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Preface

You have in your hands a compact symbolic and numerical computer that will
facilitate calculation and mathematical analysis of problems in a variety of
disciplines, from elementary mathematics to advanced engineering and
science subjects.

The present Guide contains examples that illustrate the use of the basic
calculator functions and operations. The chapters in this user's manual are
organized by subject in order of difficulty: from the setting of calculator modes,
to real and complex number calculations, operations with lists, vectors, and
matrices, graphics, calculus applications, vector analysis, differential
equations, probability and statistics.

For symbolic operations the calculator includes a powerful Computer
Algebraic System (CAS), which lets you select different modes of operation,
e.g., complex numbers vs. real numbers, or exact (symbolic) vs. approximate
(numerical) mode.  The display can be adjusted to provide textbook-type
expressions, which can be useful when working with matrices, vectors,
fractions, summations, derivatives, and integrals. The high-speed graphics of
the calculator are very convenient for producing complex figures in very little
time.

Thanks to the infrared port and the RS232 cable available with your
calculator, you can connect your calculator with other calculators or
computers. The high-speed connection through infrared or RS232 allows the
fast and efficient exchange of programs and data with other calculators or
computers.

We hope your calculator will become a faithful companion for your school
and professional applications. This calculator is, without any doubt, the top of
the line for hand-held calculating devices.
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Chapter 1
Getting started

This chapter is aimed at providing basic information in the operation of your
calculator.  The exercises are aimed at familiarizing yourself with the basic
operations and settings before actually performing a calculation.

Basic Operations
The following exercises are aimed at getting you acquainted with the
hardware of your calculator.

Batteries

The calculator uses 3 AAA batteries as main power and a CR2032 lithium
battery for memory backup.

Before using the calculator, please install the batteries according to the
following procedure.

To install the main batteries
a. Slide up the battery compartment cover as illustrated.

b. Insert 3 new AAA batteries into the main compartment. Make sure each
battery is inserted in the indicated direction.

To install the backup battery
a. Press down the holder. Push the plate to the shown direction and lift it.
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b. Insert a new CR2032 lithium battery. Make sure its positive (+) side is
facing up.

c. Replace the plate and push it to the original place.

After installing the batteries, press [ON] to turn the power on.

Warning: When the low battery icon is displayed, you need to replace the

batteries as soon as possible. However, avoid removing the backup battery

and main batteries at the same time to avoid data lost.

Turning the calculator on and off

The =I5 key is located at the lower left corner of the keyboard. Press it once
to turn your calculator on. To turn the calculator off, press the red right-shift
key @ (first key in the second row from the bottom of the keyboard),
followed by the =I5 key. Notice that the =I5 key has a red OFF label

printed in the upper right corner as a reminder of the OFF command.

Adjusting the display contrast
You can adjust the display contrast by holding the <I5 key while pressing the
—— or — keys.

The S5 (hold) —+ key combination produces a darker display

The S5 (hold) — key combination produces a lighter display

Contents of the calculator’s display

Turn your calculator on once more. At the top of the display you will have
two lines of information that describe the settings of the calculator.  The first
line shows the characters:

Page 1-2



RAD XYZ HEX R= "X*"

For details on the meaning of these specifications see Chapter 2 in the
calculator’s user's guide.

The second line shows the characters
{ HOME }

indicating that the HOME directory is the current file directory in the
calculator’'s memory.

At the bottom of the display you will find a number of labels, namely,
fEDIT QVIEW §§RCL G iSTOf |PURGE ICLEAR
associated with the six soft menu keys, F1 through Fé:

ABCIOEFR~

The six labels displayed in the lower part of the screen will change depending
on which menu is displayed. But .2\ will always be associated with the first
displayed label, E® with the second displayed label, and so on.

Menus

The six labels associated with the keys 2\ through F= form part of a menu
of functions. Since the calculator has only six soft menu keys, it only display é
labels at any point in time. However, a menu can have more than six entries.
Each group of 6 entries is called a Menu page. To move to the next menu
page (if available), press the L (NeXT menu) key. This key is the third key
from the left in the third row of keys in the keyboard.

The TOOL menu

The soft menu keys for the menu currently displayed, known as the TOOL
menu, are associated with operations related to manipulation of variables (see
section on variables in this Chapter):
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EDIT A\  EDIT the contents of a variable (see Chapter 2 in this Guide
and Chapter 2 and Appendix L in the user's guide for more
information on editing)

VIEW E3  VIEW the contents of a variable

fiRCLEE «  ReCall the contents of a variable

iST0f L[>  STOre the contents of a variable

IPURGE E=  PURGE a variable

CLEAR F—  CLEAR the display or stack

These six functions form the first page of the TOOL menu. This menu has
actually eight entries arranged in two pages. The second page is available
by pressing the L_ (NeXT menu) key. This key is the third key from the left
in the third row of keys in the keyboard.

In this case, only the first two soft menu keys have commands associated with
them. These commands are:

iCASCM A\ CASCMD: CAS CoMmanD, used to launch a command from
the CAS (Computer Algebraic System) by selecting from a list

HELP B3  HELP facility describing the commands available in the
calculator

Pressing the L_ key will show the original TOOL menu. Another way to
recover the TOOL menu is to press the B key (third key from the left in the
second row of keys from the top of the keyboard).

Setting time and date
See Chapter 1 in the calculator’s user's guide to learn how to set time and
date.

Introducing the calculator’s keyboard

The figure below shows a diagram of the calculator’s keyboard with the
numbering of its rows and columns. Each key has three, four, or five functions.
The main key function correspond to the most prominent label in the key.

Also, the green left-shift key, key (8,1), the red right-shift key, key (9, 1), and
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the blue ALPHA
to activate the a

key, key (7,1), can be combined with some of the other keys
lternative functions shown in the keyboard.
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For example, the I key, key(4,4), has the following six functions associated

with it:

Main function, to activate the SYMBolic menu
Left-shift function, to activate the MTH (Math) menu
Right-shift function, to activate the CATalog function
ALPHA function, to enter the upper-case letter P
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—.P ALPHA-Left-Shift function, to enter the lower-case letter p
—...P ALPHA-Right-Shift function, to enter the symbol

Of the six functions associated with a key only the first four are shown in the
keyboard itself. The figure in next page shows these four labels for the =
key. Notice that the color and the position of the labels in the key, namely,

SYMB, MTH, CAT and P, indicate which is the main function (SYMB), and
which of the other three functions is associated with the left-shift _ . (MTH),

rightshift ... (CAT), and — (P) keys.

MTH CAT
SYMB P

For detailed information on the calculator keyboard operation referee to
Appendix B in the calculator’s user's guide.

Selecting calculator modes

This section assumes that you are now at least partially familiar with the use of
choose and dialog boxes (if you are not, please refer to appendix A in the
user's guide).

Press the I button (second key from the left on the second row of keys from

the top) to show the following CALCULATOR MODES input form:

ALCULATOR HODEZ &
r ina Hede. IETETIREH
NMunber Fornat...3td _FH,
Anale Meazurg....Radians

Coord ZysteH Fectangular
wEeap _Hey Click ¢ Last tack

hoose caloulator oparating Hode
CA: | DIZF [CANCL] OB
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Press the !ii0K# IF— soft menu key to return to normal display. Examples of
selecting different calculator modes are shown next.

Operating Mode

The calculator offers two operating modes: the Algebraic mode, and the
Reverse Polish Notation (RPN) mode.  The default mode is the Algebraic
mode (as indicated in the figure above), however, users of earlier HP
calculators may be more familiar with the RPN mode.

To select an operating mode, first open the CALCULATOR MODES input form
by pressing the F button. The Operating Mode field will be highlighted.
Select the Algebraic or RPN operating mode by either using the ™\ key
(second from left in the fifth row from the keyboard bottom), or pressing the
iCHOOSE soft menu key ( IE3). If using the latter approach, use up and down
arrow keys, — 7, to select the mode, and press the !ii0K#i soft menu key
to complete the operation.

To illustrate the difference between these two operating modes we will
calculate the following expression in both modes:

1
3.0(5.0— j
3.0-3.0
+e2.5

23.0°

To enter this expression in the calculator we will first use the equation writer,
- . Please identify the following keys in the keyboard, besides the

numeric keypad keys:
"D _ AT — IR
o U o=m —

The equation writer is a display mode in which you can build mathematical
expressions using explicit mathematical notation including fractions,
derivatives, integrals, roots, etc.  To use the equation writer for writing the
expression shown above, use the following keystrokes:

ORI _ >~ UsS _ —
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A _mI= =

2= O3 T™MTMTM— | =2 _ 5

After pressing — the calculator displays the expression:
V (3.%(5.-1/(3.%3.))/23."3+EXP(2.5))

Pressing — again will provide the following value (accept Approx mode on,
if asked, by pressing !f0K#):

FAD HYZ HEH E= 'R’ ALG
HONEY =

. |3-'15-_E':\:‘-J: 2_5
»I 23 s

" . 4904542407
EDIT | WIEH |=TACK]| RCL IFURGE|CLERR

You could also type the expression directly into the display without using the
equation writer, as follows:

RTU==S _ >~ 1 01J
A rmsS 3
=S O=+— .

0

to obtain the same result.

Change the operating mode to RPN by first pressing the F button. Select
the RPN operating mode by either using the \key, or pressing the iCHOOSE
soft menu key. Press the lii0K#i IF—= soft menu key to complete the operation.
The display, for the RPN mode looks as follows:

DIT | NIEW| KCL | STok |[FURGE|CLEAFR

Notice that the display shows several levels of output labeled, from bottom to
top, as 1, 2, 3, efc. This is referred to as the stack of the calculator. The
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different levels are referred to as the stack levels, i.e., stack level 1, stack level
2, etc.

Basically, what RPN means is that, instead of writing an operation such as 3
+ 2, in the calculator by using

==

we write first the operands, in the proper order, and then the operator, i.e.,
= = —+

As you enter the operands, they occupy different stack levels. Entering
=3 puts the number 3 in stack level 1. Next, entering == — pushes
the 3 upwards to occupy stack level 2. Finally, by pressing —+, we are
telling the calculator to apply the operator, or program, — to the objects
occupying levels 1 and 2. The result, 5, is then placed in level 1.

Let's try some other simple operations before trying the more complicated
expression used earlier for the algebraic operating mode:

123/32 A== ==
4? =T =
N27 =27 T R=@>>

Notice the position of the y and the x in the last two operations. The base in
the exponential operation is y (stack level 2) while the exponent is x (stack
level 1) before the key €O is pressed. Similarly, in the cubic root operation,
y (stack level 2) is the quantity under the root sign, and x (stack level 1) is the
root.

Try the following exercise involving 3 factors: (5 + 3) x 2

=T =+ Calculates (5 +3) first.
=< Completes the calculation.

Let's try now the expression proposed earlier:
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+e
233
= Enter 3 in level 1
= Enter 5 in level 1, 3 moves to level 2
= Enter 3 in level 1, 5 moves to level 2, 3 to level 3
== Place 3 and multiply, 9 appears in level 1
~ 1/(3x3), last value in lev. 1; 5 in level 2; 3 in level 3
— 5-1/(3%x3), occupies level 1 now; 3 in level 2
== 3x (5 - 1/(3x3)), occupies level 1 now.
== Enter 23 in level 1, 14.66666 moves to level 2.
=0 Enter 3, calculate 23° into level 1. 14.666 in lev. 2.
~ (3x (5-1/(3x3)))/23° into level 1
= _ = Enter2.5level 1
L e*®, goes into level 1, level 2 shows previous value.
+ (3% (5 - 1/(3x3)))/23° . 6*° = 12.18369, info lev. 1.
~ V((3x (5 - 1/(3%3)))/23%,e°) = 3.4905156, into 1.

To select between the ALG vs. RPN operating mode, you can also set/clear
system flag 95 through the following keystroke sequence:

H FLAGS — . o —— > »—— > » —— [iCHK}

Number Format and decimal dot or comma

Changing the number format allows you to customize the way real numbers
are displayed by the calculator. You will find this feature extremely useful in
operations with powers of tens or to limit the number of decimals in a result.

To select a number format, first open the CALCULATOR MODES input form by
pressing the I button. Then, use the down arrow key, ™, to select the
option Number format. The default value is Std, or Standard format. In the
standard format, the calculator will show floating-point numbers with the
maximum precision allowed by the calculator (12 significant digits). To learn
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more about reals, see Chapter 2 in this Guide. To illustrate this and other
number formats try the following exercises:

e Standard format:
This mode is the most used mode as it shows numbers in the most familiar
notation. Press the !iiOK# soft menu key, with the Number format set to Std,
to return to the calculator display. Enter the number
123.4567890123456 (with16 significant figures). Press the —  key.
The number is rounded to the maximum 12 significant figures, and is
displayed as follows:

1123.45672901 2
125.456789813
CL | =Tk [FURGE[CLERF:

o  Fixed format with decimals:
Press the I button. Next, use the down arrow key, ™, to select the
option Number format. Press the iCHOOSE soft menu key ( IE®), and select
the option Fixed with the arrow down key ™.

ALCULATOR HODEZ
perating Hode. ALlagbraic
Nuuber Fordat.... 1} _FH,
Anale Heazure...Radianz
Cogrd ZystgH Fectangular
wEeep _Hey Click ¢ Last Ztack

Press the right arrow key, ™, to highlight the zero in front of the option
Fix. Press the [CHOOSE soft menu key and, using the up and down arrow
keys, — , select, say, 3 decimals.

Press the !fiOK#i soft menu key to complete the selection:
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CALCULATOR HODES B
gperating Hode. Alagbraic
Nuuber Forvat...Fix El _FH,
Anale Weazury....Radians

Coord ZysteH Rectanaular
yw Egep  _Hey Click v Last Ztack

hoosg decidal places to dizplay
FLAGE|CHOOE] CAE | DIEF [CANCL

Press the liiOK#i soft menu key return to the calculator display.  The
number now is shown as:

123,457

ETOk |[FURGE|CLEAFR

Notice how the number is rounded, not truncated. Thus, the number
123.4567890123456, for this setting, is displayed as 123.457, and not
as 123.456 because the digit after 6 is > 5):

Scientific format

To set this format, start by pressing the - button. Next, use the down

arrow key, 7, to select the option Number format. Press the iCHOOSE soft

menu key ( B®), and select the option Scientific with the arrow down key
Keep the number 3 in front of the Sci. (This number can be

changed in the same fashion that we changed the Fixed number of

decimals in the example above).

% CALCULATOR HODES
Oparating Mede. ALagbraic
Nunbar Fornat.... ? _FH,
Anale Meazurs...Radians

Coord ZysteH Rectanaular
yEggp _Hey Click ' Last Ftack

Press the [iiOK#i soft menu key return to the calculator display.  The
number now is shown as:
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=1.235E2
1.235E3

EDIT | VIEW | RCL | Tk |FURGE|CLEAR

This result, 1.23E2, is the calculator’s version of powers-often notation,
i.e., 1.235 x 10°. In this, so-called, scientific notation, the number 3 in
front of the Sci number format (shown earlier) represents the number of
significant figures after the decimal point.  Scientific notation always
includes one integer figure as shown above. For this case, therefore, the
number of significant figures is four.

Engineering format
The engineering format is very similar to the scientific format, except that
the powers of ten are multiples of three. To set this format, start by

pressing the I button. Next, use the down arrow key, , fo select
the option Number format. Press the iCHOOSE soft menu key ( ), and
select the option Engineering with the arrow down key . Keep the

number 3 in front of the Eng. (This number can be changed in the same
fashion that we changed the Fixed number of decimals in an earlier
example).

ALCULATOR HWODE:
parating Hode. Alagbraic
Nunber Fordat...Ena EHl FH,
Anale Meazure...Radians

Cogrd ZystgH Fectangular
wEeep _Hey Click ¢ Last Ztack

an

Press the liiOK# soft menu key return to the calculator display.  The
number now is shown as:

123.5E8
123. 5EH

EDIT | VIEW | RCL | *T0k |FURGE|CLEAF

Because this number has three figures in the integer part, it is shown with
four significative figures and a zero power of ten, while using the
Engineering format. For example, the number 0.00256, will be shown as:
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123.5E8
2. 56EE-3

1232, 5EH

EDIT | VIEW | RCL | *T0k |FURGE|CLERFR

Decimal comma vs. decimal point

Decimal points in floating-point numbers can be replaced by commas, if
the user is more familiar with such notation. To replace decimal points for
commas, change the FM option in the CALCULATOR MODES input form
to commas, as follows (Notice that we have changed the Number Format

to Std):

Press the F button. Next, use the down arrow key, ™, once, and the
right arrow key, ™, twice, to highlight the option __FM,.  To select
commas, press the iCHECK soft menu key (i.e., the IE® key). The input form
will look as follows:

: CALCULATOR WODE:
na Hode. Alagbraic

Munber Fardat... s4d [EFH,
Anale Heazure... Radianz

Courd Zyzted.....Rectanjaular
ywEeep _KHey Click yLazt Ztack

Press the UiOK# soft menu key return to the calculator display.  The
number 123.456789012, entered earlier, now is shown as:

123, 456759812
123, 45675981 2
Tk JFURGECLERF:

Angle Measure

Trigonometric functions, for example, require arguments representing plane
angles. The calculator provides three different Angle Measure modes for
working with angles, namely:

Degrees: There are 360 degrees (360°) in a complete circumference.
Radians: There are 2z radians (27") in a complete circumference.
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o Grades: There are 400 grades (400 °) in a complete circumference.

The angle measure affects the trig functions like SIN, COS, TAN and
associated functions.

To change the angle measure mode, use the following procedure:
e Press the FH button. Next, use the down arrow key, | twice. Select

the Angle Measure mode by either using the ~™\key (second from left in
the fifth row from the keyboard bottom), or pressing the (CHOOSE soft menu

key ( B3). If using the latter approach, use up and down arrow
keys,— , fo select the preferred mode, and press the !i0K#i F—= soft
menu key to complete the operation.  For example, in the following

screen, the Radians mode is selected:

ALCULATOR HWODEZ
[ ina Mede. Alaghraic
Nunber ForHat....54d FH,
Anale Medzura....

Coord ZysteH Rectanaular
yEggp _Hey Click ' Last Ftack

Coordinate System

The coordinate system selection affects the way vectors and complex numbers
are displayed and entered. To learn more about complex numbers and
vectors, see Chapters 4 and 8, respectively, in this Guide. There are three

coordinate systems available in the calculator: Rectangular (RECT), Cylindrical
(CYLIN), and Spherical (SPHERE). To change coordinate system:

e Press the K button. Next, use the down arrow key, =, three times.
Select the Coord System mode by either using the ™\ key (second from
left in the fifth row from the keyboard bottom), or pressing the (CHOOSE soft
menu key ( E®). If using the latter approach, use up and down arrow
keys,—— ~, to select the preferred mode, and press the l§iOK#i F—= soft
menu key to complete the operation.  For example, in the following
screen, the Polar coordinate mode is selected:
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ALCULATOR HODEZ %
Oparating Mede. ALagbraic
NuHb2r ForHat.... 54d _FH,
Anale Measurd...Radians

w Egep  __Hey Click ¢ Lazt Stack

hagse Coordingte systeH
aaslCHonE] Cas 1 DIZF [CancL

Selecting CAS settings

CAS stands for Computer Algebraic System. This is the mathematical core of
the calculator where the symbolic mathematical operations and functions are
programmed. The CAS offers a number of settings can be adjusted according
to the type of operation of interest. To see the optional CAS settings use the
following:

e Press the F button to activate the CALCULATOR MODES input form.
ALCULATOR WODES
operating Hede. [IFTITEHE
NuHber Fordat.... std _FH,
Anale Heasure...rads
Cogrd ZystgH Fectangular

wEegp _Hey Click  y'Last ftack

hooze calculator operating Hode
G| CHOOE DIZF [CANCL

e To change CAS settings press the {iCAS(i soft menu key. The default values
of the CAS setting are shown below:

CAE WODEZ 3

whigrboze _Ztepsitep _Incr FoM
v Rigorous w ZiHp Non-Rational

* To navigate through the many options in the CAS MODES input form, use

the arrow keys: S ™ —

e To select or deselect any of the settings shown above, select the underline
before the option of interest, and toggle the {iCHKii soft menu key until the
right setting is achieved. When an option is selected, a check mark will
be shown in the underline (e.g., the Rigorous and Simp Non-Rational
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options above).  Unselected options will show no check mark in the
underline preceding the option of interest (e.g., the _Numeric, _Approx,
_Complex, _Verbose, _Step/Step, _Incr Pow options above).

After having selected and unselected all the options that you want in the
CAS MODES input form, press the iiOKiii soft menu key. This will take you
back to the CALCULATOR MODES input form. To return to normal
calculator display at this point, press the i0Kiii soft menu key once more.

Explanation of CAS settings

Indep var: The independent variable for CAS applications. Typically, VX

=X\

Modulo: For operations in modular arithmetic this variable holds the

modulus or modulo of the arithmetic ring (see Chapter 5 in the calculator’s

user's guide).

Numeric: If set, the calculator produces a numeric, or floating-point result,

in calculations.

Approx: If set, Approximate mode uses numerical results in calculations. If

unchecked, the CAS is in Exact mode, which produces symbolic results in

algebraic calculations.

Complex: If set, complex number operations are active. If unchecked the

CAS is in Real mode, i.e., real number calculations are the default. See

Chapter 4 for operations with complex numbers.

Verbose: If set, provides detailed information in certain CAS operations.
Step/Step: If set, provides step-by-step results for certain CAS operations.

Useful to see intermediate steps in summations, derivatives, integrals,

polynomial operations (e.g., synthetic division), and matrix operations.

Incr Pow: Increasing Power, means that, if set, polynomial terms are

shown in increasing order of the powers of the independent variable.

Rigorous: If set, calculator does not simplity the absolute value function
X to X.

Simp Non-Rational: If set, the calculator will try to simplify non-rational

expressions as much as possible.

Selecting Display modes
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The calculator display can be customized to your preference by selecting
different display modes. To see the optional display settings use the following:

First, press the - button to activate the CALCULATOR MODES input
form. Within the CALCULATOR MODES input form, press the (iDISPi soft
menu key () to display the DISPLAY MODES input form.

] S_@: SYSTEM 5
‘Edit: !Sm:ll.l. _Full Faae _Indent
Etacki_SHalL y* Textbook
EQH:  _fHalL _ZHall Ztack Disp
Header: 2 _Clack _Analog
Edit uzing =Hall Font? :

eprt[ [kl JckncLl ok

To navigate through the many options in the DISPLAY MODES input form,

use the arrow keys: S™—

To select or deselect any of the settings shown above, that require a check
mark, select the underline before the option of interest, and toggle the
#CHKE soft menu key until the right setting is achieved. When an option is
selected, a check mark will be shown in the underline (e.g., the Textbook
option in the Stack: line above). Unselected options will show no check
mark in the underline preceding the option of interest (e.g., the _Small,
_Full page, and _Indent options in the Edit: line above).

To select the Font for the display, highlight the field in front of the Font:
option in the DISPLAY MODES input form, and use the iCHOOSE soft menu
key (B3).

After having selected and unselected all the options that you want in the
DISPLAY MODES input form, press the fiOKiil soft menu key. This will take
you back to the CALCULATOR MODES input form.  To return to normal
calculator display at this point, press the OK(i soft menu key once more.

Selecting the display font
First, press the - button fo activate the CALCULATOR MODES input form.
Within the CALCULATOR MODES input form, press the {DISPi soft menu key
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() to display the DISPLAY MODES input form. The Font: field is
highlighted, and the option Ft8 O:system 8 is selected. This is the default
value of the display font. Pressing the (CHOOSE soft menu key (EB3), will
provide a list of available system fonts, as shown below:

Hg i3] ey —
hoosg £ysteH Font

The options available are three standard System Fonts (sizes 8, 7, and 6) and
a Browse.. option.  The latter will let you browse the calculator memory for
additional fonts that you may have created or downloaded into the calculator.

Practice changing the display fonts to sizes 7 and 6. Press the OK soft menu
key to effect the selection. When done with a font selection, press the (#OKiii
soft menu key to go back to the CALCULATOR MODES input form.  To return

anA

to normal calculator display at this point, press the {iOKifi soft menu key once
more and see how the stack display change to accommodate the different font.

Selecting properties of the line editor

First, press the 1 button to activate the CALCULATOR MODES input form.
Within the CALCULATOR MODES input form, press the iDISPisoft menu key
() to display the DISPLAY MODES input form. Press the down arrow key,
~, once, fo get to the Edit line. This line shows three properties that can be
modified. When these properties are selected (checked) the following effects
are activated:

_Small Changes font size to small
_Full page Allows to place the cursor after the end of the line
_Indent Auto indent cursor when entering a carriage return

Instructions on the use of the line editor are presented in Chapter 2 in this
guide.
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Selecting properties of the Stack

First, press the F button to activate the CALCULATOR MODES input form.
Within the CALCULATOR MODES input form, press the fiDISPi soft menu key
(D) to display the DISPLAY MODES input form. Press the down arrow key,
T, twice, to get to the Stack line. This line shows two properties that can be
modified. When these properties are selected (checked) the following effects
are activated:

_Small Changes font size to small. This maximizes the amount of
information displayed on the screen. Note, this selection
overrides the font selection for the stack display.

_Textbook Displays mathematical expressions in graphical mathematical
notation

To illustrate these settings, either in algebraic or RPN mode, use the equation
writer to type the following definite integral:

L O...AO™M__&™__  NX™x —

In Algebraic mode, the following screen shows the result of these keystrokes
with neither _Small nor _Textbook are selected:

N = PRUTY e ol e PR

With the _Textbook option selected (default value), regardless of whether the
_Small option is selected or not, the display shows the following result:
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Selecting properties of the equation writer (EQW)

First, press the F button to activate the CALCULATOR MODES input form.
Within the CALCULATOR MODES input form, press the #iDISPi soft menu key
() to display the DISPLAY MODES input form. Press the down arrow key,
~, three times, to get to the EQW (Equation Writer) line. This line shows
two properties that can be modified. When these properties are selected
(checked) the following effects are activated:

_Small Changes font size to small while using the equation
editor

_Small Stack Disp Shows small font in the stack after using the equation
editor

Detailed instructions on the use of the equation editor (EQW) are presented
elsewhere in this manual.

For the example of the integral .[0 e dX , presented above, selecting the

_Small Stack Disp in the EQW line of the DISPLAY MODES input form
produces the following display:

References
Additional references on the subjects covered in this Chapter can be found in
Chapter 1 and Appendix C of the calculator’s user's guide.
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Chapter 2
Introducing the calculator

In this chapter we present a number of basic operations of the calculator
including the use of the Equation Writer and the manipulation of data objects
in the calculator. Study the examples in this chapter to get a good grasp of
the capabilities of the calculator for future applications.

Calculator objects

Some of the most commonly used obijects are: reals (real numbers, written with
a decimal point, e.g., -0.0023, 3.56), integers (integer numbers, written
without a decimal point, e.g., 1232, -123212123), complex numbers (written
as an ordered pair, e.g., (3,-2)), lists, etc. Calculator objects are described in
Chapters 2 and 24 in the calculator’s user guide.

Editing expressions in the stack
In this section we present examples of expression editing directly into the
calculator display or stack.

Creating arithmetic expressions

For this example, we select the Algebraic operating mode and select a Fix
format with 3 decimals for the display. We are going to enter the arithmetic
expression:

1.0+E
7.5

5.0 ===
v3.0-2.0
To enter this expression use the following keystrokes:

S _=~_.,.U1 _ +1 _ S 7 S5V
s LUR3 . —2=2 _0O=3

The resulting expression is: 5*(1+1/7.5)/(%3-2"3).

Press — to get the expression in the display as follows:
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ufZ HER R~ 'R’ ALG
EX

o
i 1 « KKK
5. aaa-[1 - Bdip+1228

Z.666-2, EIEIEIB' e
—@. 984
EOIT | MIEM | REL [ STk [FURGEICLERE

Notice that, if your CAS is set to EXACT (see Appendix C in user's guide) and
you enter your expression using infeger numbers for integer values, the result
is a symbolic quantity, e.g.,

S>~__U2 +11 -7 _ S™Mr
L UOR=S ——=200=

Before producing a result, you will be asked to change to Approximate mode.
Accept the change to get the following result (shown in Fix decimal mode with
three decimal places — see Chapter 1):

FAD HYZ HEH F~ 'H' ALG
HOHEX
M KT
F-2°
_(@, 743+8, 09305

EDIT | VIEH | RCL | Tk |FURGE|CLEAR

In this case, when the expression is entered directly into the stack, as soon as
you press _ , the calculator will attempt to calculate a value for the
expression. If the expression is entered between quotes, however, the
calculator will reproduce the expression as entered. For example:

= s U+ 7 ST
L UOR=—Z20QO=

The result will be shown as follows:
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FAD HYZ HEH E= 'R’ ALG
HOHEX

45— -

sz

B-=7

EDIT | VIEW | RCL | ZTOk |FURGE|CLEAR

To evaluate the expression we can use the EVAL function, as follows:

L. ®
If the CAS is set to Exact, you will be asked to approve changing the CAS
sefting to Approx. Once this is done, you will get the same result as before.

An alternative way to evaluate the expression entered earlier between quotes

is by using the option ... "m™.

We will now enter the expression used above when the calculator is set to the
RPN operating mode. We also set the CAS to Exact and the display to
Textbook. The keystrokes to enter the expression between quotes are the
same used earlier, i.e.,

eSS _ Ul - S 7 STV
- UR3 —=20O3=3

Resulting in the output

FAD HYZ HEH E= 'R’
HOHEX

5-[1+%]

B-=7

EDIT | VIEW | RCL | ZTOk |FURGE|CLEAR

Press — once more to keep two copies of the expression available in the
stack for evaluation. We first evaluate the expression using the function EVAL,
and next using the function 2NUM: .
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This expression is semi-symbolic in the sense that there are floating-point
components to the result, as well as a V3. Next, we switch stack locations

and evaluate using function >NUM: ™ | . . "m™.

This latter result is purely numerical, so that the two results in the stack,
although representing the same expression, seem different. To verify that they
are not, we subtract the two values and evaluate this difference using function
EVAL: — . The resultis zero (0.).

For additional information on editing arithmetic expressions in the display or
stack, see Chapter 2 in the calculator’s user's guide.

Creating algebraic expressions
Algebraic expressions include not only numbers, but also variable names. As
an example, we will enter the following algebraic expression:

X
2L‘/1+E I

+2—
R+y b

We set the calculator operating mode to Algebraic, the CAS to Exact, and the
display to Textbook. To enter this algebraic expression we use the following
keystrokes:

=2 —1~R.. Ul +—_ X —r™M
U —r+—_  yMapD2=>~—1.—__b

Press — to get the following result:
FAD RYZ HER F= "4 ALG
HOHE _
" R4y o
iy
a2l |1+g =
Rty " b

ETOr |[FURGE|CLERFR
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Entering this expression when the calculator is set in the RPN mode is exactly
the same as this Algebraic mode exercise.

For additional information on editing algebraic expressions in the calculator’s
display or stack see Chapter 2 in the calculator’s user's guide.

Using the Equation Writer (EQW) to create expressions
The equation writer is an extremely powerful tool that not only let you enter or
see an equation, but also allows you to modify and work/apply functions on
all or part of the equation.

The Equation Writer is launched by pressing the keystroke combination
— O (the third key in the fourth row from the top in the keyboard). The
resulting screen is the following. Press L_ to see the second menu page:

EDIT | CURE EVAL |[FACTO] ZINF

The six soft menu keys for the Equation Writer activate functions EDIT, CURS,
BIG, EVAL, FACTOR, SIMPLIFY, CMDS, and HELP. Detailed information on
these functions is provided in Chapter 3 of the calculator’s user's guide.

Creating arithmetic expressions

Entering arithmetic expressions in the Equation Writer is very similar to
entering an arithmetic expression in the stack enclosed in quotes. The main
difference is that in the Equation Writer the expressions produced are written
in “textbook” style instead of a line-entry style. For example, try the following
keystrokes in the Equation Writer screen: = 7 = —+— =

The result is the expression
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RO

EDIT | CUR: | EIG

The cursor is shown as a leftfacing key. The cursor indicates the current
edition location. For example, for the cursor in the location indicated above,

type now: .
L. US+1 7=

The edited expression looks as follows:

1
5+2{5+3*]

EDIT | CUR: | EIG

Suppose that you want to replace the quantity between parentheses in the
denominator (i.e., 5+1/3) with (5+1°/2). First, we use the delete key ( 77 )
delete the current 1/3 expression, and then we replace that fraction with ©°/2,
as follows:

577 --u102=2

When hit this point the screen looks as follows:

5+2-[5+1T2*]

EDIT | CURE | EIG

In order to insert the denominator 2 in the expression, we need to highlight
the entire ©° expression. We do this by pressing the right arrow key (™)
once. At that point, we enter the following keystrokes:

~ =
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The expression now looks as follows:

=57
S+2|S+ig

EDIT | CURS | EIG w| EVAL |FACTO] SIHF

Suppose that now you want to add the fraction 1/3 to this entire expression,
i.e., you want to entfer the expression:

5 1
o '3
5+2-(5+%)

First, we need to highlight the entire first term by using either the right arrow
(™) or the upper arrow (—) keys, repeatedly, until the entire expression is
highlighted, i.e., seven times, producing:

EDIT | CUR: | EIG w] EVAL |FACTO] SIHF

NOTE: Alternatively, from the original position of the cursor (to the right of the
2 in the denominator of ©°/2), we can use the keystroke combination . —
,interprefed as ( — < ).

Once the expression is highlighted as shown above, type =+ 1”7 =3 to
add the fraction 1/3. Resulting in:
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-5 1
=) 24
S+2| S+

EDIT | CUR=

Creating algebraic expressions

An algebraic expression is very similar to an arithmetic expression, except
that English and Greek letters may be included. The process of creating an
algebraic expression, therefore, follows the same idea as that of creating an
arithmetic expression, except that use of the alphabetic keyboard is included.

To illustrate the use of the Equation Writer to enter an algebraic equation we
will use the following example. Suppose that we want to enter the expression:

2 e -LN(—X+2#'ij

NE)

Use the following keystrokes:

2SR ™MMETE — N+ L. o N— _m
TMTM == B x4 2 T — _m < — c
— Y —————— 7 — _ Tt OA IS

This results in the output:

L T s
ey L
i S

In this example we used several lower-case English letters, e.g., x

(— = = <), several Greek letters, e.g., A (— — N), and even a
combination of Greek and English letters, namely, 4y (— - c

— . »VY). Keep in mind that to enter a lower-case English letter, you need
to use the combination: —— _, _ followed by the lefter you want to enter.
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Also, you can always copy special characters by using the CHARS menu
(- ..=%=) if you don’t want to memorize the keystroke combination that
produces it. A listing of commonly used — _ keystroke combinations
was listed in an earlier section.

For additional information on editing, evaluating, factoring, and simplifying
algebraic expressions see Chapter 2 of the calculator’s user's guide.

Organizing data in the calculator

You can organize data in your calculator by storing variables in a directory
tree. The basis of the calculator’s directory tree is the HOME directory
described next.

The HOME directory

To get to the HOME directory, press the UPDIR function (. -~ &) - repeat as
needed - until the {HOME} spec is shown in the second line of the display
header. Alternatively, use - . (hold) &=. For this example, the HOME
directory contains nothing but the CASDIR. Pressing < will show the
variables in the soft menu keys:

Subdirectories

To store your data in a well organized directory tree you may want to create
subdirectories under the HOME directory, and more subdirectories within
subdirectories, in a hierarchy of directories similar to folders in modern
computers. The subdirectories will be given names that may reflect the
contents of each subdirectory, or any arbitrary name that you can think off.
For details on manipulation of directories see Chapter 2 in the calculator’s
user's guide.
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Variables

Variables are similar to files on a computer hard drive. One variable can
store one object (numerical values, algebraic expressions, lists, vectors,
matrices, programs, efc). Variables are referred to by their names, which can
be any combination of alphabetic and numerical characters, starting with a
letter (either English or Greek). Some non-alphabetic characters, such as the
arrow (=) can be used in a variable name, if combined with an alphabetical
character. Thus, ‘>A’ is a valid variable name, but ‘=’ is not. Valid
examples of variable names are: ‘A’, ‘B’, ‘d’, ‘b’, ‘o/, ‘B, ‘A1’, ‘AB12’,
‘>A12','Vel',’Z0','z1’, etc.

A variable can not have the same name as a function of the calculator. The
reserved calculator variable names are the following: ALRMDAT, CST, EQ,
EXPR, I[ERR, IOPAR, MAXR, MINR, PICT, PPAR, PRTPAR, VPAR, ZPAR, der_, e,
i,n1,n2, ..., s1,s2, ..., ZDAT, ZPAR, 7, o

Variables can be organized into sub-directories (see Chapter 2 in the
calculator’s user's guide).

Typing variable names

To name variables, you will have to type strings of letters at once, which may
or may not be combined with numbers. To type strings of characters you can
lock the alphabetic keyboard as follows:

—— —— locks the alphabetic keyboard in upper case. When locked in this
fashion, pressing the .. . before a letter key produces a lower case letter,
while pressing the . key before a letter key produces a special character.
If the alphabetic keyboard is already locked in upper case, to lock it in lower
case, type, » »—

—— — . -~ — locks the alphabetic keyboard in lower case. When locked
in this fashion, pressing the . . before a letter key produces an upper case
letter. To unlock lower case, press - - —

Page 2-10



To unlock the upper-case locked keyboard, press —

Try the following exercises:

= ——mathi1L — —
=——m,,a..t._h—
=——m..—at_._h—

The calculator display will show the following (left-hand side is Algebraic
mode, righthand side is RPN mode):

FAD HY2 HER K= '3 ALG FAD BY2 HEX E= '3
HOMEZ HOHEZ
MATH G
: Mat b 33
Mat 'MATH!
: Mat H
Mat H

EDIT | VIEH | RCL | Tk |FURGE|CLEAR

Creating variables

The simplest way to create a variable is by using the < . The following
examples are used to store the variables listed in the following table (Press
- if needed to see variables menu):

Name Confenfs Type
o -0.25 real
A12 3x10° real
Q ‘r/(m+r)' algebraic
R [3,2,1] vector
z1 3+5i complex
pl << > r'n*r*2'>>  program

o Algebraic mode

To store the value of —=0.25 into varigble o: @O — =5\
K<< — _ a. AT this point, the screen will look as follows:
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Press to create the variable. The variable is now shown in the
soft menu key labels:

- 25k

The following are the keystrokes required to enter the remaining
variables:

Al DBDVSK—al =

Q = —_ . r 7. U

R .. O _ =2 1 L ™MEK<—r

2 BV 5 . K—._. .z  (Accept
change to Complex mode if asked).

pl: . &:x i e—_ r=__ m =<
— LS rOQO=2™MTMTM ] — _ _pL .

The screen, at this point, will look as follows:

AD HYZ HER €= '3 AL
HOHET
F3+Dikzl

J+51

%+ p lyEeng!
# F r ‘wErtz! Ekpl
# *r 'mErE!

You will see six of the seven variables listed atf the bottom of the
screen: pl, zI1, R, Q, Al2, a.
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RPN mode

(Use B \UiOKi to change to RPN mode). Use the following
keystrokes to store the value of —0.25 into variable o

O _ =25\ — _ a . Atthis point, the screen
will look as follows:

This expression means that the value —0.25 is ready to be stored into
o. Press B fo create the variable. The variable is now shown in
the soft menu key labels:

To enter the value 3x10° into A12, we can use a shorter version of
the procedure: BNV S=—al = K

Here is a way to enter the contents of Q:

Q =—__r~__.U
— M __r™MT™™ =__qgq <

To enter the value of R, we can use an even shorter version of the
procedure:

R LOOIBAZ AL L ™ =1

Notice that to separate the elements of a vector in RPN mode we can
use the space key (##), rather than the comma ( —. ™ ) used
above in Algebraic mode.

2 =By 57 _ ey =—__z11 K
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pl: . &xx s e—_ r=__. m >~

The screen, at this point, will look as follows:

You will see six of the seven variables listed af the bottom of the
screen: pl, zI1, R, Q, Al2, a.

Checking variables contents

The simplest way to check a variable content is by pressing the soft menu key
label for the variable. For example, for the variables listed above, press the
following keys to see the contents of the variables:

Algebraic mode
Type these keystrokes: < DX i — @RE — @i/iii — . Atthis point, the
screen looks as follows:

AD #YZ HEX = 'H° ALG

HOHES

i

[221]
HIE

RPN mode

In RPN mode, you only need to press the corresponding soft menu key label to
get the contents of a numerical or algebraic variable. For the case under
consideration, we can try peeking into the variables z1, R, Q, A12, o, and A,
created above, as follows: B iiX 6 R G/ 6A 6 bl

At this point, the screen looks like this:
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A0 HYZ HEW E= 'H'
HOHEX

Using the right-shift key __ followed by soft menu key labels
This approach for viewing the contents of a variable works the same in both
Algebraic and RPN modes. Try the following examples in either mode:

ARl Af AR A
. N B — X &

= W

ARADAR Ana ZAR A Al
BRI — 00/0 — BA &

! = I

This produces the following screen (Algebraic mode in the left, RPN in the
right)

AD WY¥Z HEW €= 'H' ALG
HOHEX

St
[2211]
-

i+t
20EEEE.

Notice that this time the contents of program p1 are listed in the screen. To
see the remaining variables in this directory, use:

@iibi

Listing the contents of all variables in the screen
Use the keystroke combination to list the contents of all variables in
the screen. For example:

Press S5 to return to normal calculator display.
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Deleting variables

The simplest way of deleting variables is by using function PURGE. This
function can be accessed directly by using the TOOLS menu ( B ), or by
using the FILES menu . . & GOKE.

Using function PURGE in the stack in Algebraic mode

Our variable list contains variables p1, z1, Q, R, and . We will use
command PURGE to delete variable p7. Press B (PURGE] BN i —
The screen will now show variable p1 removed:

t PURGE'R1"

You can use the PURGE command to erase more than one variable by placing
their names in a list in the argument of PURGE. For example, if now we
wanted to purge variables R and Q, simultaneously, we can try the following
exercise. Press :

B PURGEl . .= _JHERE™ _ ® = _Bii/ii

At this point, the screen will show the following command ready to be
executed:

tFURGEC'R1"
URGECL'R'y "G 22

HOYA

To finish deleting the variables, press — . The screen will now show the
remaining variables:

t PURGE'R1"

* PURGE'RE' '@’}

Using function PURGE in the stack in RPN mode

Assuming that our variable list contains the variables p1, z1, Q, R, and ¢.

We will use command PURGE to delete variable p1. Press =={iN i —
W PURGES. The screen will now show variable p1 removed:
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DIT | NIEMWIZTACK] KCL |FURGE|CLEAF

To delete two variables simultaneously, say variables R and Q, first create a
list (in RPN mode, the elements of the list need not be separated by commas
as in Algebraic mode):

T &A= ERE™ =W

Then, press M PURGE use to purge the variables.

Additional information on variable manipulation is available in Chapter 2 of
the calculator’s user's guide.

UNDO and CMD functions

Functions UNDO and CMD are useful for recovering recent commands, or to
revert an operation if a mistake was made. These functions are associated
with the HIST key: UNDO results from the keystroke sequence — — , while
CMD results from the keystroke sequence ., . ®.

CHOOSE boxes vs. Soft MENU

In some of the exercises presented in this chapter we have seen menu lists of
commands displayed in the screen. This menu lists are referred to as
CHOOSE boxes. Herein we indicate the way to change from CHOSE boxes
to Soft MENUSs, and vice versa, through an exercise.

Although not applied to a specific example, the present exercise shows the
two options for menus in the calculator (CHOOSE boxes and soft MENUs). In
this exercise, we use the ORDER command to reorder variables in a directory,
we use:

- Show PROG menu list and select MEMORY
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[FEOG_HEND

0K
§.DIRECTORY..
_ARITHHETLL..
fiOKff ———
10. HERORY..
HOKi# activate the ORDER command

There is an alternative way to access these menus as soft MENU keys, by
setting system flag 117. (For information on Flags see Chapters 2 and 24 in
the calculator’s user's guide). To set this flag try the following:

1 (FLAGS!

The screen shows flag 117 not set (CHOOSE boxes), as shown here:

CH [T
Rigoraus an
Zilent Hode ofF

ALLoH ZHitch Hodg
ACcur. Zian-3turd
rreF W lazt col
Wars are reqgls
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Press the iCHECK! soft menu key to set flag 117 to soft MENU. The screen will
reflect that change:

Rigoraus an
Zilent Hode ofF

ALLoH EHitch Mode
Accur. Zian-3turH
rref He Last caol
Wars arg raals

w' CHE

Press twice to return to normal calculator display.

Now, we'll try to find the ORDER command using similar keystrokes to those
used above, i.e., we start with - - == . Notice that instead of a menu list,
we get soft menu labels with the different options in the PROG menu, i.e.,

ERCH | TEST | TYFE | LIZT

Press B3 to select the MEMORY soft menu (JMEME). The display now shows:

The ORDER command is not shown in this screen. To find it we use the L_
key to find it:
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To activate the ORDER command we press the €= ({0RDER) soft menu key.

References

For additional information on entering and manipulating expressions in the
display or in the Equation Writer see Chapter 2 of the calculator’s user's
guide. For CAS (Computer Algebraic System) settings, see Appendix C in the
calculator’s user’s guide. For information on Flags see, Chapter 24 in the
calculator’s user’s guide.
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Chapter 3
Calculations with real numbers

This chapter demonstrates the use of the calculator for operations and
functions related to real numbers. The user should be acquainted with the
keyboard to identify certain functions available in the keyboard (e.g., SIN,
COS, TAN, etc.). Also, it is assumed that the reader knows how to change
the calculator’s operating system (Chapter 1), use menus and choose boxes
(Chapter 1), and operate with variables (Chapter 2).

Examples of real number calculations

To perform real number calculations it is preferred to have the CAS set to Real
(as opposed to Complex) mode. Exact mode is the default mode for most
operations. Therefore, you may want to start your calculations in this mode.
Some operations with real numbers are illustrated next:

e Use the ™\ key for changing sign of a number.
For example, in AlG mode, N\ = - 5 — .
In RPN mode, e.g., =2 — 5™\

e Use the ~¥"key to calculate the inverse of a number.
For example, in ALG mode, ¥ = — .
In RPN mode use <3 — .

e For addition, subtraction, multiplication, division, use the proper
operation key, namely, -+ — == 7.

Examples in ALG mode:

=B .7 5s =

s =B —38B .5

= _ =2~ =_ 55

=2 _ S5
Examples in RPN mode:

=B .5 =2+
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= —
5*
L= 4

S =
=2 _ =
=2 _ 3=

[
|

=
=
=1 _

Alternatively, in RPN mode, you can separate the operands with a
space (##) before pressing the operator key. Examples:

- TS =+
_SHBs _5 —
=225 T
S LS 7

NAOW

Parentheses (. - UJ) can be used to group operations, as well as to
enclose arguments of functions.

In ALG mode:

L US+—33 _ 2™ 77 U7 —
=2 _ =

In RPN mode, you do not need the parenthesis, calculation is done
directly on the stack:

S5 T B2 v =22 —7

In RPN mode, typing the expression between quotes will allow you to
enter the expression like in algebraic mode:

=__UsSs4+—=_ =~

.U 7=_ = 11
For both, ALG and RPN modes, using the Equation Writer:
2 OS+3 _2M™M MV —2=2 _ =2

The expression can be evaluated within the Equation writer, by using

{EVALl or, _. —fEVAL]

The absolute value function, ABS, is available through - . E=.
Example in ALG mode:
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S ENZ= O 3=

Example in RPN mode:

=2 _=2=N..E

The square function, SQ, is available through . . <.
Example in ALG mode:

22N 33
Example in RPN mode:

=2 _ 3B \N..=

The square root function, , is available through the R key. When
calculating in the stack in ALG mode, enter the function before the
argument, e.g.,

R1L=2= _ =
In RPN mode, enter the number first, then the function, e.g.,

a1A==>23=_ 4R

The power function, *, is available through the ©€Q key. When
calculating in the stack in ALG mode, enter the base (y) followed by
the €O key, and then the exponent (x), e.g.,

s _ oA L 2s
In RPN mode, enter the number first, then the function, e.g.,

5 _ =2 A _=250

The root function, XROOT(y,x), is available through the keystroke
combination . >=>. When calculating in the stack in ALG mode,
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enter the function XROOT followed by the arguments (y,x), separated
by commas, e.g.,

=>>_ 1 =27

In RPN mode, enter the argument y, first, then, x, and finally the
function call, e.g.,

=277 = _ >

e logarithms of base 10 are calculated by the keystroke combination
— 2 (function LOG) while its inverse function (ALOG, or
antilogarithm) is calculated by using » - A\. In ALG mode, the

function is entered before the argument:

P A2 _AaAs
AN 3

In RPN mode, the argument is entered before the function

=2 as A
=2 _3=B\N..A

Using powers of 10 in entering data
Powers of ten, i.e., numbers of the form -4.5x10?, etc., are entered by using
the \/ key. For example, in ALG mode:

) - BN N Ve =4
Or, in RPN mode:
4 _ 5N\\/==\N

e Natural logarithms are calculated by using . =™ (function LN)
while the exponential function (EXP) is calculated by using - o __ .
In ALG mode, the function is entered before the argument:

- _ A5
N~NZ= 3=

> T =

In RPN mode, the argument is entered before the function
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=2 _ a4 o =

=_ ==~ .. _

e Three trigonometric functions are readily available in the keyboard:
sine (), cosine (TT ), and tangent (LJ). Arguments of these
functions are angles in either degrees, radians, grades. The
following examples use angles in degrees (DEG):

In ALG mode:
S=0
T A5
Uil 35

In RPN mode:
=S]0OsS
45T
A SB5UuU

e The inverse trigonometric functions available in the keyboard are the
arcsine (» »L4), arccosine (- » 34), and arctangent (5 - A\).
The answer from these functions will be given in the selected angular
measure (DEG, RAD, GRD). Some examples are shown next:

In ALG mode:
22 L O _ =255
> O _ 85
2 AL - 3B
In RPN mode:

O =251,
O _sS5..34,
1A - =BsS_.A

All the functions described above, namely, ABS, ABS, SQ, v, *, XROOT,
LOG, ALOG, LN, EXP, SIN, COS, TAN, ASIN, ACOS, ATAN, can be
combined with the fundamental operations (= — =< ) to form more
complex expressions. The Equation Writer, whose operations is described in
Chapter 2, is ideal for building such expressions, regardless of the calculator
operation mode.
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Real number functions in the MTH menu

The MTH (. -~ — ) menu include a number of mathematical functions mostly
applicable to real numbers. With the default setting of CHOOSE boxes for
system flag 117 (see Chapter 2), the MTH menu shows the following functions:

a.

2.LIET.. . -

Y. HYFEREOLIC.. 3, CONFLERN..

5.KERAL.. 10. CONETANTE.,

&.ERZE.. 11 . 5FECIAL FUNCTIONE..

The functions are grouped by the type of argument (1. vectors, 2. matrices, 3.
lists, 7. probability, 9. complex) or by the type of function (4. hyperbolic, 5.
real, 6. base, 8. fft). It also contains an entry for the mathematical constants
available in the calculator, entry 10.

In general, be aware of the number and order of the arguments required for

each function, and keep in mind that, in ALG mode you should select first the
function and then enter the argument, while in RPN mode, you should enter

the argument in the stack first, and then select the function.

Using calculator menus:

1. We will describe in detail the use of the 4. HYPERBOLIC.. menu in this
section with the intention of describing the general operation of calculator
menus. Pay close attention to the process for selecting different options.

2. To quickly select one of the numbered options in a menu list (or CHOOSE
box), simply press the number for the option in the keyboard. For
example, to select option 4. HYPERBOLIC.. in the MTH menu, simply
press <.

Hyperbolic functions and their inverses
Selecting Option 4. HYPERBOLIC.. , in the MTH menu, and pressing i0Ki,
produces the hyperbolic function menu:
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HYFEREOLIC HENU HYFEREOQLIC HENU

For example, in ALG mode, the keystroke sequence to calculate, say,
tanh(2.5), is the following:

> HiKEISIiKI= - =S —
In the RPN mode, the keystrokes to perform this calculation are the following:
=2 _ 5 .. =FIiKi = 0K
The operations shown above assume that you are using the default setting for
system flag 117 (CHOOSE boxes). If you have changed the setting of this flag

(see Chapter 2) to SOFT menu, the MTH menu will show as follows (left-hand
side in ALG mode, right —hand side in RPN mode):

FFT ICHFLR[CONET|SFECT *KOE | FFT [CHFLE|CONET|SFECT

Thus, to select, for example, the hyperbolic functions menu, with this menu
format press §H7Pi , to produce:
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Finally, in order to select, for example, the hyperbolic tangent (tanh) function,
simply press #TA, Hi.

Note: To see additional options in these soft menus, press the L_ key or
the . . <<keystroke sequence.

For example, to calculate tanh(2.5), in the ALG mode, when using SOFT
menus over CHOOSE boxes, follow this procedure:

L T HTPTAH = _ =
In RPN mode, the same value is calculated using:
= _ 5 — .. )JH7PI{TA,H]

As an exercise of applications of hyperbolic functions, verify the following
values:

sinh (2.5) = 6.05020.. sinh(2.0) = 1.4436...
cosh (2.5) = 6.13228.. acosh’(2.0) = 1.3169...
tanh (2.5) = 0.98661.. tanh'(0.2) = 0.2027...
expm(2.0) = 6.38905.... Inp1(1.0) = 0.69314....

Operations with units

Numbers in the calculator can have units associated with them. Thus, it is
possible to calculate results involving a consistent system of units and produce
a result with the appropriate combination of units.

The UNITS menu
The units menu is launched by the keystroke combination . U (associated
with the & key). With system flag 117 set to CHOOSE boxes, the result is
the following menu:
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UNITE HEMU

UNIT: HENU
7. Hazs.,

2. Farce..
3.Eneray..
10, Fouer..
1i.Fressurd..

UnITE HEMU

12. TeHperaturs..
12 Electric Current..

15.Liaht..
16, Fadigation..

Option 1. Tools.. contains functions used to operate on units (discussed later).
Options 3. Length.. through 17.Viscosity.. contain menus with a number of
units for each of the quantities described. For example, selecting option 8.
Force.. shows the following units menu:

[FORCE _HENU

The user will recognize most of these units (some, e.g., dyne, are not used
very often nowadays) from his or her physics classes: N = newtons, dyn =
dynes, gf = grams - force (to distinguish from gram-mass, or plainly gram, a
unit of mass), kip = kilo-poundal (1000 pounds), Ibf = pound-force (to
distinguish from pound-mass), pd/ = poundal.

To attach a unit object to a number, the number must be followed by an
underscore. Thus, a force of 5 N will be entered as 5_N.

For extensive operations with units SOFT menus provide a more convenient
way of attaching units. Change system flag 117 to SOFT menus (see
Chapter 1), and use the keystroke combination _ U to get the following
menus. Press L_ to move to the next menu page.
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Pressing on the appropriate soft menu key will open the sub-menu of units for
that particular selection. For example, for the [$PEED sub-menu, the following
units are available:

CH-= | Ft-2 | Kph

Pressing the soft menu key ), ITS will take you back to the UNITS menu.

Recall that you can always list the full menu labels in the screen by using
- , e.g., for the {E,RG set of units the following labels will be listed:

Etu JFtxlb

Note: Use the L_ key or the . . <<keystroke sequence to navigate
through the menus.

Available units
For a complete list of available units see Chapter 3 in the calculator’s user's
guide.

Page 3-10




Attaching units to numbers
To attach a unit object to a number, the number must be followed by an
underscore ( - ", key(8,5)). Thus, a force of 5 N will be entered as 5_N.

Here is the sequence of steps to enter this number in ALG mode, system flag

117 set to CHOOSE boxes:

= Y o U S30KE foKE

Note: If you forget the underscore, the result is the expression 5*N, where
N here represents a possible variable name and not Newtons.

To enter this same quantity, with the calculator in RPN mode, use the following
keystrokes:
= _ U S3H0Ki §OKi

Notice that the underscore is entered automatically when the RPN mode is
active.

The keystroke sequences to enter units when the SOFT menu option is selected,
in both ALG and RPN modes, are illustrated next. For example, in ALG mode,
to enter the quantity 5_N use:

= _ Y _ UJL_{FORCEf,i —

The same quantity, entered in RPN mode uses the following keystrokes:

S .~ O L_FORCEIRLE

Note: You can enter a quantity with units by typing the underline and units
with the —keyboard, e.g.,, = - ¥ ——n will produce the entry:  B1

Unit prefixes

You can enter prefixes for units according to the following table of prefixes
from the Sl system. The prefix abbreviation is shown first, followed by its
name, and by the exponent x in the factor 10" corresponding to each prefix:
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Prefix Name x Prefix Name x
Y yotta  +24 d deci -1
z zetta 421 C centi -2
E exa  +18 m milli -3
P peta  +15 u micro -6
T tera +12 n nano 9
G giga +9 p pico -12
M mega +6 f femto -15
k,K kilo +3 a atto -18
h,H hecto  +2 z zepto 21
D(*) deka +1 y yocto -24

(*) In the Sl system, this prefix is da rather than D. Use D for deka in the

calculator, however.

To enter these prefixes, simply type the prefix using the — keyboard. For
example, to enter 123 pm (picometer), use:

1 =2= Y —..p—2-Mm

Using UBASE to convert to the default unit (1 m) results in:

21231 _pm

* UBASE(AMSI1N

23_p

- HEEEEEREE] 235
SE] UMAL JUFACT]-AINITIUNITS

Operations with units

Here are some calculation examples using the ALG operating mode. Be
warned that, when multiplying or dividing quantities with units, you must
enclosed each quantity with its units between parentheses. Thus, to enter, for
example, the product 12m x 1.5 yd, type it to read (12_m)*(1.5_yd) — :
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F12. 5 _mS. 2 _ud

&5 _(mgd
CONYE|UERZE] UYAL UFRCT]-IRITIUNITE

which shows as 65_(m-yd). To convert to units of the SI system, use function

UBASE (find it using the command catalog, — MN):
AL Y2 HER K= ' ALG

12,5 ma.2_ud
&5 _(mad
s UIEBASEIAMSILN

59. 426 "

Note: Recall that the ANS(1) variable is available through the keystroke
combination ., . W (associated with the — key).

To calculate a division, say, 3250 mi / 50 h, enter it as

(3250 mi)/(50_h) —

which transformed to Sl units, with function UBASE, produces:

= UBASEIAHSI11

CONYEIUERZE] UVAL IUFACTIHINITIUNITS

Addition and subtraction can be performed, in ALG mode, without using
parentheses, e.g., 5 m + 3200 mm, can be entered simply as

5 m+ 3200 mm .

More complicated expression require the use of parentheses, e.g.,
(12_mm)*(1_cm*2)/(2.s) — :

Stack calculations in the RPN mode, do not require you to enclose the
different terms in parentheses, e.g.,

12m — 15yd — =
3250_.mi — 50_h — -~
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These operations produce the following output:

Unit conversions

The UNITS menu contains a TOOLS sub-menu, which provides the following
functions:

CONVERT(x,y): convert unit object x to units of object y
UBASE(x): convert unit object x to S| units
UVAL(x): extract the value from unit object x
UFACT(x,y):  factors a unit x from unit object x
SUNIT(x,y):  combines value of x with units of y

Examples of function CONVERT are shown below. Examples of the other
UNIT/TOOLS functions are available in Chapter 3 of the calculator’s user's
guide.

For example, to convert 33 watts to btu’s use either of the following entries:

CONVERT(33_W,1_hp) —
CONVERT(33_W,11_hp) —

Physical constants in the calculator

The calculator’s physical constants are contained in a constants library
activated with the command CONLIB. To launch this command you could

simply type it in the stack: ——conl #b— —, or, you can select
the command CONLIB from the command catalog, as follows: First, launch
the catalog by using: — NNI——c. Next, use the up and down arrow
keys — to select CONLIB. Finally, press the IF—=({iOKi) soft menu key.

Press — , if needed. Use the up and down arrow keys (— ) to navigate
through the list of constants in your calculator.
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The soft menu keys corresponding to this CONSTANTS LIBRARY screen
include the following functions:

S when selected, constants values are shown in Sl units (*)
ENGL when selected, constants values are shown in English units (*)
UNIT  when selected, constants are shown with units attached
VALUE when selected, constants are shown without units

>STK  copies value (with or without units) to the stack

QUIT  exit constants library

(*) Activated only if the VALUE option is selected.

This is the way the top of the CONSTANTS LIBRARY screen looks when the
option VALUE is selected (units in the S| system):

To see the values of the constants in the English (or Imperial) system, press the
fE,GL option:

EI |ENGLejUNITe{YALU=| +5TH | @UIT

If we de-select the UNITS option (press iU, ITS ) only the values are shown
(English units selected in this case):
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To copy the value of Vm to the stack, select the variable name, and
press |JSTK, then, press i/UITi. For the calculator set to the ALG, the screen
will look like this:

:COMLIE

Vmi 359, 839

The display shows what is called a tagged valve, 9P . In here,
Vm, is the tag of this result. Any arithmetic operation with this number will
ignore the tag. Try, for example:

- jun 2 — - ,‘ [ ] -
which produces:
sCOMLIE
MmE 359,839
= LHIZ2-AMSI1)

. 3763793123

The same operation in RPN mode will require the following keystrokes (after
the value of Vm was extracted from the constants library):

=~ _ =

Defining and using functions
Users can define their own functions by using the DEFINE command available
thought the keystroke sequence .. . & (associated with the == key). The
function must be entered in the following format:

Function_name(arguments) = expression_containing_arguments
For example, we could define a simple function

H(x) = In(x+1) + exp()

Suppose that you have a need to evaluate this function for a number of
discrete values and, therefore, you want to be able to press a single button
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and get the result you want without having to type the expression in the right-
hand side for each separate value. In the following example, we assume you
have set your calculator to ALG mode. Enter the following sequence of

keystrokes: B
ceEAA=—h__U—__x™ __AX
/. — X+ 1 ™M

- > = ==X

The screen will look like this:

:DEFI HE[ Hizd=L M+ 11+ ]
HOYA

Press the < key, and you will notice that there is a new variable in your soft
menu key (iiHil). To see the contents of this variable press _ fiiHii. The screen
will show now:

A0 HYZ HEW E= 'H' ALG
HOHEY

:DEFI HE[ HU:1=L M2+ 1|3I+ *

- —

oA
+ w0 LM+ 1 3 +ERP 2

-

Thus, the variable H contains a program defined by:
<< 2 x 'LN(x+1) + EXP(x)" >>

This is a simple program in the default programming language of the HP 48
G series, and also incorporated in the HP 49 G series. This programming
language is called UserRPL (See Chapters 20 and 21 in the calculator’s user's
guide). The program shown above is relatively simple and consists of two

parts, contained between the program containers 1
e Input: >x 2L
e Process: ‘IN(x+1) + EXP(x) /

This is to be interpreted as saying: enter a value that is temporarily assigned
to the name x (referred to as a local variable), evaluate the expression
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between quotes that contain that local variable, and show the evaluated
expression.

To activate the function in ALG mode, type the name of the function followed
by the argument between parentheses, e.g., fiHili . - UI = — . Some

examples are shown below:

4. 1885742331

In the RPN mode, to activate the function enter the argument first, then press
the soft menu key corresponding to the variable name fiiHili. For example,
you could try: == T {iHiii. The other examples shown above can be

entered by using: . — = — {iiHii, = 7= — fiHii.

Reference
Additional information on operations with real numbers with the calculator is
contained in Chapter 3 of the user’s guide.
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Chapter 4
Calculations with complex numbers

This chapter shows examples of calculations and application of functions to
complex numbers.

Definitions

A complex number z is written as z = x + iy, (Cartesian representation) where
x and y are real numbers, and i is the imaginary unit defined by i=-1. The
number has a real pan, x = Re(z), and an imaginary part, y = Im(z). The
polar representation of a complex number is z = re ® = r-cos@ + i rsiné,

where r = [z| =4/x* + y” is the magnitude of the complex number z, and @

= Arg(z) = arctan(y/x) is the argument of the complex number z. The
complex conjugate of a complex number z=x+iy=re” is z=x-iy=re’
. The negative of z, —z = x-iy = - re %, can be thought of as the reflection of

z about the origin.

Setting the calculator to COMPLEX mode

To work with complex numbers select the CAS complex mode:

H)cAsi = T™ GCHKG

The COMPLEX mode will be selected if the CAS MODES screen shows the

option _Complex checked off, i.e.,

CAE WODEZ

1z
_NuHeric _Approx M Conp Lax

whigrboze _Ztepsitep _Incr FoM
v Rigorous _ ZiHp Noen-Fational
ALLoH CoHplex nuHber=?

Press 0K, twice, to return to the stack.
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Entering complex numbers

Complex numbers in the calculator can be entered in either of the two
Cartesian representations, namely, x+iy, or (x,y). The results in the calculator
will be shown in the ordered-pair format, i.e., (x,y). For example, with the
calculator in ALG mode, the complex number (3.5,-1.2), is entered as:

- U3 _ S _ " \N1L _ =

A complex number can also be entered in the form x+iy. For example, in
ALG mode, 3.5-1.2i is entered as:

|S 55 — A =27 oy
In RPN mode, these numbers will be entered using the following keystrokes:

- USBB _ S _ 71 L -\

(Notice that the change-sign keystroke is entered after the number 1.2 has
been entered, in the opposite order as the ALG mode exercise), and

=== 55 — A =27 o

(Notice the need to enter an apostrophe before typing the number 3.5-1.2i in
RPN mode).

To enter the unit imaginary number type : . . ==(the | key).

Polar representation of a complex number

The polar representation of the complex number 3.5-1.2i, entered above, is
obtained by changing the coordinate system to cylindrical or polar (using
function CYLIN). You can find this function in the catalog ( —. ™). Press
It before or after using CYLIN. Changing to polar shows, and changing
the angular measure to radians, produces the result:
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The result shown above represents a magnitude, 3.7, and an angle
0.33029.... The angle symbol (£) is shown in front of the angle measure.

Return to Cartesian or rectangular coordinates by using function RECT
(available in the catalog, — MN). A complex number in polar
representation is written as z = r-e®. You can enter this complex number into
the calculator by using an ordered pair of the form (r, £6). The angle symbol
(£) can be entered as — . & . For example, the complex number z =
5.2e"”, can be entered as follows (the figures show the RPN stack, before and
after entering the number):

: (2.5,1.2
i (367833448672, 5, 15
OIT | VIEHW |*TRCK| RCL |FURGE|CLERR

Because the coordinate system is set to rectangular (or Cartesian), the
calculator automatically converts the number entered to Cartesian coordinates,
i.e., x=rcos 6,y =rsin 0, resulting, for this case, in (0.3678..., 5.18...).

On the other hand, if the coordinate system is set to cylindrical coordinates
(use CYLIN), entering a complex number (x,y), where x and y are real
numbers, will produce a polar representation. For example, in cylindrical
coordinates, enter the number (3.,2.). The figure below shows the RPN stack,
before and after entering this number:

i (3. 6555127546, £, 58
DIT|VIEH| KCL | 2Tk |FURGE|CLERR

Simple operations with complex numbers

Complex numbers can be combined using the four fundamental operations
(—+— — =<=_). The results follow the rules of algebra with the caveat that
i’=-1. Operations with complex numbers are similar to those with real
numbers. For example, with the calculator in ALG mode and the CAS set to

Complex, try the following operations:
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(3+5i) + (6-3) = (9,2);
(5-2i) - (3+4i) = (2,-6)
(3-)-(2-4i) = (2,-14);
(5-2i)/(3+4i) = (0.28,-1.04)
1/(3+4i) = (0.12, 0.16) ;
(5-31) = 5 + 3i

The CMPLX menus

There are two CMPLX (CoMPLeX numbers) menus available in the calculator.
One is available through the MTH menu (introduced in Chapter 3) and one
directly into the keyboard ( o ). The two CMPLX menus are presented
next.

CMPLX menu through the MTH menu

Assuming that system flag 117 is set to CHOOSE boxes (see Chapter 2),
the CMPLX sub-menu within the MTH menu is accessed by using:
> S i0Kii . The functions available are the following:

COMFLEY HWENDU

N

10 HATH..

The first menu (options 1 through 6) shows the following functions:

RE(z) : Real part of a complex number

IM(z) : Imaginary part of a complex number

C—R(z) : Separates a complex number into its real and imaginary parts
R—C(x,y): Forms the complex number (x,y) out of real numbers x and y
ABS(z) : Calculates the magnitude of a complex number.

ARG(z): Calculates the argument of a complex number.

SIGN(z) : Calculates a complex number of unit magnitude as z/|z|.
NEG(z) : Changes the sign of z
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CONJ(z): Produces the complex conjugate of z

Examples of applications of these functions are shown next. Recall that, for
ALG mode, the function must precede the argument, while in RPN mode, you
enter the argument first, and then select the function. Also, recall that you can
get these functions as soft menu labels by changing the setting of system flag
117 (See Chapter 3). [Note: not all lines will be visible when done with the
exercises in the following figures.]

) 3. 5.
tRE(S, -2, i) tR+C0S5. 2. )
_ g, _ (5. .2
IMIS, -2, i) 1[Z, +5. il
_ -2. 5, BER9S 15945
:CHRIS. +5, i)  ARGIS, +5. 01
1. BoOTTEE065
tSIGHI=2, +5, 1)
<. E547EA1 96225, , 550as
s (=D, 43,1
(2.3,

fCOMJ(-2.+3. 1)
[—2..=32.

CMPLX menu in the keyboard

A second CMPLX menu is accessible by using the right-shift option associated
with the T key, i.e., — 3. With system flag 117 set to CHOOSE
boxes, the keyboard CMPLX menu shows up as the following screens:

CONFLEY HENU

2.AEX

The resulting menu include some of the functions already introduced in the
previous section, namely, ARG, ABS, CONJ, IM, NEG, RE, and SIGN. It also
includes function i which serves the same purpose as the keystroke
combination . . ™.
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Functions applied to complex numbers

Many of the keyboard-based functions and MTH menu functions defined in
Chapter 3 for real numbers (e.g., SQ, ,LN, €, efc.), can be applied to
complex numbers. The result is another complex number, as illustrated in the
following examples. [Note: not all lines will be visible in the screen of your
calculator when finishing with the exercises in the following figures].

: : P LOGIS, +3,
PERNE L) o oy ?565?439458521, . 22476 1M
JERE IS et e

(2.5 1.] (207, BBI3146996, 112, 31)

PALOGEZ . -1 Bt
—55. 320151819, —74. 295K EE 85543693289, —. B7EECH
eezerl [ | |

fSTMI4, =2, 1] FASIMY . +2.1)
—v.61523172032, 6. 5481 [, F16E2515461,5. 85714 1K

COS(=5. +7, 1) ACOS(2, +3, 1]

135, 526808519, -525. 7'tk 2E1 848042712, -2, 3357H

AMCE. +32. ] TAMI=1,. +:2.:11

-1.43408158162E-3, 1. By [-1.33897252229, . 40235y
tSINHI4. -6, FASIHHY . =3.1]

2!5 2@296?61?8 Y.E2E3dy 12, 17654 592412, —. JE TN
fCOSHIL. *A 1

—il H
TEBHSH?[S?EESJISI,— QSSEcH _1.8184 645923 1,378,
—1 88392332?34, 2?1?‘& ;

Note: When using trigonometric functions and their inverses with complex
numbers the arguments are no longer angles. Therefore, the angular measure
selected for the calculator has no bearing in the calculation of these functions
with complex arguments.

Function DROITE: equation of a straight line

Function DROITE takes as argument two complex numbers, say, x,+iy, and
x,+iy,, and returns the equation of the straight line, say, y = a+bx, that
contains the points (x,,y,) and (x,y,). For example, the line between points
A(5,-3) and B(6,2) can be found as follows (example in Algebraic mode):
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tDROITEIS—5i ,6+21)
=S5+

Function DROITE is found in the command catalog ( - M™Nl).

Reference
Additional information on complex number operations is presented in Chapter
4 of the calculator’s user’s guide.
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Chapter 5
Algebraic and arithmetic operations

An algebraic object, or simply, algebraic, is any number, variable name or
algebraic expression that can be operated upon, manipulated, and combined
according to the rules of algebra. Examples of algebraic objects are the
following:

e A number: 12.3, 152 m, 'w, ‘e, 'V’

1

e A variable name: a’, ‘'ux’, ‘width’, etc.

e An expression: ‘p*D2/4", ' (L/D)*(V*2/(2*g)),

e Anequation:  ‘p*V = n*R*T’, ‘Q=(Cu/n)*A(y)*R(y)"(2/3)*VSo’

Entering algebraic objects

Algebraic objects can be created by typing the object between single quotes
directly into stack level 1 or by using the equation writer [EQW]. For
example, to enter the algebraic object ‘n*D*2/4" directly into stack level 1

use:
= _. 0 7~ —dO="=

An algebraic object can also be built in the Equation Writer and then sent to
the stack, or operated upon in the Equation Writer itself. The operation of the
Equation Writer was described in Chapter 2. As an exercise, build the
following algebraic object in the Equation Writer:

EDIT | CUR: | EIG w] EVAL |FACTO] SIHF
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After building the object, press to show it in the stack (ALG and RPN modes
shown below):

EDIT | VIEW | RCL

Simple operations with algebraic objects

Algebraic objects can be added, subtracted, multiplied, divided (except by
zero), raised to a power, used as arguments for a variety of standard

functions (exponential, logarithmic, trigonometry, hyperbolic, efc.), as you
would any real or complex number. To demonstrate basic operations with
algebraic objects, let's create a couple of objects, say ‘T*R*2" and ‘g*t"2/4’,
and store them in variables A1 and A2 (See Chapter 2 to learn how to create
variables and store values in them). Here are the keystrokes for storing

variables A1 in ALG mode:

=_.. 0@ ~~—rOVK —al

resulting in:

s mRTkAL

EDIT | VIEW | RCL | *T0k |FURGE|CLEAF

The keystrokes corresponding to RPN mode are:
=_,. 0 —rQ —al kK

After storing the variable A2 and pressing the key, the screen will show the
variables as follows:

2 HEX F= 'H' ALG
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In ALG mode, the following keystrokes will show a number of operations with
the algebraics contained in variables iiA § and A i (press <~ to recover
variable menu):

A B —— BA 6 WA 0 —— BA 6
AD ¥YZ HEX R= "W’ ALG AD WYZ HEX R= "W’ ALG
HOHE> HOHE>
= 3
:A1+AZ . o | [AL-A2 > 2
4R+ 4Rt

AD WYZ HEW F= 'H' ALG AD WYZ HEW F= 'H' ALG
HOHEZ HOHEZ

= 4 "Rz S
:FLAZ

M- [A &

AD HY¥YZ HEX E= 'H' ALG
HONEX

o

=LHiA1)

na LT — na AR ~ na AR AR A

A A — A oA —
AR T — ] M T e AR AR ) A

A i A 6 fA fA @ -~
T — —m MA pp T

oA - fiA i - -
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Functions in the ALG menu

The ALG (Algebraic) menu is available by using the keystroke sequence
—~ >< (associated with the . key). With system flag 117 set to

CHOOSE boxes, the ALG menu shows the following functions:

ALG HENU

Y. LACOLLECT
5.LIN
&.FARTFRAC
7. EOLVE

2. EUEST

3. TEXFAND

ALG WENU
1.COLLECT
2. EXFAND
Z.FRACTOR
Y. LNCOLLECT
5.LIN
&.FARTFRAC

Rather than listing the description of each function in this manual, the user is
invited to look up the description using the calculator’s help facility: B L
MELPI — . To locate a particular function, type the first letter of the function.
For example, for function COLLECT, we type — C, then use the up and
down arrow keys, —, to locate COLLECT within the help window.

To complete the operation press {iOKil. Here is the help screen for function

COLLECT:

OLLECT: .
Fecursive factoriza
ion of a polunomial

ouer integers

OLLECTCw™2-d42
CA+2IECE=20

Seei EWPAMD FACTOR

ZEEZ | HRIN

We notice that, at the bottom of the screen, the line See: EXPAND FACTOR
suggests links to other help facility entries, the functions EXPAND and FACTOR.
To move directly to those entries, press the soft menu key (SEE | for EXPAND,
and (SEE | for FACTOR. Pressing iSEE |, for example, shows the following
information for EXPAND, while (SEE !shows information for FACTOR:

WFAND: ] - ACTOR: ]
#pands and simplifies actorizes an inteaer
2 alBebralc Pl . = | En:-l:ilncumlal
WPAMDC CE+2 0% CH—-200 ACTORCHE 2=22

Ah2-d LRt l2a0E=-T20
See: COLLECT SIWMPLIFY Ses: EXPAMD COLLECT

EXIT | ECHO
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Copy the examples provided onto your stack by pressing (ECHO. For example,
for the EXPAND entry shown above, press the IECHO! soft menu key to get the

following example copied to the stack (press —  to execute the command):
: HELP THELP
FERPRANDICLEME-20 :FaCcTORE -2]
= [+ 2 Mx-L2

Thus, we leave for the user to explore the applications of the functions in the
ALG (or ALGB) menu. This is a list of the commands:

ALG HENU
Y. LNCOLLECT

ALG WENU
1. COLLECT
5.LIN
&.FARTFRAC
7. EOLVE

2. EUEET
3. TEXFAND

For example, for function SUBST, we find the following CAS help facility entry:

EOEST:

Subst itutes a walue

o a wariable in an t HELF
2xpression o
SUBST(A"2+1, A=2) s suBsTIR=+1,A=z2]

2m2+1

ZEEZ | HAIN

Note: Recall that, to use these, or any other functions in the RPN mode,
you must enter the argument first, and then the function. For example, the
example for TEXPAND, in RPN mode will be set up as:

1 +—___X+.—.__y‘

e

At this point, select function TEXPAND from menu ALG (or directly from
the catalog - IN), to complete the operation.
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Operations with transcendental functions

The calculator offers a number of functions that can be used to replace
expressions containing logarithmic and exponential functions ( - - ¥2>), as
well as trigonometric functions ( . INI).

Expansion and factoring using log-exp functions
The .. . produces the following menu:

EXFELN HENU

1. EXFLD 1

2.EWFH Z.LIN
Y. LNCOLLECT

5.LOF1

5. TEHFAND

2.LINn

Y. LACOLLECT
5.LOF1
&.TEXFAND

Information and examples on these commands are available in the help
facility of the calculator. For example, the description of EXPLN is shown in
the left-hand side, and the example from the help facility is shown to the right:

AFPLH: AD #YZ HEX L= '3° LG
Fewrites transcendent. HUHEZ
unctions in terms of " EAP LPL-LZLA N .
an . KO
APLMHECOS K 2 . i
CEXPCi%R)+] ~ERPCi®E a0, _ &
Gee! SIMCOS EXP2HYP z

ZEEZ | HRIN

Expansion and factoring using trigonometric functions
The TRIG menu, triggered by using . KN, shows the following functions:

TEIG HENU
7 EINCOE
£.TANZ=C
3. TAN2EC2
10, TCOLLECT

11. TERFAND
13.TLIN

14, TRIGCNS

15. TRIGEIN
16 . TRIGTAN
17 . TEINF
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These functions allow to simplify expressions by replacing some category of
trigonometric functions for another one. For example, the function ACOS2S
allows to replace the function arccosine (acos(x)) with its expression in terms
of arcsine (asin(x)).

Description of these commands and examples of their applications are
available in the calculator’s help facility ( B L_{HELP). The user is invited to
explore this facility to find information on the commands in the TRIG menu.

Functions in the ARITHMETIC menu

The ARITHMETIC menu is triggered through the keystroke combination
- = = (associated with the L key). With system flag 117 set to
CHOOSE boxes, . - F= shows the following menu:

ARITH HEMU
1. INTEGEF..

REITH HENU

Y FERHUTATION..
5.DIVIS
&.FRCTORS
7.LGCD

t FF|2. FROFFRAC

: FEls.pIvIs
FF &.FRCTORS

Out of this menu list, options 5 through 9 (DIVIS, FACTORS, LGCD,
PROPFRAC, SIMP2) correspond to common functions that apply to integer
numbers or to polynomials. The remaining options (1. INTEGER, 2.
POLYNOMIAL, 3. MODULO, and 4. PERMUTATION) are actually sub-
menus of functions that apply to specific mathematical objects.  When
system flag 117 is set to SOFT menus, the ARITHMETIC menu (. . =)
produces:

FEFRHN |DINIZ|FACTO

Following, we present the help facility entries for functions FACTORS and
SIMP2 in the ARITHMETIC menu:
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FACTORS: SIMP2:

ACTORSE ]
Feturns irreductible
actors of an integer

j=H
Simplifies 2 objects
by diwviding them by

o a polynomial eir GCD
HETDESt ~2=12 SIMP2CR"3-1 8 2—12
L #5+1 1. #-1 1. LTE2+8+1, H+1

See: FACTOR

ZEEZ | HRIN

ZEEZ | HRIN

The functions associated with the ARITHMETIC submenus: INTEGER,
POLYNOMIAL, MODULO, and PERMUTATION, are the following:

Additional information on applications of the ARITHMETIC menu functions are
presented in Chapter 5 in the calculator’s user's guide.

Polynomials

Polynomials are algebraic expressions consisting of one or more terms
containing decreasing powers of a given variable. For example,
XN3+2*X"2-3*X+2" is a third-order polynomial in X, while ‘SIN(X)"2-2" is a
second-order polynomial in SIN(X).  Functions COLLECT and EXPAND can
be used on polynomials, as shown earlier. Other applications of polynomial
functions are presented next:

The HORNER function
The function HORNER produces the Horner division, or synthetic division, of a
polynomial P(X) by the factor (X-a), i.e., HORNER(P(X),a) = {Q(X), a, P(a)},
where P(X) = Q(X)(X-a)+P(a). For example,
HORNER('X"3+2*X"2-3*X+17,2) = {X"2+4*X+5, 2, 11}
L., XH2XE3X+T = (X44X+5)X-2)+11. Also,
HORNER('X"6-1",-5)=
{X"5-5*X"4+25*X"3125*X"2+625*X-3125,-5, 15624}

e, X1 = (X-55X4+25X%125X7+625X-3125)(X+5)+15624.
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The variable VX

A variable called VX exists in the calculator’'s {HOME CASDIR} directory that
takes, by default, the value of ‘X’.  This is the name of the preferred
independent variable for algebraic and calculus applications.  Avoid using
the variable VX in your programs or equations, so as to not get it confused
with the CAS’ VX. For additional information on the CAS variable see
Appendix C in the calculator’s user's guide.

The PCOEF function

Given an array containing the roots of a polynomial, the function PCOEF
generates an array confaining the coefficients of the corresponding
polynomial. ~ The coefficients correspond to decreasing order of the
independent variable. For example:

PCOEF([-2-10112])=[1.-1.-5. 5. 4.-4. 0],

which represents the polynomial X*X*-5X*+5X*+4X>4X.

The PROOT function

Given and array containing the coefficients of a polynomial, in decreasing
order, the function PROOT provides the roots of the polynomial. Example,
from X*+5X-6 =0, PROOT([1 -5 6]) = [2. 3.].

The QUOTIENT and REMAINDER functions

The functions QUOTIENT and REMAINDER provide, respectively, the quotient
Q(X) and the remainder R(X), resulting from dividing two polynomials, P (X)
and P,(X). In other words,, they provide the values of Q(X) and R(X) from
P.(X)/P,(X) = Q(X) + R(X)/P,(X). For example,

QUOTIENT('X"3-2*X+27, 'X-1) = ‘X" 24X-1
REMAINDER('X"3-2*X+2', X-1) = 1.

Thus, we can write:  (X*2X+2)/(X-1) = X’+X-1 + 1/(X-1).
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Note: you could get the latter result by using PARTFRAC:
PARTFRAC((X"3-2%X+2)/(X-1)) = XA 24X-1 + 1/(X-1Y.

The PEVAL function
The functions PEVAL (Polynomial EVALuation) can be used to evaluate a
polynomial

p(x) = ax+a_,x "'+ ...+ a,x+a,x+ a,,

given an array of coefficients [a, a,,, ... a,, a,, a;] and a value of x,. The
result is the evaluation p(x,). Function PEVAL is not available in the
ARITHMETIC menu, it must be accessed from the function catalog ( — ™N).
Example: PEVAL([1,5,6,1],5) = 281.

Additional applications of polynomial functions are presented in Chapter 5 in
the calculator’s user's guide.

Fractions
Fractions can be expanded and factored by using functions EXPAND and
FACTOR, from the ALG menu (,x). For example:

EXPAND( (14+X)2 3/((X-1)(X+3))') = “(X*3+3*X" 2+3*X+1)/ (X 2+2*X-3)’
EXPAND( (X 2* (X+Y)/(2*XXA2)72') = “(X+Y)/(X"2-4*X+4)

FACTOR('(3*XA3-2*X"2) /(XA 2-5*X+6)') = ‘XA 2*(3*X-2)/((X-2)* (X-3))’
FACTOR('(X*3-9*X)/ (X" 2-5*X+6)' ) = ‘X*(X+3)/(X-2)’

The SIMP2 function

Function SIMP2 takes as arguments two numbers or polynomials, representing
the numerator and denominator of a rational fraction, and returns the
simplified numerator and denominator. For example:

SIMP2("X"3-1","X"2-4*X+3') = { ‘X" 2+X+1','X-3"}
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The PROPFRAC function

The function PROPFRAC converts a rational fraction into a “proper” fraction,
i.e., an integer part added to a fractional part, if such decomposition is
possible. For example:
PROPFRAC('5/4") = ‘1+1/4’
PROPFRAC( (x"2+1)/x*2") = “141/x"2’

The PARTFRAC function

The function PARTFRAC decomposes a rational fraction into the partial
fractions that produce the original fraction. For example:

PARTFRAC(/(2*X"6-1 4*X 5429 %X 4-37 *XA 3+41*X"2-16*X+5) /(X" 5-
7EXA 4+ T1#XA 375X 2+10%X)) =
DAXH(1/2/(X-2)+5/(X5)+1/2/X+X/ (X 2+1))’

The FCOEF function

The function FCOEF is used to obtain a rational fraction, given the roots and
poles of the fraction.

Note: If a rational fraction is given as F(X) = N(X)/D(X), the roots of the
fraction result from solving the equation N(X) = O, while the poles result from
solving the equation D(X) = 0.

The input for the function is a vector listing the roots followed by their
multiplicity (i.e., how many times a given root is repeated), and the poles
followed by their multiplicity represented as a negative number. For example,
if we want to create a fraction having roots 2 with multiplicity 1, O with
multiplicity 3, and -5 with multiplicity 2, and poles 1 with multiplicity 2 and -3
with multiplicity 5, use:

FCOEF([2 103 -521-2-3-5]) = (X—=5)"2*X"3*(X-2)/9X—3)"5*(X-1)" 2’

If you press - you will get:

(XN 6+8*XN5+5*XM4-50* X" 3)/ (X" 7+13*X"6+61* X 5+105*X"4-45* X" 3-
297*X62-81*X+243)
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The FROOTS function

The function FROOTS obtains the roots and poles of a fraction. As an
example, applying function FROOTS to the result produced above, will result
in: [1-2-3-50321-52]. The result shows poles followed by their
multiplicity as a negative number, and roots followed by their multiplicity as a
positive number. In this case, the poles are (1, -3) with multiplicities (2,5)
respectively, and the roots are (0, 2, -5) with multiplicities (3, 1, 2),
respectively.

Another example is: FROOT((X"2-5*X+6)/(X"5X"2)') = [0,-2,1, -1,3,1,2,
1], i.e., poles = 0 (2), 1(1), and roots = 3(1), 2(1). If you have had Complex
mode selected, then the results would be: [0 =2 1 =1 “((1+i*3)/2" -1].

Step-by-step operations with polynomials and fractions
By setting the CAS modes to Step/step the calculator will show simplifications
of fractions or operations with polynomials in a step-by-step fashion. This is
very useful to see the steps of a synthetic division. The example of dividing

X —5X*+3X -2
X-2

is shown in detail in Appendix C of the calculator’s user's guide. The
following example shows a lengthier synthetic division:

X° -1
X* -1
AD HYZ HEW €= '4° ALG Divi=ion A=EE+E
HOHET A: {1,0,8,8,Hd,8,8,8,4,
B L1,68,-1>
H EI%IEIFEIEIEIEIEEI 1
=DI'-.-'2[H9—1JH—1] - E-E’a’k’t-’:- *’Q’D
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ress a keg tn:u oo on

Division A=BE+E Division A=EGC+E

P fl,8,8,8, 8,8, 8,8, H, : {1,68,8,8,8,8,8,H,8,
{lsa 1} {1595_1}
i 16013
f{1.8,8,8,8,8,8,—-1% {8y1,8,8,8,8,-1%

51 8,1,8,13

ress a keg to go on

Reference

t0I '»-'E[Hg— 1 ,HE— 1 ]

RECUVCHINK|CYCLY) DIVE | EGCD

1 [0 444 R g

Additional information, definitions, and examples of algebraic and arithmetic

operations are presented in Chapter 5 of the calculator’s user’s guide.
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Chapter 6
Solution to equations

Associated with the =7 key there are two menus of equation-solving
functions, the Symbolic SOLVer (. . W ), and the NUMerical SolVer

( — M) Following, we present some of the functions contained in these
menus.

Symbolic solution of algebraic equations

Here we describe some of the functions from the Symbolic Solver menu.
Activate the menu by using the keystroke combination . . W . With system
flag 117 set to CHOOSE boxes, the following menu lists will be available:

F.SLM MEDM 0000 E.ELY HEMU
1.DEXOLVE 2. Iz0L

2. 500 2.LDEC
Z.LDEC Y. LINZOLVE
H.LINSZOLVE 5. SOLVEWH
5. ZOLVEYR &, SOLVE
&.¥OLVE

Functions ISOL and SOLVE can be used to solve for any unknown in a
polynomial equation. Function SOLVEVX solves a polynomial equation where
the unknown is the default CAS variable VX (typically set to ‘X’). Finally,
function ZEROS provides the zeros, or roots, of a polynomial.

Function ISOL

Function ISOL(Equation, variable) will produce the solution(s) to Equation by
isolating variable. For example, with the calculator set to ALG mode, to solve
for tin the equation at™-bt = 0 we can use the following:

FAD HYZ2 HEW E= '§' ALG
HOHEX

: ISDL[Ia-t 3—I:u-’r,I 't']

v dab , =B
{t-—la t= = t-——a
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Using the RPN mode, the solution is accomplished by entering the equation in
the stack, followed by the variable, before entering function ISOL. Right
before the execution of ISOL, the RPN stack should look as in the figure to the
left. After applying ISOL, the result is shown in the figure to the right:

The first argument in ISOL can be an expression, as shown above, or an
equation. For example, in ALG mode, try:

ufZ HERX E= 'R’ ALG
EX

H ISDL[IhE—k-h=k EI,'h']
[—1+[5)k . [1+[5)k
2 2

=

Note: To type the equal sign (=) in an equation, use . A\ (associated
with the ™\ key).

The same problem can be solved in RPN mode as illustrated below (figures
show the RPN stack before and after the application of function ISOL):

I fua-to1e Bl 1+

Function SOLVE

Function SOLVE has the same syntax as function ISOL, except that SOLVE can
also be used to solve a set of polynomial equations. The help-facility entry for
function SOLVE, with the solution to equation X*4 — 1 = 3, is shown next:
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EOLYE:
Solues 3 (or a set of s
polynomial e uatlan
SOLYECH~d— 1

e ez

Seet LINSOLYE SOLVEYY

2 | SEEZ | HRIN

The following examples show the use of function SOLVE in ALG and RPN
modes. [Note: not all lines will be visible when done with the exercises in the
following figures.]

: SIIIL'm-'E[Iﬁq—S-E= 1 ESI 'E']

SIIIL'-.-'E[E‘ —-Sp= E- ! '
1+1

The screen shot shown above displays two solutions. In the first one, B*-5p
=125, SOLVE produces no solutions { }. In the second one, B*- 58 = 6,
SOLVE produces four solutions, shown in the last output line.  The very last
solution is not visible because the result occupies more characters than the
width of the calculator’s screen. However, you can still see all the solutions by
using the down arrow key (7), which triggers the line editor (this operation
can be used to access any output line that is wider than the calculator’s
screen):

:soLvEl B -SE=s el

B=-1 B=2 p=— 1“
2 B= —'i':1+1*~l'

11>x25,ﬁ-—cc1 15113
B %

The corresponding RPN screens for these two examples, before and after the
application of function SOLVE, are shown next:
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Function SOLVEVX

The function SOLVEVX solves an equation for the default CAS variable
contained in the reserved variable name VX. By default, this variable is set to
‘X". Examples, using the ALG mode with VX = ‘X', are shown below:

: SIIIL'-.-'E'-.-'H[HS—-E-H=I:-]

: SI:IL'-.-'E'-.-'H[HS—E--H=EEI]

In the first case SOLVEVX could not find a solution. In the second case,
SOLVEVX found a single solution, X = 2.

The following screens show the RPN stack for solving the two examples shown
above (before and after application of SOLVEVX):

Function ZEROS

The function ZEROS finds the solutions of a polynomial equation, without
showing their multiplicity. The function requires having as input the
expression for the equation and the name of the variable to solve for.
Examples in ALG mode are shown next:
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To use function ZEROS in RPN mode, entfer first the polynomial expression,
then the variable to solve for, and then function ZEROS. The following screen
shots show the RPN stack before and after the application of ZEROS to the
two examples above:

The Symbolic Solver functions presented above produce solutions to rational
equations (mainly, polynomial equations). If the equation to be solved for has
all numerical coefficients, a numerical solution is possible through the use of
the Numerical Solver features of the calculator.

Numerical solver menu

The calculator provides a very powerful environment for the solution of single
algebraic or transcendental equations.  To access this environment we start
the numerical solver (NUM.SLV) by using —. ~ W . This produces a drop-
down menu that includes the following options:
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Following, we present applications of items 3. Solve poly.., 5. Solve finance,
and 1. Solve equation.., in that order. Appendix 1-A, in the calculator’s
user's guide, contains instructions on how to use input forms with examples for
the numerical solver applications. ltem 6. MSLV (Multiple equation SolVer)
will be presented later in this Chapter.

Notes:

1. Whenever you solve for a value in the NUM.SLV applications, the value
solved for will be placed in the stack. This is useful if you need to keep that
value available for other operations.

2. There will be one or more variables created whenever you activate some of
the applications in the NUM.SLV menu.

Polynomial Equations
Using the Solve poly... option in the calculator's SOLVE environment you can:

(1) find the solutions to a polynomial equation;

(2) obtain the coefficients of the polynomial having a number of given roots;
and,

(3) obtain an algebraic expression for the polynomial as a function of X.

Finding the solutions to a polynomial equation
A polynomial equation is an equation of the form: a x" + a X" + ...+ ax +
a, = 0. For example, solve the equation: 3s* + 25’ -s + 1 = 0.

We want to place the coefficients of the equation in a vector: [3,2,0,-1,1]. To
solve for this polynomial equation using the calculator, try the following:

- m HOKf Select Solve poly...
2O _ =21 O Enter vector of coefficients
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iSOLVES Solve equation
The screen will show the solution as follows:
EOLVE AN-H°N+. +A1- ReA0 B
CogFfFacignts [ an .. a1 ad 1:
Press —

to return to stack. The stack will show the following results in ALG
mode (the same result would be shown in RPN mode):

All the solutions are complex numbers: (0.432,-0.389), (0.432,0.389), (-
0.766, 0.632), (0.766, -0.632).

Generating polynomial coefficients given the polynomial's roots

Suppose you want fo generate the polynomial whose roots are the numbers [1,
5, -2, 4]. To use the calculator for this purpose, follow these steps:

— W oK Select Solve poly...
L. O . ®

- B 22N _ ®
iSOLVES

Enter vector of roots

A

Solve for coefficients
Press —

to return to stack, the coefficients will be shown in the stack.

Page 6-7



SOLYME AN-H7N+.+A1-H+A
. a1l ad 1:

CS.s=2. 4.1

Entar cogfFicignts or prass SOLYE

Press to trigger the line editor to see all the coefficients.

Generating an algebraic expression for the polynomial

You can use the calculator to generate an algebraic expression for a
polynomial given the coefficients or the roots of the polynomial. The resulting
expression will be given in terms of the default CAS variable X.

To generate the algebraic expression using the coefficients, try the following
example. Assume that the polynomial coefficients are [1,5,-2,4]. Use the
following keystrokes:

— W 0K Select Solve poly...
OO S Enter vector of coefficients
L =\ _ § <LK
—iS7M § Generate symbolic expression

Return to stack.
The expression thus generated is shown in the stack as: 'X*3+5*X"2-2*X+4'.
To generate the algebraic expression using the roots, try the following

example. Assume that the polynomial roots are [1,3,-2,1]. Use the following
keystrokes:

-~ H 0K Select Solve poly...
Tl O . w3 Enter vector of roots
- B 22 . ® L OK§
TS § Generate symbolic expression

Return to stack.

The expression thus generated is shown in the stack as:
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T ) (X3) (X 2)* (X1
To expand the products, you can use the EXPAND command.
The resulting expression is:  'X*4+-3*X"3+ -3*X"2+11*X-6".

Financial calculations

The calculations in item 5. Solve finance.. in the Numerical Solver (NUM.SLV)
are used for calculations of time value of money of interest in the discipline of
engineering economics and other financial applications. This application can
also be started by using the keystroke combination . € (associated with
the © key). Detailed explanations of these types of calculations are
presented in Chapter 6 of the calculator’s user's guide.

Solving equations with one unknown through NUM.SLV

The calculator's NUM.SLV menu provides item 1. Solve equation.. solve
different types of equations in a single variable, including non-linear algebraic
and transcendental equations. For example, let's solve the equation: e*

sin(mx/3) = 0.

Simply enter the expression as an algebraic object and store it into variable
EQ. The required keystrokes in ALG mode are the following:
=_. — XM — S _ "
—_—_ ,b, 7 =™ _ A ™
<K—e—q

Function STEQ
Function STEQ will store its argument info variable EQ, e.g., in ALG mode:
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In RPN mode, enter the equation between apostrophes and activate command
STEQ. Thus, function STEQ can be used as a shortcut to store an expression
into variable EQ.

Press < to see the newly created EQ variable:

: 'e“—sm["—g‘]w'rm
e -5 IH =

Then, enter the SOLVE environment and select Solve equation..., by using:
—~ W (i0Kii. The corresponding screen will be shown as:

Enter Function to zalug
EDLT [CHOO:

The equation we stored in variable EQ is already loaded in the Eq field in the
SOLVE EQUATION input form. Also, a field labeled x is provided. To solve
the equation all you need to do is highlight the field in front of X: by using
~, and press iSOLVEi. The solution shown is X: 4.5006E-2:

Entar ualug or prazs IOLYE

This, however, is not the only possible solution for this equation. To obtain a
negative solution, for example, enter a negative number in the X: field before
solving the equation. Try = \MiOKii— iSOLVE]. The solution is now X: -
3.045.

Page 6-10




Solution to simultaneous equations with MSLV
Function MSLV is available in the . ~ B menu. The help-facility entry for
function MSLV is shown next:

IERE
n:-n pn:-lunn:-rnlal multi-

ate_=aolu
SL'v"i [SIH(H}+'T' H+SIH(

3= Y
FiTldaaaliel] ot ésa1
-ee S LH

Notice that function MSLV requires three arguments:

—_

A vector containing the equations, i.e., ‘[SIN(X)+Y,X+SIN(Y)=1]’

2. A vector containing the variables to solve for, i.e., ‘[X,Y]’

3. A vector containing initial values for the solution, i.e., the initial values
of both X and Y are zero for this example.

In ALG mode, press (ECHO to copy the example to the stack, press — to run
the example. To see all the elements in the solution you need to activate the
line editor by pressing the down arrow key (7):

AL BYZ HER Eo R AL
E MSLACCS TH+Y H+SIH[‘|"] H

In RPN mode, the solution for this example is produced by using:

[SIHCEIHY B+SIMMI=1,
: LY
1: [&. H.

Activating function MSLV results in the following screen.
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i [SIHGMHY H+SIHW][=H1".|’
1: [1.825384112611 —, 96

You may have noticed that, while producing the solution, the screen shows
intermediate information on the upper left corner. Since the solution provided
by MSLV is numerical, the information in the upper left corner shows the

results of the iterative process used to obtain a solution. The final solution is X

=1.8238, Y =-0.9681.

Reference
Additional information on solving single and multiple equations is provided in
Chapters 6 and 7 of the calculator’s user’s guide.
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Chapter 7
Operations with lists

Lists are a type of calculator’s object that can be useful for data processing.
This chapter presents examples of operations with lists. To get started with the
examples in this Chapter, we use the Approximate mode (See Chapter 1).

Creating and storing lists

To create a list in ALG mode, first enter the braces key . . &a, then type or
enter the elements of the list, separating them with commas ( . ® ). The
following keystrokes will enter the list {1 2 3 4} and store it info variable L1.

-1l W =2 - W =B =
™ME—1 L

Entering the same list in RPN mode requires the following keystrokes:

sxAA A _ = SH,D LA
== 11T K

Operations with lists of numbers
To demonstrate operations with lists of numbers enter and store the following
lists in the corresponding variables.

12 =¢3.2.,1.,5} 13={6.,5,3,1.0.,3.,4} 4=1{3.2.,1.5.,3.2,1}

Changing sign
The sign-change key ("\\.) , when applied to a list of numbers, will change
the sign of all elements in the list. For example:

1. 2. 2. 4.
i-1. 2. =5. —4.

Note: Directories TRIANG and MEST resulted from a previous exercise.
Please ignore them while trying these examples in your calculator.
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Addition, subtraction, multiplication, division
Multiplication and division of a list by a single number is distributed across the
list, for example:

Subtraction of a single number from a list will subtract the same number from
each element in the list, for example:

L2
-3.2.1. 5.
tLZ2-14.

i-13. -8. =9, -5.

Addition of a single number to a list produces a list augmented by the number,
and not an addition of the single number to each element in the list. For
example:

H
sL1+E.

1. 2. 2. 4.
1. 2. 2. 4. 6.

Subtraction, multiplication, and division of lists of numbers of the same length
produce a list of the same length with term-by-term operations. Examples:

T e s I

L1-Lz ] {-3. 4. 3. 26.
{4, 8.2, -1.5 LL

Lz
-3, 4. 3. 28, —. 333333333333 1. 3. .

L1z

The division L4/13 will produce an infinity entry because one of the elements
in L3 is zero, and an error message is returned.
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Note: If we had entered the elements in lists L4 and L3 as integers, the infinite
symbol would be shown whenever a division by zero occurs. To produce the
following result you need to re-enter the lists as integer (remove decimal
points) using Exact mode:

If the lists involved in the operation have different lengths, an error message
(Invalid Dimensions) is produced. Try, for example, L1-14.

The plus sign (—+), when applied fo lists, acts a concatenation operator,
putting together the two lists, rather than adding them term-by-term. For
example:

L1+L2
1. 2. 2.4, -2, 2. 1. 5.

In order to produce term-by-term addition of two lists of the same length, we
need to use operator ADD. This operator can be loaded by using the function
catalog ( - MN). The screen below shows an application of ADD to add
lists L1 and L2, term-by-term:

L1 ADD L2
i-2. 4. 4. 9.

Functions applied to lists

Real number functions from the keyboard (ABS, €*, LN, 107, LOG, SIN, x*, v,
COS, TAN, ASIN, ACOS, ATAN, y*) as well as those from the
MTH/HYPERBOLIC menu (SINH, COSH, TANH, ASINH, ACOSH, ATANH),
and MTH/REAL menu (%, etc.), can be applied to lists, e.g.,
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ABS INVERSE (1/x)

- -
=] 2 THWIL 1)
2,2, 1. 5. i..5.29920080082 .2

Lists of complex numbers
You can create a complex number list, say, L5 = L1 ADD i-L2 (type the
instruction as indicated here), as follows:

'L1 1 L2 ADC * .

l.+i—3, 2.+i2. 3.+1 4.

HHS[l]ILS . .
i, 2.+i2. B.+1 4,

Functions such as LN, EXP, SQ, etc., can also be applied to a list of complex
numbers, e.g.,

LS
: SOILS) te _

SOIL. +i—2.1 502, +i2.] Sle+im8. Zo+id, 3.+
LS : LHILS)

i1.d44261527445, 1. B29) LML +i—5.1 LHZ. +i2.]

Lists of algebraic objects
The following are examples of lists of algebraic objects with the function SIN
applied to them (select Exact mode for these examples - See Chapter 1):

. ! 2 {iq_ﬁix_-lﬁ
(L oal = 3
z 4 - t STHIAMSI1
[i —p Lol SIN[E] s1hap) 10|
z" 4 z = 4

The MTH/LIST menu

The MTH menu provides a number of functions that exclusively to lists. With
system flag 117 set to CHOOSE boxes, the MTH/LIST menu offers the
following functions:
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1. VECTOR..

2. HATRIH..

2. LIET..

Y. HYFEREOLIC..
5.REAL..
&.ERZE..

With system flag 117 set to SOFT menus, the MTH/LIST menu shows the
following functions:

The operation of the MTH/LIST menu is as follows:

ALIST . Calculate increment among consecutive elements in list

SLIST : Calculate summation of elements in the list

MLUST  : Caleculate product of elements in the list

SORT : Sorts elements in increasing order

REVLIST : Reverses order of list

ADD : Operator for term-by-term addition of two lists of the same length

(examples of this operator were shown above)

Examples of application of these functions in ALG mode are shown next:

L=

-6, 5. 2. 1. 8. 20 -4, -6, 5. 2. 1. 8. 2. -4,
fal ISTILE =ELISTILZ)

11, —2. —2. -1. 3. =¥, 2.

ET|ELIETILIET| S0RT |[KREVLI| ADD oL TETIELIS ET] Z0RT [REVLI| ADD

-6, 3. 3. 1. 8. 2. -4.
SORTILE)
i-6. -4. @. 1. 3. 2. 5.

i-6. 3, 3. 1. 0. 3. -4,
tREYLISTILZ]
i-=4. 2. 6. 1. 2. 5. -E.

ETIELIETHLIET] S0ORT |[KREVLI| ADD o TETIELIS ET] Z0RT [REVLI| ADD

SORT and REVLIST can be combined to sort a list in decreasing order:
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L3

i-6. 3, 3. 1. 0. 3. -4,
fREMLISTISORTILZ
5. 2. 2. 1. 8. -4, -&.

ETIELIESTHILIET| S0ORT |KREVLI| ADD

The SEQ function

The SEQ function, available through the command catalog ( —— IN), takes
as arguments an expression in ferms of an index, the name of the index, and
starting, ending, and increment values for the index, and returns a list
consisting of the evaluation of the expression for all possible values of the
index. The general form of the function is

SEQ(expression, index, start, end, increment)

For example:

)

EEEE
1, 4.9, 16,

: SEE[nE' ,n,l{.

The list produced corresponds to the values {17, 2°, 3%, 4%}.

The MAP function

The MAP function, available through the command catalog ( — ™Nl), takes
as arguments a list of numbers and a function f(X), and produces a list
consisting of the application of function f or the program to the list of numbers.
For example, the following call to function MAP applies the function SIN(X) to
the list {1,2,3}:

Reference

For additional references, examples, and applications of lists see Chapter 8 in
the calculator’s user’s guide.
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Chapter 8
Vectors

This Chapter provides examples of entering and operating with vectors, both
mathematical vectors of many elements, as well as physical vectors of 2 and 3
components.

Entering vectors

In the calculator, vectors are represented by a sequence of numbers enclosed
between brackets, and typically entered as row vectors. The brackets are
generated in the calculator by the keystroke combination o . &,
associated with the === key. The following are examples of vectors in the
calculator:

> @ A general row vector
> @ A 2-D vector

> @ A 3-D vector

>TW® WA T "6,1 W "@ A vector of algebraics

Typing vectors in the stack

With the calculator in ALG mode, a vector is typed into the stack by opening
a set of brackets (. . ©) and typing the components or elements of the
vector separated by commas ( . W ). The screen shots below show the
entering of a numerical vector followed by an algebraic vector. The figure to
the left shows the algebraic vector before pressing — . The figure to the right
shows the calculator’s screen after entering the algebraic vector:

3 GE-124
L R N B Jt—Ea]
[4~2, s—2%t, [(b-g7] P

In RPN mode, you can enter a vector in the stack by opening a set of brackets
and typing the vector components or elements separated by either commas
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( — ™ )orspaces (##). Notice that after pressing — , in either mode,
the calculator shows the vector elements separated by spaces.

Storing vectors into variables in the stack
Vectors can be stored into variables. The screen shots below show the vectors

u,=> @ru3:> @,V2=> @,V3=> @

Stored into variables S i, fS f, #iT i, and T #, respectively. First, in ALG
mode:

= & ~Z&
[=-1
[1-52

01 21k02
-3 2 -21k0z

03 -1k
L1 =3 21kuws

Note: The apostrophes (‘) are not needed ordinarily in entering the names v2,
v2, etc. in RPN mode. In this case, they are used to overwrite the existing
variables created earlier in ALG mode. Thus, the apostrophes must be used if
the existing variables are not purged previously.

Using the matrix writer (M\TRW) to enter vectors
Vectors can also be entered by using the matrix writer - . ==(third key in
the fourth row of keys from the top of the keyboard). This command generates
a species of spreadsheet corresponding to rows and columns of a matrix
(Details on using the matrix writer to enter matrices will be presented in a
subsequent chapter). For a vector we are interested in filling only elements in
the top row. By default, the cell in the top row and first column is selected.
At the bottom of the spreadsheet you will find the following soft menu keys:
{EDIT! (VECH «WID WID— (GO—m (GOl
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The EDIT key is used to edit the contents of a selected cell in the
matrix writer.

The (VEC(i key, when selected, will produce a vector, as opposed to a
matrix of one row and many columns.

The <WID key is used to decrease the width of the columns in the
spreadsheet. Press this key a couple of times to see the column width
decrease in your matrix writer.

The WID— key is used to increase the width of the columns in the
spreadsheet. Press this key a couple of times to see the column width
increase in your matrix writer.

The iG0—m key, when selected, automatically selects the next cell to
the right of the current cell when you press — . This option is
selected by default. This option, if desired, needs to be selected
before entering elements.

The (G0 key, when selected, automatically selects the next cell below
the current cell when you press — . This option, if desired, needs to
be selected before entering elements.

Moving to the right vs. moving down in the matrix writer

Activate the matrix writer and enter == — 5 — = with the
iG0—m key selected (default). Next, enter the same sequence of numbers with
the iG0/m key selected to see the difference. In the first case you entered a
vector of three elements. In the second case you entered a matrix of three
rows and one column.

Activate the matrix writer again by using . . =, and press L_ to check
out the second soft key menu at the bottom of the display. It will show the
keys:

§ ROWE § ROW i COL§ § COLE i—>STKi iGOTOl
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The § ROW key will add a row full of zeros at the location of the
selected cell of the spreadsheet.

The § ROW key will delete the row corresponding to the selected cell of
the spreadsheet.

The § COLi key will add a column full of zeros at the location of the
selected cell of the spreadsheet.

The i COLi key will delete the column corresponding to the selected
cell of the spreadsheet.

The i-STKii key will place the contents of the selected cell on the stack.
The 60TOi key, when pressed, will request that the user indicate the
number of the row and column where he or she wants to position the

cursor.

Pressing L once more produces the last menu, which contains only one
function (iDEL( (delete).

The function #DEL} will delete the contents of the selected cell and
replace it with a zero.

To see these keys in action try the following exercise:

(1) Activate the matrix writer by using . -~ == Make sure the (VECm and
iGO—m keys are selected.

(2) Enter the following:
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(3) Move the cursor up two positions by using Then press § ROW.

The second row will disappear.
(4) Press { ROWi. A row of three zeroes appears in the second row.
(5) Press i COLi. The first column will disappear.
(6) Press COLi. A column of two zeroes appears in the first column.
(7) Press {GOTOI 30Kl =3 {iOKii (0Kl to move to position (3,3).

(8) Press i—STKil. This will place the contents of cell (3,3) on the stack,
although you will not be able to see it yet. Press — to return to normal
display. The number 9, element (3,3), and the full matrix entered will be
available in the stack.

Simple operations with vectors

To illustrate operations with vectors we will use the vectors u2, u3, v2, and v3,
stored in an earlier exercise. Also, store vector A=[-1,-2,-3,-4,-5] to be used in
the following exercises. [Note: not all lines will be visible when done with the

exercises in the following figures.]

Changing sign
To change the sign of a vector use the key ™\, e.g.,

Addition, subtraction
Addition and subtraction of vectors require that the two vector operands have
the same length:
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Attempting to add or subtract vectors of different length produces an error
message:

+3 . ) .
"Invalid Dimension"

+L
"Invalid Dimension"

L
"Invalid Dimension"

Mutltiplication by a scalar, and division by a scalar
Multiplication by a scalar or division by a scalar is straightforward:

RSN I
1-5u3 L2
[15 -14 18 2
P 22-Ea2 [ﬁ 1 -1

Absolute value function

The absolute value function (ABS), when applied to a vector, produces the
magnitude of the vector. For example: A%6 > @ , A%6 A ,
A%6 X , will show in the screen as follows:

=IC1 -2 &1l

41
= 1Al

25
=]
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The MTH/VECTOR menu

The MTH menu (. - — ) contains a menu of functions that specifically to
vector objects:

2

2.LIZET..
4.HYFEREOLIC..
5.REAL..
&.ERZE..

The VECTOR menu contains the following functions (system flag 117 set to
CHOOSE boxes):

5. SFHERE =

10.HATH..

Magnitude

The magnitude of a vector, as discussed earlier, can be found with function
ABS. This function is also available from the keyboard (. - EE). Examples
of application of function ABS were shown above.

Dot product

Function DOT (option 2 in CHOOSE box above) is used to calculate the dot
product of two vectors of the same length. Some examples of application of
function DOT, using the vectors A, u2, u3, v2, and v3, stored earlier, are
shown next in ALG mode. Attempts to calculate the dot product of two vectors
of different length produce an error message:

:DOTIAA) fDOTIuZ,u3 ) .
5 "ITnwalid Dimension"

(DOTIuZ 2] sDOTIHLET ] ]
1 "ITnwalid Dimension"

(DOTIWE,02) s DOTh2,u3)
"Imnvalid Dimension"
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Cross product

Function CROSS (option 3 in the MTH/VECTOR menu) is used to calculate the
cross product of two 2-D vectors, of two 3-D vectors, or of one 2-D and one 3-
D vector. For the purpose of calculating a cross product, a 2-D vector of the
form [A,, A], is treated as the 3-D vector [A, A ,0]. Examples in ALG mode
are shown next for two 2-D and two 3-D vectors. Notice that the cross
product of two 2-D vectors will produce a vector in the z-direction only, i.e., a
vector of the form [0, O, C]:

fCROSS02,,2] fCROSS02,03)
B a-7 [-& 4 12
:CROSS2,[2 -21) f CROSS03,u3)
6@ -7 BEA
tCROSSL. 5 -2102) s CROSSC1 2 -51,01 2 2])
[bhE4.5 [19

Examples of cross products of one 3-D vector with one 2-D vector, or vice
versa, are presented next:

fCROSS02,u2)
[-2-& -3
FCROSS002 03 ‘14
:CROSSC1 2 21,05 —61)
[12 15 -1&

Attempts to calculate a cross product of vectors of length other than 2 or 3,
produce an error message:

: CROSS(V3,A) ) .
"Invwalid Dimension"
tCROSSICL 2 2 41,031
"Invwalid Dimension"
CROSSIA,L2)

"Invalid Dimension"

Reference

Additional information on operations with vectors, including applications in
the physical sciences, is presented in Chapter 9 of the calculator’s user’s
guide.
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Chapter 9
Matrices and linear algebra

This chapter shows examples of creating matrices and operations with
matrices, including linear algebra applications.

Entering matrices in the stack

In this section we present two different methods to enter matrices in the
calculator stack: (1) using the Matrix Editor, and (2) typing the matrix directly
into the stack.

Using the matrix editor
As with the case of vectors, discussed in Chapter 9, matrices can be entered
into the stack by using the matrix editor. For example, to enter the matrix:

-25 42 20
03 19 28|,
2 -01 05

first, start the matrix writer by using . . ==. Make sure that the option
iG0—m is selected. Then use the following keystrokes:

2 _ 5N A =2 =20 Osss
s A e 2
=2 _ AN _5s5s

At this point, the Matrix Writer screen ma
[ 1 F]

B

look like this:
7 Y

EDIT | VEC m| +HID | HID+ | GO+m] G0

[Nlote: not all lines will be visible when done with the exercises in the figures
in this Chapter. The display header will cover the top lines in the calculator. ]
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Press — once more to place the matrix on the stack. The ALG mode stack is
shown next, before and after pressing , once more:

If you have selected the textbook display option (using FHDISP! and checking
off ¥'Textbook), the matrix will look like the one shown above. Otherwise,
the display will show:

The display in RPN mode will look very similar to these.

Typing in the matrix directly into the stack
The same result as above can be achieved by entering the following directly
info the stack:

Om0m 00

2 _5\N_._. 1T aAa_= _ =™

C N s B = B A = L

= _ @ _ 1L\ _. 1§ _5

Thus, to enter a matrix directly into the stack open a set of brackets ( » - )
and enclose each row of the matrix with an additional set of brackets

(2 > ). Commas( . ®W _ )should separate the elements of each
row, as well as the brackets between rows.

For future exercises, let’s save this matrix under the name A. In ALG mode
use K<—a. In RPN mode, use = —a =
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Operations with matrices

Matrices, like other mathematical objects, can be added and subtracted.
They can be multiplied by a scalar, or among themselves. An important
operation for linear algebra applications is the inverse of a matrix. Details of
these operations are presented next.

To illustrate the operations we will create a number of matrices that we will
store in the following variables. Here are the matrices A22, B22, A23, B23,
A33 and B33:

‘RANNCELZ. 2. 2)kA23 ‘RANNCELE. 2. 2)kA22

*RANNCLE. 3. MkE22

2
.
5 *RANNCLE. 2. 3IkE2Z
.

CRANNCLZ . 2. 30kAZ2 ‘RANNCLZ . 2. 2IkAZ2
5. -d. 3. 7. -5,
4, & a. 0. 2.
a4 5. -&. -4,
CRANNCEZ . 2. 30kEZ2 y ‘RANNCLZ . 2. 2IREZ2 2
6. 7.
b 5.

In RPN mode, the steps to follow are:

{ 3} " RAIM"A
{ 3 RAIM"A
{
{

3 T RAIM "%
3 T RAIM "%
3 T RAIM "%
3 T RAIM "%

RN

3 RAIM "A
3 T RAIM "A

P e Taa Ve

Addition and subtraction
Four examples are shown below using the matrices stored above (ALG mode).
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tA23+E32 tA2F+E3Z

-1z, 11. 2. 0. -1&.
3. -5, 2.8 8.
‘R22-E22 ‘REZ-E22
-12. 1&. 0.
=2, -&. =M.

In RPN mode, you can try a few more exercises:

A % 4+ A % —

A % — = A - % T —

A % - = A - % T —

A % =+ A % T —
Mutltiplication

There are different multiplication operations that involve matrices. These are
described next. The examples are shown in algebraic mode.

Multiplication by a scalar
Some examples of multiplication of a matrix by a scalar are shown below.

:E..a23
as. -id.
an. 3. H 3
- 0. 2o -7, 2. 2.
o [zu. g4, ay. :1.35.423 -#. -8 -

Matrix-vector multiplication
Matrix-vector multiplication is possible only if the number of columns of the
matrix is equal to the length of the vector. A couple of examples of matrix-
vector multiplication follow:

H i :E22

*ANEL.NCL. 2. -2.] ANl 01, -2.3
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Vector-matrix multiplication, on the other hand, is not defined. This
multiplication can be performed, however, as a special case of matrix
multiplication as defined next.

Matrix multiplication

Matrix multiplication is defined by € = A . ‘B,.,. Notice that matrix
multiplication is only possible if the number of columns in the first operand is
equal to the number of rows of the second operand. The general term in the

product, ¢, is defined as
)
¢; = Za,k 'bk/’ fori=12,....m; j=12,...,n.
=

Matrix multiplication is not commutative, i.e., in general, A-B = B-A.
Furthermore, one of the multiplications may not even exist. The following
screen shots show the results of multiplications of the matrices that we stored
earlier:

THZZEDZ
-33. -2, Y,
12, 15, -2, 1A23E33
- -g3. -ipa. -G53, 44, -33.
(B2 -20. 45,
-ya, -3, 3, :E22R22
7. -3, -2, 1. -2.
ys, 4@, -ii. -81. 2.

Term-by-term multiplication

Term-by-term multiplication of two matrices of the same dimensions is possible
through the use of function HADAMARD. The result is, of course, another
matrix of the same dimensions. This function is available through Function
catalog ( — MN), or through the MATRICES/OPERATIONS sub-menu

(- - &). Applications of function HADAMARD are presented next:

*HADANARDCAZZ E22D *HADAMARDCEZ2,AZ2)
-ar. -5e. 15, -an. -12.
o, 0. 2y4. =24, =40
. =30, M. 0. -ay.

:HADAHNARDCAZE,E22D +HADAKARDCERZ A2 2D
2. 18, =35, -&Y. &Y
20. 0. g, 0. 1i3.
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The identity matrix
The identity matrix has the property that Al = IL-A = A. To verify this property
we present the following examples using the matrices stored earlier on. Use
function IDN (find it in the MTH/MATRIX/MAKE menu) to generate the
identity matrix as shown here:

‘A23 :ATHIDNCATE

TAZZIDNCAZE) o (IDNCAZZNAZE

The inverse matrix

The inverse of a square matrix A is the matrix A" such that AA" = AA =1,
where I is the identity matrix of the same dimensions as A. The inverse of a
matrix is obtained in the calculator by using the inverse function, INV (i.e., the
" key). Examples of the inverse of some of the matrices stored earlier are
presented next:

INVESZ)
tINVCA32D L2EYEE0ZEATTE L L1007 EHEED .
[IJ. .2 =-. 347202337751 -. 1004734625 -5,
.5 .3 1052631578535 157 ERN7ZEEYE -5,

To verify the properties of the inverse matrix, we present the following
multiplications:

:EZHINVCEDZ)
1.00 Y.00E-12 1.00E-12
‘R2SINVIAZA) .00 1.00 -1.00E-12

N =-1.00E-11 -2.00E-12 1.00
LI I CINWEZZNEZZ

+INVCA22nA2a i1.00 0.0a 1.00E-13
N =2.00E-12 1.00 =Y.00E-12
o, 1.

-1.00E-12 -7.00E-12 1.00
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Characterizing a matrix (The matrix NORM menu)
The matrix NORM (NORMALIZE) menu is accessed through the keystroke
sequence — - . This menu is described in detail in Chapter 10 of the
calculator’s user's guide. Some of these functions are described next.

Function DET

Function DET calculates the determinant of a square matrix. For example,

tDETIEZZ) tDETIEZZ)
sDETIASE) | DETIRZE

Function TRACE

Function TRACE calculates the trace of square matrix, defined as the sum of
the elements in its main diagonal, or

tr(A) = Zn:aﬁ .
i=1

Examples:
: TRACE(ARZ2] 5 * TRACE(AZ3) =
: TRACE(EZ22) | [ TRACEES3)

Solution of linear systems
A system of n linear equations in m variables can be written as

ayX, +0,% +0%X, +..+ a X, +o,x_  =b,
ApX, +0yX, +0uX, +..4 @, X, +0, X =b,
AyX, + 03X, +0QyX, + ..o+ QX +0,-x =b,
A Xy + 0, X +0a, X+ ..+0, X, +0, X = bnrll
A X+ O,%, + OyX +...+ a ;X . +a . x_ =b.
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This system of linear equations can be written as a matrix equation, A, -X
=b,,,, if we define the following matrix and vectors:

ay 4 4y, X b,

ay dyp - a4y, X, b,
A= L X= , b=

a”l a”2 o a”m nxm xm mxl1 n _lpx1

Using the numerical solver for linear systems

There are many ways to solve a system of linear equations with the calculator.
One possibility is through the numerical solver _— "H. From the numerical
solver screen, shown below (left), select the option 4. Solve lin sys.., and
press f{iOKiii. The following input form will be provide (right):

i ZOLVE EZYETEM A-H=E

1. Zalug aquatian..
2.50lug JifF Q9.
2. Ealug paoly..

H:
E:
"

5.20lug Finance..
6. HELY

Enter CogfFficignts Hatrix A
EDIT [CHOOZ

To solve the linear system A-x = b, enter the matrix A, in the format [[ a,,,
Ay oee ], oon [.]] in the A: field. Also, enter the vector b in the B: field.
When the X: field is highlighted, press iSOLVE. If a solution is available, the
solution vector x will be shown in the X: field. The solution is also copied to
stack level 1. Some examples follow.

The system of linear equations
2x, + 3x,-5%x, =13,
x, — 3%, + 8x, =-13,

2x, = 2%, + 4x, = -6,

can be written as the matrix equation A-x = b, if
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2 3 =5 X, 13
A=|1 -3 8| x=|x,|, and b=|-13|
2 -2 4 X, -6

This system has the same number of equations as of unknowns, and will be
referred to as a square system. In general, there should be a unique solution
to the system. The solution will be the point of intersection of the three planes
in the coordinate system (x,, x,, x,) represented by the three equations.

To enter matrix A you can activate the Matrix Writer while the A: field is
selected. The following screen shows the Matrix Writer used for entering
matrix A, as well as the input form for the numerical solver after entering
matrix A (press  in the Matrix Writer):

. . Enter cofFFicignts Hatrix A

EDIT | VEC u] +HID | HID+] Go+u] Gi4 EDIT |CHODS
Press to select the B: field. The vector b can be entered as a row vector
with a single set of brackets, i.e., > @ GOk .

After entering matrix A and vector b, and with the X: field highlighted, we can
press iSOLVE! to attempt a solution to this system of equations:

Entar solutions ar press SOLVE
EDIT |[CHOOX

A solution was found as shown next.
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SOLYE EYITEM A-H=E

L2033 a=5.1 [1.

Bt L1515 s =B 1
Hlimﬁ_

Entar solutions ar press SOLVE
EDIT |[CHOOX

Solution with the inverse matrix

The solution to the system A-x = b, where A is a square matrix is

x =A"-b. Forthe example used earlier, we can find the solution in the
calculator as follows (First enter matrix A and vector b once more):

LS TS
23 -3 2-2 4
1-2 2] [[13-13 -]
2-2 4 13

Solution by “division” of matrices

While the operation of division is not defined for matrices, we can use the
calculator’'s «#” key to “divide” vector b by matrix A to solve for x in the
matrix equation A-x = b. The procedure for the case of “dividing” b by A is
illustrated below for the example above.

The procedure is shown in the following screen shots (type in matrices A and
vector b once more):

s L = o F 3 & 1 - 0

IE -2 4] 2-2 4
%33 _85 if13-13 -8l [13 -13 —&
2 -z 4 . AHSI1)

013 -13 -&] " AHSIZ)

References

Additional information on creating matrices, matrix operations, and matrix
applications in linear algebra is presented in Chapters 10 and 11 of the
calculator’s user’s guide.
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Chapter 10
Graphics

In this chapter we introduce some of the graphics capabilities of the calculator.
We will present graphics of functions in Cartesian coordinates and polar

coordinates, parametric plots, graphics of conics, bar plots, scatterplots, and
fast 3D plots.

Graphs options in the calculator

To access the list of graphic formats available in the calculator, use the
keystroke sequence . . © () Please notice that if you are using the
RPN mode these two keys must be pressed simultaneously to activate any of
the graph functions. After activating the 2D/3D function, the calculator will
produce the PLOT SETUP window, which includes the TYPE field as illustrated
below.

_siHULt y Connect

. W-Tick:1i0. ' Fixels

hooze typg oF plot
CH0E: AXE>m|ERAZE] DRAN

Right in front of the TYPE field you will, most likely, see the option Function
highlighted.  This is the default type of graph for the calculator. To see the
list of available graph types, press the soft menu key labeled iCH00S.  This will
produce a drop down menu with the following options (use the up- and down-
arrow keys to see all the options): _
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Plotting an expression of the form y = f{x)
As an example, let's plot the function,

2

1 X
f(X) - \/Eexp(_7)

e  First, enter the PLOT SETUP environment by pressing, - - ©». Make
sure that the option Function is selected as the TYPE, and that ‘X’ is
selected as the independent variable (INDEP).  Press L__{fiOKifi to
return to normal calculator display. The PLOT SET UP window should

look similar to this:

FLOT SETUF 35

_FiHult  Connect

. N=Tick:i0. s Fixels
hooze type oF plot
CHO: AXE>m|ERAZE] DRAN

o Enter the PLOT environment by pressing .. . Fu(press them
simultaneously if in RPN mode). Press {ADD to get you into the
equation writer. You will be prompted to fill the right-hand side of an
equation Y1(x) = =. Type the function to be plotted so that the
Equation Writer shows the following:

o Press T to return to the PLOT SETUP window. The expression
‘Y1(X) = EXP(X"2/2)/N(2*r)" will be highlighted. Press L__ioKii to
return to normal calculator display.

e Enter the PLOT WINDOW environment by entering . . ©> (press
them simultaneously if in RPN mode).  Use a range of -4 to 4 for H-
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VIEW, then press fAUTO to generate the V-VIEW automatically.  The
PLOT WINDOW screen looks as follows:

E FLOT WINDOW - FUNCTION
H=WigH: Y.

W=WigH: -5 3EE7Y . 232aY4aa
Indep Lod: DeFault  High:DgrFault
Step: DeFault  _Fixgls

nt2r HiniHUuH horizontal walug
AUTO |ERASE] DRAH
Plot the graph: (ERASE IDRAW (wait fill the calculator finishes the
graphs)

To see labels:  EDIT L (LA EL iME,U
To recover the first graphics menu: L L_{pICT

To trace the curve: [TRACE i6 7ii . Then use the right- and left-arrow
keys (= ™) to move about the curve. The coordinates of the points
you trace will be shown at the bottom of the screen. Check that for x

=1.05,y=0.0131. Also, check that for x =-1.48 , y = 0.034.

Here is picture of the graph in tracing mode:

L 3AEAYIIZ0N0

:1.25E0 ¥:l.60E-1

To recover the menu, and return to the PLOT WINDOW environment,
press L__(CA,CL, then IL_iOK.

Generating a table of values for a function

The combinations . . & (E=) and . . € (F=), pressed simultaneously
if in RPN mode, let's the user produce a table of values of functions. For
example, we will produce a table of the function Y(X) = X/(X+10), in the
range -5 < X < 5 following these instructions:
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e We will generate values of the function f(x), defined above, for values of
x from =5 to 5, in increments of 0.5. First, we need to ensure that the
graph type is set fo FUNCTION in the PLOT SETUP screen (. . ©>, press
them simultaneously, if in RPN mode). The field in front of the Type option
will be highlighted. If this field is not already set to FUNCTION, press the
soft key (CHOOS and select the FUNCTION option, then press 0K

e Next, press —  to highlight the field in front of the option EQ, and type
the function expression: ‘X/(X+10)’

e To accept the changes made to the PLOT SETUP screen press L {fOKif.
You will be returned to normal calculator display.

e The next step is to access the Table Set-up screen by using the keystroke
combination ., . & (i.e., soft key E=) — simultaneously if in RPN mode.
This will produce a screen where you can select the starting value (Starf)
and the increment (Step). Enter the following: == ~\C{#iOKiii
O _ 5kl O — 5 ifioK#i(i.e., Zoom factor = 0.5). Toggle
the (v'iCHK soft menu key until a check mark appears in front of the option
Small Font if you so desire. Then press ifiOKifi. This will return you to
normal calculator display.

® To see the table, press . . €3 (i.e., soft menu key =) — simultaneously
if in RPN mode. This will produce a table of values of x = -5, -4.5, ...,
and the corresponding values of f(x), listed as Y1 by default. You can use
the up and down arrow keys to move about in the table. You will notice
that we did not have to indicate an ending value for the independent
variable x. Thus, the table continues beyond the maximum value for x
suggested early, namely x = 5.

Some options available while the table is visible are 800M, # 16i,and (DEF,:

e The [DEF,, when selected, shows the definition of the independent variable.
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e The i 1Gikey simply changes the font in the table from small to big, and
vice versa. Try it.

e The i800M key, when pressed, produces a menu with the options: In, Out,
Decimal, Integer, and Trig. Try the following exercises:

e With the option In highlighted, press [{i0Kili. The table is expanded so
that the x-increment is now 0.25 rather than 0.5. Simply, what the
calculator does is to multiply the original increment, 0.5, by the zoom
factor, 0.5, to produce the new increment of 0.25. Thus, the zoom in
option is useful when you want more resolution for the values of x in
your fable.

e To increase the resolution by an additional factor of 0.5 press §800M,
select In once more, and press {fiOKili. The x-increment is now 0.0125.

Ana

e To recover the previous x-increment, press {800M —{fiOKii to select
the option Un-zoom. The x-increment is increased to 0.25.

e To recover the original x-increment of 0.5 you can do an un-zoom

Ana

again, or use the option zoom out by pressing i80UT {{OKi.
e The option Decimal in {800M produces x-increments of 0.10.
e The option Integer in §800M produces x-increments of 1.

e The option Trig in produces increments related to fractions of 7, thus
being useful when producing tables of trigonometric functions.

e To return to normal calculator display press —

Fast 3D plots

Fast 3D plots are used to visualize three-dimensional surfaces represented by
equations of the form z = f(x,y). For example, if you want to visualize z =
f(x,y) = x*+y’, we can use the following:
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Press . . ©>, simultaneously if in RPN mode, to access to the PLOT
SETUP window.

Change TYPE to Fast3D. ({(CHOOS, find Fast3D, [OK).
Press and type ‘X" 2+Y"2" {{OKgi.

Make sure that ‘X’ is selected as the Indep: and ‘Y’ as the Depnd:
variables.

Press IL_{fiOKiii to return to normal calculator display.

Press . - ©>, simultaneously if in RPN mode, to access the PLOT
WINDOW screen.

Keep the default plot window ranges to read:

X-Left:-1 X-Right:1
Y-Near:-1 Y-Far: 1
Z-Low: -1 Z-High: 1

Step Indep: 10 Depnd: 8

Note: The Step Indep: and Depnd: values represent the number of
gridlines to be used in the plot. The larger these number, the slower it
is to produce the graph, although, the times utilized for graphic
generation are relatively fast. For the time being we'll keep the default
values of 10 and 8 for the Step data.

Press [ERASE (DRAW to draw the three-dimensional surface. The result is a
wireframe picture of the surface with the reference coordinate system
shown at the lower left corner of the screen. By using the arrow keys
(ST™—"") you can change the orientation of the surface. The
orientation of the reference coordinate system will change accordingly.
Try changing the surface orientation on your own. The following figures
show a couple of views of the graph:
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LA

e When done, press (E6IT.

e  Press iCA,CL to return to the PLOT WINDOW environment.

. Chonge the Step data to read: Step Indep: 20 Depnd: 16

e Press [ERASE iDRAW to see the surface plot. Sample views:

e When done, press [E6IT.

e  Press iCA,CL to return to PLOT WINDOW.

e Press S5, or L_ii{OKiii, fo return to normal calculator display.
Try also a Fast 3D plot for the surface z = f(x,y) = sin (x*+y?)

e Press . . ©, simultaneously if in RPN mode, to access the PLOT SETUP
window.

e Press ™ and type ‘SIN(X"2+Y"2)" iiiOKii.
e Press (ERASE iDRAW to draw the slope field plot.  Press (E6IT (EDIT L_

A EL IME,U to see the plot unencumbered by the menu and with
identifying labels.
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e Press L_ L__{PICT to leave the EDIT environment.

e Press iCA,CL to return to the PLOT WINDOW environment. Then, press
5, or L_{fiOKifi, to return to normal calculator display.

Reference
Additional information on graphics is available in Chapters 12 and 22 in the
calculator’s user’s guide.
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Chapter 11
Calculus Applications

In this Chapter we discuss applications of the calculator’s functions to
operations related to Calculus, e.g., limits, derivatives, integrals, power series,
etc.

The CALC (Calculus) menu

Many of the functions presented in this Chapter are contained in the
calculator’'s CALC menu, available through the keystroke sequence . . <
(associated with the <& key):

1.DERIV. & INTEAG...

LLINITE & SERIEL..

.DIFFERENTIAL ERNZ..
AFH

SDERWE
SInT

The first four options in this menu are actually sub-menus that apply to (1)
derivatives and integrals, (2) limits and power series, (3) differential equations,
and (4) graphics.  The functions in entries (1) and (2) will be presented in this
Chapter. Functions DERVX and INTVX are discussed in detail later.

Limits and derivatives

Differential calculus deals with derivatives, or rates of change, of functions
and their applications in mathematical analysis. The derivative of a function
is defined as a limit of the difference of a function as the increment in the
independent variable tends to zero. Limits are used also to check the
continuity of functions.

Function lim

The calculator provides function lim to calculate limits of functions.  This
function uses as input an expression representing a function and the value
where the limit is to be calculated.  Function lim is available through the
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command catalog ( = NI—— . . B) or through option 2. LIMITS &
SERIES... of the CALC menu (see above).
Function lim is entered in ALG mode as OLP I [ [=D to calculate the

limit Iim f(x). In RPN mode, enter the function first, then the expression
xX—a

‘x=a’, and finally function lim. Examples in ALG mode are shown next,
including some limits to infinity. [Niote: not all lines will be visible when done
with the exercises in the figures in this Chapter. The display header will cover
the top lines in the calculator.]

The infinity symbol is associated with the € key, ie.., . . .

Functions DERIV and DERVX

The function DERIV is used to take derivatives in terms of any independent
variable, while the function DERVX takes derivatives with respect to the CAS
default variable VX (typically ‘X’). While function DERVX is available directly
in the CALC menu, both functions are available in the DERIV.&INTEG sub-

menu within the CALCL menu ( . . ).

Function DERIV requires a function, say f(t), and an independent variable, say,
t, while function DERVX requires only a function of VX. Examples are shown
next in ALG mode. Recall that in RPN mode the arguments must be entered
before the function is applied.
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: DERI"."[":-'E't.-t]

ottt FOERVALE-X]
tDERIVISIMIS),=] - —[[—1+22;€E 1=

Anti-derivatives and integrals
An anti-derivative of a function f(x) is a function F(x) such that f(x) = dF/dx.
One way to represent an anti-derivative is as a indefinite integral, i.e.,

j f(x)dx=F(x)+C
if and only if, f(x) = dF/dx, and C = constant.

Functions INT, INTVX, RISCH, SIGMA and SIGMAVX

The calculator provides functions INT, INTVX, RISCH, SIGMA and SIGMAVX
to calculate anti-derivatives of functions. Functions INT, RISCH, and SIGMA
work with functions of any variable, while functions INTVX, and SIGMAVX
utilize functions of the CAS variable VX (typically, ‘x’). Functions INT and
RISCH require, therefore, not only the expression for the function being
integrated, but also the independent variable name. Function INT, requires
also a value of x where the anti-derivative will be evaluated. Functions INTVX
and SIGMAVX require only the expression of the function to integrate in terms
of VX. Function INTVX is available in the CALC menu, the other functions are
available in the command catalog. Some examples are shown next in ALG
mode:
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ot
e THTwlset] cinTls2-s,5,2]

(H—-1)e \ 2
2 INTYHIRSTHE:D thaschle®os el
J1=SO0AT+HAS THIX
IEF |INTWAI LAFL [FREVAIRIZCHISIGHA

S IGMAYEIGE=30

STCHMA E__l**"' : SIGMAlss!,5)

Please notice that functions SIGMAVX and SIGMA are designed for
infegrands that involve some sort of integer function like the factorial (!)
function shown above. Their result is the so-called discrete derivative, i.e.,
one defined for integer numbers only.

Definite integrals

In a definite integral of a function, the resulting anti-derivative is evaluated at
the upper and lower limit of an interval (a,b) and the evaluated values
subtracted. Symbolically, we write

["f(x)dx = F(b)- F(a).
where f(x) = dF/dx.

To calculate definite integrals of functions using the CAS variable VX (typically,
‘X’), use function PREVAL(f(x),a,b). For example,

: PREVAL 335 -,0,5]
: PREVAL LN, 1,5)
S
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Infinite series
A function f(x) can be expanded into an infinite series around a point x=x, by
using a Taylor’s series, namely,

S (n)
f(x>=2%~<x—xo>",

where f"(x) represents the n+th derivative of f(x) with respect to x, f”(x) = f(x).

If the value x, = O, the series is referred to as a Maclaurin’s series.

Functions TAYLR, TAYLRO, and SERIES
Functions TAYLR, TAYLRO, and SERIES are used to generate Taylor
polynomials, as well as Taylor series with residuals. These functions are

available in the CALC/LIMITS&SERIES menu described earlier in this Chapter.

Function TAYLORO performs a Maclaurin series expansion, i.e., about X = 0,
of an expression in the default independent variable, VX (typically ‘X’). The
expansion uses a 4-th order relative power, i.e., the difference between the
highest and lowest power in the expansion is 4. For example,

: THH’LDREI[E-H]

L o, :THH"LDRE[SIIH[K]% | =
EIH +E'K +§'K +x+1 EIH +?'H +5

SERIE|ITAYLO|TAYLE] CALC

Function TAYLR produces a Taylor series expansion of a function of any
variable x about a point x = a for the order k specified by the user. Thus, the
function has the format TAYLR(f(x-a),x,k). For example,
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.THH’LRI[SI:[E—F]J?EJ :TIH‘r'LRl[aet 1}1-,,5‘! 3
7og s ‘E3s tes U Eaet brget

" oae

FERIE|ITAYLOTAYLE] CALC MFC] LiH |ZERIEITAYLO|ITAYLE] CALC

Function SERIES produces a Taylor polynomial using as arguments the function
f(x) to be expanded, a variable name alone (for Maclaurin’s series) or an
expression of the form ‘variable = value’ indicating the point of expansion of
a Taylor series, and the order of the series to be produced. Function SERIES
returns two output items a list with four items, and an expression for h = x - g,
if the second argument in the function call is ‘x=d’, i.e., an expression for the
increment h. The list returned as the first output object includes the following
items:

1 - Bi-directional limit of the function at point of expansion, i.e., lim f'(x)
xX—a

2 - An equivalent value of the function near x = a
3 - Expression for the Taylor polynomial
4 - Order of the residual or remainder

Because of the relatively large amount of output, this function is easier to
handle in RPN mode. For example, the following screen shots show the RPN
stack before and after using function SERIES:

SINGY F* L imit:1 Eauivit Exp
1z T
hei-T

SERIEITAYLO|TAYLE] CALC

Drop the contents of stack level 1 by pressing 77, and then enter p—x, to
decompose the list. The results are as follows:
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: Limit:s1l
=H Equiw:i
=Y -1 1.4
Expans: ﬁ'h +ﬁ'h
1: . [ 7 Expans: '-1-7z28%h"5+
Eemain:lh 1x’24*h’“‘4+ 1-2xh™2+1"

In the right-hand side figure above, we are using the line editor to see the
series expansion in detfail.

Reference
Additional definitions and applications of calculus operations are presented in
Chapter 13 in the calculator’s user’s guide.
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Chapter 12
Multi-variate Calculus Applications

Multi-variate calculus refers to functions of two or more variables.

Chapter we discuss basic concepts of multi-variate calculus: partial derivatives

and multiple integrals.

Partial derivatives

To quickly calculate partial derivatives of multi-variate functions, use the rules

of ordinary derivatives with respect to the variable of interest, while
considering all other variables as constant. For example,

2 (vc05(1) = cos(r) ~-(xcos(y) = -sin),
X ay

You can use the derivative functions in the calculator: DERVX, DERIV,
9, described in detail in Chapter 11 of this Guide, to calculate partial
derivatives (DERVX uses the CAS default variable VX, typically, ‘X’).

Some examples of first-order partial derivatives are shown next. The

functions used in the first two examples are f(x,y) = SIN(y), and

g(x,y,z) = (xX+y’)"*sin(z). Added the following note after this blank
line. [Note: not all lines will be visible when done with the exercises

in the following figures.]

—o

g2l e, s #~SIHly
COSy H E[g[x,g,z]]
: ﬁ[f[x,gn —E;Lz-smtz
=S THly 2l +E
: pERyr = A
2t
¥ . 3=
2 DERYHUES T HIY -+ DERIl=t-2" t N
=2t —e

COSGA+Y IR+ S THOA+Y

VRl DIV |FOURI] HESE
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Multiple integrals

A physical interpretation of the double integral of a function f(x,y) over a
region R on the x-y plane is the volume of the solid body contained under the
surface f(x,y) above the region R.  The region R can be described as R =
{a<x<b, f(x)<y<g(x)} or as R = {c<y<d, r(y)<x<s(y)}. Thus, the double integral
can be written as

[fotx.paa= [, otry)dvatv= [ ot s

Calculating a double integral in the calculator is straightforward. A double
integral can be built in the Equation Writer (see example in Chapter 2), as
shown below. This double integral is calculated directly in the Equation
Writer by selecting the entire expression and using function {EVAL. The result is

3/2.

2

®
J i whydy dx E

1

EDIT | CURE | EIG w] EVAL [FACTO| SINF EDIT | CUR: | EIG w] EVAL |FACTO] SIHF

Reference
For additional details of multi-variate calculus operations and their
applications see Chapter 14 in the calculator’s user guide.
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Chapter 13

Vector Analysis Applications
This chapter describes the use of functions HESS, DIV, and CURL, for
calculating operations of vector analysis.

The del operator

The following operator, referred to as the ‘del’ or ‘nabla’ operator, is a vector-
based operator that can be applied to a scalar or vector function:

(ARECREVECR IS

When applied to a scalar function we can obtain the gradient of the function,
and when applied to a vector function we can obtain the divergence and the
curl of that function. A combination of gradient and divergence produces the
Laplacian of a scalar function.

Gradient
The gradient of a scalar function ¢(x,y,z) is a vector function defined by

grad@ =V ¢ . Function HESS can be used to obtain the gradient of a
function.. The function takes as input a function of n independent variables

o(x,, X, -..,x,), and a vector of the functions ['x,” ’x,"...x.']. The function
returns the Hessian matrix of the function, H = [h,] = [09/dx0x], the gradient
of the function with respect to the n-variables, grad f = [ 99/dx, d9/dx, ...
d0/9x.], and the list of variables ['x,’, 'x,’,...,’x'].  This function is easier to
visualize in the RPN mode.  Consider as an example the function ¢(X,Y,Z) =
X? + XY + XZ, we'll apply function HESS to this scalar field in the following
example:

H2+K-"|’+K- = [2nm++
L&Y 2 : C

Thus, the gradient is [2X+Y+Z, X, X].
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Alternatively, use function DERIV as follows:

s pER TV RS sz r v 2]
[ MY +T W

EDIT | VIEH | RCL | ZTOk |FURGE|CLEAR

Divergence

The divergence of a vector function, F(x,y,z) = f(x,y,2)i +g(x,y,z)j +h(x,y,z)k,
is defined by taking a “dot-product” of the del operator with the function, i.e.,
divF =V e F', Function DIV can be used to calculate the divergence of a
vector field. For example, for F(X,Y,Z) = [XY,X*+Y?+Z% YZ], the divergence is
calculated, in ALG mode, as follows: DIV([X*Y,X*2+Y*2+Z"2,Y*Z],[X,Y,Z])

ool wo ey Eezs vzl o
PHEN

Curl

The curl of a vector field F(x,y,z) = f(x,y,z)i+g(x,y,z)j+h(x,y,z)k,is defined by
a “cross-product” of the del operator with the vector field, i.e.,

curlF =V XF . The curl of vector field can be calculated with function CURL.
For example, for the function F(X,Y,Z) = [XY,X*+Y*+Z%YZ], the curl is
calculated as follows: CURL(IX*Y,XA2+YA24Z~2,Y*Z],[X,Y,Z])

2

s curL Dy 5=+ =ez vz )
[Z-2Z B 2—%

VRl DIV |FOURI] HESE

Reference
For additional information on vector analysis applications see Chapter 15 in
the calculator’s user’s guide.
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Chapter 14
Differential Equations

In this Chapter we present examples of solving ordinary differential equations
(ODE) using calculator functions. A differential equation is an equation
involving derivatives of the independent variable. In most cases, we seek the
dependent function that satisties the differential equation.

The CALC/DIFF menu

The DIFFERENTIAL EQNS.. sub-menu within the CALC (., . €) menu
provides functions for the solution of differential equations. The menu is listed
below with system flag 117 set to CHOOSE boxes:

CALC HENU

DIFFERENTIAL Eqn: HENU

L1.DERIV. & INTEG... oLT
3. LTINITE 3 SERTES. L h L

2 DIFFERENTIAL EGN:.. LA

5 :

o 4. LDEC

: 5. CALCULUS..

These functions are briefly described next. They will be described in more
detail in later parts of this Chapter.

DESOLVE: Differential Equation SOLVEr, solves differential equations, when
possible

ILAP: Inverse LAPlace transform, L'[F(s)] = f(t)

LAP: LAPlace transform, L[f(H)]=F(s)

LDEC: Linear Differential Equation Command

Solution to linear and non-linear equations

An equation in which the dependent variable and all its pertinent derivatives
are of the first degree is referred to as a linear differential equation.
Otherwise, the equation is said to be non-inear.
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Function LDEC

The calculator provides function LDEC (Linear Differential Equation Command)
to find the general solution to a linear ODE of any order with constant
coefficients, whether it is homogeneous or not. This function requires you to
provide two pieces of input:

e the righthand side of the ODE

e the characteristic equation of the ODE

Both of these inputs must be given in terms of the default independent variable
for the calculator’'s CAS (typically X). The output from the function is the
general solution of the ODE. The examples below are shown in the RPN
mode:

Example 1 - To solve the homogeneous ODE
d’y/dx*-4-(d%/dx’)-11-(dy/dx)+30-y = O.
Enter:
— "XA XA X " — /DE&

The solution is (figure put together from EQW screenshots):

38,2 [ Self Pl

(AR cC0+16ct-2ici e [20ccn-CEii B ecan e -(30--:::0--:21&3]—3--:-:2:.)]

1ame™®

where cCO, cC1, and cC2 are constants of integration. This result can be re-
written as
y =K e+ Ky e™ + K, e™
Example 2 - Using the function LDEC, solve the non-homogeneous ODE:
d’y/dx’*4-(d’/dx*)-11-(dy/dx)+30-y = x°.

Enter:
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XA T T "XA XA X " — /DE&

The solution is:

I:E?|:I|:I|:I--:l:|:I+3E|:I|:I-ct1-l:_':I.3|:I|:I-cEE+'i5|:I_':I:I--z3'H--zE'H-[[I:E?Eﬂ-ctﬂ-l.fiizs-cti+

+1125-ct2+13}:I-EE'H-[BDD-HE+EE|:I-H+HEE:]]--:3'H-I:E?5|J-CE|J-I:H?EE-cEi—lﬁ_’E?S-cEE-ED}:I:]]

aroome”®
which can be simplified to
y = K-e™ + K™ + K, -e”+ (450-x’+330-x+241)/13500.

Function DESOLVE

The calculator provides function DESOLVE (Differential Equation SOLVEr) to
solve certain types of differential equations. The function requires as input the
differential equation and the unknown function, and returns the solution to the
equation if available.  You can also provide a vector containing the
differential equation and the initial conditions, instead of only a differential
equation, as input fto DESOLVE. The function DESOLVE is available in the
CALC/DIFF menu. Examples of DESOLVE applications are shown below
using RPN mode.

Example 1 - Solve the first-order ODE:
dy/dx + x*y(x) = 5.

In the calculator use:
“G\N[ [A \[=" — "\ [ " — DE6O/9E
The solution provided is

{'y = (5*INT(EXP(xt" 3/3),xt,x)+CCO)* 1 /EXP(x3/3)) }, which simplifies to

Y2 =5-exp(~x* /3)- ([exp(x 13) - dx+C, )
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The variable ODETYPE

You will notice in the softmenu key labels a new variable called i0DET7
(ODETYPE). This variable is produced with the call to the DESOL function and
holds a string showing the type of ODE used as input for DESOLVE. Press
fODET7 to obtain the string “1st order linear”.

Example 2 - Solving an equation with initial conditions.  Solve

d’y/dt* + 5y = 2 cos(t/2),
with initial conditions
y(0) = 1.2, y’(0) = -0.5.

In the calculator, use:

[‘d1dTy(t)+5*y(t) = 2*COS(t/2) y(0) = 6/5' ‘d1y(0) =-1/2'] —

v
DESOLVE

Notice that the initial conditions were changed to their Exact expressions, ‘y(0)
= 6/5’, rather than ‘y(0)=1.2", and ‘d1y(0) = -1/2’, rather than, ‘d1y(0) = -

0.5’. Changing to these Exact expressions facilitates the solution.

Note: To obtain fractional expressions for decimal values use function >Q

(See Chapter 5).

Press gt p—tto simplify the result. The solution is:

12 'gitp=—cC19x oS IHC
Jo%t 1 -0148%COSC 5%t
nglla*EDS'th’E)))x’lE'

Y1) = {(19*5*SINN5*t)-(148*COS(N5*1)+80*COS(t/2)))/190Y".

Press < ({ODET7 to get the string “Linear w/ cst coeff” for the ODE type
in this case.
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Laplace Transforms

The Laplace transform of a function f(t) produces a function F(s) in the image
domain that can be utilized to find the solution of a linear differential equation
involving f() through algebraic methods. The steps involved in this
application are three:

1. Use of the Laplace transform converts the linear ODE involving f(t) into an
algebraic equation.

2. The unknown F(s) is solved for in the image domain through algebraic
manipulation.

3. Aninverse Laplace transform is used to convert the image function found
in step 2 into the solution to the differential equation f(t).

Laplace transform and inverses in the calculator

The calculator provides the functions LAP and ILAP to calculate the Laplace
transform and the inverse Laplace transform, respectively, of a function f(VX),
where VX is the CAS default independent variable (typically X).  The
calculator returns the transform or inverse transform as a function of X. The
functions LAP and ILAP are available under the CALC/DIFF menu. The
examples are worked out in the RPN mode, but translating them to ALG mode
is straightforward.

Example 1 - You can get the definition of the Laplace transform use the
following: ‘1 X * = /A3 in RPN mode, or /A3 ) X in ALG mode.
The calculator returns the result (RPN, left; ALG, right):

fLAPLF (21
]
—[tt-H]dtt

o
[ Frptie PRy Flttle
2] o)

Compare these expressions with the one given earlier in the definition of the
Laplace transform, i.e.,

Lif @)y =F(s)= [ f@)-edr,
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and you will notice that the CAS default variable X in the equation writer
screen replaces the variable s in this definition.  Therefore, when using the
function LAP you get back a function of X, which is the Laplace transform of

fX).
Example 2 — Determine the inverse Laplace transform of F(s) = sin(s). Use:
1/(X+1)72° ~ ILAP

The calculator returns the result: ‘X/EXP(X)’, meaning that L '{1/(s+1)’} = x-&™.

Fourier series
A complex Fourier series is defined by the following expression

2inmt

f(t)—Zc ~exp( )

n=—oco

where

== j f(#)-ex (2 DI yedt, 7= —ooy-2-10,12, .00

Function FOURIER

Function FOURIER provides the coefficient ¢, of the complex-form of the Fourier
series given the function f(t) and the value of n. The function FOURIER
requires you to store the value of the period (T) of a T-periodic function into
the CAS variable PERIOD before calling the function. The function FOURIER is
available in the DERIV sub-menu within the CALC menu (. - ).

Fourier series for a quadratic function
Determine the coefficients c,, c,, and c, for the function g(t) = (+-1)*+(+-1), with

period T = 2.

Using the calculator in ALG mode, first we define functions f(t) and g(t):
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s DEF IME] Fit1=t S+t | -
s DEF IHECa(t =+ (t—117
HO

“'H

Next, we move t o the CASDIR sub-directory under HOME to change the
value of variable PERIOD, e.g. [Note: not all lines will be visible when done
with the exercises in the following figures.]

-~ (hold) = — 3 ASDI — = K< PERIOD —

HOYA
* HOME

HOYA
tCASDIRE

HOYA
s 2MPERICD

FRINI|CASIN|NODULIREALAIFERIO| WH

Return to the sub-directory where you defined functions f and g, and calculate
the coefficients. Set CAS to Complex mode (see chapter 2) before trying the
exercises. Function COLLECT is available in the ALG menu ( —. ><).

:FOURIER(g=1,E]
:COLLECTIAHSILN

rajoara
wl—  rajoara

|
|

:FOURIER(g(=1,1]

£

' : COLLECTIAMSI1N
"2 i+
—— "2
nn--? m--?
FOURIER(alx],2] ) 2
iam+l) | COLLECTIAHS(11) )
“2 im+l
=] 2-112
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Thus, ¢ =1/3, ¢, = (mi+2)/7%, ¢, = (mi+1)/(2n%).
The Fourier series with three elements will be written as

g(t) = Re[(1/3) + (m-i+2)/n*-exp(i-mt)+ (ni+1)/(2n%)-exp(2-i-n-4)].

Reference

For additional definitions, applications, and exercises on solving differential
equations, using Laplace transform, and Fourier series and transforms, as well
as numerical and graphical methods, see Chapter 16 in the calculator’s user’s
guide.
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Chapter 15
Probability Distributions

In this Chapter we provide examples of applications of the pre-defined
probability distributions in the calculator.

The MTH/PROBABILITY.. sub-menu - part 1

The MTH/PROBABILITY.. sub-menu is accessible through the keystroke
sequence . - . With system flag 117 set to CHOOSE boxes, the
following functions are available in the PROBABILITY.. menu:

FROEREILITY HWENLU

HATH HENU

2.FEFRH
e

5. COMFLEX..
10, CONETANTS..
11.SFECIAL FURCTIONS..

In this section we discuss functions COMB, PERM, ! (factorial), and RAND.

Factorials, combinations, and permutations

The factorial of an integer n is defined as: n! = n- (n-1) - (n-2)...3:2:1. By
definition, Ol = 1.

Factorials are used in the calculation of the number of permutations and

combinations of objects. For example, the number of permutations of r
objects from a set of n distinct objects is

P =nn-Dn-D..(n—-r+)=n/(n-r)

n-r

Also, the number of combinations of n objects taken r at a time is

(nj _n(n=D(n=2)..(n—r+l) _

r r! rl(n—r)!
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We can calculate combinations, permutations, and factorials with functions
COMB, PERM, and ! from the MTH/PROBABILITY.. sub-menu. The operation
of those functions is described next:

e COMB(n,r): Calculates the number of combinations of n items taken r
at a time

e PERM(n,r): Calculates the number of permutations of n items taken r
at a time

e nl: Factorial of a positive integer. For a non-integer, x! returns
[(x+1), where T'(x) is the Gamma function (see Chapter 3). The
factorial symbol (!) can be entered also as the keystroke combination
— o =.

Example of applications of these functions are shown next: [Note: not all
lines will be visible when done with the exercises in the following figure.]

FCOME(18. 6.]
210,
s PERM(18. ,5.]
151268,
121
479EE ] EHE,

Random numbers

The calculator provides a random number generator that returns a uniformly
distributed random real number between O and 1. To generate a random
number, use function RAND from the MTH/PROBABILITY sub-menu. The
following screen shows a number of random numbers produced using RAND.
(Note: The random numbers in your calculator will differ from these).

: RAMD
. 229199353632
4.35821814444E-

: RAMD
. 29492205283

Additional details on random numbers in the calculator are provided in
Chapter 17 of the user's guide. Specifically, the use of function RDZ, to re-
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start lists of random numbers is presented in detail in Chapter 17 of the user's
guide.

The MTH/PROB menu - part 2

In this section we discuss four continuous probability distributions that are
commonly used for problems related to statistical inference: the normal
distribution, the Student's t distribution, the Chi-square (x’) distribution, and the
F-distribution. The functions provided by the calculator to evaluate
probabilities for these distributions are NDIST, UTPN, UTPT, UTPC, and UTPF.
These functions are contained in the MTH/PROBABILITY menu introduced
earlier in this chapter. To see these functions activate the MTH menu:

- = and select the PROBABILITY option:

HATH HENU FROEREILITY HWENLU

5. COHFLEX..
10, CORETANTS..
11.5PECIAL FURCTION..

10.NDIET

11 HATH..

The Normal distribution
Functions NDIST and UTPN relate to the Normal distribution with mean p ,
and variance ¢°.

To calculate the value of probability density function, or pdf, of the f(x) for the
normal distribution, use function NDIST(u,6%,x). For example, check that for a
normal distribution, NDIST(1.0,0.5,2.0) = 0.20755374. This function is
useful to plot the Normal distribution pdf).

The calculator also provides function UTPN that calculates the upper-ail
normal distribution, i.e., UTPN(u,6% x) = P(X>x) = 1 - P(X<x), where P()
represents a probability. For example, check that for a normal distribution,

with = 1.0, &® = 0.5, UTPN(1.0,0.5,0.75) = 0.638163.
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The Student-t distribution

The Student4, or simply, the t-, distribution has one parameter v, known as the
degrees of freedom of the distribution. The calculator provides for values of
the upper-ail (cumulative) distribution function for the tdistribution, function
UTPT, given the parameter v and the value of t, i.e., UTPT(v,t) = P(T>t) = 1-
P(T<t). For example, UTPT(5,2.5) = 2.7245...E-2.

The Chi-square distribution

The Chi-square () distribution has one parameter v, known as the degrees of
freedom. The calculator provides for values of the upper-ail (cumulative)
distribution function for the ydistribution using [UTPC] given the value of x
and the parameter v. The definition of this function is, therefore, UTPC(v,x) =
P(X>x) = 1 - P(X<x). For example, UTPC(5, 2.5) = 0.776495...

The F distribution

The F distribution has two parameters vN = numerator degrees of freedom,
and vD = denominator degrees of freedom. The calculator provides for
values of the upperail (cumulative) distribution function for the F distribution,
function UTPF, given the parameters vN and vD, and the value of F. The
definition of this function is, therefore, UTPF(vN,vD,F) = P(3 >F) = 1 - P(3 <F).
For example, to calculate UTPF(10,5, 2.5) = 0.1618347...

Reference

For additional probability distributions and probability applications, refer to
Chapter 17 in the calculator’s user’s guide.
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Chapter 16
Statistical Applications

The calculator provides the following pre-programmed statistical features
accessible through the keystroke combination . UJ (the = key):

2.Fraquencigs..
2.Fit data.

Y. ZuHHAry stats.,
5. Hypath. tests.

&.Conf. dnteruwal,.

Entering data

Applications number 1, 2, and 4 from the list above require that the data be
available as columns of the matrix ZDAT. This can be accomplished by
entering the data in columns using the matrix writer, .. . ==, and then using
functions STOZ to store the matrix into ZDAT.

For example, enter the following data using the Matrix Writer (see Chapters 8
or 9 in this guide), and store the data into ZDAT:

21 12 3145 23 1.1 23 1.5 1.6 22 1.2 25.

The screen may look like this:

Notice the variable {[DAT listed in the soft menu keys.

Calculating single-variable statistics
After entering the column vector into ZDAT, press - U 0K to select 1.
Single-var.. The following input form will be provided:
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SINGLE-VYARIAELE STATIZTICE
ORI L 2. 1] [1., BRI
Tupe: Sample

_H2an _&td Deuw  _Yariance
_Tatal _HaxiHuH _ HiniHuH

Entgr rtatiztical data
EDIT [CHOO:

The form lists the data in ZDAT, shows that column 1 is selected (there is only
one column in the current SDAT). Move about the form with the arrow keys,
and press the iv'CHKi soft menu key to select those measures (Mean, Standard
Deviation, Variance, Total number of data points, Maximum and Minimum
values) that you want as output of this program. When ready, press {OKi.
The selected values will be listed, appropriately labeled, in the screen of your
calculator. For example:

SIMGLE-YARIAELE STATIZTICE &
oAT: [[2.1] [law Cot: 1
Tape: Sample
¥ H2an #5td D2y ¢ Yariance
£Total  wHaxinud HHininun

FAD HYZ HEH E= 'R’ ALG
HOHEX

Std Dew:. 984207949405
ariance: . 929695953597
Totali25. 6
Maximum: 4.5
Mimimumil. 1

Calculatg ColuHn HiniHUH?

+OEL | DEL+|DEL L| INZ =

Sample vs. population

The pre-programmed functions for single-variable statistics used above can be
applied to a finite population by selecting the Type: Population in the
SINGLE-VARIABLE STATISTICS screen. The main difference is in the values
of the variance and standard deviation which are calculated using n in the
denominator of the variance, rather than (n-1). For the example above, use
now the ICHOOSE soft menu key to select population as Type: and re-calculate
measures:

SINGLE-YARIAELE ETATISTICE

SINGLE-YARIAELE =TATISTICE §
EoaT: [C2.13 [1... cot:d

_ i rrere— o -«

I oy —nusinun  _ niniHUH

w Hgan yitd Dew ¢ Naridance

#Total  Haxinun  THininun

Chogsa statiztics type Calculate CaluHn HihiHUHT
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FAD HYZ HEH E= 'R’ ALG
HOHEX

Std Dew:,3221528228275
ariancel . 302222222222
Totali25. 6
Maximums: 4.3
Mimimumil. 1

\IF+ +DEL | DEL=+|DEL L| INZ

Obtaining frequency distributions

The application 2. Frequencies.. in the STAT menu can be used to obtain
frequency distributions for a set of data. The data must be present in the form
of a column vector stored in variable =ZDAT. To get started, press

— W iiokiii. The resulting input form contains the following fields:

IDAT: the matrix containing the data of interest.

Col: the column of =DAT that is under scrutiny.

X-Min: the minimum class boundary to be used in the
frequency distribution (default = -6.5).

Bin Count: the number of classes used in the frequency distribution
(default = 13).

Bin Width: the uniform width of each class in the frequency

distribution (default = 1).

Given a set of n data values: {x,, x,, ..., x,} listed in no particular order, one
can group the data into a number of classes, or bins by counting the
frequency or number of values corresponding to each class. The application
2. Frequencies.. in the STAT menu will perform this frequency count, and will
keep track of those values that may be below the minimum and above the
maximum class boundaries (i.e., the outliers).

As an example, generate a relatively large data set, say 200 points, by using
the command RANM({200, 1}), and storing the result into variable ZDAT, by
using function STOZX (see example above). Next, obtain single-variable
information using: - W [OKi. The results are:

ariance:2l.839572864
Total:i-25.
Maximuami: 9,

Minimuams (=9,
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This information indicates that our data ranges from -9 to 9. To produce a
frequency distribution we will use the interval (-8,8) dividing it into 8 bins of

width 2 each.

e Select the program 2. Frequencies.. by using . UJ iioKi. The
data is already loaded in EDAT, and the option Col should hold the value
1 since we have only one column in ZDAT.

e Change X-Min to -8, Bin Count to 8, and Bin Width to 2, then press i#iOKi.

Using the RPN mode, the results are shown in the stack as a column vector in
stack level 2, and a row vector of two components in stack level 1. The
vector in stack level 1 is the number of outliers outside of the interval where
the frequency count was performed. For this case, | get the values [ 14. 8.]
indicating that there are, in the ZDAT vector, 14 values smaller than -8 and 8
larger than 8.

e Press Z7 to drop the vector of outliers from the stack. The remaining
result is the frequency count of data.

The bins for this frequency distribution will be: -8 t0 -6, -6 to 4, ...,
4to 6, and 6 10 8, i.e., 8 of them, with the frequencies in the column vector in
the stack, namely (for this case):

23,22, 22,17, 26, 15, 20, 33.

This means that there are 23 values in the bin [-8,-6], 22 in [-6,-4], 22 in [-4,-
21, 17 in [-2,0], 26 in [0,2], 15 in [2,4], 20 in [4,6], and 33 in [6,8]. You

can also check that adding all these values plus the outliers, 14 and 8, show
above, you will get the total number of elements in the sample, namely, 200.

Fitting data to a function y = f(x)
The program 3. Fit data.., available as option number 3 in the STAT menu,
can be used to fit linear, logarithmic, exponential, and power functions to
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data sets (x,y), stored in columns of the EDAT matrix. For this application,
you need to have at least two columns in your ZDAT variable.

For example, to fit a linear relationship to the data shown in the table below:

y
0.5

2.3
3.6
6.7
7.2
11

O~ WN — O|X

e First, enter the two columns of data into variable ZDAT by using the matrix
writer, and function STOZX.

e To access the program 3. Fit data.., use the following keystrokes:
-~ W7 (ioKiii  The input form will show the current ZDAT,
already loaded. If needed, change your set up screen to the following

parameters for a linear fitting:

] Y=Cal: 2
: Linear Fit

Entgr rtgtiztical data
EDIT [CHOO:

e To obtain the data fitting press #0Kii.  The output from this program,
shown below for our particular data set, consists of the following three
lines in RPN mode:

3: '0.195238095238 + 2.00857242857*X"'
2: Correlation: 0.983781424465
1: Covariance: 7.03
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Level 3 shows the form of the equation. Level 2 shows the sample correlation
coefficient, and level 1 shows the covariance of xy. For definitions of these
parameters see Chapter 18 in the user’s guide.

For additional information on the datait feature of the calculator see Chapter
18 in the user’s guide.

Obtaining additional summary statistics

The application 4. Summary stats.. in the STAT menu can be useful in some
calculations for sample statistics. To get started, press . WJ once more,
move to the fourth option using the down-arrow key ~, and press 0K
The resulting input form contains the following fields:

IDAT: the matrix containing the data of interest.

X-Col, Y-Col:  these options apply only when you have more than two
columns in the matrix EDAT. By default, the x column is
column 1, and the y column is column 2. If you have only
one column, then the only setting that makes sense is to have
X-Col: 1.

_3X_ ZY... summary statistics that you can choose as results of this
program by checking the appropriate field using [v'CHK]
when that field is selected.

Many of these summary statistics are used to calculate statistics of two
variables (x,y) that may be related by a function y = f(x). Therefore, this

program can be thought off as a companion to program 3. Fit data..

As an example, for the x-y data currently in ZDAT, obtain all the summary
statistics.

e To access the summary stats... option, use: . UJ a0k i

o Select the column numbers corresponding to the x- and y-data, i.e., X-Col:

1, and Y-Col: 2.

e Using the iv'CHKi key select all the options for outputs, i.e., _=X, _ZY, etc.
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SUNNARY STATISTICS &

[ 8. .5 1L 1.
] Y=Cal: 2

e Press {iiOKiil o obtain the following results:

Confidence intervals

The application 6. Conf Interval can be accessed by using . UJI—
#0Kiii. The application offers the following options:

ConFidence interuals
Z-INT: 1 W,

2.2-INT: pi-

T.2-INT: 1 F..

4.2-INT: Fi-F2..

5

g

E
3

LTI=INT: 1 K.
.T-INT:

These options are to be interpreted as follows:

1. ZINT: 1 w.: Single sample confidence interval for the population mean, y,
with known population variance, or for large samples with unknown
population variance.

2. ZINT: pl-p2.: Confidence interval for the difference of the population
means, W W, with either known population variances, or for large
samples with unknown population variances.

3. ZINT: 1 p.: Single sample confidence interval for the proportion, p, for
large samples with unknown population variance.

4. ZINT: pl- p2.: Confidence interval for the difference of two proportions,
p,-p, for large samples with unknown population variances.
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5. TINT: 1 p.: Single sample confidence interval for the population mean, ,
for small samples with unknown population variance.

6. TINT: pul-u2.: Confidence interval for the difference of the population
means, W,- W, for small samples with unknown population variances.

Example 1 - Determine the centered confidence interval for the mean of a
population if a sample of 60 elements indicate that the mean value of the
sample is x = 23.2, and its standard deviation is s = 5.2. Use o = 0.05.
The confidence level is C = 1-0. = 0.95.

Select case 1 from the menu shown above by pressing i0Kii. Enter the values
required in the input form as shown:

ZCONF. INT.: 1 W, KNOWD o
a

Press (HELP fo obtain a screen explaining the meaning of the confidence
inferval in terms of random numbers generated by a calculator. To scroll
down the resulting screen use the down-arrow key ™. Press {0Kiii when
done with the help screen. This will return you to the screen shown above.

To calculate the confidence interval, press iiOKili.  The result shown in the
calculator is:

e A0 X ConfFidence interual

Critical 2=1]1, 9539954
woHin =21, 93424
whax =24, 61576

Press (GRAPH to see a graphical display of the confidence interval information:
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The graph shows the standard normal distribution pdf (probability density
function), the location of the critical points tz,,, the mean value (23.2) and
the corresponding interval limits (21.88424 and 24.51576). Press (TE6T to
return to the previous results screen, and/or press ii0Kifi fo exit the confidence
interval environment.  The results will be listed in the calculator’s display.

Additional examples of confidence interval calculations are presented in
Chapter 18 in the calculator’s user’s guide.

Hypothesis testing

A hypothesis is a declaration made about a population (for instance, with
respect fo its mean). Acceptance of the hypothesis is based on a statistical
test on a sample taken from the population. The consequent action and
decision-making are called hypothesis testing.

The calculator provides hypothesis testing procedures under application 6.
Conf Interval can be accessed by using . U ——— ifiOKi.

As with the calculation of confidence intervals, discussed earlier, this program
offers the following 6 options:

Hypothesiz tests
L 2-Test: 1 .
L2=Test: pl-pad.
.2-Test: 1 F..

.2-Test: Fi-Fa.
LT-Test: .

LT-Test:

These options are interpreted as in the confidence interval applications:
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1. ZTest: 1 w.: Single sample hypothesis testing for the population mean, y,
with known population variance, or for large samples with unknown
population variance.

2. ZTest: ul-p2.: Hypothesis testing for the difference of the population
means, W, W, with either known population variances, or for large
samples with unknown population variances.

3. ZTest: 1 p.: Single sample hypothesis testing for the proportion, p, for
large samples with unknown population variance.

4. Z-Test: pl- p2.: Hypothesis testing for the difference of two proportions,
p,-p,, for large samples with unknown population variances.

5. TTest: 1 w.: Single sample hypothesis testing for the population mean, y,
for small samples with unknown population variance.

6. T-Test: ul-u2.: Hypothesis testing for the difference of the population
means, W~ W, for small samples with unknown population variances.

Try the following exercise:

Example 1 - For u, = 150, 6 = 10, x = 158, n = 50, for o = 0.05, test the
hypothesis H,: i = w,, against the alternative hypothesis, H,: 1 # .

Press _— WJ—— [iiOKiil to access the confidence interval feature in the
calculator.  Press [iiOKi to select option 1. Z-Test: 1 p.

Enter the following data and press i#iOKG:

-TEZT: 1 W, RNOHN 73
A, 1A,

H
N:
o

You are then asked to select the alternative hypothesis:
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Altarnatiug HEEﬁthEEiE
nsis0.
px150.

ULl hypothezis populatian HIan

Ana

Select w # 150. Then, press fi0Kii. The result is:

EReect PA1G0. at 6.2 LYl
Test 2=5, 606854
Frob=1, 541 726E-2
Critical 2=41. 959954
Critical 5={147. 2, 152. 82

Then, we reject H,: u = 150, against H,: u # 150. The test z value is z, =
5.656854. The Pwalue is 1.54x10°.  The critical valves of +z,, =
11.959964, corresponding to critical x range of {147.2 152.8}.

This information can be observed graphically by pressing the softmenu key

IGRAPH:
.
+ELf;f’##f1:ﬂhﬁhﬁhhfi
-1.3#335“ +Hrit., 2+ 1.35338Y
Test 2=5.EGL2EY
w=152.
147.3383 Hrit, =+ 153.771%
150,
Reference

Additional materials on statistical analysis, including definitions of concepts,
and advanced statistical applications, are available in Chapter 18 in the
user’s guide.
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Chapter 17
Numbers in Different Bases

Besides our decimal (base 10, digits = 0-9) number system, you can work
with a binary system (base 2, digits = 0,1), an octal system (base 8, digits =
0-7), or a hexadecimal system (base 16, digits=0-9,A-F), among others. The
same way that the decimal integer 321 means 3x10*+2x10'+1x10°, the
number 100110, in binary notation, means

1x2° + 0x2* + 0x2° + 1x2° + 1x2' + 0x2° = 32+0+0+4+2+0 = 38.

The BASE menu

The BASE menu is accessible through — & (the =3 key). With system
flag 117 set to CHOOSE boxes (see Chapter 1 in this guide), the following
entries are available:

This figure shows that the LOGIC, BIT, and BYTE entries within the BASE menu
are themselves sub-menus. These menus are discussed in detail in Chapter 19
of the calculator’s user’s guide.

Writing non-decimal numbers

Numbers in non-decimal systems, referred to as binary integers, are written
preceded by the # symbol (- -~ &) in the calculator. To select the current
base to be used for binary integers, choose either HEX(adecimal), DEC(imal),
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OCT(al), or BIN(ary) in the BASE menu. For example, if (HE6m! is selected,
binary integers will be a hexadecimal numbers, e.g., #53, #A5B, etc. As
different systems are selected, the numbers will be automatically converted to
the new current base.

To write a number in a particular system, start the number with # and end
with either h (hexadecimal), d (decimal), o (octal), or b (binary), examples:
[Note: not all lines will be visible when done with the exercises in the
following figures.]

HEX DEC
# AZFEh :# 41F12d
# A2FE8 # 41712
# ZBC16h Do 1Ve21ed
# 2BC1AG # 173216
# 123h Po# 293d

OCT
# 1213660
# 121360
# 52682680
# S26820

# 44350

Reference
For additional details on numbers from different bases see Chapter 19 in the
calculator’s user’s guide.
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Warranty
hp 48gll Graphing Calculator; Warranty period: 12 months

1. HP warrants to you, the end-user customer, that HP hardware,
accessories and supplies will be free from defects in materials and
workmanship after the date of purchase, for the period specified
above. If HP receives notice of such defects during the warranty period,
HP will, at its option, either repair or replace products which prove to
be defective. Replacement products may be either new or like-new.

2. HP warrants to you that HP software will not fail to execute its
programming instructions after the date of purchase, for the period
specified above, due to defects in material and workmanship when
properly installed and used. If HP receives notice of such defects
during the warranty period, HP will replace software media which
does not execute its programming instructions due to such defects.

3. HP does not warrant that the operation of HP products will be
uninterrupted or error free. If HP is unable, within a reasonable time, to
repair or replace any product fo a condition as warranted, you will be
entitled to a refund of the purchase price upon prompt return of the
product.

4. HP products may contain remanufactured parts equivalent to new in
performance or may have been subject to incidental use.

5. Warranty does not apply to defects resulting from (a) improper or
inadequate maintenance or calibration, (b) software, interfacing, parts
or supplies not supplied by HP, (c) unauthorized modification or misuse,
(d) operation outside of the published environmental specifications for
the product, or (e) improper site preparation or maintenance.

6. HP MAKES NO OTHER EXPRESS WARRANTY OR CONDITION
WHETHER WRITTEN OR ORAL. TO THE EXTENT ALLOWED BY LOCAL
LAW, ANY IMPLED WARRANTY OR CONDITION OF
MERCHANTABILITY, SATISFACTORY QUALITY, OR FITNESS FOR A
PARTICULAR PURPOSE IS LIMITED TO THE DURATION OF THE
EXPRESS WARRANTY SET FORTH ABOVE. Some countries, states or
provinces do not allow limitations on the duration of an implied
warranty, so the above limitation or exclusion might not apply to you.
This warranty gives you specific legal rights and you might also have
other rights that vary from country to country, state to state, or province
to province.
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7. TO THE EXTENT ALLOWED BY LOCAL LAW, THE REMEDIES IN THIS
WARRANTY STATEMENT ARE YOUR SOLE AND EXCLUSIVE
REMEDIES. EXCEPT AS INDICATED ABOVE, IN NO EVENT WILL HP
OR ITS SUPPLIERS BE LIABLE FOR LOSS OF DATA OR FOR DIRECT,
SPECIAL, INCIDENTAL, CONSEQUENTIAL (INCLUDING LOST PROFIT
OR DATA), OR OTHER DAMAGE, WHETHER BASED IN CONTRACT,
TORT, OR OTHERWISE. Some countries, States or provinces do not
allow the exclusion or limitation of incidental or consequential damages,
so the above limitation or exclusion may not apply to you.

8. The only warranties for HP products and services are set forth in the
express warranty statements accompanying such products and services .
Nothing herein should be construed as constituting an additional
warranty. HP shall not be liable for technical or editorial errors or
omissions contained herein.

FOR CONSUMER TRANSACTIONS IN AUSTRALIA AND NEW ZEALAND: THE
WARRANTY TERMS CONTAINED IN THIS STATEMENT, EXCEPT TO THE EXTENT
LAWFULLY PERMITTED, DO NOT EXCLUDE, RESTRICT OR MODIFY AND ARE IN
ADDITION TO THE MANDATORY STATUTORY RIGHTS APPLICABLE TO THE
SALE OF THIS PRODUCT TO YOU.

Service

Europe Country : Telephone numbers
Austria +43-1-3602771203
Belgium +32-2-7126219
Denmark +45-8-2332844
Eastern Europe
countries +420-5-41422523
Finland +35-89640009
France +33-1-49939006
Germany +49-69-95307103
Greece +420-5-41422523
Holland +31-2:06545301
Italy +39-0422-303069
Norway +47-63849309
Portugal +351-213-180020
Spain +34-917-820111
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Asia Pacific

L.America

N.America

Sweden

+46-851992065

Switzerland +41-1-4395358 (German)
+41-22-8278780 (French)
+39-0422-303069 (ltalian)

Turkey +420-5-41422523

UK +44-207-4580161

Czech Republic +420-5-41422523

South Africa +27-11-541 9573

Luxembourg +32-2-7126219

Other European

countries +420-5-41422523

Country : Telephone numbers

Australia +61-3-9841-5211

Singapore +61-3-9841-5211

Country : Telephone numbers

Argentina 0-810-555-5520
Sao Paulo 3747-7799; ROTC

Brazil 0-800-157751
Mx City 5258-9922; ROTC

Mexico 01-800-472-6684

Venezuela 0800-4746-8368

Chile 800-360999

Columbia 9-800-114726

Peru 0-800-10111

Central America &

Caribbean 1-800-711-2884
Guatemala 1-800-999-5105

Puerto Rico 1-877-232-0589

Costa Rica 0-800-011-0524

Country : Telephone numbers

u.s. 1800-HP INVENT

Canada (905) 206-4663 or 800- HP

INVENT

ROTC = Rest of the country
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Regulatory information

This section contains information that shows how the hp 48gll graphing
calculator complies with regulations in certain regions. Any modifications to
the calculator not expressly approved by Hewlett-Packard could void the
authority to operate the 48gll in these regions.

USA

This calculator generates, uses, and can radiate radio frequency energy and
may interfere with radio and television reception. The calculator complies with
the limits for a Class B digital device, pursuant to Part 15 of the FCC Rules.
These limits are designed to provide reasonable protection against harmful
interference in a residential installation.

However, there is no guarantee that interference will not occur in a particular
installation. In the unlikely event that there is interference to radio or television
reception(which can be determined by turning the calculator off and on), the
user is encouraged fo try to correct the inferference by one or more of the
following measures:

B Reorient or relocate the receiving antenna.

B Relocate the calculator, with respect to the receiver.

Connections to Peripheral Devices
To maintain compliance with FCC rules and regulations, use only the cable
accessories provided.

Canada
This Class B digital apparatus complies with Canadian ICES-003.
Cet appareil numerique de la classe B est conforme a la norme NMB-003 du

Canada.

Japan

CORER, FRUBRESFERETEIRFHBER(VCC)DEE
[CEIEZFERRMEETY . COKER. RERRTHEAT S EEBME
LTWWETHA, COEENFDFOTLE DV ZERITERLTERINSE,
REEELSIERIITENHYET,
ERiRERBAZ > TELLERYRLVEL TKEELY,
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