
example where the pasted GROB now had to be located on the sketch page, the
captured screen in this case will be pasted in as a

fresh page. \(j/é;:— blbz—dac
2a

Having pasted it into the Sketch page, you can now f —
s . h . I —x= Zh_
modify it by adding text and other information. 23
LTOk[MELP] |  [TEHT [DRAK]

One has to question however whether the time needed to do this and the low
quality of the result make the whole process worthwhile. If you’re intending to do
this to produce a set of ‘cheat notes’ for your next test or exam, you might be far
better off spending the time studying!

Note:  The screen capture facility of ON+PLOT demonstrated here can be used
to capture any screen as a GROB, not just a PLOT screen.
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Using, copying & creating aplets on the HP38G

Before you read this chapter, you should have read the chapter at the beginning of
the manual entitled “Everything Revolves around Aplets!”.

As has been discussed before, the designers of this calculator provided a set of six
standard aplets for you to use, changing the capabilities of the calculator as you
change aplet. These standard six aplets will cover most, if not all, of your
requirements and, to a certain extent, you can modify them to suit your needs and
copy them for your friends. Unless you particularly want to learn about the
programming language which is available for really significant changes, there is no
reason why you should worry about it.

As well as making small modifications to the standard six aplets, you can
“download” additional aplets written by strange people who do enjoy
programming. These aplets come via the Internet, but you can probably obtain
them from your teacher, from other HP38G’s, or from a PC or Mac onto which
they have been copied. Once aplets have been copied from the Internet onto a PC
or Mac a “Connectivity Kit” is available from Hewlett-Packard (and dealers)
which allows you to connect a cable from the PC or Mac to your calculator and
then download aplets to the HP38G.

The information which follows is discussed in the following order...

e creating a copy of a standard aplet

e copying from HP38G to HP38G via the infra-red link.

e downloading from the Internet using the Connectivity Kit.
e transferring notes and sketches via the Connectivity Kit.

e programming with the HP38G - the creation of new aplets.

Part 1: Creating a copy of a Standard aplet.
Imagine yourself in either of these two scenarios....

(i) you are a student and you have filled the Function aplet with a set of
equations needed for tonight’s homework and set up the PLOT screen so
that it looks exactly the way you want it to. Now you find that you need
the Function aplet to do something else equally important which will
mean wiping all that work!

(ii) you are a teacher and you are planning a lesson where you will examine a
collection of about half a dozen data sets and then graph the results. You
don’t want to spend half the lesson waiting while the students type the
data into the Statistics aplet and then watch while they all use different
axes and get totally different graphs!
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In either of those two cases, the solution is to make a copy of the aplet concerned.
You can make as many copies of any of the six standard aplets as you wish, with
the only limit being the calculator’s memory.

Let’s look at each of the two scenarios in turn.
In the first case, what the student needs to do is to make a copy of the Function

aplet to hold his homework (the functions he had already set up) and then do
the unexpected extra work in the now free Function aplet.

Press the LIB key to see the list of aplets. Move the ]

highlight to Function (or whichever one you wish to Ei’{i?““c
copy) and press the programmable key labeled
‘Save’.

You will now be asked to nominate a
name for the newly created aplet. It is a MEL NAME:
good idea to name it something that will
remind you of its purpose and contents

later. After all, you may end up saving it
permanently onto a PC or Mac using the
Connectivity Kit and when you look at it six months

raphs Y=1-8"MN+
L1 1 1 [CAMCL |

Function

) ; Farametric
from now a name of “Homework™ is not going to Eg&'ignce
tell you much! [SAYE [RESET] SRT | SEND [ RECY [START]

Your name can have spaces and other characters, including ones in the CHARS
menu.

Our student’s newly created copy of the Function aplet is now totally independent
of its parent aplet and contains the precious homework. She can now ‘Reset’ the
original Function aplet back to factory defaults and go on with the extra work that
she wanted to do.

Our second scenario had a teacher not wanting to waste the time that would be
needed for his students to type in five sets of data. In this case also, the solution is
to make a copy of the aplet - in this case of the Statistics aplet.

The teacher first needs to set up the Statistics aplet
to be exactly the way he wants it... five data sets of
20 numbers each, NUM view set to univariate stats
(TVAR), SYMB view set up for five Box and Whisker
graphs and axes set up to display all sets.

EEOE STATISTICS SYMEBOLIC WIEW S5

L gy I
. wH2: C2 1 & |=TaTeLoT: EIEEEN
HEMG: - 28
g VENG: -2
—tr— HEWG: @
]

Pl |enter sampLe FELECT STATISTICE FLOT THYPE

H4.21 : -15.5 HEMU || EMIT [ CHE] © |  [SHOWJEVAL |  [CHODE[ PAGGE W |




The next stage is to move to the LIB view and ‘Save’ this modified Statistics aplet
under a new name - say “Related Sets”. If desired,

he might also ‘Reset’ the Statistics aplet at the same | e
time, ready for the next use. Statistics
Graphs Y=1-8"H
) Function
This saved aplet can now be downloaded (see Part 2 [Faramstric hd
[ SAYE [REZET| SORT [SEND | RECY [ETHET]

below) to all the students’ calculators using the built
in infra-red link which is standard for all HP38Gs, ensuring that each student has
the correct data sets, and that their new copy of the Statistics aplet is pre-set to the
teacher’s needs.

An ambitious teacher might even complete his aplet by adding a set of instructions
to the Note which is associated with the aplet. This would allow an absent student
to download a copy from a friend’s HP38G and know immediately what they are
supposed to do. As was discussed in the chapter entitled “Using the Notepad
Catalogue with the HP38G”, every aplet has its own note that is tied solely to that
aplet and is available via the BLUE NOTE button on the VAR button.

It is not suggested that anyone would seriously use the HP38G as a typewriter or
word processor, but the Connectivity Kit allows one to do the typing on a PC or
Mac and then transfer the result to a HP38G. Indeed, if the ‘absent’ student had
access to the Internet and a Connectivity Kit themselves, then there is no reason
that the teacher could not post the aplet on the Mathematics Department’s Home
page for downloading by any students who need access. This, however, is
probably an unrealistic luxury for most schools at present.

In both of these cases, the procedure has been to save a copy of one of the standard
aplets under a different name. In neither case was there any need to do any
programming and the amount of memory taken up by these copies is fairly minimal
because they share most of their resources with their parent aplets.
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Part 2: Copying from HP38G to HP38G via the infra-red link.

Any aplet can be copied from one HP38G to another via the built in infra-red link
at the top of the calculator. Indeed it is not only aplets which can be copied, but

lists, notes, sketches, matrices and programs. PLET LiErAR
Eflfte?_ﬁets

The key to this ability is the presence of a Eraphs H

programmable key labeled ‘Send’ (and its companion

key ‘Recv’). This is shown in the LIB view on the right.

These keys can be used to send a copy of the highlighted aplet to any other HP38G.

The infra-red port.

The infra-red link is
located at the top of the
calculator, next to a
socket (which is used
to connect the HP38G
to a computer if you own the Connectivity Kit). This link is exactly like the
remote control of a VCR, and allows two calculators to talk to each other. In the
interests of security in tests and exams, the distance over which they can talk is
limited to about 9 - 10cm.

If you look carefully at the top of the
calculator, near the “Hewlett-Packard”

label, you will find a small trianglg of
smooth plastic. This marks the

position of the infra-red port so that ™
you can line it up when looking down e b =
from above. Put the two calculators ~~ v I

top-end to top-end and line up the

arrows with the calculators no more Receiver 5 .'

than 9 - 10 cm apart.

Both calculators should be showing
the LIB view, with the highlight on the
aplet you wish to send. Now press the
‘Send’ button on the sending
calculator and the ‘Recv’ button on
the receiving calculator.
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On both screens you will see the pop-up choice
shown below. Ensure that the highlight is on ‘HP
38G’. The other choice is there for transmitting

aplets to and from a PC or Mac via the Time Series
Connectivity Kit. L_1_[ [ JNc] k]

When both calculators are showing this menu and % gﬁggﬁ.ggvaﬂﬁkn
are lined up correctly, press the ENTER key. While

the aplet is being transmitted you will see a similar
message to the one shown right. When the
transmission process is complete, the new aplet will appear in the LIB view of the
receiving calculator.

If you see a message saying that there has been a
“Time-out”, it probably means that you did not line
the calculators up precisely enough. The first thing  |Tinlro camcer. rress ow
they do is say the electronic equivalent of “Hi ok
there” to each other, and if there is no answer from the other machine within about
30 seconds, then this is the message you receive.

[EE i
Farlfh Timeout
5ol

CAL

Important note: If your aplet is one that has been created by someone else (rather
than simply a copy of one of the standard six) then it will probably have one or
more programs associated with it. For example, all the aplets available from the
Hewlett-Packard home page come with sets of up to DRI CATALDS

6 or 7 programs to do the work, and without which ~ |Editline

they are totally useless.

Fortunately you do not normally need to worry about | NI XN B T TR ETE
this, since the calculator knows about them and will transmit them all with the aplet
(increasing the transmission time quite a bit). If you want to see them, press BLUE
PROGRAM after transmission finishes to see a list. Note: Even if there are no other
programs currently stored, you will always see the ‘Editline’ entry. It contains the
record of the last calculation you did in the HOME view.

Apart from curiousity, there is one important respect

APLET LIERARY 38

1 1 - on
in whlch.you nee.d to knon about these programs, Me<l@ Delete Spict
and that is when it comes time to delete an aplet. As |Po)|~ Related Sets?

you would expect, this is done in the LIB view by Statistics v
highlighting the aplet and then pressing the DEL key. ___L__L_L__Lv

If the aplet is a simple copy of one of the standard six, then that is the end of the
process. If, however, the aplet has a set of one or more programs associated with it,
then those programs have not been deleted and are still taking up memory. To
delete these left over programs you will need to switch to the PROGRAM view and
remove them. This must be done or your memory will be gradually used up.
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As an example of this, consider the aplet called

. . . . . Sequence
“Time Series” shown in the LIB view above right. Funct ion
. . . Message
Looking at the list of programs shown in the Polar

PROGRAM view, you will see a set of programs LERUE [REET| SORT | SEND | RECY [ETAET]
which all begin with the letters .TS.

The convention that is being encouraged by
Hewlett-Packard is to name the programs so
that it is fairly obvious which ones belong
to which aplet, hence the .TS code for
“Time Series”.

[ JROGRAM CATALAGS Simply position the highlight on each of the programs
@ pelete all in turn and press the DEL key. If your calculator only
programs? contains one aplet with programs tied to it, then you
will find it faster to use the BLUE CLEAR key to delete

all programs at once.

The coded prefix means that you won’t have problems working out which
programs belong to which aplet. Depending on the aplet, the linked programs can
take up a fair amount of memory, so that it is unlikely that you will be able to fit
more than two or three of these type of aplet onto your calculator at once. The
naming convention should ensure that you are able to work out which is which.

This is, in fact, one of the main problems that you will have with these aplets.
There are so many of them available, performing incredibly useful tasks, that you
will find yourself frustrated that you cannot have all of them stored permanently.
The advantage of having easy access to the Connectivity Kit is that it allows you to
off-load any aplets not being used onto a PC or Mac, which both have essentially
unlimited storage. That way you can download them as they are needed.

As well as connecting to a PC or Mac via the Connectivity Kit, you can also
purchase from Hewlett-Packard an actual disk drive called a ‘Drive 95°, powered
by the calculator itself, to which you can also download aplets that are not in use.

In addition to aplets, there are many other data structures on the HP38G which can
be sent and received to other HP38Gs via the infra-red link. These include Lists
(via the List Catalogue view), Matrices (via the Matrix Catalogue view), free
standing Notes (via the Notepad Catalogue view) and Programs (via the Program
Catalogue view). Each of these Catalogues has a ‘Recv’ button and, unless the
Catalogue is empty, a ‘Send’ button. Any notes and sketches which form part of an
aplet (via the BLUE NOTE & SKETCH keys) will automatically be transferred with the
aplet.

Warning! Your school is likely to take a very dim view of any circulation of
obscene or unsuitable material as notes or sketches! Don’t do it.
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Part 3: Downloading from the Internet using the Connectivity Kit.

Aplets are available from Hewlett-Packard via the Internet to do many
mathematical tasks such as exploring graphs, bivariate and time series analysis, as
well as many tasks called for in Physics and Chemistry. There are currently only a
few Web sites available with aplets but this should increase with time.

The Hewlett-Packard home site is the best and is found at...

http://hpcvbbs.external.hp.com:80/calculators/hp38g/aplets/index.html

If you have access to the Web you might wish to check this site out to see the list of
aplets and get a feel for their capabilities even though there’s no point downloading

them without access to a Connectivity Kit.

It may not be worth the (small) expense for
you to buy one of these Connectivity Kits

N & B

yourself. If your school has decided to HP 38G Graphic Calculator
specify that you buy the HP38G then they @ ey
have probably bought at least one kit i ‘
themselves. Even if they have not provided H}Zﬁ?ﬁ .
access to students, they can download any Sl
aplets needed into a teacher’s calculator,
who will no doubt then download them into S
yours via the infra-red link. .
Search the server index
Downloading an aplet from the Web is very et nformaten
simple. Assuming that it hasn’t changed, °

accessing the Hewlett-Packard site will

Service and Support,

present you with the page shown above right. If you then click on the ‘HP38G
Aplets’ link, you will find yourself in a screen which lists the aplets by category
(Algebra, Trigonometry, Geometry, Precalculus, Statistics, Chemistry, Physics..) as
well as a link to a Master Index.

HP 38G Aplet Master Index

2x2 SYSTEMS
the student will solve 232 systems of Inear equations using substitution, inear combination, and Cramer's Rule

AREA MODEL
the student will multiply first degree monomials and binomals

DECIMALS
the student will explore patterns and symmetry by ordering pairs of digits from the decimal expansion of certain
fractions that have periodic decimals

FACTORING
the student will symbolically factor second degree trinotnials in the form A=z"2+Bx+C

LAWS OF EXPONENTS
the student will apply the laws of ezponents to multiply and dimde monomials and to raise a monomial to a power.

ORDER OF OPERATIONS
the student will stmphfy expressions usmg the order of operations.
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This master index, part of which is shown on the previous page, is worth having a
look at, since it gives you a good idea of the aplets available. The main area you
will probably be interested in is the software archive of aplets.

TRIGONOMETRY
PRECALCULUS
PHYSICS

ENTIRE INDEX, |sR==smesEmnmsmsm

FEFIMPORTANT ##%

-
The software archive of ApLets

@
In order to transfer the Aplet to your 338G, vou must use either a Drive 95 or the connectivity kat

D

From this archive you can down load all the aplets as .ZIP files. A ZIP file is a
special type of file which contains one or more compressed files. The reason for
the compression is simply to allow you to download them from the Internet more
quickly, and you should de-compress them as soon as you have them onto your PC
or Mac. There are many shareware programs which will de-compress ZIP files for
you and there is no point in keeping them as a ZIP file because the HP38G can’t
read it.

It is essential to de-compress each aplet into a separate directory, since each aplet

has a pair of files called HP38DIR.000 and HP38DIR.CUR and these are different
for each aplet. Storing them in the same directory will overwrite these files.

Shown below and right is the contents of one of ... EEEETrrCrS G C - 1=
the directories in part of my collection. F> B %o B

& E:\HP38G\Aplets 1 [=]

Z22swstern 0008 Hp38din000  Hp38dircur  Seqer000.000

Fle Edt Yiew Hep .-

- B & . . _ .
oty ovean,_n e
E, E, C,E, Seqgal00.000 Seqe000.000 Seqh000.000 Segqnpd0.00d

Funcion ~ Onderol  Peiodic  IPbiniaes

Operations ...

Seqsb000.000 Seqsoll0.000 Seqsw000.000
Time Series HtotheN Hp3adi

11 obiectls] 11 bytes .. [11 objectls] 6.56KB

We now have the task of downloading from the PC or Mac to the HP38G via the
Connectivity Kit. The Connectivity Kit consists of a cable and some software.
Unfortunately the both the cable and the software are different for a PC and Mac,
so having only one kit will not allow you to use both types of computer. When you
install the software that comes with the Kit, it is best to install it in its own folder
(directory) and then to create a folder inside this to hold all the aplets.

All explanations and pictures which follow apply to a PC. The software on a
Mac is similar enough that you should have no great trouble adapting.
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When you start up the program (called CON38G.EXE on the PC and ‘HP
Connect’ on the Mac) you will see a sight like the one below right.

I store my aplets in the directory called
“[aplets]’, so I will double click on that directory —[F==8 2= =
. . rives [-e] =
to open it and see the window below left. If you —
don’t have an [aplets] directory it is a good idea E-AHP3BGY - |
to create it. You won’t have anything in it until Filos Directories
you download aplets from the web to fill it. ol B U
adksetup.inf hp38gm™1]
apletdev notes]
BB HP 386 Serial Interface Kit - File Transfer |9/l E3 AT | ([leomeles]
File Selup About hp38dir. cur
hp38icd.fon
Drives el j install.exe -
Directory
Connect Screen Caplure
EAHP38G\APLETSA™ ™ |
Files Directones
hp38dir M =
242epstm]
bivan™1]
ccline]
expone™1]
function] n N N .
ordere 11 ~  [List of directories containing aplets.
pointges] B
Connect ‘ Screen Capture ‘ .
Now supposing that I want to download

to the calculator the aplet called ‘2x2
system’. I would now double click on that directory. Once this is done I will finally
be looking at the set of files which

. HP 38G Serial Interface Kit - File Transfer [H[&] E3
comprise the aplet. Fie Sohp Aboul

Diives el E

The essence of this part of the process is to end
up looking at a directory containing only the files
belonging to your aplet.

Files

22system.000
hp38dir. 000
hp38dir_cur
+eqcr000.000
s+eqgal00.000

The next stage is to connect the cable to your
calculator and to the back of the computer. Be
gentle when plugging into the calculator - don’t
bend the pins in the socket.

seqlc000.000
seqin000.000
seqnp000.000
+eqsb000.000

Connect

~~—

Screen Caplure

There is no choice as to where to connect it on the calculator, but most computers
offer a choice of at least two ‘ports’ into which the cable can be plugged. On a PC
these are called COM1, COM2, etc. while on a Mac they are called the Com port

and the Printer port. It doesn’t much matter which one you use, so long as you

record the choice in the menu called ‘Setup’. BB HP 385 Serial Interface Kit - Fi

Com 1
v Com2

On some PCs the COM ports have differently shaped

sockets, which will dictate your choice. If you seem to be i
doing everything right later on but nothing is coming e e
through, then it may be that you forgot to do this or made the wrong choice. Some
PCs have COM ports with different numbers of pins to the plug supplied with the

kit. An adaptor can be bought from your local computer dealer for a few dollars.
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Having connected the cable to the calculator, change FLET LIEFARY
into the LIB view and press ‘Recv’. This time,
choose ‘Disk drive..” from the menu which pops up.
Click on the button labeled ‘File Transfer’ and then
on the one labeled ‘Connect’ on the program. Also
hit the ENTER button on the calculator.

If all has gone well, you should find that you are looking at another pop-up menu
which lists the aplet you are trying to download,
together with the word ‘Other..” If all you see is the
word ‘Other..” then it may mean that your de-
compression of the aplet has not worked properly or
that the download was corrupted, and that the aplet is
not readable. If you did not store your aplets in
separate directories then the files will be mixed up and there may be a choice of
aplets in the menu.

All else being well, if you now highlight the name of the aplet and press ‘Ok’,
then you will then be entertained to a series of messages as the aplet and all its
associated programs transfer down the cable to your calculator. If there is
insufficient room on your calculator then there will be an error message at some
stage telling you this. If this happens you will need to delete the incomplete aplet
and however many of its programs successfully downloaded.

Sending aplets in the reverse direction back to the PC or Mac is simply the reverse
of this process. As part of the process of illustrating how to program on the HP38G
(see pages 117 - 124), I have written a small aplet called “Message” which I will
now illustrate saving onto my PC. You can practice by saving some other aplet,
perhaps a copy of one of the standard six.

Note: 1. The original Mac software had some problems that meant that it was
sometimes difficult to download aplets. If you receive a message on a
Mac telling you ‘File Not Found’ then it may be caused by this
software. (It might also be because you’ve accidentally deleted a file!).
You can obtain a more up to date version of this software from HP or
download it from my website (see page 124).

2. When you save an aplet into an empty directory on a Mac or a PC the
two files HP38DIR.000 and HP38DIR.CUR which I mentioned earlier

need to be created. You will see the message igk drive
shown right. Tell it ‘Yes’. All this does is not prepared

. . . . for transfer.
deposit a these files in the directory - it’s not Initialize
. o directory?
asking you if it can go ahead and reformat
your hard disk!
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Assuming that you have organised yourself as I have, then you have a directory
called ‘APLETS’ within which there is a separate directory for each of the aplets
you own. Make sure that you are looking at the view of the ‘APLETS’ directory

(as in the screenshot right). B HP 306 Serial Inte
Eille Setup  About

rface Kit - File Transfer &l E3

Drives

List of aplet folders (directories).

irectory

el =l

|E:\’NQBG\APLETS\-.= |

Files Directories
hp38dir M =
292 epstm]
bivari~1]
ccling]
. expone™1
If you pull down the File menu on the menu bar at ru:]'.’.;uuﬂ]]
the top of the Connect program, you will see a poriodic]
. - B . Lpulnlges] B
number of options to do with creating, deleting
. . . . . . . i Connect Screen Ca lulEJ
and changing directories. Changing directories is [l It ansfor |1 E3
easier to do with a double click as we did S S K
. . . . = I-e] -
earlier, but having the creation and deletion Crenge Duecly =
L Deete Diectory
options is very handy. e PLETSV
Remove File Directories
Exit M fa
2%2systm]
hp38dircur bivari~1]
celing]
. . . expur_l}a“ﬂ
Click on that option and a box like the one you function]
see here will pop up, HP 238G : Add Subdirectory —jﬁgi;]] .
allowmg you to cregte Q  CunentDirectory:  E:\HP38G\APLETS | cen Captune
new directory especially  New Directory :

for the Message aplet. [message |  cance |

When you have done this, you will find that a new folder will s

appear in the list (see right). Double click now on this empty
folder and you should find yourself looking at a screen like
the one below left, where the directory window contains only

the [..] entry (which one

e Zetn b double clicks on to move

Drives el j .
Diractony up the directory tree) and |
E-\HP3BG\APLE TS MESSAGEN" where the file window is

Files Directories empty.

]

Qﬂnecl | Screen Capture
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%7 systm]
bivar~1]

ccline]

expone™1]

function]

[messzage]
[ordero™1]
[periodic] =
Screen Capture




You are now ready to perform the transfer. In the LIB view of the HP38G, position
the highlight on ‘Message’ (or whatever yours is called) and press the ‘Send’ key.
Choose the option of ‘Disk drive...” and you will
APLET LIERARY
see a further menu (see below). Time Serles
=i

We’ve already picked the location using the Connect
program, so just choose the ‘Send now’ option. You

will now need to quickly click on the button labeled

‘Connect’ (see above) on the software window.

.. . . e .
Because this is a new directory, you will see the h Dizk drive
. , : .. not prepared
message shown right. Don’t panic! This is not a for transfer.
request to allow your hard drive to be reformatted. EE é‘;,{[;}:fg;gg

The program simply needs to deposit a small file in
the directory. Let it.

You will now see a series of messages on both the PC (or Mac) and the calculator
about how it is transferring files. When the process finishes, the HP38G will revert
back to the standard LIB view and the PC will display the message shown right. If
you wanted to, you could now transfer
another aplet (although it would not be wise e Tramster suesesstul.

without creating a new directory, since the
two sets of files would mix together) but the
best option is to click on ‘Cancel’.

Waiting for File Transfer

Your aplet is now safely stored. If you wish to transfer another aplet, double click
on the [..] directory to move up one level in the directory structure. You should
find yourself looking at your list of aplet directories. You should create a new
directory for the next aplet and then proceed as before.

Warning!

There was originally a problem with the Connectivity Kit when used
with Macintosh computers. Downloading the ZIP files and
expanding them into separate folders works, but the Connectivity Kit
reports errors when you attempt to download the aplets to an
HP38G. This has since been fixed and you can obtain the latest
version of the Mac software from HP. You can also download it
from my website (see page 124).
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Part 4: Transferring notes and sketches via the Connectivity Kit

The only way to transfer a sketch from one HP38G to another (or to a PC or Mac)
is as part of an aplet. Unlike notes, sketches cannot exist separately to their parent
aplet.

Once transferred via the Connectivity Kit to a PC or Mac, it is not possible to edit a
note or sketch using a text editor or a paint package, since they will not be able to
save the result in a format that the HP38G will recognize. When you try to transfer
the note or sketch back to an HP38G, you will receive an error message saying
basically “I can’t read this”. The answer to the problem is the Aplet Development
Kit, which you can download for FREE from the Internet (at the HP site) This kit
allows you to edit notes, sketches and programs and also saves them in the correct
format. Unfortunately for Mac users, Hewlett-Packard have so far only produced a
Windows version ( Win 3.1 or Win ’95). No doubt this will change with time.

When you run this Aplet Development Kit you will find that you can:

e open exiting Notes and type new text in them using the
computer keyboard or create new Notes.

e open programs and edit them or create new programs

e open aplets and view their associated note and sketch. This sketch can
then be cut and pasted to a Paint program and eventually returned to
the aplet.

This Aplet Development Kit comes with an extensive Help file and some examples
of aplets that can be created with it. For this reason, we will not devote any more
time to it in this manual. The section on programming which follows will be
treated as if all the programs are written on the HP38G. In reality the process is
considerably faster and easier if the Aplet Development Kit is used. You can find a
link to the download site for the ADK at my website (see page 124).
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Part 5: Programming with the HP38G - Creating new aplets.

The key to the entire process of creating completely new aplets is the VIEWS menu
and its controlling function SETVIEWS. This function allows you to override the

normal behaviour of an aplet and superimpose new behaviours by linking in a set

of programs written by you.

It is slightly deceptive to call these aplets “new”, since they still derive from one
of the standard six, but the modification of the VIEWS menu usually means that
their final appearance and behaviour is very different to the aplet from which they
derive.

The first stage in the creation process is to decide which of the standard six aplets
you wish to make the “parent” of your new child aplet. For some simple aplets this
may not matter, but for others this can be a very important choice, since all the
abilities of the parent are inherited by the child.

If your new aplet is going to be concerned with analysing data then your best
choice for a parent would probably be the Statistics aplet. On the other hand if you
were planning to write an aplet to teach the behaviour of trig graphs then the
Function aplet would obviously be your best parent aplet. All the tools of the
parent are available to the child, so consider carefully what tools you will require.

Make a copy of the parent aplet and give the copy whatever name you want to use
for your new aplet. This copy will form the core of your new aplet. Decide also
what prefix to use for the programs you will associate with your new aplet. The
prefix needs to be recognizably linked to the name of the aplet, so that the user can
know which programs to delete when they want to clear the aplet out after use.

For example, an aplet called “Linear LESV LES

Equations” might have a list of programs of: .LE.EN .LE.DIS

An aplet called “Time Series” might use a J8.8V  TS8S  .TS.SA

prefix of .TS and have programs: JSED  TSAV TS.RE
TS.PL

The next stage is to plan your VIEWS menu.
The VIEWS menu is the controller of your aplet. It pops up either at your command
or when the user presses the VIEWS button, and offers a choice of options to the
user. Each of the options in your VIEWS menu will be tied to a program you will
write, and when the user chooses an option and presses ENTER, the appropriate
program will be run by the HP38G.

It is very important to the usefulness of your aplet that you carefully plan the VIEWS
menu to be clear, concise and user-friendly. It is possible to have sub-menus in the
VIEWS menu by calling a program which then pops up another menu of options.
Options of this type are usually denoted by an ellipsis (...) following the option.
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An example of the VIEWS menu from an aplet is shown below. The aplet is called
“Time Series” and is designed to analyse time series data. This type of data is
bivariate data having not only a regular underlying linear increase/decrease, but
also a regular seasonal component causing regular fluctuations. An example of this
might be a company selling ice cream. Their overall profit might be rising steadily
but their sales in any particular month would be affected in a regular predictable
way by the seasons of the year, causing significant fluctuations in profit which
disguises the underlying upward/downward trend.

The parent aplet for “Time Series” is the Statistics aplet, because it allows the use
of the linear regression tools, and the normal practice after the user makes their
choice from the VIEWS menu is to drop back into the NUM view showing the data.

. ==
The VIEWS menu is: t;f 1_Er

Fre|d., Avged resid.

. adj.

L 1 [ [N Ok |
The last option of ‘Graphs...” runs a program
which pops up another menu, shown right. The
reason for this separation is to avoid
overcrowding the VIEWS menu.

S CHIOSE GRAPH S
Cat =

Mowving awvge
Sea=s. adj.
Lata + MAwW hd

LI 1 [  [tAHCL] DK

The SETVIEWS command follows a repetitive

pattern of listing a menu option, followed by the name of the program the
calculator should run if the user chooses that option, followed by a code number
which tells the calculator which view to leave the user in once the program
finishes.

You should therefore also think about what you want the user to be looking at once
the program they have triggered stops running. Do you want them to be looking at
the PLOT view (perhaps the option they chose was to draw a graph, with the program
being simply there to set up appropriate axes) or should they be looking at the VIEWS
menu again?

118



The syntax for SETVIEWS is as follows...

SETVIEWS “Menu linel”; “Program name”; View_No.;

“Menu line2”; “Program name”; View_No.;
“Menu line3”; “Program name”; View No.: (colon on final entr
b b —_ y

where View_No. is:

0. Home view 11. List Catalogue

1. Plot view 12. Matrix Catalogue

2. Symbolic view 13. Notepad Catalogue

3. Numeric view 14. Program Catalogue

4. Plot Setup 15. Views menu item 1 (Plot-Detail in Func.)
5. Symbolic Setup 16. Views menu item 2 (Plot-Table in Func.)
6. Numeric Setup 17. Views menu item 3 (Overlay Plot in Func.)
7. Views menu 18. Views menu item 4 (Auto Scale in Func.)
8. Aplet Note view 19. Views menu item 5 (Plot Decimal in Func.)
9. Aplet Sketch view 20. Views menu item 6 (Plot Integer in Func.)
10. Library Catalogue 21. Views menu item 7 (Plot Trig in Func.)

The SETVIEWS command is always placed in a program with a name ending with
.SV (such as .FRED.SV )and, when executed, it severs the link to the normal VIEWS
menu inherited from its parent and replaces it with this new set of options.

The contents of SETVIEWS in important in another way in that it also determines
the programs that are transmitted with the aplet when it is copied via cable or infra-
red link. Only those programs named in .FRED.SV will be transmitted.

In addition to the lines which form the menu for your aplet, there are some special
entries which are treated differently.

i

ii.

If you include entries called “Start” or “Reset”, then the programs associated
with those entries will be run when the user ‘Start’s the aplet or presses the
‘Reset’ button (the ones at the bottom of the screen in the LIB view).

. If you include an entry which consists of a single space character “ ”, then

the entry will not appear in the VIEWS menu, but the program linked to it
will be transmitted with the aplet, since it is named in .FRED.SV. This can
be handy if you have a program which is not directly called in the menu
but is called by another program to do part of the work.

For example, the .FRED.SV program itself needs to be included in the list in
this fashion.

If you include an entry which consists of empty quotes “”, then you can
access the entries from the normal Function VIEWS menu. The standard
menu options of “Autoscale”, “Plot-Detail” etc. can be included in this way.
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Shown below is a SETVIEWS program which illustrates this...

d . PROGRAM CATALOG
producing a

menu of... D':F' ot-Table

TEAuto Scale
t. 2

My experience has been that it is worth including both a “Start” entry and an
invisible “ ” entry even if they are not required and don’t run any programs (i.c the
entries could consists of "Start";";7; and " ";"";7;). If these entries are not included
then the aplet will sometimes turn out to be unstable, doing silly things like running
the Solve aplet instead of switching to the NUM view in the parent Function aplet!
The ‘Start’ entry above is certainly worth including anyway, since it means that as
soon as the aplet is run the VIEWS menu will be displayed (view number 7).

Let's now use this SETVIEWS command to design a very simple and totally useless
aplet, which will illustrate a few of the concepts useful in programming the HP38G.
We’ll call it the MESSAGE aplet and create it as a descendant of the Function

aplet.
Funit

Change into the LIB view, move the highlight Egli i Eﬁﬁ?{ IEE%E* |

to the Function aplet and ‘Reset’ it. Now Etat iztice v
save it under the new title of ‘MESSAGE’ N N T T
and then ‘Start’ this new aplet. FAVE APLET

HEH HAME:

E] MEssnGE SYMEOLIC YIEW

ST You will find that

F2(H)= you are looking at the  [MESSAGE
[T 1 lh.zslcani] ok |

Faciii= >
FSoxa= »| normal SYMB view but

I T M ETTETE|  for the Message aplet instead of the Function aplet.

2G50 PROGRAM

Now press BLUE PROGRAM to view the Program S
Catalogue. Press ‘New’ to create a new program and u'flﬁg._,% ualﬂﬁ'ﬁ it ﬁg&
call it .MSG.SV (see right, with part of the new program|

typed in) [sTOb [sPHCEl | | ho2 |EkIR|

Into this empty program, type the following. -/~ |Use the CHARS view

SETVIEWS P t?l fetcil any special
"Message 1";".MSG.1";7; characters.

“Input value";".MSG.IN";7;
"Message 2";".MSG.2",0;
"Show func.";".MSG.FN",7;
"Start";".MSG.S",7;
"Quit";"";0;

T
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When you finish typing, just hit BLUE PROGRAM again to exit back to the Catalogue
level. There is no need to save, this is done continuously as you type.

DON’T RUN THIS NEW PROGRAM YET! The names of the programs that you
have included in your SETVIEWS command do not yet exist and you will simply

receive an error message if you run the program at this stage.

Let's now create the needed programs (shown below).

.MSG.1

MSGBOX "Hello world! 3+4 = "3+4:

.MSG.IN

MSGBOX "You enfered "N" when prompted.”:

INPUT N;"MY TITLE"; "Please enter N.."; "Do as you're told.";20:

.MSG.2

ERASE:

DISP 4;"You entered "N:
DISP 5;" when prompted.":
FREEZE:

.MSG.FN

ERASE:

((((QUOTE(X)+2)3)"4)+4)/(QUOTE(X)- 2)F1 (X):

SG6ROB G1;F1(QUOTE(X));0:
>DISPLAY G1:

FREEZE:

ERASE:

—G6ROB G1;F1(QUOTEQ));1:
>DISPLAY G1:

FREEZE;

ERASE:

SG6ROB G1;F1(QUOTE(X));2:
>DISPLAY G1:

FREEZE;

ERASE:

SG6ROB G1;F1(QUOTE(X));3:
>DISPLAY G1:

FREEZE:

.MSG.S

MSGBOX "Aplet starfing now":

Notice the way semi-
colons are not needed
between items in
MSGBOX and in DISP.
The initial number in
DISP is which line of 7
in the HOME view to
display the information
following.

Note: GROB stands for
“Graphic Object” and
creates a graphic object
from the expression
supplied, storing it in the
graphic memory
nominated, using the font
specified.



Having created all of the programs that make up the aplet MESSAGE, we can now
run the program .MSG.SV and sever the link to its current VIEWS menu (inherited
from its parent the Function aplet) and substitute this new menu. Before you do this,
check that you are still in the correct aplet. Press the SYMB button and check that the
title at the top still says “MESSAGE SYMBOLIC VIEW”. If it doesn’t show this, then run
the MESSAGE aplet again to ensure that it is the one whose VIEWS menu will be
substituted. Now swap back to the Program Catalogue, position the highlight on the
program .MSG.SV and hit the button labeled ‘Run’. Apart from the screen going
blank for a moment nothing will appear to happen, but in fact the link to the normal
Function VIEWS menu which ‘MESSAGE’ inherited from its parent aplet Function
has been severed and a new link to the menu you built in .MSG.SV has been
substituted.

Providing that you have done everything correctly, this is now the end of the
process - the aplet is now ready to be run. In the LIB view, move the highlight to
the MESSAGE aplet and press ‘Start’ or ENTER.

When you do this, the aplet will run the program EE&Et starting I

.MSG.S which will display a MSGBOX message.

The line controlling this was:

"Start";".MSG.S",;7,

Message 2

Since this ends with a view number of 7, this means Show Func
that after the program terminates (when you press Start
‘0Ok’), the VIEWS menu will display.

If you choose the option ‘Message 1°, then this will

cause the program .MSG.1 to be run, displaying the gﬂlg g':lr'ld! |

screen on the right.

) ) | o o — — T
The program line for this was:

MSGBOX "Hello world! 3+4 = "3+4:

The next option is ‘Input value’. Choosing this option will create an input screen.
The statement controlling this was:

INPUT N;"MY TITLE"; "Please enter N.."; "Do as you're told.";20:

Examine the snapshot on the right and notice the
connection between the various parts of the INPUT
statement and their effect. Note the suggested value

of 20, and note also that the prompt of “Please enter |z m— m—rwm

N..” was too long to be displayed.
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When you enter a number in to the input screen and press ENTER, the next line in
.MSG.IN will display this value in a MSGBOX. When

you press ‘Ok’, the view number of 7 specified in PLEﬂ|\m._. entered 45 |
.MSG.SV will cause the VIEWS menu to be displayed when prompted.

again. 454
[ [ [ [ o]

Notice that the input window is still displaying in the background when the VIEWS
menu appears again. To stop this happening, you could have included in .MSG.IN a
line of ERASE: , which is a command to erase the display screen. Try editing the
program and running it again.

The option of ‘Message 2’ displays the same
message as we saw before, but presented in a You entered 45
different way. The DISP command divides the when pronphed.
display screen up into 7 lines (1 - 7) on which you
can display data.

For example, suppose memory A contained 3.56, then the command:
DISP 3;"The value of A is: "A:
would display the message The value of A is: 3.56 on line 3 of the display screen.

Notice also that this time when you press ENTER, you end up in the HOME view
rather than in the VIEWS menu again. This is not an error! If you look at the line in
.MSG.SV controlling this option you will see that its post execution view number was
0 (HOME) rather than 7 (VIEWS menu) like the others. To see the VIEWS menu again,
you will need to press BLUE VIEWS.

The final option is ‘Show function’. The program this runs is a little more complex

than the ones shown so far. I include it for your information since it illustrates a
very useful technique.

The line:  ((((QQUOTE(X)+2)"3)"4)+4)/(QUOTE(X)-2) > F1 (X):

((x+2y)

stores the function (expression) ( 2)
X—

the way the X’s have to be entered as (QUOTE(X) so that the letter X is used rather
than the numerical contents of memory X.

into the function store F1(X). Notice

The next lines (repeated four times) display this expression using the four
different fonts available.
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The line: ->GROB G1;F1(QUOTE(X)),0:

converts the expression F1(X) into a GRaphic OBject (GROB). The number at the
end, which changes in each repeat, controls which font is used in displaying the
function.

The line:
> DISPLAY G1:
displays this GROB on the screen, and the line:
FREEZE:
freezes the display until a key is hit.

It is probably obvious to anyone who has done any programming that the
explanation so far has only scratched the surface. However, since this is only
really intended to be a guide to mastering the HP38G at the student level, this will
have to do. Certainly what has been discussed here is more than is provided in the
manual, and is enough that an experienced programmer will be able to make a
start without the errors that I made.

The information provided in the manual on this topic is minimal and, although HP
have been very helpful to me once they found out I was writing aplets, information
on programming to the general pubic to date has been VERY scarce. The best way
to learn is to dismantle some existing aplets using the ADK (see page 116) to see
how they work. Note that if the aplet has originally been produced using the ADK
then it will not have a SETVIEWS command. The setting of the VIEWS menu is done
in a different way when using the ADK and not .SV file is needed.

I have produced some aplets of my own which you can download from my
website. All have accompanying documentation and many have worksheets which
can be used in the classroom. All of them are FREE. If you have some ideas for
some aplets that you would like to see produced but do not have the skills to create,
then feel free to contact me.

My E-mail address is: ccroft@sthildas.wa.edu.au
and my website is: http://www.sthildas.wa.edu.au/~ccroft/

If you feel that some of my aplets are worth using and you would like to put a link
to one or more of them on your own web page then please do not download the file
and place a link to this copy on your site. Instead, place a link to the aplet on my
site. The reason for this is that if I change something in the aplet (which happens
sometimes) then a link to my site will mean that people will always obtain the most
recent version.

Another web site that is worth visiting is the Maths department page at our school
St. Hilda’s Anglican School for Girls. This web page contains links to many sites
of interest to mathematics students and teachers.

The address is: http://www.sthildas.com.edu.au/~maths/
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The MATH Menu

The MATH menu is acessed via the key labelled ‘MATH" just to the left of the row
of arrow keys. Any time that you are typing a value into any formula or setup
screen you can insert mathematical functions via the MATH key.

The MATH menu is divided up into sections by mathematical topics. These topics
are:

Real - rounding, roots, conversions and % functions.
Stat-Two - bivariate functions.
Symbolic - functions for manipulating equations and symbols.
Tests - used in programming more than normal work.
Trig - sec, cosec etc.
Calculus - integration and differentiation operators
Complex - functions to manipulate complex numbers.
Constants - e, 1 and various others of use more in programming.
Hyperb. - the hyperbolic trig functions.
List - functions allowing manipulation and creation of lists
of numbers, including columns of stats data.
Loop - iterative functions.
Matrix - arich collection of functions to manipulate matrices.
Polynom. - another rich collection, this time to
manipulate polynomials.
Prob. - functions used in probability calculations.

Some of these functions have no application at high school level and so will not be
covered in this manual. Others will be covered to varying depths. Anyone needing
those not covered will hopefully find that after reading this manual they can be
relatively easily deciphered from the manual that comes with the calculator.

The mechanics of accessing the MATH menu is very CEEYE & CEIL IHG
at-Two |DEG+RAD

simple. We will illustrate the process using the Sumbolic |FLOOR
Polynomial function POLYFORM, which is an puests __wIPHRODT |®
extremely useful one. Change into the HOME view FEH 0 7 TS R R T
and then press the MATH key. When you do you will see the screen on the right.
The menu always first appears with the Real functions highlighted.

We could use the arrow keys to scroll down the list

to the Polynomial functions but it is far faster to IO A | FOL Y COEF
simply hit the key labelled with the letter ‘P’ (on the -+ |ERLIEMAL

‘6’ key). It is not necessary to hit the A..Z key first. TiEhat —Two vl POL YROOT
You will notice in the screen on the right that there I AT T T T
are two groups of functions beginning with a ‘P’ - being Polynomial and
Probability. In order to reach Probability one can either use the arrow keys or
simply hit the ‘P’ key again.
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Once you are in the correct group, hit the right arrow key to move into the list of
functions belonging to that group. Once again you have a choice now of using the
up/down arrow keys or of hitting the key
corresponding to the first letter of the function
desired. In this case, since every single function in
the Polynomial group begins with a ‘P’, there is no
difference between the two methods. Move the
highlight down to POLYFORM (as shown right) and
then hit the ENTER key.

Your HOME view should now look like this...

You will notice that the first bracket has already been

inserted for you. This is the usual practice. R
|-----

Type in after it the following...

(X+2)76-(3X-1)"2,X)
(using the X key to get * and without using any spaces)
and then press the ENTER key.

You will find that the expression (x + 2)° — (3x —1)? has been expanded on the
following line to X*6+10* X 4+40*X"3+71*....

There are two ways of seeing the complete result.

] L) =] z
You can move the highlight up to that line and ‘Copy’ [+ *18# +4s"+71 4+ +86-
it. You could then move back and forth through the
line to see it in full. [ [ [ [ K]

A better method is to press the programmable key labelled ‘Show’. This gives
(after a regrettable pause) the result shown above right. The portion off the edge of
the screen can be seen by scrolling right using the arrow key. More details will be
given of this function in the Polynomial group when we get to it.

On the pages which follow we will look at most of the functions in each group.
Some of the functions are not likely to be used at school level and so will not be
covered. If you need them then your level of study is almost certainly high enough
that you can work them out for yourself from the normal manual!

PDL?FDRN(<FCHHP|

i : s arsiawr

An example is shown right. AELFWITH POLYEORI*
|IIIIIIIIIIIIIIIIE.

<FcnXpr> stands for “Function expression” and <Var>
stands for “Variable name”.

You can obtain ‘help’ for any function in the HOME
view by typing HELPWITH and then the function name.
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Thus this is saying that you have to type in an expression to be expanded and
follow this with a comma and the name of the variable around which the function
is built.

There is a limit to how much this HELPWITH statement will aid a normal user of the
calculator, since these syntax statements are usually more suited to a programmer
than to a student.

One piece of terminology that will be used in this section of the manual is
‘argument’. The arguments of a function are the pieces of information it is
expecting you to feed it before it will give you an answer. These pieces of
information might be numbers, variable names, lists, matrices or algebraic
expressions.

The calculator is like any computer in that it will not guess what you mean. If you
don’t feed it the information it requires then it will ;

simply give you an error message! -
ply glvey g dh Invalid | =
17 Sunt ax o

For example, the function MAX expects two EETERL]
arguments, both of them numbers. Feeding it only |
one (or more than two) will produce the result shown right.

These numbers could also be the contents of 160F 156 -

memories. Suppose you have stored 10 in memory MAE A B

Aand 15 in B. In that case MAX(A,B) will give 15. 15
Groel 1 [ [ [ |

Finally, if you look at the screenshot at the top of the previous page you will see
that there are two other sets of menus available... ‘CMDS’ and ‘CONS’, standing
for ‘Commands’ and ‘Constants’. Pressing the buttons under these items will
result in different menus of functions being displayed. You can try them if you
like but the functions listed in these menus are generally only of use to
programmers, although there are a few tricks mentioned at various places in this
manual which use them.

The format used in the listings which follow is:

FUNCTION NAME (argument list)

An explanation of the use of the function, its quirks

EHnEG] OH|
16kA: 15ME

and its advantages. Included with this explanation M CRL B 15
will be two or three examples of its use, together ’ 15
with screen shots showing these.

[stoe] [ [ [ [ |
See also: List of related functions.
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The ‘Real’ group of functions

Eeal |« [EWIE
5tat-Two |DEGHREAD |,
Sumbolic [FLOOR
Tests ¥|FHROOT

CEILING(<num>)

This is a ‘rounding’ function but different in that it always rounds up to the integer
above. It is mainly of interest to programmers.

Eg. CEILING(3.2) = 4
CEILING(32.99) = 33

2
CEILING((2+v5)/7) |-----

= CEILING(2.0642.) =3
Note: CEILING(-2.56) = -2 not -3. The CEILING function rounds up to the next
integer above, which is -2.

See also: ROUND, TRUNCATE, FLOOR, INT

DEG 2RAD(<deg>)
This function converts degrees to FhE] CIRIF T A
radians. DEL D30 - ammrrasas
Eg. DEG—>RAD(30) = 0.5235. DEG+RADC 1260
DEG->RAD(180) = 3.1415926. 2. 14157260999
T A I —

Note: If you are wanting to use some other angle e
measure than degrees (the default setting) then it is SURE: [FET e
probably easier to change the angle mode rather than L‘é‘c’?&i’i Fp!.]:::qm ng???rd
converting everything. This is done in the MODES ~ ["'"-& HOME

page, which is found above the HOME key. This e L —
screen allows you to change the title that appears at

the top of the HOME page, the numeric format used (see pages 15,16) and

what symbol is to be used for the decimal point (the alternative is a comma).

See also: RAD>DEG, HMS—>, >HMS
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FLOOR((num)

This function is the same as the CEILING function, except that it always rounds
down. Again, this is usually of interest to programmers.

Eg. FLOOR(3.75) =3 The FLOOR function is the same as
FLOOR(45.01) = 45 the mathematical function ‘greatest
Note:  FLOOR(-2.56) = -3 not -2. integer’ which is studied in many

many mathematical courses.

3afy - S FUNCTION SYMEOLIC VIEW S5
- v F 1A =FLOORS
F:

Facmi=

H
-6.5 1 6.5 Fdei=
_ FSua= ¥

H: 0 F1ii: o [MEHL] EOIT [wiHE] ® |  [SHOMW]EVAL |

If you want to graph the greatest integer (FLOOR) function then you will need to use
the PLOT SETUP screen to turn off CONNECT first, since the graph is supposed to
be a discontinuous step function.

FNROOT(express.,guess)

This function is like a mini version of the Solve aplet. If you feed it an algebraic
expression and an initial guess it will start from your guess and find the value which
makes the expression zero.

You need to tell it what variable to expect in the
expression in addition to providing it with an initial |-----
guess. If there is only one answer then any guess will

do, but if more than one solution is possible then more care needs to be taken with
your guesses.

Eg. (a) Solve x> = 3x-5=0
Use: FNROOT(X?-3X-5,X,2)
3d 1. BEEEEEEEEET

(b) Solve 4. S=—+1
3 4 |-----

Use: FNROOT(D/3-6-3D/4-1,D,0)

FHROOT{A+3*B-5,E,52

(continued....)
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If your expression involves more than one variable (see previous page) then
whatever values are currently in memory are used for the other variables.

(c) Solve a +3b =5 (with memory A currently containing 10)
Use: FNROOT(A+3B-5,B,5)
which becomes 10+3B-5 = 0 when A is substituted
giving a solution of B =-1.666667
I don’t know about you, but I think it’s easier to simply use the Solve aplet!
See also: QUAD, POLYROOT
FRAC(num

This function gives the decimal part of any number, discarding the integer part.

) 4
Eg. FRAC(3.45) = 0.45 FRACC 1234, 534560 naa

FRAC(1234.03456) = 0.03456
el [ | [ [ |

See also: INT,FLOOR, CEILING,ROUND,
TRUNCATE,FRAC

HMS 2(dd.mmss)

This function works with both time and angles. It converts degrees, minutes and
seconds to degrees, and also hours, minutes and seconds to decimal time.

For those not familiar with the old style of representing angles, the convention used
before decimal degrees became common was to divide each degree up into 60
minutes and each minute up into 60 seconds.

Thus 45°23'17" is the same as (45+ §+ i) , which is

3600
the same gs 4.15- 38805555° . The c.alculator can Egﬁafﬁaﬂ?ﬂgaa
convert this if you put 45°23'17" into the form MG 45 23?%?888555555
45.2317 and then use the HMS-> function. This is 745, Szoess555s
shown right. ]

[stoe] [ T [ [ |
Eg. sin( 45°23'17") would be done as SIN(HMS->(45.2317))

cos( 5°3'7")  would be done as COS(HMS—> (5.0307))
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This function, together with >HMS, can also be used to deal with time.

FAnEG] C.CROF i
HMS+ (128, B30 +HMS+ (1, 34,
19. 6288333333
+HMS 19, 62E23323333)
19.3715

|-----

Eg.  What time will it be 1 hr 34 min. and 15
sec. after 3 min. past 6 pm?
Type: HMS->(18.03)+HMS->(1.3415)

Ans: 37 min. 15 sec. past 7 pm. (see right)
See also: >HMS, RAD->DEG, DEG>RAD

DHMS (num)

This function works in the same way as the HMS—> function (see above) but in the
opposite direction. It converts decimal degrees(or time) to degrees(or hours)
minutes and seconds. The format of the returned
answer is DD.MMSS (HH.MMSS)

Eoe]
+HMS
15.28
+HMS (45, 22283335352
43. 2317

Eg. 15-5° would become 15°30" . T

45.38805555 becomes 45.2317 (45°23'17"")
3.75 hours becomes 3.45 (3 hours 45 min.)

See also: HMS—=>, RAD>DEG, DEG>RAD

INT(num

This function is related to the FLOOR and CEILING functions. Unlike those two,
which consistently move down or up respectively, the INT function simply drops
the fractional part of the number.

EDEG] C.CROF
IMNTC3. 762
IMTC-5.842

Eg.  INT(3.786) = 3
INT(-5.84) = -5

See also: FLOOR, CEILING, ROUND, le

TRUNCATE, FRAC

Note: The INT function is not equivalent to the common mathematics function
‘greatest integer’. The FLOOR function is the correct one to use for this.
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MANT(num)

This function returns the mantissa (numerical part) of the number you feed it when
transformed into scientific notation. It would be used with the XPON function,
which returns the power part of the number in scientific notation.

Eg. Change 487 - 23 into scientific notation to AT
get 4 -8723x10%. MANT ¢ . BEESEST > res
MANT(487.23) = 4.8723 3. 857

XPON(487.23) =2 |-----

Change 0- 0005087 into scientific notation to get 5- 087 x107* .
MANT(0.0005087) = 5.087
XPON(0.0005087) = -4

This function could be of use to you if you are just learning scientific notation, but
is of more use to people writing programs. A programmer would not know in
advance what number was going to be used and so would use the MANT and XPON

functions to find out its size.

See also: XPON

MAX(numl, num2)

This function returns the larger of two values entered. This is not needed in your
normal calculations, since you could just look at the numbers, but a programmer
will be writing a program which deals with numbers not known in advance.

Eg.  MAX35)=5

See also: MIN

MIN(muml,num?2)

As with MAX, this function is used mainly by programmers. It returns the smaller of
the two numbers entered.

Eg.  MING35)=3

See also: MAX
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num MOD divisor

For those not familiar with modulo arithmetic (an interesting branch of maths if you
would like to follow it up), it will suffice to say that this function gives you the
remainder when one number is divided by another. It is considered to be an
mathematical operator in the same way that a plus, minus, times or divide sign is.
Because of this it does not need its arguements placed in brackets as most of the
other functions in the MATH menu do.

Eg.  43+5=148

43MOD 5 =3
35MOD 7=0
14 MOD 5 = 1 ]

The method used by the MOD function in evaluating A MOD B is to find the largest
multiple of B which is still smaller than A. It then subtracts this multiple from A.

ie. 43 MOD 5... Largest multiple is 40. 43-40=3
-14 MOD 5... Largest multiple is -15.  -14-(-15)=1

% function

To find x% of y, use the function %(X, Y).

Eg. 10 % of $400 = $40 |--IEIIIIE1EI!]-

See also: %TOTAL, %CHANGE

%CHANGE

This function calculates the percentage change moving from X to Y using the
formula 100(Y-X)/X. It can be used to calculate (for example) percentage profit
and loss.

Eg. I buy a fridge for $400 and sell it for $440.
What is my profit as a percentage? CHANGE 6. 5s 5. 95
Use: %CHANGE(400,440) -8, 46153846154

[stoe] | 1 [ [ |

I sell a toy for $5.95 that normally sells for
$6.50 What is the discount as a percentage?
Use: %CHANGE(6.50,5.95)

See also: %, %TOTAL
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%TOTAL

To find out what percentage X is of Y, use the function %TOTAL(Y,X)
Note the reversed order! The manual supplied with the calculator incorrectly
states them the wrong way round.

Eg. What percentage is a score of 53 out of 81
on a test?
Use: %TOTAL(81,53)

What percentage is 124 of 112?
Use:  %TOTAL(112,124)

See also: %, %CHANGE

RAD ?DEG(rad)

This function converts radians to degrees.

Eves) HOR Al
RAC+DEGL T 6 -
Eg. RAD->DEG(p/6) = 30° RAD+DEG.S)
RAD->DEG(5) = 286.48° (2 d.p.) 286, 478897563
(toel [ 1 1 | |

See also: DEG—>RAD, HMS—=>, > HMS

ROUND(num.dec.pts)

This function rounds off a supplied number to the specified number of decimal
places (d.p.).

Eg. Round 66.65 to 1 d.p.
Use: ROUND(66.65,1) = 66.7

ﬁDUH 1.1
==
RDUND(34.56?84;E)34

.57
Round 34.56784 to 2 d.p. |--|3mmml-

Use: ROUND(34.56784,2) = 34.57

This function is also capable of rounding off to a specified number of significant
figures (sig.fig.). To do this, simply put a negative sign on the number of places.

Round 32345 to the nearest thousand.

EnEd] [T

Use: ROUND(32345,-2) = 32000 ROUNDCS2345, 720 res
FOUMND 3485, 63475, — 6

485,63

Round 3405.63475 to 6 sig.fig.
Use: ROUND(3405.63475,-6) = 3405.63

See also:  INT, FLOOR, CEILING, TRUNCATE, FRAC
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SIGN(num
This is another function which is designed more for the programmers. It returns a
value of +1, 0 or -1 depending on whether the number supplied is positive, zero or

negative.

Eg. SIGN(-45) =-1

See also: XPON, MANT
Note:  See also SIGN revisited in the Complex
group of functions (pages 148-149).

TRUNCATE (num)

This function operates similarly to the ROUND function, but simply drops the extra
digits instead of rounding up or down. It is somewhat similar in effect to the FLOOR
function but the TRUNCATE function will work to any number of decimal places or
significant figures instead of always dropping to the nearest lower integer value.

Eg.  TRUNCATE(3405.6375,6) = 3405.63 TRDHCATE fodas eaoe 0
TRUNCATE(32.889,1) = 32.8 TRUMCATEC32. 889 15
32.8

See also: INT, FLOOR, CEILING, ROUND, FRAC TN I I N
XPON(num)

This function returns the exponent (indicial part) when transformed into scientific
notation of the number you feed it. It would be used with the XPON function,
which returns the power part of the number when in scientific notation.

FEG] C.CROF
MAMT (457 . 232
MAMNT ¢ . BARSESF 2

Eg. Change 487 - 23 into scientific notation to
get 4 -8723x10%.
MANT(487.23) = 4.8723

5.0
XPON(487.23) =2 |---—-

Change 0- 0005087 into scientific notation to get 5- 087 x107.
MANT(0.0005087) = 5.087 XPON(0.0005087) = -4

This function could be of use to you if you are just learning scientific notation, but
is of more use to people writing programs. A normal user would just look at the
number and see the answer, but a programmer would not know in advance what
number was going to be used and so might use MANT and XPON.

See also: MANT
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| The ‘Stat-Two’ group of functions SR HATH FUNCTIN

Sumbolic
Tests

PREDY(xval

This function predicts the y value for a pair of columns set up as bivariate data in
the Statistics aplet. This is discussed in more detail in the section covering the
Statistics aplet, but a brief summary will be given here.

Assuming that:

(i) the bivariate data is entered into a pair of columns (eg. C1 and C2,
with C1 containing the independent data and C2 the dependent
data),

and (ii) that these two columns have been specified in the SYMB view to be
paired bivariate data,

and (iii) that the data has been graphed in the PLOT view and that the FIT
screen button has been used to plot the line of best fit for the pair
of columns,

then the function PREDY(3.5) will produce a predicted
y (dependent) value for the x (indep.) value of 3.5.

[stoe] [ [ 1 [ |

NOTE: The line of best fit used in the function
PREDY is whichever one was last plotted. It is up to you to ensure that
this is in fact the one you want used!

PREDX

WARNING: This function is presumably supposed to do the reverse of the PREDY
function. In fact, an argument can be made that it is mathematically incorrect and I
would recommend for that reason that it should not be used.

The reasons for this are discussed in detail on page 82 of the Statistics aplet
section. It is recommended that the user read these before its use is contemplated.
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| The ‘Symbolic’ group of functions

ISOLATE |,
LIMEAR?
¥|LIAC Ll

The = ‘function’

Although this is listed in the Maths menu as if it were a function, it is not really.
The = sign is simply used in exactly the way that you would expect it to be,
mainly in the Solve aplet (see pages 61). I suspect that it is included in this menu

simply for the sake of completeness.
SPECIAL CHARACTER:
. Bercomatttoniiz_
If you want to get access to the = character, it is Selt ] FARRS | +amTx

far easier to obtain it through the CHARS menu (see
right). In the Solve aplet, the = sign is provided as  |sELECT A CHRRACTER MO PRESS Ok

[Echn] | pace ¥ Juiii] ok |
one of the screen keys.

"rEETEINNKEELOER

ISOLATE (expression,var.name)

This is a really useful function. It will rearrange a formula so that its subject is
another variable. To do this, the formula must be rewritten so that it is an
expression equalling zero. The ISOLATE function then rearranges the formula
around the first occurance of the variable you indicate.

1 . . .
Eg.1 Rearrange the formula d = —at 2 so that the variable ‘t’ is the subject.
2

. . 1
Firstly, rewrite: d——at?=0
2

1
Use:  ISOLATE(D-ATZ/2,T) R

[sroe] [ [ [ 1 |

The result (shown right) needs a small amount of
interpretation.

/ZD
The answer is supposed to be 7=+ o

I think we can safely assume that you realize that the ‘T=" is missing (for you to fill
in if needed), but there is also a strange symbol ‘S1’ that needs explaining. This is
supposed stand for a £ sign. (You know, ‘S’ for sign.) Considering that the * sign
is actually available through the CHARS screen it is a little difficult to see why they
did this, but...
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Eg.2  Make X the subject of the formula B =

Using: ISOLATE(3/(X-A)+B,X)
we get: 3/B+A

sl+liDE2 A0
ISOLATE (20 CH-R) +8, 1)

which is equivalent to: X= = +A4

B

. . . . . e HOME
The ISOLATE function is very useful within its .
limitations, but it will not deal with every type of & E'QE?LEJD |%

formula. For example: TSOLATE (3RE 455, 71+
| Ok |

See also: The Solve aplet, FNROOT, QUAD

LINEAR? (expression,var.name)

This is another of those functions which is probably aimed more at the
programmer than at the normal user. It is designed to test whether a supplied
expression is linear or non-linear in the variable you specify, returning zero for
non-linear and 1 for linear.

Eg. Suppose we use the expression AX?— B +4

If X is the variable and A and B are both constants — [fomy ae ra i aa g oy

(say A=4, B=5) then the expression AX 2 - B + 4 LINEFIR?(FI*HE—BM%;B*-H
would become 4 X2 — 5 + 4 which would be non- 8
linear. Thus LINEAR? returns zero (right). T e s o s

On the other hand, if X were one of the constants
(say X=6) and A were the variable, then the
expression 4X 2 — B + 4 would become

A x 6> =5+ 4 or 364 —1, which is linear. Thus
LINEAR? would return 1.

LIMEAR?CA*X2-B+4,A)

Lsroef [ [ [ 1 |

Clearly the main use for this is going to be when a programmer does not know in
advance what function the user is going to type in.

See also:
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QUAD (expression,var.name)

This is a function specifically designed to find the roots of a quadratic equation. It

—b++/b? —4ac

uses the quadratic formula x= ———— to do this and gives both possible
2a

answers by using the ‘S’ formal variable to represent the + symbol.

The quadratic must be entered as an expression rather than as an equation, and you

must also indicate which variable is the one being solved for. This is so that you

could have an equation such as Px?> + Ox — 5 = 0 where P and Q were memory

values, and still be able to tell it to solve for X rather than for P or Q.

2 -
Eg. Solve x* —4x—-5=0 i e vl
Use QUAD(X?-4X-5,X) DG }c< 4;5}1< ;ee.)/z
R EHZEK—D,
Answer: (4+S1*6)/2 (-2+s51%10. 58360524430 .
It is now up to you to interpret this as: R
4+6
x= —
2
446 46
= or 2
2
=50r -1

Probably the easiest way to do this, particularly in the second case which involves

a long decimal expression, is to use the up arrow key to move up to the expression,
copy it and then delete the S1* from it, leaving just (4+6)/2. Pressing ENTER would
evaluate this to 5 and you could then copy the (4+6)/2 expression and change the +
to a - to get the other solution of -1.

An easier way altogether is probably to use the Solve aplet instead. Alternatively,
since the Solve aplet requires that you have some guess prepared in advance, you
might use the Function aplet and, after graphing, use the FCN tool to find the x
intercepts.

Note:  The Quad function does have one distinct :
advantage over other methods, in that it will give a  [¢-2+=1%18. 58286524430,

. . . CILAD {22 +25H+9, 1)
complex number solution to quadratics for which (-2+s1%(@, 16, 1959A3992..

the discriminant is negative. This may well make it | _
. . . [sroe] | | [ [ 1
worth using in problems where a complex answer is
acceptable. Complex numbers are expressed on the HP38G in the form (a, b)
representing a + bi. Thus the answer to the second quadratic shown above would
—2+4-112

represent 6 with the V=112 written as a complex number.
See also: FNROOT, LINEAR?
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QUOTE(var.name)

Intended for use mainly by programmers. When creating a program, one
sometimes wants to store a function such as X?4 into one of the functions
F1(X)...F9(X). This can be done using the STO> command, but it turns out that if
you do this inside a program then the X doesn’t get entered. Instead, the current
contents of memory X (a number) is entered in its place. The QUOTE function is
there to fix this.

For example, a programmer might use QUOTE(X) %4>F1(X) to ensure that the letter
X was used instead of the contents of memory X when entering X*4 into F1(X). An
easier way is to use single quotes: X 2-4/£>F1(X).

A somewhat contrived example of a non-programmer’s use of this function can be
found on page 24 where the use of functions from other aplets in the HOME view
is being discussed.

See also: ----

The ‘| function

expression|(valr=value,var2=value, ...)

This is called the ‘where’ function. It is used to evaluate formulae, of the type
when one would say “Evaluate ....., where a =5, b =4 etc”.

The formula must be in the form of an expression rather than an equation. You
should enter the equation first, then the ‘where’ symbol (which supplies its own
bracket) and then the values of all the variables in the expression. Any not supplied
are evaluated using values currently stored in the memory for that letter.

b
Eg.1 Evaluate a= whereb=6,c=-2and d =8

Use: (B+C)/D | (B=6,C=-2,D=8)
Answer: 0.5

.3
SEAETE | (A=9. 2, T=62
176.4

1
Eg.2  Using the formula d = 5 at?, find the

distance d which an object would fall under Earth’s | g s s s - ——

gravity of 9.8 m/sec? in a time of 6 seconds.

Use: BAT? | (A=9.8,T=6)
Answer: 176.4 metres

See also: ISOLATE
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The ‘Tests’ group of functions |

N
r|Stat—Twa (£

These are all functions which are of interest only to %%
programmers, and consequently we will not cover them
here.

HMTHs[CHDE]CONE ] [UAHiL] OK ]

The only time that some of these might be of use is in entering Piecewise defined
functions into the SYMB view in the Function aplet. This is covered in some detail
on page 45.

For those wanting to try a little programming, we will offer this small tip which
might save those of you who have never encountered the C language some grief.
When using an IF....THEN.... ELSE..... statement, don’t use the syntax you may
be used to if you know Pascal or Basic, which is IF (A=4) THEN....ELSE.....
This will not test to see if A has the value 4, it will actually assign the value of 4 to
A, thereby ensuring that the test will always evaluate as true even if A didn’t have
the value of 4 before you ran the test! The correct syntax is IF (A==4) THEN.....
ELSE..... and this == sign can be found in the Tests group.

Although in many ways the programming language of the HP38G behaves in a
similar way to Basic, the internal language programmed into the chip (the BIOS) is
written in C and this sometimes pops up in unexpected places if you are not used to
the C language.

Programming the HP38G is covered in a small way on pages 117 - 124 but those
wanting more detail than is given there must consult the manual (obscure though it
is at times). The best method of learning how to program the HP38G is to
download an aplet from the Net and dismantle it.
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The ‘Trigonometric’ and the ‘Hyperbolic’ groups of o .EI;EI
: at—lwa H|_:|_|
functions Sumbolic |RESC

These two groups of functions cover the Trigonometry
functions which are less commonly used and which have
consequently not been given their own buttons on the face of the calculator.

Although they (of course) give different results, you use them in exactly the same
way as you would the normal SIN, COS and TAN functions, together with their
inverse functions (above the buttons) of ASIN, ACOS and ATAN. For the benefit of
those who don’t know, the inverse operation of trig. functions can be written in two
ways.

Eg.  Ifsin(30°) =05,
then we can write either sin’l(O.S) = 30° (read as “inverse sin”)
or arcsin(O.S) =30° (read as “arc-sin”)
Both of these mean exactly the same thing mathematically, but the arc-sin useage
is the older, more traditional one. Many of the modern calculators have opted for

the other alternative but the HP38G designers chose to stay with arc-sin, which
was then (as is commonly done) abbreviated to ASIN.

On the face of the calculator you will find:

Function Inverse function
SIN (sine) ASIN (arc-sine)
COS (cosine) ACOS (arc-cosine)
TAN (tangent) ATAN (arc-tangent)

In the Trig. group of functions you will find:

Function Inverse function
COT (cotangent) ACOT (arc-cotangent)
CSC (cosec/cosecant) ACSC (arc-cosec)
SEC (secant) ASEC (arc-secant)

In the Hyperb. group of functions you will find (amongst other things):

Function Inverse function
SINH (hyperbolic sine or “shine’) ASINH (arc-hyp.sine)
COSH (hyperbolic cos or “cosh”) ACOSH (arc-hyp.cos)
TANH (hyperbolic tant) ATANH (arc-hyp.tan)

These ‘hyperbolic’ functions are used mainly in engineering applications.
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Some further functions are available in the Hyperbolic group of functions. They
are duplicates of functions available on the face of the calculator but give more
accurate answers. They would primarily be of use to those people, such as
architects and engineers, for whom full accuracy is paramount. These functions
are:

EXP(num
This function gives a more accurate answer than %%c B _—
does the button labelled e~ which appears above the |_.. .. ~ 1-82828134863
+ sign on the calculator. As you can see on the 1. 62020134883
right, the Q1fference is normally not detectable even (g e e p ——
to 12 significant figures.

Eree] [ A F

. EXPC288)

The difference only becomes apparent for very 7. 22SOTATEE1SERE
large values (as you can see on the right) and is, ="e0n 7 29507OTECEIEDE
even then, hardly earth-shattering.

el [ [ | [ |

ALOG(num)

This function provides the same result as the button
labelled 10" on the keyboard above the * key. It is
another function giving greater accuracy than the
one it ‘replaces’. As with the others, this greater
accuracy would never be required in a school
setting.

EXPM]I(num)

This function is designed to be more accurate when anti-logging very small values
close to zero. It gives the value not of ¢* but of e* — 1 (EXPM1: exp minus 1) You
may wonder how this is an advantage, since you must then add 1 to obtain the
correct answer, but a look at the screen opposite will show you.

As you can see, the normal keyboard function e” EdbE| HONE e
. . * HEEEAS

gives an answer to ¢%0%0093 o 1-0000003. This i 1. BEREEES

gives the impression (since it doesn’t show a full 12 [F#FM1<- aag?gggéamﬂ_?

significant digits) that it is an exact value.
|-----

In fact the true answer is 1-000000300000045.... but the final digits have been
lost in the rounding off to 12 sig. figures. By giving an answer of ¢* — 1 , the
leading 1 is lost, freeing the calculator to drop the first 6 zeros by changing to
scientific notation, and thus give an answer which shows the final ....0045 rather
than dropping it. As you might imagine, this would not normally be needed in
schools!
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LNPI(num)

Since the In(x) function is f(x)
asymptotic to the y axis as x
approaches zero, the natural logs of
numbers close to zero are very large
negatives, and possibly inaccurate.

“LNP1”="Inplus 1~

By finding the natural

log of x + 1 rather than

of x , the function becomes able

to do its calculations in a domain in
which greater accuracy is possible.

This is not something which would
normally be of concern at school
level. 8

-10
10
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The ‘Calculus’ group of functions TR MNTH_FUNCTIIN

[=]

Complex

i
This group consists of three functions, two of which are ﬁagg:«_gn*« . TRYLOR
discussed in detail in the chapter dealing with the
Function aplet.

The functions are: (i) the integrate, or j function,
discussed on pages 44.

(ii) the differentiate, or 0 function,
discussed on pages 39.

and, (iii) the TAYLOR function, discussed below.

There is neither the space nor the reason to go into Taylor polynomials too deeply
at this point. If you go on and study mathematics at University level, then you will
undoubtedly encounter them at some point in your studies, at which point this
function will become useful.

Briefly, a Taylor polynomial allows you to approximate the graph (values) of a
more complex function via a simpler function, a polynomial.

For example, the complex (relatively speaking) function of SIN(X) can be
approximated by the polynomial given below:

¥oox X
sin(x)=x— —+———+....
3t st 7!
1 1
=x——x+ S —x7

—X
6 120 5040
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This can be seen more clearly in the
graph on the right, which shows the
y = sin(x) function, together with
successive approximations of : y =x,

1
followed by y = x — —x*, followed by /
6
12\ 3\ 4 5
Ly, 1 "
y=x—_x"+ —x’. As you can see,
6 120 11

while the first approximation is not very
good, the match becomes closer and
closer as you include more terms from
the Taylor polynomial.

The graph on the right shows the
Taylor polynomial taken to another 3
terms and, as you can see, the fit is 17
beginning to be quite accurate. /

X

You may wonder why anyone would 5 a3\ 4 5
bother with this when they can obtain
a value for sin(x) simply by pressing
the appropriate button on their -7
calculator but, if so, then you have
clearly never wondered just how the
calculator gets its values in the first
place!

Suppose we wanted to find sin(30° ) . The calculator converts this value of 30° to
radian measure and then substitutes this into the Taylor polynomial for sin(x)
(which is built in at the factory by the designers). It follows the terms of the Taylor
polynomial until the successive terms being added and subtracted are so small that
they are not affecting the answer, and then displays this result as sin(30°) .
Because the factorial on the bottom of the fraction increases in size much faster
than the x" terms do, it is guaranteed that the terms will eventually become small
enough to be disregarded. Understanding this process may begin to give you a
healthy respect for the speed of today’s calculators! In fact, modern calculators use
even faster shortcuts but the general idea is the same.

146



The screen shot on the right shows the calculator

# el
TAYLORCSTIHCH g Ha 7o

deriving the Taylor polynomial for sin(x) up to the 7™
-, 1EEEEEEEEEE TR G+,
power. TAYLORCSIHCH 2 Ha 72
noleoEEREHL S 12B%R 5 1
The first is calculated with HOME MODES set to | e e s o
Standard, the second with HOME MODES set to
Fraction 4. The screen shot below shows the 1.2 1.5 1 7
fractional polynomial in more detail after highlighting ARt TeE T Spem
it and pressing the Show key.
L [ [ | [uok]

Note that if the function you apply the TAYLOR function to is already a polynomial,
then you will simply get the same function back.

Thus TAYLOR((X-1)"5*(2X+1),X,6) will give the same result as you would get from
POLYFORM((X-1)"5*(2X+1),X ). The drawback of using TAYLOR is that it is much
slower, and you must specify the highest power expected. If you used TAYLOR((X-
1)"5*(2X+1),X,5) instead of ....,X,6) for example, the last term of + 2x° would be
omitted, whereas POLYFORM does not need this additional input.
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The ‘Complex’ group of functions MATH FUNCTIONS §

lus
COMJ

Complex numbers on the HP38G can be entered in ﬁagg:«_gn*« . éE
either of two ways. The first way is to write them in the

same way as they are commonly written in mathematical

workings: a + bi. The other way is as an ordered pair: (a,b).

For example, (3 + 2i)(1— 31') could be entered into

the calculator exactly as it is written there, with the 7’
obtained using the A..Z key, hitting the blue 2"

function key first to get a lowercase i. This option is (3471 101=F10
shown on the right. The screen underneath shows

how, as soon as you press ENTER, the calculator
immediately converts this form into the other of
entry, which is as an ordered pair. As you can see, the [|*F:Z?#(1-z#12

. . . . h . LFy g
calculator is sometimes a little inconsistent in its
conversions. stoe] | [ [ | |

Complex numbers can be used with all trigonometric and hyperbolic function, as
well as with some real-number and keyboard functions. When in doubt, try it.

Just as real numbers can be stored into the alphabetic
memories A to Z, there are 10 special memories C1.27#Z1
21,72..79,70 which are provided to store complex

numbers. |-----

In addition to the trig functions, there are four functions in the Complex group plus
two others, one (SIGN) from the real group and one (ABS) on the keyboard that take
complex arguments and give a very useful result.

Cla22

ABS(real or complex)

The absolute function, which is found on the keyboard above the -X key, returns
the absolute value of a real number.

Eg. ABS(-3) returns a value of 3.

When you use the absolute function on a complex
number a + bi it returns the magnitude of the

complex number va? +5 .
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SIGN(real or complex)

This function is normally part of the Real group (see page 128 - 135) but is very

useful with complex numbers. If given a complex number (a,b), SIGN will return
another complex number which is a unit vector in the direction of (a, b).

ERRD] ME
(2, 22%01-2%i2

a b )
Va2 +*” Va2 + 1) SIGHCC3, 400
This is very useful, not just in complex numbers, but |-----

also in vector problems.

i.e. SIGN(A,B) returns (

See also: SIGN (Real group),IM,REAL,ARG,CONJ

ARG(complex or vector)

This function returns the size of the
angle defined by regarding the
complex number as a vector. For
example, as shown right, ARG(4+21)
would be 26-565° . The same 27
information can, of course, be
obtained by completing the right
triangle and using trig (as shown in
the screen shot). 2

EpE] HOME
ARG 04, 2)%

ATAM 242

A

£.3638511771  The reason for the double brackets is that every
26.5658511771| function used by the calculator uses brackets (hence
the outer pair) but so too do complex numbers (hence
the inner pair). Using ARG(a+bi) instead avoids this.

Note: The manual gives the argument of ARG as (7, 6), as if it should be supplied in
polar format rather than in the form a + bi or (a,b). This is incorrect.

CONJ(complex)

This function returns the complex conjugate of the complex number given to it.

Eg. Ifz=2+3i, then find the
complex conjugate z .

COMJCC2y 300

Answer (right): z=2-3i
|-----

See also: IM,ARG,RE
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IM(complex) and RE(complex)

These functions return the imaginary and real

parts of the complex number supplied.

If you enter a + bi then IM((a,b)) =Db.
RE((a,b)) = a.

See also: CONJ,ARG,RE
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The ‘Constant’ group of functions |

lus
Complex

Hyperb. wlMIHEEAL 12

These ‘functions’ consist of a set of commonly occurring
constants.

Two of them, MAXREAL and MINREAL are only of use to programmers. They consist
of the largest and smallest numbers respectively with which the calculator is
capable of dealing, and are there as a check to ensure that calculations within a
program have not overflowed the capacity of the calculator.

The other three, 7, i, and e, are far more easily obtained in other ways.

The first, m, is available via a button on the face of the calculator above the 3 key.
The second, i, is easily obtained as a lowercase letter through the A..Z button,
pressing the blue 2" function key first to get lowercase. The third, e, is available in
two ways. If you want it as a function (as in e>*) then the e” function is above the

e
+ key. On the other hand, if you need the numerical value of e (as in ?) then you

can use the e” key in the same way and then just hit the DEL key to get rid of the
unneeded * symbol.
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MATH FUMCTIONZ

| Ee e

The ‘List’ group of functions

Complesx: &|EREGEE |
r|Constant |«LIST "

isti i i Huperb.  |MAKELIST
A l1st. in the HP3.8G is the same mathematlcally as a set. ot M L1
As with a set, it is written as a series of numbers
separated by commas and enclosed with a pair of curly
brackets.

Eg. [2,5,2,10,3.75}

Using the HOME view these lists can be stored in special list variables. There are
ten of these L1,L2,..L9,L0.

Eg. {2,6,-2,10,3.75} »L1

EArEG] ok [aF
L2y T2y 19!?-?5}'L1
Typing L1 and then ENTER will then retrieve the L1 (2:5,72,18,8.752

list (see right). Lists can also be multiplied by a £2,5,72,18,3. 753
goilstant and have a constant added to them (see T ————
elow)

If we store another list of the same length into L2, then
the two lists can be multiplied together. The resulting

list is obtained by multiplying each element in the first
list by the corresponding

Eaaasamesmmmm|  clement in the second
list.

{4,7.8,12,5.75}

svoe] | [ 1 [ |

Many of the normal mathematical functions also
work on lists of numbers by performing the operation on each individual element.

z Y
{2,168, -6,48, 18,753

The column variables C1,C2..C9,CO in the Statistics

aplet are identical to list variables and can be used as
extra storage if you need more list variables. The L2y 502y 18, 5. 753
statistical variables have the additional advantage, of N —
L3 | C4

course, that they can be graphed in the Statistics
aplet and that all the usual statistical measures are
available. To transfer a list variable to a statistics
variable, just store one into the other (see right). As
you can see in the second view, the list has been LENT [ IN: | S0RT | Ells_|2VAER]THT
transferred to CO. Pressing ‘Stats’ would now give the usual statistical measures for
the newly created column.

There are also a number of special functions available for list variables which are
contained in the List group of functions in the MATH menu. These will be discussed
at the end of this section.
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The List Catalogue

In addition to being able to manipulate Lists in the HOME view, there is also a
special ‘List Catalogue’ provided which allows easier entering and editing of lists.
If you look above the 7 key you will see a label of LIST which gives you access to
this catalogue (obviously you have to press the BLUE key first).

When you enter this catalogue you will see the screen  (Eygwr=rys

on your .right. (o.r something similar). The catalogu? Lz tgggm 2
shown right indicates that there are currently two lists |L4 Length @

. LS Length @ L)
in use, both of length 5. Cemr | 1 [SEWD [RECY] |

Pressing the DEL key when on one of these lists will delete that list, clearing the
memory it uses. Pressing BLUE CLEAR (above the DEL key) will clear all lists. In
both cases a query message pops up asking whether you are sure you want to do
this.

If you press the button under ‘Edi#’ then you will enter
a special editing screen which allows you to change
individual values, delete values (using the DEL key)
and insert new elements into a list. If you press the
‘Ins’ key with the highlight in the position shown,
then

the new number you type in is inserted before the 4, with all the elements below
shifted down one position to make room.

Having entered the editing screen, you may be wondering how to exit, since no key
is apparently provided for this. The answer is that you just press BLUE LIST again to
return to the catalogue level (or else press HOME if you’ve finished altogether).

Changing of individual elements of a list can also be done in the HOME view, if not
quite so easily. As we saw earlier, typing L1 and

pressing ENTER will display an entire list in the HOME ~ [TEE
view. If you want to see just (say) element 3, then b1 4
typing L1(3) will display just that one element (see 5

right). As you can also see in the screen shot right, | -

you can change just one element using the store

command. It is not possible to insert an extra element in the HOME view, except in
that you could add an element to the end of a list using the CONCAT function
discussed on the next page.

Lists can also be sent from one HP38G to another
using the infra-red link with the aid of the two
buttons labelled ‘Send’ and ‘Recv’ (see right). The
procedure is exactly the same as that for sending
aplets from one calculator to another, which is
discussed on pages 104 - 124,
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CONCAT({list})

This function concatenates two lists - appending one on to the end of the other in
the order that you specify.

1.L2
L2 Ta— 2y 1%’1, 3.73. 12,3
Eg.  L1={252,103.75) g By 1Es 351,203y
12={1,2,3,4,5)

Groe] [ [ [ [ |
CONCAT(L1,L2)= {2,6,-2,10,3.75,1,2,3,4,5}

CONCAT(LT,{5})»L1 would add another element of value 5 onto the end of list
L1, storing the resulting longer list back into L1.

ALIST({list})

This function produces a list which contains the differences between successive
values in the supplied list. The resulting list has a length one less than the original.

Eg.  L1={1,4,7,10,13}

EnecE HOME
t1lada7y18,13%k1
1,4,7, 18,133

4
ALST(L1)={3,3,3,3) SLISTELLY g e,

Groe]l 1 [ [ [ |
MAKELIST

This function produces a list of the length that you specify using a rule of your
choice.

The syntax is: MAKELIST( expression, variable name, start , end, increment )
where expression is the mathematical rule used to
generate the numbers.
variable name s the letter (X, Y etc) that is to be
used in the expression (any other
letters will be taken as constants).

start is the first value that variable name is
be given.
end is the largest value that variable name
is to take.
and increment is the amount that variable name

should be incremented by.

Eg. 1  MAKELIST( X%2X,1,10,2)>L1
produces { 1,9, 25,49, 81 } as X goes from 1 to 3to S to ...

and stores the result into L1.
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Eg.2  MAKELIST(RANDOM,X,1,10,1) produces a set of 10 random numbers, while
MAKELIST(INT(45*RANDOM)+1,X,1,6,1) will choose your Lotto numbers
for you. The X in these cases serves only as a counter.

Eg.3  MAKELIST(3,X,1,10,2)  produces {3,3,3,3,3,3,3,3,3,3}.

The MAKELIST function can also be used to simulate observations on random
variables.

For example, suppose we wish to simulate 10 Bernoulli trials with p = 0.75. We
can use the fact that a test like (X<4) or (Y>0.2) returns a value of either 1 (if the
test is true) or O (if the test is false).

Thus:  MAKELIST(RANDOM<0.75,X,1,10,1) will
return a list of 1’s and 0’s corresponding to the

simulated Bernoulli trials.
roe]l [ | 1 T

Various examples of this process are given in the ‘Tips and Tricks’ section which
immediately follows the section on Univariate Statistics (pages 73,74).

TELIST({list})
This function returns the product of all the elements of a list.

Eg. TLIST({2,3,56}) would return a value of 30.

POS({list}, num)

This function conducts a search of a list. It £158:5:7s 1@, 137
returns the position in the list of the first FOSCLL, 180 5
occurrence of the number you specify (see

example right). It is probably of more use to VTS N S N — —
programmers.

If the number specified is not in the list it returns zero. If the value occurs in more
than one place then only the first position is reported. The value specified can be
either a number (as shown) or a variable or an expression to be evaluated.

SIZE({list})

This function returns the size of the list specified. Since normal users would
probably know anyway, and could find out easily via the list catalogue, this is
clearly another of those functions which are of more use to programmers (who
won’t know when they write their program just how long a list you will ask it to
deal with when you eventually run the program).
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2LIST({list})

This function returns the sum of all the elements of a list.
Eg. 2LIST({2,3,56}) would return a value of 10.

REVERSE({list})

EnEG] HOME
ELISTELZy 3,532

16
This function reverses the order of all elements in a REVERSE({EH@}%E }E,}%}

list.
. Groel [ [ [ [ |

Eg. REVERSE({2,4,1,7,10}) would return {10,7,1,4,2}

SORT({list})

This function returns a list that is sorted into
ascending order. If you want the list in descending
order instead then use REVERSE(SORT(list)).
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The ‘Loop’ group of functions MATH FUNCTIONS

B ITERATE
] |RECURSE ..,
Mat i =
—|Polunom. »

HMTHs[CHDE]CONE ] [UAHiL] OK ]

This is an interesting group of functions that may be of
use for students studying discrete functions and
sequences.

ITERATE (expression,var.name,strt,num.iter.)

This function evaluates an expression a specified number of times, starting with a
supplied initial value an using the answer to the previous evaluation as the value
for the variable in the next evaluation.

Eg. ITERATE(X*1,X,2,5) gives an answer of 15745023

This answer is obtained as follows:

initial value: X=2 first iteration
X?-1=3

new value: X=3 second iteration
X2-1=8

new value X=8 third iteration
X2-1=63

new value X=63 fourth iteration
X?2-1=3968

new value X=3968 fifth iteration

X?-1=15745023

Final answer: X=15745023

B o AE

ITERATECRE=1, Ky 2,00
15745623

ITERATE(KE-1,Hs 1,52

why the answer to the same iteration with a a
starting value of 1 gives an answer of zero. 7T I I N N

It will be left as an exercise for you to calculate
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RECURSE

This functions is provided for programmers to let them define functions in the
Sequence aplet. For example, typing RECURSE(U,U(N-1)*N,1,2) > UT(N)

seemingly produces no useful result in the HOME ”'IE SYMEOLIC VIEH S
view, but would produce the result shown right in ~ |[wl1tz3=z

w1 CHa=01 CH=1 2%

the SYMB view of the Sequence aplet. The resulting LZi13=

sequence is the factorial numbers. Uziz.= ¥
T T I T T

The syntax is:
RECURSE(<seqg.name>,<defn of term n>,<1st term>,<2nd term>)

and it really must be STO>’ed into a sequence such as U1,U2..U9,U0 for it to have
any meaning.

2 (SUMMATION)

This function offers a way of calculating the results of summation notation
problems. The syntax of the function is ordered in the same way as one reads a
summation expression (see the examples below).

5
Eg. 1 D which expands to 12 + 22 + 32 + 4% + 52 giving an answer of 55,

i=1

can be evaluated using X(1=1,5,1%

Eg.2 Z . Where x;=-2, x,=10, x;= 13, x,= 11, xs= =20, x;=2

i
i=1

can be evaluated by first defining a list L1 as {-2,10,13,11,-20,2}
and then calculating Z(I=1,6,L1(l))

Note: Although ‘i’ was used as the summation
index in each of the cases above, there is
nothing special about this letter. ‘i’ and j’ |-----
are the letters traditionally used in
mathematical problems.
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The ‘Matrix’ group of functions |

This very extepsive group of functions is provided to e ————
deal with matrices.

The scope of functions and abilities covered in this group is in fact vastly greater
than would be required by the average school student or teacher. In many cases the
explanation of what the function is used for would occupy many pages to no real
useful gain. Consequently many of the functions will be covered only by
commenting “See Official Manual”.

A detailed set of examples for the more commonly used functions is given in
the chapter titled “Using Matrices with the HP38G” on pages 90 - 96.
COLNORM See Official Manual

COND See Official Manual

CROSS([vector], [vector])

This function finds the cross product of two vectors. Vectors for this function are

written as single row matrices.

3 %%SS(ES 4]MEE4 11>
For example, a = (3,4,0) 0r<4> would be written Y
0

[a,d
as (3,4,0).
|-----
DET(matrix)

This function finds the determinant of a square matrix.

Ene]

2 3
Eg. If 4= [ ] then find det(A).
-1 5 DETCLL2,31;0-1,511)

Ans: det (A) = 2x5-3x(-1) N ——

=13

See also: INVERSE, RREF
DOT([vector],[vector])

159



This function returns the dot product of two vectors. Vectors for this function are
written as single row matrices.

For example, a = (3,4) or (i) would be written as (3,4).

See the chapter “Using Matrices with the HP38G” for a fully worked example of
this function (pages 90 - 96).

EIGENVAL See Official Manual

EIGENVV See Official Manual

IDENTMAT(size)

This function creates an n X n square matrix which is an identity matrix (1’s on the
diagonal, zero elsewhere). For example, IDENTMAT(4) would produce a 4x4 identity
matrix for use or storage.

Eg. Suppose A, B and C are 3 x 3 matrices already stored in the Matrix catalogue
as M1, M2 and M3 respectively, and you wish to evaluate 2( AB +3) + C..

Efvec]
Evaluating 2(M1*M2+3)+M3 will give an error IW
message (see right) because the term ‘3’ is not a Tups
matrix. This may well be the correct result. CCPTL+MZ+30+134

However, by rewriting ‘3” as 31 (where I is the 3x3
identity matrix) the result becomes possible. This is

. Z* (M1#M2+3% IDEMMAT 2.,
shown in the second screen shot, where [[-3a5vs-4@71, [-44, 120,

2(M1*M2+3)+M3 has been rewritten as

2(M1*M2+3*IDENTMAT(3))+M3. (LT
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INVERSE (matrix) ERERE:

This function produces the inverse matrix of an n x INVERSE( [[2,215[4,5]
. . [[-2.5,1. 5],[2: 1

n square matrix, where possible. A fully worked

example of the use of an inverse matrix to solve a

3 by 3 system of equations is given on page 91, 92

of the chapter “Using Matrices with the HP38G”.

[
[

An error message is given (see right) when the VERGSELL[Z.31,[2, 5410
matrix is singular (det. zero). J

Note: A common mathematical habit is to write the inverse matrix as a fraction
(one over the determinant) multiplied by a matrix, so as to avoid decimals
and fractions within the inverse matrix. The HP38G does not do this. If you
want the matrix with the determinant

FnecE HOME
. LLZ, 31, [4,51Tk1
factored out, then evaluate DET(matrix) [[2,21,[4,51]

first, record the fraction and then evaluate CETEML? -5

DET(matrix) * INVERSE(matrix) to obtain
. . el [ | | [ |

the non-fractional matrix.

EAEGE
[2 ] . 1[5 —3] DETCHL Y

ie. A= =A==
LET(M1 3% IMVERSE M1 >
4 5 214 2 H

[S5a-31,[-4,211
Remember that the inverse matrix is not just the
matrix, but the fraction times the matrix!

[svoe] 1 [ [ 1 |

See also: RREF, DET

LO See Official Manual
LSO See Official Manual
LU See Official Manual

MAKEMAT See Official Manual

OR See Official Manual
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RANK See Official Manual
ROWNORM See Official Manual

RREF (matrix)

This function takes an augmented matrix of size n by n+1 and transforms it into
reduced row echelon form, with the final column containing the solution.

x-2y+3z=14
Eg. The system of equations 2x+y —z=-3
4x-2y+2z=14

1 -2 3:14
is written as the augmented matrix [ 2 1 -1 -3
4 2 214
M1 1 ] ] 4
which is then stored as a 3x4 real matrix M1. é g 1: 21 15

We now use the function RREF to change this to

|

reduced row echelon form and store it as M2.

En b 7 o me] 1 z z q
This gives the final result L q 0 I

RREF CM1IBH2 shown in the matrix M2 e ! a 2

LC1,8,8,11,08, 1,8, 723 o the right, giving a

B ssmmmm|  solution of (1, -2, 3). FEDIT | M2 | G0% | Ei& ] ]

The big advantage of the RREF function is that it will still work with singular
matrices. For example, the set of equations shown below left has an infinite
number of solutions and the RREF result shows this by its final line of zeros.

ti 1 z 2 4 Mal 1 = 4
x+y-z=5 J— | P—
it -2 1 2 i 0
2x—-y=17
xX=2y+z=2 1 I
JLEMT ] IN: [Go* JENG | | | [EMT [ IW: [Go*J B | [ |

See also: INVERSE, DET.

SCHUR See Official Manual

SIZE See Official Manual
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SPECNORM See Official Manual

SPECRAD See Official Manual
SVD See Official Manual
SVL See Official Manual
TRACE See Official Manual
TRN(matrix)

This function returns the transpose of an n X m matrix.
2 3
2 1 0 ]

For example, if M1 = I =2 | then TRN(M1) would return [ 3 0 4

0 4

An example of the use of this function is given on page 95 of the chapter
“Using Matrices with the HP38G”.
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e T

The ‘Polynomial’ group of functions SRR MATH FuNT:m

atirix oS
r|Folunom.] [FOLYEYAL

Frob. POLYFORM |,
Real vlPoCyROGT |-

This group of functions is provided to manipulate
polynomials.

We will use the following function to illustrate some of the tools in the Polynomial
group:
%)

S =E@-)x+3)x-1)=x-Tx+6 14

12

[ NN

54 2 -1 N2 3 45
2 x
4]

POLYCOEF([rootl,root2,...])

This function returns the coefficients of a polynomial with roots xi, x2 , x3 ,... The

roots must be supplied in vector form, which for the HP38G means putting them in
square brackets.

The function f(x) above has roots 2, -3 and 1. POLYCOEF (L2, E?, é] >? o1
LRSE B

The screen shot right shows the function correctly
giving the coefficients as 1, 0, -7 and 6 for a final I—I-----

polynomial of f(x) =x> - 7x+ 6.

See also: POLYEVAL, POLYFORM, POLYROOT
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POLYEVAL([coeffl,coeff2,...],value)

This function evaluates a polynomial with coefficients as specified at the point
specified. Note that the coefficients must be in square brackets, followed by the
value of x (not in brackets).

UG
FoL )
: N [1y8:-716]
aTthe fu;lctlonf(x) x> — Tx + 6 has the value 12 POLYEVALCLL, b, 61:?%
X =2.

Note: If you are evaluating more than one point it

is probably more efficient to enter the function into the SYMB view of the
Function aplet. You can then either use the NUM view to find the
function values required, or else simply type F1(3), F1(-2) etc. in the
HOME view.

a
!a!
s

See also: POLYCOEF, POLYFORM, POLYROOT

POLYFORM(expression,var.name)

This is the most powerful of the polynomial functions. It allows algebraic
manipulation and expansion of an expression into a polynomial. The expected
parameters for the function are firstly the expression to be expanded, and secondly
the variable which is to be the subject of the resulting polynomial. If the expression
contains more than one variable then any others are treated as constants.

Eg. 1  Expand (2x- 3)3 (x—1)

1
FOLYFORMC C2%6=30"3% (K.,
SERCDS-02%R 4+ 134w 3.

Result: 8x° — 52x* +134x3 —171x2 +108x — 27
[soe] [ 1 1 [ ]

The resulting polynomial is shown both as it
appears in the HOME view and as it appears after
pressing the ‘Show’ button. Once it appears in the
‘Show’ window, of course, it can be scrolled right

au-seute14ui-171 08

and left to see the missing terms. (IS N NS e T
Eg.2 Expand (3a - 2[7)4 EATEGE

This function contains two variables, A and B, yvthh BOLYFORMC ( 35A_2£E) 4, .
must be expanded separately. The first expansion, 21 %A~4+1 0%~ (2EE ) #A S,

treating A as the variable, is done using the I ——

expression POLYFORM((3A-2B)"4,A) (see right).

Continued over...
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As you can see if you examine the view after pressing
‘Show’, the expansion of the expression in terms of A 5 s
has been done, but the terms involving B are not fully P& (2:E) A +34-(~(26))
evaluated.

The solution to this is to use POLYFORM again. Use the MATH menu to fetch the
POLYFORM function to the edit line, then move the cursor up to the partially
evaluated expression that was the result of the previous POLYFORM. Copy it into the
edit line and add a comma, a B and an end bracket. Pressing ENTER will now
evaluate the terms involving B.

i

POLYFORME C3#A—2%B2 "4, .
S1%A™4+1853%- (2B R 5w

After pressing ENTER the for the second evaluation,
the result is shown right (after pressing ‘Show’). 166* -9 e 2 16.A5B5-

e

Note: According to the official manual this double

use of POLYFORM should not be necessary. The

7 explanation of the POLYFORM function implies that the

function can evaluate in more than one variable at one

time, meaning that POLYFORM((3A-2B)"4,A,B) should

ORMCL3+A-C207°4, A, J produce the final result we saw in one step. In fact, all
this produces is an error message (see left).

See also: POLYCOEF, POLYEVAL, POLYROOT

POLYROOT([coeff1.coeff2,...])

This function returns the roots of the polynomial whose coefficients are specified.
The coefficients must be input as a vector in square brackets.

Eg. Using our earlier function of £ (x) = (x — 2)(x + 3)(x —1) = x> — 7x + 6 we
can enter the coefficients as [1,0,-7,6].

As you can see in the screen shot, the roots of 2, -3

and 1 have been COI‘I‘eCtly found. POLYROOTELL, B,- 7610
[1,2.—3]
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The ‘Probability’ group of functions SRR MATH FUNCTION

o . &
1

rob, ] |!
Feal FERM
5t at —Twow|RANDOM  »]-

This group of functions is provided to manipulate and
evaluate probabilities and probability distribution
functions (p.d.f.’s).

COMB(n,r,

n!
This function gives the value of "C, using the formula "C, = ————.
(n—nr)r!
Eg.  Find the probability of choosing 2 men and 3 women for a committee of
5 people
from a pool of 6 men and 5 women.
15
COME Gy 22 COMECD, 302

(g) (g) 32467332467

p= (11) =0.3247
5

FvEG]
COH

Note: The reason for the single ‘COMB(6,2)’ above the main calculation is to save
time. Rather than using the MATH menu for every entry of the COMB
function, you can enter it once and then ‘Copy’ it repeatedly, changing the

parameters.
The ! function i .
N 2628560
The factorial function finds the number of possible . 24

permutations of a collection of objects. |_-_-_

Eg. Find the number of ‘words’ that can be formed from the letters FRED.
No. of words = 4! =24
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PERM(n,r,

Epe] HOME B
FERMCZ, 32

. . . . &
This function gives the value of ” P using the FERM{ S, 32 PERM( 4, 42 %P,
E22E58
n!
n j—
formula” P, = ) sroe] [ | [ | |
(n—r)!

Eg. How many ways can 3 Maths, 4 English, and 6 German books be
arranged on a shelf if all the books from a subject must be together?

Ans: (3P3x4p4xép6)>< 31

RANDOM

This function supplies a random 12 dlglF number T ——
between zero and one. If you want a series of random .BE441087IFI2
numbers, just keep pressing ENTER after the first one. - 5200051 385954

jL=rae] [ [ [ | |

Eg. Produce a set of random integers between 5 and 15
inclusive.

Use the expression INT(RANDOM* 11)+5

The RANDOM* 11 produces a range from O to
10.999999. This is then dropped down to the integer
below, giving a range of integers 0,1,2,3,...,10. The
final adding of 5 gives the correct range.

UTPN(mean,variance,value)

This function, the ‘Upper-Tail Normal Probability’, gives the probability that a
normal random variable is greater than or equal to the value supplied. Note that the
variance must be supplied, NOT the standard deviation.

Eg. 1. Find the probability that a randomly chosen individual is more than 2 metres
tall if the population has a mean height of 1.87m and a standard deviation of
10.4cm

x=1.87m, c=0.104m
= o2=0.010816

LB168216
UTPHCL. 87, . B18S16,20
« 1ASE4 3773667

A

|u| Ans: P(height>2m) = 0.1056
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Eg. 2. The population of Year 12 Applicable Mathematics students had a mean
exam score of 65% and a standard deviation of 14%. What two scores will cut off
the top and bottom 10% of students?

i.e. Find xo such that
P(x>x)=0:-1

Using the Solve aplet (below right) 6%

we can reverse the direction of the UTPN function.
FOLVE EYMEDOLIC VIEW 3
ITPH{ES, 142,
Enter the expression to be solved for into the SYMB Ea:
view (right), then switch to the numeric view. Enter  [UTPH(ET, 142, 1)=. 14
OLVE_NUMERIC VIEW a guess of 80% (without R T
the % sign!) and then press the ‘Solve’ button.

SOLVE HUMERIC VIE
94172131V

ENTEE YALUE OR PRESS SOLVE
EnT] | | [UEFH[SOLVE]

The second value could be found by using the e on sress snLve
symmetry properties of the Normal Distribution, but

it is probably just as fast to go back to the SYMB view, change the 0.1 to 0.9 and
then re-Solve. Remember that an ‘Edit’ button is provided in the SYMB view to
allow you to change the expression without having to retype it completely.

Final answer... 47.06% and 82.94% are the cut offs.

UTPC(degrees,value)

This is the Upper-Tailed Chi-Squared Probability function. It returns the
probability that a y % distribution with the supplied number of degrees of freedom
is greater than the value supplied.
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UTPF (numerator,denominator,value)

This is the Upper-Tailed Snedecor’s F Probability function. It returns the
probability that a Snedecor’s F distribution with numerator degrees of freedom
(and denominator degrees of freedom in the F distribution) is greater than the
supplied value.

UTPT(degrees,value)

This is the Upper-Tailed Student’s t Probability function. It returns the probability
that a Student’s t distribution with the supplied number of degrees of freedom is
greater than the supplied value.
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Some Further Worked Examples

The examples which follow are intended to illustrate the ways in which the
calculator can be used to help solve some typical problems. In some cases more

than one method is shown.

Eg. 1 Find the x intercepts of the quadratic equation g(x) = 2x* +2x -1

Method 1: Use the QUAD function in HOME.

Result: Shown right, using the ‘Show’ button in the
bottom view. The advantage of doing it this
way is that the answer is given in the same
form that you would see it if you used the

Quadratic formula. Just ‘Copy’ the result, edit
and square the decimal part to find the value of

the discriminant. The ‘S1’ is the calculator’s
version of the =+ sign. Just ‘Copy’ the result

CIUAD 25 x2+2%x5—1

Wl
(‘E+51*3.464181é1514}m

[svoe] 1 [ [ 1 |

[-2+=1.3. 4641B161514)
4

I I I T

and remove the S1 to obtain the positive solution, replacing the + with a - to
obtain the other. This method is only of use if the question said “Show
working” because it doesn’t give the answer directly.

Method 2: Use the Function aplet.

Result: Shown right. Enter the function into the SYMB

view, use the VIEWS button and choose
‘Decimal’. If the axes don’t suit, then use the

‘Zoom’ options. Now use the ‘FCN’ option of

‘Root’ to find the

two roots. One
result is shown.

WY

KOOT: 366025403785

HENU |

\

"y

w0 FLif): -1 [HENU|
Yt
Slope
Ext remum
llllllllll;lllﬂﬂﬂllﬂl

Eg. 2 Find the complex solutions to the

[-1+s1(8,1.7321)]

complex equation f(z) = 22 + z +1

Result: This is best done with the QUAD formula
mentioned in example 1, since it is

Z

capable of giving complex results. This is shown above, rounded to 4 dec.
pts. It’s up to you of course to realize that (0,1.7321)is ,/3i. The ‘S1’

means =+.
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Eg. 3 For the function f(x)=x>—4x> +x+6...
(1) find the intercepts.
(i)  find the turning points.

(i)  draw a sketch graph showing this information.
(iv)  find the area under the curve between the two turning points.

FEEE FUNCTION SYMBOLIC VIEW S
VF1(X)=X"3-4*X2+X+6
F

2(X)=

Step 1.Enter the function into the SYMB view of the

Function aplet, so that it is available for use. Fa(x)=

F4(X)=
FS(X)= v

o= ATH "F-I;;‘—CIIDNS
POLYCOEF

Step 2.Use the POLYROOT function to find the
roots. This function is in the MATHS menu

Matrix &

: ‘ ) POLYEVAL
in the ‘Polynom.” group. i E;g?' .
[MTHslcrosTCONS T JcANCL] 0K |

The results show that the x intercepts are

(=1,0),(2,0) and (3,0) . The y intercept is FOCYROUT LTy 4y 15615

found by evaluating F1(0) in the HOME E1cm [-1.2,31
view giving the point (0,6). £
Groel [ T 1 1 |
Step 3.Switching to the PLOT view via VIEWS - { \ /
Decimal, you will find that the function does W

not display as well as it could. Since it is the
y axis that is not displaying enough, we will
use the ‘Y-Zoom Out’ option in the ‘Zoom’
menu after first setting the Zoom factors to 2 \
rather than 4 (which is too drastic).

Now use the ‘FCN’ pop-up menu to find the EHTRHM: c.131-|n£5-:-...,s.usqsuu...@
‘Extremum’ (both left and right). The snapshot right shows the left-hand
turning point of (0.131,6.065).

0 FLif): & [HEML |

Step4. Because I know that part (iv) of the question

requires me to re-use these extremum values Flot T |
in an integration (which I would like to be as  [_[Sumbolic E
ible), I am going to ‘save’ the tomer 1o vibock -

accurate as possible), going e e e Ce e T e
extremum value just found. I change into ]
HOME and store it as shown in memory A. Flid) ‘
Rather than typing the word Exiremum, you E:ct emumbA

L . . 1214820821 79
can retrieve it from the VAR menu. Hit VAR,
then ‘Aplet’ at the bottom of the screen.

Move to the ‘Plot FCN’ menu and choose ‘Extremum’ from the list.

Note: You MUST store the first before finding the second extremum, if you
want to use this trick. The Exiremum variable always stores the last one
found. If you want the y coordinate, just evaluate F1(Extremum).
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Now use the FCN - Extremum tool again to

find and store the x coordinate of the second

turning point into memory B. Remember that \

you can use the : 7
‘Copy’ key in HOME

and just change

Ato B.

I K
EXTRM: (2.5351837..-.879419... RS0

(sroel [ [ [ | |

Step 5.The PLOT view shows that part of the area we require for part (iv) is
negative, so we need to know the x intercept between the two turning points.
Fortunately we know from Step 2 that it is the point (2,0). If we did not
know this already, then we could use the ‘FCN’ menu again, retrieving this
time from the VAR menu the variable called ‘Root” and perhaps storing that
into memory C.

X . . . EAres] ME
We will evaluate the integral in the HOME view [f¢Ry 2, FLCHh,Ha
6. S2E74EA1583
where you can use the accurate values you (2 BaFLCH T a5

stored in Step 4. It needs to be done in two ~« 56950 FI6EY

parts and added (well - subtracted actually t0 | g m—————

reverse the sign of the negative part). This is

shown right, with the ‘Copy’ key having been

P
- SBEA3EI9ESET
used to add the values. 5. 523874881583 . 38593,
. 34567981234

Lsroel [ [ [ [ |

X X
Eg.4 Shown below isa graph of the functions f(F) g(x)=3

FO)=In(2)+2 and g(x) = 3. 67

(i) Showing all working, use the
Newton-Raphson method to find the
positive x intercept of f(x) to an
accuracy of 4 dec. places.

- 9-InG2)

(i1) Showing all working, use the
Bisection method to find the
point of intersection of f(x) and g(x)
to an accuracy of 2 dec. places.

<
(see next page for solution) -4 ) 2 4
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(M)

We will use an initial estimate for the positive root of xo = 0-5.

Step 1.Set up the SYMB view to match the one shown @F““”"’“ - VIEH S

right. The first entry of F1(X) is the function, the F

second F2(X) is the derivative of F1(X). The third ¢E4.:>c:>; Fis ELR
entry of F3(X) is the Newton- Raphson iteration [ F=%%'= hd
to produce the next estimate for the root.
Note: You can use the ‘Eval’ key on F2(X) if you want to, but it is not
necessary.

EDIT [/ CHE] % [ [SHOM]EVAL |

SEEBEFUNCTION MUMERIC SETUP S5

Step 2. Switch to the NUMeric SETUP view and Nuteren 1
change the ‘NumType:” to Build Your Own. HUMTiPE: Build Your Ouwn
WUMZOOM: &
EMTEE *TARTIMG YALUE FOR TRELE
T I 717
Step 3.Change to the NUM view and enter the initial W | F1 | FZ | F= __
. _ . .5 .6137056[4 .3465736
estimate of x = 0.5 Read off the next estimate | Jusgpyf- 11832 |& 7zorm | 367d50a
-2.94E-6|5.436573(. 3678794

from the F3 column and enter it into the X
column as the next estimate. Continue this

process until the required degree of Tl W 5 TR )
accuracy is attained. This occurs in the screen shot when the next value in
F3 matches (to 4 d.p.) the one fed in to get it.

Step 4.Record your results in a written table in order to satisfy the requirement to

Note:

“show all working”.

If there is no requirement to show working, then the same
result can be obtained more quickly in the HOME view once the
functions F1(X) and F2(X) have been set up in the SYMB view. Just
use 0.5 X to store the initial estimate into memory X. Then use
the expression X - F1(X)/F2(X) > X to calculate the next estimate
and to immediately store it into X, replacing the initial
estimate. To continue calculating
estimates now, simply press ENTER

repeatedly. KFLGOFZOORE

|-----
FE

" BETETE9GETE
LBETEVI4411T

|-----
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(i1) Inspection of the graph puts the intersection in the interval
between x = -0.4 and x = -0.7

SR FUNCTION SYMEOLIC VIEW S50
FE1CRISLHCHE D42
SE20RI=3"Y
..-!{H>=F1 (HI—F2H)

FS¢ v
[ECIT [/ cHk] & | [sHOb | EYAL |

Step 2.Switch into the NUMeric SETUP view and change %:::ﬁma" NUMIERIC SETUF SR

Step 1.Using the Function aplet, set up the functions
shown right in the SYMB view.

.o . HUMSTER: | 1
the ‘NumType:’ to Build Your Own. HUMTYRE: T
HUMzZOOM:
CHOOZE TRELE FORMAT
| [cHooz] [ [eome] |

Fz F3

15?‘{155 a4439Y |- H47BA75
.He34edl). BE!IB?I

Step 3.Change into the NUM view and enter the
initial boundary values of -0.4 and -0.7
Clearly there is an intersection within this

. . . .. -.4
interval, since f(x) — g(x) is positive on [EDIT | M5 [S0RT| ElG [DEFN] |
one side and negative on the other.
. .. H | F2
Step 4.The mid-point is -0.55, but the values of S e R ]
-8137056|.5773503|. 0363554

F3(X) seem to show that the intersection is
closer to -0.4. Hence use x = -0.5 as the next

point. The intersection is now trapped |IEEEEIEEEII-
between -0.5 and -0.4

T

Step 5.The next point to check will be -0.45.
Continuing this process, we can eventually
find the point of intersection to the required
degree of accuracy. The view on the right
shows that the intersection is trapped in the
interval between x=-0.50 and x=-0.495 and this means that it will round
off to x=-0.50 (2 d.p.). Since the question said to show all working, you
would need to record the values shown in the NUM view in a table of
your own.

£.ccun|
omin |

k-

(BRIENS | 550530'{ 4130748

LEOT | IN: | sORT] BN _[DEFM] |
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Eg.5  Solve the simultaneous equations below.

2x —3y=-7
x+4y=2

First method - graphical

Re-arrange the functions into the formy =......
and store them into F1(X) and F2(X) in the SYMB
view of the Function aplet. Switch to the PLOT

view and use the ‘FCN’ - Intersection tool to find
the point of intersection.

Second method - using a matrix

SR FUNCTION SYMEOLIC VIEW S50
FE1CRI=(-F=2%K1/ "2

I-FECT: (-2.1) [MEML |

. 2x —3y=-7 2 311*1 7
Step 1. Rewrite as =
411y 2

x+4y=2 | 1

X 2 3171 7
This means that [y] = [ X [ ]

1 4]

Step 2.Switch into the Matrix Catalogue (BLUE
MATRIX). Position the highlight on M1 and
press ‘New’ and choose a new Real matrix.
Enter the matrix shown right.

Press BLUE MATRIX to change back to the
catalogue and create M2 as shown below
right.

Step 3.Change into the HOME view and enter
the calculation M1~1*M2, The result is
the (x,y) coordinate of the solution.
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#MATRIR CATALDG 3
#1 REAL MATEIX
MZ 141 REAL MATRIY
M3 141 REAL MATRIY
Mg 151 KEAL MATRIY

M5 141 REAL MATEIX ¥
Hi 1 z

1 -3

z u
=
JLECIT [ INs [Gos [BIG | ] |
Ma 1 | |

1[-7

HH

M1 1Mz

[[-=21,L[11]

jlsmoe] 1 1 [ [ |



Eg. 6  Expand the expressions below.

(i) (2x +3)’
(i)  (3a-2b)

(1) Use POLYFORM((2X+3)"4,X) to expand
the polynomial. Use the ‘Show’ key to
examine the result.

Result: 16x* +96x> +216x> + 216x + 81

(i)  Use POLYFORM((3A-2B)"5,B) to expand
the polynomial as a function of B. Then
use the polynomial function again,
‘Copy’ing the result from the first
expansion and expanding this time as a
function of A. The “Show’ key can then be
used to view it, using the left and right
arrows to scroll the screen left and right.

POLYFORME C2£K+3 04, K2
16%R "4+ 9028 3+2 1 6#H 2,

[sroe] [ [ [ 1 |

16t rop et tputiion

F O 3% =
- (I2ETT0+2dBEREE "+,
POLYFORME = c22 B850 +24,,
242#A"5-010xB*A™4+1688..,

jLeroe] [ [ 1 1 |

P43R -810BA +168aE7

LeToe] | [CORV[SHOW]

Result: 243a° — 810a*b +1080a°b* — 720a%b> + 240ab* — 32b°

Eg. 7 A particle P is moving in a straight line so that its velocity v (in
metres/sec) at any time # (in seconds, £>0) is given by the

equation below.

v=312—41+1
) Find the time(s) when the velocity is zero.
(i1) Find the velocity at the time when the acceleration is zero.

(1ii) If the particle P passes through the origin O at time t = 2, then
find an equation for the displacement d (in metres) from the

origin.

(@iv) Find the distance travelled by the particle in the first two seconds.
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Note:  Some of the work following could be done much more easily on paper, but
the point is to show how the calculator can be used, so that you can solve harder
ones that way.

(1) Find the time when the velocity is zero.

Step 1. Solve the quadratic by any method. I will
use the QUAD function in this case. The RURD (3#TE—4%T+1, T2

answer needs to be split into two, giving
1 |-----

(4+2)/6=1land(4-2)/6=".

1
Result: P is stationary att=1 and t = g

(i1) Find v when accel. is zero.

dv
Step 1. Acceleration is Z’ so [ will use the T NI SITBILL e

Function aplet to differentiate. The
Function aplet works with X, not with T, so
use F1(X)=3X24X+1.

Pressing ‘Eval’ gives a = 6¢ — 4 for F2(X).

Step 2. Switch to the Solve aplet and enter the
equation F2(X) = 0 into the SYMB view.
Switch to the NUM view and press ‘Solve’,
giving an answer of t=0.66666667 or 2/3.

Step 3. Now calculate the velocity for that # using

F1(X) in the HOME view. EWTER YALUE OF PRESZ SOLVE
LET [IMFD | |  [DEFM [sOLVE]

-1
Result: v=—. -. 53532333353

[stoef [ 1 [ [ |
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(1ii) Find an equation for d, given that =0 when ¢=2.

. . [FEEERE FUNCTION SYMEDLIC WIEW Soiay|
Step 1. C.hange back into the Function aplet {md bbbty
integrate F1(X) using the system variable e s ks

S1 to ensure that the integration is done
. : 3 ) f +
al.gebralcally. PreSS{ng the. Eval button ﬁ&%j-mm

gives the result partially visible below
right, which needs to be simplified down
to the equation:

d=t3>-2t*+t+c

OLVE SYMEOLIC YIEW

Step 2. Switch back to the Solve aplet and enter 2o =8
this formula in to the SYMB view. Change S
to the NUM view and solve for C, first
setting T to 2 and D to 0. This gives a final
equation of:

Result: d=13-2t*+¢-2
EMTER WALUE OF PRES: :OLVE
[EDIT[INFD] | ]0EFN [zOLUE]
(iv) Find the distance travelled in the first 2 seconds.
Step 1. Use the Parametric aplet to view the P-'F“;.M:mf?;ﬁﬂlf;%
motion of the particle to see whether it AERE
doubles back during the first two seconds. $2eTo=
Enter the motion equation as X(T) and enter -mm;

Y(T)=0.3T. This second equation moves the
particle up the y axis as it traces out its Toren e

path, thereby making it easier to view. HEWE: -4 2
YEHG: — 5 1

EMTER HMIMIMUM TIME YALUE

PARAMETRIC PLOT ZETU
3

I’m interested in the first 2 seconds only, so
I’11 also restrict TRng: to 0 to 3. The final —
plot makes it plain that it doubles back (_/_/_

twice in the first two seconds.

T:0 (-2.00 [HEML |
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Step 2. The ‘FCN’ tools to find extremum are not available in the Parametric
aplet, so we’ll have to use our brain and remember that the turning point is
when the derivative (the velocity) is zero, and that we found the velocity to

1
be zero inpart (i) att=1 and t= g Alternatively, you could transfer the

equation to the Function aplet as F4(X)=X"3-2X2+X-2 and use the ‘FCN’
tools there.

Either way, the distance travelled is given by:
dist. = (d(1/ 3) - d(0)) +|(d(1) —d(1/ 3))|+ (d(2) - d(1))

This can be evaluated in the HOME view. See  |s111 legn

. . . 142148142815
right, where I have evaluated each expression |AES¢x1¢13-5%1{1-27 1#E
separately, storing them into memories A, B .1

and C. The final answer is then A+B+C.

Result: Distance = 2.296 metres.

Lsvoe] | [ 1 1 |

Eg. 8 A population of bacteria is known to follow a growth pattern governed by
the equation N = Noe B .t>0. Itis observed that at t = 3 hours, there are
100 colonies of bacteria and that at t = 10 hours there are 10 000 colonies.

(i) Find the values of Ny and of k.

(ii) Predict the number of bacteria colonies after 15 hours.

(iii) How long does it take for the number of colonies to double?

(i) Find Ny and k.

n| CL ] CZ | C3 | L4
1 a0
2 L00gg
Step 1. Start up the Statistics aplet, set it to ‘2VAR’
and enter the data given. Change to the =
SYMB SETUP view and specify an Cenit [ ins [S06T [ £l [2vakal:Tats]

Exponential line of best fit for the data. [EEME sTaTisTICS SvMEDLIC SETUR SR
AMGLE MERZURE: Radians

Fit ROy
=3FIT: Llnear' SMAT:Linear
SSFIT:L i e ar

CHODSE STRTISTICE MODEL TWPE
[ fchoosf | [ |
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Step 2.

Step 3.

(i)

Step 1.

Result:

(i)

Step 1.

Step 2.

Change to the PLOT SETUP view and adjust it so that it will display the data.

(This is not really needed, since the line of
best fit is what we need and it will be
calculated even if the data doesn’t show.)
YTick is set to 1000 incidentally.

Now change to the PLOT view and press
‘FIT" (if not already set). Wait while the
line draws.

Change to the SYMB view, move the
highlight to the equation of the regression
line and press ‘Show’. Rounded to 4 dec.
places, this gives an equation of:

N = 13-8950%657

Predict N for t = 15 hours.

Change to the HOME view and use the
PREDY function.

268 269 colonies.

1
Find ¢ so that N= ENO'

Store Ny into memory A and £ into K, so
that I don’t have to re-type them.

AENEE STATISTICS PLOT SETUP

HENIG: 12

YENG: — 1080 118068
SIMARK: o SAMARK: & SIMARK: 4
SHMARK: 35 SEMARK: 3

ENTER MIMIMUM HORIZONTAL YALUE
ENT| | PAGEW [ |

13. 8949349437 EXP[ . 657

LI [ [ [ TOK]

FREDYC1S2
2E8269. 579525

[stoe] [ [ 1 [ |

EEDEGE:
FRED

12.8949549437
LH{PREDY 12 ~PREDY (A2 2.,
LESFER14551329

[sroel | [ [ [ |

(Re-type them if you’re not sure of the algebra I’ve used.)

Switch to the Solve aplet and enter the
equation to be solved. Changing into the
NUM view, you should find the values of A
and K already defined, so move the
highlight to T and press ‘Solve’.

Result: Doubling time is 1.0536 hours.

LVE SVMEOLIC VIEW
v E1:R#e™{K*Ti=2%H

E3i

Ed:

ES: v
[EMT [ CHE] = [  [SHOMW]EVAL

OLVE WUMERIC VIEW
#: 13.8949549437
K L ESFEE1455139

(Ol 1. B5236E490402

ENTER YALUE OF PRES: ZOLNE
ENTIINFO] | |

[DEFH [FOLVE
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