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Getting Started

Chapter 1

Getting Started

In This Chapter

Sparcom’s Pocket Professional™ software is the first of its kind, developed to
provide speed, efficiency and portability to students and professionals in the
technical fields. When you slide the Pocket Professional ™ Mathematics Pac
into your HP 48SX, your calculator is instantly transformed into an electronic
“textbook,” ready to efficiently solve your mathematical problems. The Pac
is organized into eight separate sections: Algebra, Geometry, Trigonometry,
Hyperbolics, Calculus, Linear Algebra, Transforms, and Miscellaneous... all
available in an efficient, menu-driven format.

This chapter covers:

Installing and Removing the Card

RAM Requirements and the MATHD Directory
Using the Main Menu

Moving Around the Screen

Viewing Items Too Wide for the Display
Scrolling Equations Too Wide for the Display
Changing the Font Size

Using the Search Mode

Editing Text Entries

Alpha Lock

How to Load Data from the Stack

System Flags

OO000O0O0O0OoOoOooo

Installing and Removing the Card

The HP 48SX has two ports for installing plug-in cards. You can install your
Mathematics Pac card in either port. Be sure to turn off the HP 48SX while
installing or removing the card. Otherwise, user memory may be erased.
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To Install the Application Card

1. Turn the HP 48SX off. Do not press [on] until you have completed the
installation procedure.

2. Remove the port cover. Press against the grip lines and push forward.
Lift the cover to expose the two plug-in ports, as shown below:

d Q

\\}
|..

A
=N
N\ rv

4

3. Seclect either empty port for the Pocket Professional ™ card, and
position the card just outside the slot. Point the triangular arrow on
the card toward the HP 48SX port opening, as shown below:

5 The Pocket
Professi

4. Slide the card firmly into the slot. After you first feel resistance, push
the card about 1/4 inch further, until it is fully seated.

5. Replace the port cover.

To Remove an Application Card

1. Turn the HP 48SX off. Do not press (o8] until you have completed the
removal procedure.
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2. Remove the port cover. Press against the grip lines and push forward.
Lift the cover to expose the two plug-in ports, as shown above.

3. Press against the card’s grip and slide the card out of the port, as
shown below:

4. Replace the port cover.

Accessing the Mathematics Pac

After you turn on your HP 48SX by pressing [on], there are three ways to start
the Pac.

Method 1: Press (@) to display all libraries available to the HP 48SX.
Find and press “MATH  to enter the Mathematics Pac library directory. The
screen displays new menukeys (softkeys) along the bottom, as shown:

H
MHATH PEOOT STOREJREDUT

Press -MATH' (the first softkey) to start the application. To display a screen
containing the revision number and product information about the
Mathematics Pac, press ABOUT: (the sixth softkey). For information about
the other softkeys available at this menu, see Chapter 10, “Programmable
Functions.”

Method 2: Type (&J (& MATH to start the application.

Method 3: Add the command MATH to the CST (custom) menu. (For
more information, refer to Chapter 15 of the HP 48SX Owner’s Manual,

Mathematics Pac 1-3
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“Customizing the Calculator.”) After the command has been added to CST,
press IMATH. to start the application.

RAM Requirements and the MATHD Directory

The Mathematics Pac requires a certain amount of the RAM in your HP
48SX to be unused in order to work correctly. This RAM is used for
temporary storage during menu display and calculations, and for storing
global variables and user integrals in the MATHD directory. We
recommend that you have at least 4000 bytes free when you operate the
Mathematics Pac. In a very few cases, more RAM will be required, and in
most cases, less is necessary, but if you have at least 4K free, you should have
no trouble. (For more information, refer to Chapter 5 of the HP 485X
Owner’s Manual, “Calculator Memory.”)

When you execute the Mathematics Pac for the first time, the software
creates the directory MATHD in the HOME directory of the HP 48SX,
using a small amount of free RAM. All operations performed by the
Mathematics Pac take place in the MATHD directory. It is, therefore, the
only place where global variables are created or purged by the Mathematics
Pac. You may purge this directory (using the command PGDIR) if you are
very low on RAM, but you will lose all stored integrals and variable values. If
you purge the MATHD directory, the Mathematics Pac will automatically
recreate it the next time you execute the Pac. (For more information, refer to
Chapter 7 of the HP 48SX Owner’s Manual, “Directories.”)

Using the Main Menu

After you start the application, the Main menu appears:

Mathemat ics

+

rAT-OT

T<Tmr
Zra=

Eq
=5
-
=t
E

ONOMETRY
ERBOLICS
cuLus

INEAR ALGEEBRA
TRANSFORMS
MISCELLANEDUS

HEOUT] STK [PEINT] IEW | FONT

The Main menu lists the eight major subjects. A subject is selected by
moving the arrow to the desired item and pressing [ENTER].
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Items in the Main Menu

Each item in the Main menu is briefly described below and is discussed in
detail in the remainder of this manual.

Item Description

Algebra Demonstrates several commonly used algebraic
functions.

Geometry Includes over 150 equations describing the most
useful two- and three-dimensional geometric fig-
ures.

Trigonometry Provides quick access to 100 trigonometric identi-

ties for reference.

Hyperbolics Provides quick access to 100 hyperbolic identities
for reference.

Calculus Spans several major areas within symbolic mathe-
matics, including over 300 integrals, nearly 50 deriv-
atives, and the 20 most common series in calculus.

Linear Algebra Provides basic tools for use in matrix analysis.

Transforms Includes over 150 reference formulas.

Miscellaneous Contains commonly used mathematical reference
data.

Summary of Operations

Key Action

Displays a screen containing the revision number and prod-
uct information about the Mathematics Pac. Pressing any
key erases the screen and returns to the Main menu.

Toggles between the small and large fonts.

Prompts for =ONE.: or «ALL . to select items, and then
sends those items to an IR printer.

Quits the Mathematics Pac to the HP 48SX stack.
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/3STK. | Prompts for - ONE = or ALL to select items, and then
copies those items to the stack. The items are placed in a
list if :’ALL= was chosen.

“VIEW | Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

(on)-arH) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Moving Around the Screen

Use the (4] and (@] keys to move the arrow up and down in a menu. Press
to move the arrow to the bottom of the screen, or to page down one
screen at a time if the arrow is already at the bottom of the screen. Press
to move the arrow to the top of the screen, or to page up one screen at a
time. Press (2] to move the arrow to the end of the menu or press
to move the arrow to the beginning of the menu.

Viewing Items Too Wide for the Display

If the text of a menu item is too wide to fit within the display, an ellipsis (...)
appears at the end of the line. On some screens, the - VIEW. softkey will be
present—press - VIEW.' to display the entire text of an item, up to one entire
screen size. Once the full text has been displayed, press or to
return to the menu. At all screens, including those screens where - VIEW s
not present, pressing (=] will perform the same function. If an item does
fit entirely on the screen, “VIEW ' or will beep and do nothing.
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Scrolling Equations Too Wide for the Display

Equations can be viewed in EquationWriter format by moving the arrow to
the desired equation and pressing [ENIRR]. This builds and displays the
EquationWriter form of the equation. If the EquationWriter form fits on the
screen, pressing returns to the list of equations from which the
equation was selected. If the EquationWriter form is too large for the
screen, the cursor keys are activated for scrolling, and pressing returns to
the list of equations from which the equation was selected. If the
EquationWriter form is too tall for the screen, the help messages are not
displayed, so as not to obscure any part of the equation, but the cursor keys
are still activated.

WARNING: While the HP 48SX is building the
EquationWriter format version of an equation, any
key presses may cause strange behavior, resulting
in no display of the equation. Therefore, do not press
any keys until the equation has been drawn, erased,
and re-drawn with the accompanying messages. If
you change your mind during a long equation build,
press to abort the build process and return to the
equation screen.

Changing the Font Size

The default font for the Mathematics Pac displays information in condensed,
uppercase letters only. Pressing FONT = will toggle the information to a
larger font, which is case-sensitive:

v Mathemat ics
*Algebra
Geometry
Trigonometry
Hggerbollcs

culus
Linear Rlaebr
IﬂmlﬂﬂﬂiﬂmﬁlﬂEMllnﬂﬂlﬂnﬂ

The font size will remain the same until “FONT  is pressed again.
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Using the Search Mode

When menu lists are long, it is faster to locate an item using the search mode.
To initiate a search, press (& to display the following screen:

PRG
{ HOME MATHD }
Search for:
L)
<sKIP[KIP*[€DEL JOELS [INS o] |

The HP 48SX is now locked in alpha-entry mode, as indicated by the alpha
annunciator at the top of the screen. Alpha entry mode activates the white
capital letters printed to the lower right of many keys. (For more
information, see the section below entitled, “Alpha Lock,” and refer to
Chapter 2 of the HP 48SX Owner’s Manual, “The Keyboard and Display.”)

To perform a search, enter the first letter or letters of the desired string and
press [ENER]. The search function is case-sensitive, and will scan through all
information in the current menu. To enter a lowercase letter in the alpha
entry mode, precede the letter with (&). To abort the search, press (.

Editing Text Entries

The softkeys present at the search screen and at many data input screens are
command line editing keys. They allow you to edit the search string or input
data. Their functions are summarized below:

Key Action
Moves the cursor to the beginning of the current word.
Moves the cursor to the beginning of the next word.

Deletes all characters in the current word prior to the cursor.

Deletes all characters in the current word between the
cursor’s current position and the first character of the next
word.

Toggles between insert and type-over modes.
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[ Clears the command line if there is text present, or aborts
text entry if the command line is already blank.

Accepts the current command line as the entry and returns
to the previous menu or list.

(For more information, refer to Chapter 3 of the HP 48SX Owner’s Manual,
“The Stack and Command Line.”)

Alpha Lock

System flag —60 controls whether or not Alpha Lock mode is set. The default
setting for flag —60 is clear, which means that pressing (] places the HP
485X in alpha-entry mode for only one character, and you must press
to lock alpha-entry mode. If flag 60 is set, however, then pressing (& only
once locks alpha-entry mode. The examples in this manual assume that flag
—60 is clear, so that each keystroke turns on alpha-entry mode only for
the following character. (For more information, refer to Chapter 2 of the HP
48SX Owner’s Manual, “The Keyboard and Display.”)

How to Load Data from the Stack

At all data input screens, it is possible to load in values from the HP 48SX
stack, even while the Mathematics Pac is executing. This is achieved through
a limited version of the Interactive Stack, which operates from inside the
input routine. To activate the Interactive Stack, press (4], or if that doesn’t
work, press to display the EDIT menu and then press - TSTK:. | At
this point, unless the stack is empty, the screen will display the contents of the
stack. You may move the arrow up and down the stack with and (@], and
when you reach the desired value, press “ECHO: to copy it onto the
command line for editing. To exit the Interactive Stack and return to the
command line, press or (M. After returning to the command line, you
can edit the value with the editing softkeys described above. (For more
information, refer to Chapter 3 of the HP 48SX Owner’s Manual, “The Stack
and Command Line.”)
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System Flags

Flag Preservation

Executing the Mathematics Pac will not change the flag settings or stack
depth on your HP 48SX, unless you push :*STK: at some point to leave
results on the stack. For your convenience, most flag settings are preserved
during operation of the Mathematics Pac, including the alpha-lock setting.
However, for the software to operate properly, some system flags are
temporarily modified during execution:

O Angle mode is set to Degrees, except for integrations

O Clock display is turned off

[0 Radix mark is set to “.” (period)

[0 User Mode is turned off

When you press [ or “QUIT:. to exit the Mathematics Pac to the HP 485X
stack, or when you press “HALT. at the solver screen to access the HP 485X
stack, all system and user flags are restored to their previous settings.

WARNING: Pressing multiple times in rapid suc-
cession may abort the Mathematics Pac without
resetting the state of your HP 48SX. Do not do this!
The Pac is designed to be tolerant of any user oper-
ation, including a few presses, but it cannot
properly restore your stack and flag settings if you
push (A1) too many times in a row.

User Flags Controlling Font Size and Units

The dispay font size is controlled by the setting of user flag 57. If flag 57 is
clear, the small display font will be used; if flag 57 is set, the large display font
will be used. Changes in the display font during operation of the
Mathematics Pac are preserved after you quit to the HP 48SX stack.

The state of units (on or off) is controlled by the setting of user flag 61. If flag
61 is clear, units are on; if flag 61 is set, units are off. Changes in the units
status during operation of the Mathematics Pac are preserved after you quit
to the HP 48SX stack.
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Algebra
Chapter 2

Algebra

In This Chapter

Algebra demonstrates several commonly used algebraic functions.

This chapter covers:

Using Algebra

Closest Fraction

Greatest Common Divisor/Least Common Multiple
Polynomial Root Finder

Prime Factorization

Reducing a Fraction

OoOooaoaa

Using Algebra

To get to the Algebra section, follow these steps:
1. Press to display all libraries available to the HP 48SX.

2. Find and press "MATH. to enter the Mathematics Pac library
directory.

3. Press the first softkey, :MATH. | to start the application.
4. At the Main menu, move the arrow to Algebra (by pressing (4] and

(¥J) and press [ENIRR].

Algebra
SCLOSEST FRACTION
GCD 2 LC
POLYNOMIAL ROOTFINDER

PRIME_FACTORIZATION
REDUCE FRACTION

MAIN | #3TE [PRINT[ YIEW JFONT] UP |

Items in the Algebra Menu

Each entry in the Algebra menu is briefly described below and is discussed in
detail later in this chapter.

Mathematics Pac 21



Algebra

Item Description

Closest Fraction Closest Fraction takes as input a real num-
ber, a complex number, an algebraic ob-
ject, or a unit object, along with a
maximum denominator, and returns the
closest fraction.

GCD & LCM GCD & LCM take as input two integers and
return the greatest common divisor (GCD)
and least common multiple (LCM) of those
two integers.

Polynomial Root Finder | Polynomial Root Finder takes as input a se-
ries of real or complex coefficients of a
polynomial expression, and returns all
roots —both real and complex — of that
polynomial.

Prime Factorization Prime Factorization takes as input an inte-
ger and returns a list of the prime factors
that uniquely describes the integer.

Reducing a Fraction Reducing a Fraction takes as input two inte-
gers (the numerator and denominator) and
returns two integers (the reduced numera-
tor and denominator).

Summary of Operations (Algebra)

Action

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts for “ONE.= or .-ALL
sends those items to an IR printer.

to select items, and then

Prompts for SON or A to select items, and then
copies those items to the stack. The items are placed in a
list if & was chosen.

i

Moves up one level in the menu structure.
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Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Executes the selected function.
(on)-(H) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Closest Fraction

Upon choosing Closest Fraction from the Algebra menu, the following

scréen appears:
PRG
{ HOME MATHD }

Enter object to reduce
and max. denominator:
<obj> <int>

[k IP[SEIP2]€DEL JOELS | INS s[+5Tk]

Closest Fraction takes as input a real number, a complex number, an
algebraic object, or a unit object, along with a maximum denominator, and
returns the closest fraction.

The <’ and ’>’ symbols shown in many entry
prompts in the Mathematics Pac bracket the type(s)
of object(s) to be entered on the command line, and
are not meant to be included as a part of the entry.

Example 1: Calculate what the closest fraction to .4175 is, with a maximum
denominator of 100. Type in .4175 (=] 100 as your input:
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{ HOME MATHD 3 PRe
Enter object to reduce
and max. denominator:
<obj> <int>

.4175 160
<:IP[:KIP [ £UEL [EL® [IN: 8]t5TE]

Pressing displays a “Solving...” message and then the following screen:

Press (579 to save the result to the stack as an algebraic object, or or
to return to the Algebra menu without saving the result on the stack.

Example 2: Calculate the closest fractions of all the coefficients of
321X "2+ .981X +.571, with a maximum denominator of 16. Type in
321 X05203E] 981 X@®E.sn 16 as your input:

ALG PRG

{ HOME MATHD }

Enter object to reduce
and max. denominator:
<obj> <int>

ER2+. 981K+, 571" 16
€5kIP[KIP] €0EL [UEL> TIN5 a[T5TK]

Pressing displays a “Solving...” message and then the following screen:

Result:
'S716¥R 2+ 1 R+4/7"

PRESS [STO) T
PRESS [ENTER] T

o
oA
mx
—<
m
—
C]
]
-
=
a)
=

Press (19 to save the result to the stack as an algebraic object, or or
to return to the Algebra menu without saving the result on the stack.

Example 3: Calculate what the closest fractional components are of
(.333,.568), with a maximum denominator of 10. Type (@& (0] .333

.568 (=] (=] 10 as your input:
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PRG
{ HOME MATHD }

Enter‘ object to reduce
max. denominator:
<obJ> <int>

(.333,.568) 18
[¢KIPLEIPA[ €L [UEL [IN: o[ 15TK]

Pressing displays a “Solving...” message and then the following screen:

Result:
'1/3+44-7%1"
PRESS [STO) TD SAVE TO STACK .
PRESS [ENTER] TO RETURN TO LIST,

Press 519 to save the result to the stack as an algebraic object, or or
to return to the Algebra menu without saving the result on the stack.

GCD & LCM

Upon choosing GCD & LCM from the Algebra menu, the following screen
appears:

PRG
{ HOME MATHD }

Enter two integers:
<int> <int>

]

£:KIP[SEIP3] ¢DEL [DEL3

GCD & LCM take as input two integers and return the greatest common
divisor (GCD) and least common multiple (LCM) of those two integers.

Example: Calculate GCD and LCM for the integers 24 and 60. Type in 24
60 as your input:

{ HOME MATHD }

Enter two 1ntegers
<int> <int>

24 68
[£5KIP[:kIP [ €UEL [UEL S [IN: a[t5TK]

PRG I
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Pressing displays a “Solving...” message and then the following screen:

GCD:

12

LCM:

126
PRESS [ST0] TO SAYE TO_STACK .
PRESS [ENTER] TO RETURN T@ LIST..

Press [5T9) to save the results to the stack as tagged objects, or or [ to
return to the Algebra menu without saving the results on the stack.

Polynomial Root Finder

Upon choosing Polynomial Root Finder from the Algebra menu, the
following screen appears:

PRG
{ HOME MATHD }

Enter coefficients of
CN¥x N+, +c2¥x2+,.+cB=0:
<cN> w £c2> . <c@>

£EIP[EkIP3] £DEL [OEL# | INS uf+3TH]

Polynomial Root Finder takes as input a series of real or complex coefficients
of a polynomial expression, and returns all roots —both real and complex— of
that polynomial.

Example 1: Calculate the roots of .321X "~ 2+.981X +.571. Type in .321
981 (=] .571 as your input:

PRG
{ HOME MATHD }

Enter coefficients of
CN¥x N+, +c2¥x2+,+c0=0:
KcN> .. <c2> .. <c@>

.321 .98] .571¢
[SKIPL:KIP[<UEL [LEL® TIN: a[15TK]

Pressing displays a “Solving...” message and then the following screen:
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VE TO_STACK
TURN_TO LIST ..

Press (519 to save the result to the stack as a list, or or (M to return to
the Algebra menu without saving the result on the stack.

Example 2: Calculate the roots of N
X"N6-2*X"5+4*X N 4-12*X "~ 3+24*X ~ 2-12*X +60. Type in 1 (2] 2
A (== 4 (=) 12 CA) (=) 24 (=] 12 CA) (=) 60 as your input:

PRG
{ HOME MATHD }

Enter coefficients of
CN¥xX"N+..,+c2¥x2+,+cB=0:
<cN> . £c2> . {c@>

1 -2 4 -12 24 -12 60+
«skIP[ZKIP#] <DEL [CEL# [ INS 8[+3TK

Pressing displays a “Solving...” message and then the following screen:

Result:
(-.123046474163,1.69971509632)
(-.12304647Y4163.-1.69371509632)
(2.04701100823.1.08084389838)
(2.04701100823,-1.08084389838)
(-.92396Y4534065.,1.73258478047)

*
PRESS [STO) TO SAVE TO_STACK ..
PRESS [ENTER] TO RETURN TO LIST..)|

The small “ +” symbol indicates that more than five roots were found.
However, only five roots can be displayed here — to view the remaining roots,
press [E19 to copy the result to the stack as a list, and then quit the Pac to
examine them.

NOTE: For large-order polynomials, computation
times may exceed one minute or more.

Prime Factorization

Upon choosing Prime Factorization from the Algebra menu, the following
screen appears:
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PRG
{ HOME MATHD }

Enter an integer to
prime factorize:!
<int?>

SKIP3] €DEL

Prime Factorization takes as input an integer and returns a list of the prime
factors that uniquely describe the integer.

Example: Calculate the prime factorization of 1492. Type in 1492 as your
input:

PRG
{ HOME MATHD }

Enter an integer to
prrime factorize:?
<{int>

1492+¢

Pressing displays a “Solving...” message and then the following screen:

Result!
{22 373 3
PREESS  (STO)_ TD SAYE TO_STACK
PRESS [ENTER) TD RETURN 1O LIST .

Press (519 to save the result to the stack as a list, or or () to return to
the Algebra menu without saving the result on the stack.

Reducing a Fraction

Upon choosing Reducing a Fraction from the Algebra menu, the following
screen appears:
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PRG
{ HOME MATH }

Enter numerator and
denominator to reduce:
<num> <den>

[£SKIP[SEIP+] < DEL JOEL S [ INS af+5Tk]

Algebra

Reducing takes as input two integers (the numerator and denominator) and

returns two integers (the reduced numerator and denominator).

Example: Reduce the fraction 336/1728. Type in 336 1728 as your input:

{ HOME MATH }

Enter numerator and
denominator to reduce:
<num> <den>

336 1728+
[e2kIP[:¥:IP3[€0EL [UEL S [INS s[tTK]

PRG I

Pressing displays a “Solving...” message and then the following screen:

Press 519 to save the result to the stack as a list, or or (A to return to
the Algebra menu without saving the result on the stack.
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Chapter 3
Geometry

In This Chapter

Geometry includes over 150 equations describing the most common and
useful two- and three-dimensional geometric figures. Each of the equation
sets is described in detail in Appendix C, “Geometry Reference.”

This chapter covers:

Using Geometry

Solving a Single Equation

Managing Units and Solving

Solving Multiple Equations

Plotting One Equation

The Graphics Environment

Managing Units and Plotting

Multiple Plots of an Equation

What You Should Know About the Solver

Oo0000ooooo

Using Geometry

To get to the Geometry section, follow these steps:
1. Press to display all libraries available to the HP 48SX.

2. Find and press :MATH. to enter the Mathematics Pac library
directory.

3. Press the first softkey, :MATH. | to start the application.
4. At the Main menu, move the arrow to Geometry (by pressing (4] and

(3J) and press [ENTER].
Geometry
SCOORDINATE SYSTEMS
CIRCLES
TRIANGLES
POLYGONS

PLANAR BOUNDED $
CYLINDERS AND CONES
SPHERICAL FIGURES
ANALYTIC GEOMETRY

[MAIN [ 35TR[PEINT[ VIEH [FONT] UP |
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Items in the Geometry Menu

Each of the eight categories in the Geometry menu is briefly described below
and is discussed in detail in Appendix C, “Geometry Reference.”

Item

Description

Coordinate Systems

Circles
Triangles
Polygons

Planar Bounded Solids

Cylinders and Cones
Spherical Figures

Analytic Geometry

Equations describing the relationships be-
tween Cartesion, polar, cylindrical, and
spherical coordinates.

Equations describing circles, sectors, and
segments.

Equations describing triangles, including
the laws of sines, cosines, and tangents.

Equations describing common quadrilater-
als and regular polygons.

Equations describing planar bounded sol-
ids, including inscribed and circumscribed
sphere radii.

Equations describing right circular cylin-
ders and cones.

Equations describing spherical figures, in-
cluding zones and segments of spheres.
Equations describing analytic geometry fig-
ures.

Summary of Operations (Geometry)

Action

Prompts for “ONE or
sends those items to an IR printer.

Toggles between the small and large fonts.

Returns to the Main menu.

to select items, and then

Prompts for to select items, and then
coples those items to the stack. The items are placed in a
list if LALLE
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Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.
(on)-fure] Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Choosing a Category from the Geometry Menu

Each of the eight categories of equations contains a series of related topics.
Each topic includes a title, an equation or set of equations, a complete list of
variables and descriptions, a default set of units for all variables, and
(usually) a picture to illustrate the topic.

Example: Investigate the category of Planar Bounded Solids. To examine

Planar Bounded Solid..
SCUBE

EE(T. PARALLELEPIPED

TETRAHEDRON

[MAIN JEQNS | viks [SOLVE] PICT | UP ]

Items in a Category Menu

Each entry in the Planar Bounded Solids category menu is briefly described
below and is discussed in detail in Appendix C, “Geometry Reference.”

Item Description

Cube Equations describing cubes.
Rect. Parallelepiped | Equations describing rectangular parallelepipeds.
Pyramid Equations describing pyramids.
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Tetrahedron Equations describing tetrahedrons.

Summary of Operations (Category)

Action

Displays the equation screen for the current topic.
Returns to the Main menu.

Toggles between the small and large fonts.
Displays a picture for the current item, if one exists.

Prompts for &

NE ~ to select items, and then
sends those items to an IR pnnter

Displays the solver screen of the current topic.

Prompts for -ONE : or -ALL. to select items, and then
copies those items to the stack.

Moves up one level in the menu structure.

Displays the variable screen for the current topic, including
descriptions and default units.

Quits the Mathematics Pac to the HP 48SX stack.
Displays the equation screen for the current topic.

(on)-fure) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Choosing a Topic from a Category Menu

Once you have chosen a category, as described above, then a menu of topics

will be displayed.

Example (cont.): We have just chosen Planar Bounded Solids from the
Geometry menu. A topic is selected by moving the arrow to the desired item
and pressing [ENTRR]. Let’s investigate the equation set describing a
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Tetrahedron. To do this, move the arrow to Tetrahedron and press [ENIR] or
iEQ . After the “Loading data...” message, this screen will be displayed:

Tetrahedron
» K=1/4%A*2%13
T=4xK
RIZ1/13XA% 16
RC=1/4%A%T6
V=1/12¥A~3%¥12
H=R¥T(2/3)

[MAIN [FaEE] WhkS [SOLVE[ PICT | UP_]

This screen displays the six equations that describe a Tetrahedron.

Solving a Single Equation
Example (cont.): Calculate the volume of a tetrahedron with side length 2.

Marking the Equation

The first step in solving this problem is to select the equation necessary to
solve it. Since we are interested in only the volume, it makes sense to only
solve that one equation. To do this, mark the volume equation by moving the
arrow down to the second-to-last equation and pressing :MARK . Observe
that after marking an equation, the arrow is automatically incremented one
location for convenience, so that more than one equation can easily be
marked:

Tetrahedron
K=1/4%A~2¥13

1/13%A%{6
RC=1/4XAX{6
PU=1/12%A73%IE

<+ H=A%{(2/3)

[MAIN [r1akk ] VAES [SOLYE[ PICT | UP ]

To make sure this is the equation we want, we can display it in the
EquationWriter format. To do this, move the arrow back to the marked
equation by pressing (&]. Press to display the equation in
EquationWriter format. After the “Building equation...” message and a
brief pause, you will see the equation. When you have finished viewing the
equation, press or () to return to the equation screen.
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Listing the Variables

Before solving the equation, let’s check the variable screen. Press :VARS:
to display all the variables used in the current set of equations. After the
“Updating subset...” message, the following screen is displayed:

] Tetrahedron

MHIN [EGNS] WIEM [SOLVE] PICT | UP ]

Note that only variables contained in the marked equations will be shown at
the variable screen.

Now, let’s solve the equation. First, press SOLVE to go to the solver level:

Tetrahedron

oo

[MAIN JENOW[WANT [ CRLC JCONY] UP |

Entering a Value

By default, no units are present, which is what we want. Now, set the value of
A to 2. Make sure the arrow is pointing at A, and press [ENT®]. Enter the
value for A by typing 2 (don’t press any of the unit softkeys; those will be
covered in the next section):

PRG
{ HOME MATHD }

Set a, side a:

[ M | _CM ] _MM[_KM] _IN | _FT]

Press to accept the value and return to the solver screen:
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Tetrahedron

[MAIN [ENOH[HANT | CHLE [CONV] UP ]

The triangular tag next to A indicates that the value is user-defined, or
known.

NOTE: Some variables are uppercase letters, while
others are lowercase letters; however, when dis-
played in the small font, all variables appear as
uppercase. For this reason, the lowercase and up-
percase versions of a letter are never both used,
because it would be impossible to tell them apart.
(Both r and R would appear as R in the small
font.) Most pictures in this manual were captured in
the small display font, so all variables are referenced
as if they were uppercase.

Solving the Equation

Press -CALC: to solve the equation. After the “Storing values...” message
and the “Updating knowns...” message, you will see an informational
message describing which equation is being solved for which variable. Then
the found value will be displayed, and the solver screen will reappear:

Tetrahedron
BA: 2
3%U: 942809041579

[FHIN [ENOM[HANT [ CHLCJCONY ] UP ]

The asterisk (*) tag next to V indicates that its value was just found in the
last calculation.
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Solving Multiple Equations

Example: Calculate the radius of the circle circumscribing a triangle about
which you know only the lengths of the three sides: 2_cm, 1_in, and V3_cm.

The first step in solving this problem is to find the equations necessary to
solve it. Starting at the Main menu, execute the following steps:

Listing the Variables

Move the arrow to Geometry and press [ENTER]. Then move the arrow to
Triangles and press [ENTR]. Then move the arrow to General Trlangle and
press “VARSE to examine the variables. After the “Loading data..
message, this screen will be displayed:

Genigal Triangle

+ 4

T (M): BISECTOR OF 8C
Iﬂﬂﬂﬂmﬂ'wwlmulﬁﬂﬂlﬁl

Scroll down in the list to find the variable RC, the circumscribed circle
radius. This is the variable for which we will be solving. Now press 'EQNS:
to view the equation set:

v General Tr1angle
.>

A*0B+0C=180_

+Ca- E!B!C*CUS(M)
B“E'C“ +A~2-2XCXAXCOS(OR)
=A"2+B 2-2XAXBXCOS(H0)
K=1/a%H¥C
K= lC"SHSIN(Oﬂ)!SIN(OBJJ/(E*SIN(lm

K=
K=AXBXC/(4XRC)

[t1EE | VAR [SOLVYE[ PICT | UP ]

Marking the Equations

This screen makes evident the advantage of the solver: we don’t know which
equations are necessary to find RC from A, B, and C, sowe 51mply use all
of them and let the solver do the work. Therefore, press SOLVE

the solver level:
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eneral Triangle

+4

EDTTNAWD
-4 Ra 4
<

conb)

: 0
0

T: 0
[MAIN [ENOWHANT] CHLE JEONY | UP |

Note that A has the value 2 already stored in it; this is a remnant of the
previous example, but does not affect the current problem.

Entering the Values

By default, no units are present, which is what we want. Set the value of A
by moving the arrow to A and pressing [ENTRR]. Clear the current value of 2
by pressing [fand then enter a new value for A by typing 2 and pressing
“2CM . to append units of centimeters:

PRG
{ HOME MATHD }

Set a, side ai

Z_Ccm
Lt | _cH]_MM] K] IN | _FT ]

Press to accept the value and return to the solver screen:

-
v
>

General Triangle
1 0
HL]

0
0

R:
B:
o

b3 % Tl ]

: 0
M: 0
LMHIN JENDM]HANT | CHLE JCONY ] UP ]

The arrow is automatically moved down one location for convenience,
although this means that the specified value for A has been scrolled up off
the screen. Press to look at A. Since units are off, the value for A was
converted to the default unit of meters, and therefore displays as .02. The
triangular tag next to A indicates that the value is user-defined, or known.
Set the value for B (1_in) in a similar fashion; it will display as .0254.
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Using the HP 48SX Stack for Calculations

To enter the value of V3_cm for C, we must first evaluate the square root.
This cannot be done inside the Mathematics Pac, so press EHA
temporarily suspend execution:

£ HOME MATHD 3
4:
3:
et
)

Now we have full use of the HP 48SX stack and functions, so type 3 and press

. While we are at the stack, we can also perform other operations, such as

changlng the display notatlon‘ Change it to FIX 4 by typmg iFEE
ONT:

m—mﬂm

Make sure the arrow is pointing at C and press [ENTER]:

PRG
{ HOME MATHD }

Set cy side ci

4
(-t ] _CH] ] K] _IN ] _FT ]

Press (4] to access the Interactive Stack:

PRG

HOME MATHD }

{
4
3:
¢:
1b 1.7321
[ecwn]l [ 1 [ 1| |

Press SECHO! to copy the value in stack level 1 onto the command line for
editing. Then press or (A to exit the Interactive Stack and return to
the command line to finish entering the value for C:
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PRG
{ HOME MATHD }

Set cy side c:

1.73285086757
I I T T BT T

Press to remove the extra space, and press ©2CMZ to append units of
centimeters to the value. Then press to return to the solver screen:

s Genera 1 Triangle
-)

nex

o8
=
=4
-3
=S

BRITVTRSS

mmmm

The value for C will display as .0173.

Using the Wanted Feature

Now, we could press :CALC: to solve the equations. However, the solver
would systematically search through all the equations, and would continue
solving past the point at which it had found a value for RC. Therefore, to
expedite the process, mark RC as a wanted variable. The solver will
terminate immediately upon finding values for all wanted variables.

Move the arrow down to RC (by pressing (3@J)) and press

MAIN Tk m

The question mark (?) tag next to RC indicates it is wanted. The ‘WANT:
key is a toggle, just like the (KNOW: key, so pressing it again when the arrow
is pointing to RC would remove the question mark (?) tag.
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Solving the Equations

Now, press &6ALG: to solve the equation set. After the “Storing values...”
message and the “Updating knowns...” message, you will begin to see a series
of informational messages describing which equation is being solved for
which variable. In each case, the found value will be briefly displayed, and
the solver will continue systematically searching for new equations to solve,
until RC has been found. (In this example, values for 6A, 6B, 6C, K, and
H will be found before RC is calculated.)

General Triangle

an ﬁ,es; o

+
£

I!I?IIIIEIE!] JMNT CHLE JCONY] UP ]

The asterisk (*) tags next to several variables indicate that their values were
just found in the last calculation.

You may note that a value of 805.46 was found for 6B, which is not the
principal value. To fix this, copy the value of 6B to the stack, halt and do a
360 MOD operation on 6B, return to the Pac, and load the value back into
OB by using the Interactive Stack. An alternative to this cumbersome
process is to seed 6B with a guess, as expained in a later section in this
chapter entitled, “What You Should Know About the Solver.”

Converting a Value

Now, let’s find out what the value of RC is in millimeters. Turn units on by

pressing [ @7 (1) ONIT

W W
BNIIX I T

+
meAT
i

ok
ER: 0.
[E1HIN JELERR]PUR' [ CHLC JUNITs] UP ]

I
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- Convert to:

M
L1 1 1 1 [E:T]

This is a list of all the dimensionally consistent units to which you can convert
the value of RC. Move the arrow down to the MM choice and press [ENTER].
After the “Converting value...” message, the following screen will be
displayed:

“ General Triangle
su'q 0.0199_M

M: 0_M
¥K: 0.0002_.M"2

PER: 0_M
[PMHIN [ENDE]IENT | ChLC JCONY | UP ]

Copying a Result to the Stack

To copy the final result to the stack, make sure the arrow is pointing at RC
and press 3STK .

Send what data?

| ONE | HLL

Select : ONE . to copy only the value of RC to the stack, tagged with the
variable name. When you quit the Pac later, you will see both the value we
placed there earlier, when finding V3, and also the value of RC, tagged with
the variable name.

Managing Units and Solving

The solver can work either with units or without units. In general, the solving
operations work much faster when units are off, but you may want to work
with units in order to view answers in the desired units. There are several
important points to the behavior of the unit manager as it relates to the solver:
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1.

3-14

When units are on, values can be entered in any unit, as chosen from
the menu presented at the entry screen. The default SI unit is always
the first softkey, and entering a value without appending a unit will
cause the default unit to be appended.

When units are off, all values are considered to be SI units, so that
equations can be solved without yielding inaccurate results. If a value
is entered with a unit from the entry screen, the value is automatically
converted to the default SI units, and then the unit is stripped. Thus,
if units are off, and 2_cm is entered for a variable, you will see .02 at
the solver screen, because the value has been converted to meters.

When units are on, the units of a desired or wanted variable can be
specified in advance, in a manner similar to specifying a guess. Simply
enter a value in the desired units into the variable. Then press
' to toggle the variable back to an unknown state, or press

NT to mark the variable as wanted. Then press ° CALC (o
solve for the variable; the answer will be returned in the specified
units. The alternative to this process is to press “CONV. to convert
the found value to the desired units, after solving has been completed.

When “CALC ' is pressed, all the values in the variables are stored in
global copies of the variables, inside the MATHD directory.
Therefore, after many uses of the Mathematics Pac, you may begin to
notice that variables already seem to contain values when you go to
solve equations. This is normal — the Pac is automatically loading in
existing values from the global variables for convenience, if the units
are dimensionally consistent with the units required for the variable.

Once solving with units takes a noticeably longer time, the following
procedure is recommended to yield the quickest results. This
procedure assumes that there is only one, or possibly two, variables in
which you are interested, and that the units on the other known
variables are irrelevant. Start with units turned off (i.e., the softkey
appears as {UNITS'  notas UNITs: ). Enter all known values in the
correct units by making use of the automatic conversion feature. This
means that many of the values will look strange, but this is not
important, since they are all consistent. Then solve for the desired
variable(s). After the solver has completed, turn units on, to append
default SI umts to all variables. Then, select the desired variable(s),
and press HCONVE

.?"l‘;"!l\\

V2 to convert them to the final units. This procedure
gives the bcst of both worlds: no units for fast solving, but units for
convenient results.
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Plotting One Equation

Example: Plot how the volume of a right circular cone varies with the radius
of the base for a cone with altitude 7.

The first step in solving this problem is to find the equation necessary to solve
it. Starting at the Main menu, execute the following steps:

Choosing the Equation

Move the arrow to Geometry and press [ENIRR]. Then move the arrow to
Cylinders and Cones and press [ENTR]. Then move the arrow to Cone and
press or EQNS: (o display the equations. After the “Loading
data...” message, this screen will be displayed:

Cone

[MAIN [MAHEK SOLVEf PICT | WP |

Since we are interested in the variation of volume with base radius, the
equation to plot is the last one. We have decided that the independent
variable is the base radius (although it could be the altitude), so we must
enter a value for the altitude, so it can be held constant while the base radius
varies. This must be done at the solver screen. Before pressing ‘SOLVE: |
ﬁrst move the arrow down to the volume equation (the last one) and prcss

Cone
> S=I(R*2+H D)
L=}k ass
T=TwXRX(R+3)
MUz1/IETERA2XH

[MAIN [Pnkk ] YAkS [SOLVE] PICT | UP ]

Holding Other Variables Constant for Plotting

Marking the volume equation will prevent the unneeded variables S, L, and
T from appearing at the solver screen. Now, press ‘SOLVE: . After the
“Updating subset...” message, the following screen will be displayed:
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[HAIN JENOM[HANT [ CALC JCONY ] UP |

If you have been following step-by-step through this chapter, units will
currently be turned on. Turn them off by pressing {UNITs=
After the “Removing units...” message, the following screen will be displayed:

[MAIN JCLERR]PURG [ CHLC JUNITS] UP ]

Set the value of H by moving the arrow to H and pressing [ENTRR]. Press
to clear the previous value and type 7 as your input (don’t press any of the
unit softkeys); then press to accept that value and return to the solver
screen:

(MAIN [CLERK]PURG | CHLC JUNITE] UP ]

Now, we are ready to plot the equation, because a value for H has been
entered.

NOTE: What is important at the solver screen is that
H be marked as a known variable. It is also critical
that R be an unknown variable—if R is marked as
known, it will not be allowed to vary as the indepen-
dent variable by the plotter. In a complex equation,
it must be the case that all but one of the variables
on the right-hand side of the equation be marked as
known at the solver screen before plotting.
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Return to the equation screen by pressing fEQNS' | and move the

arrow down so it points at the volume equation (the last one):

Cone
SSICR-2eH 2D
L=w¥R¥S

T=WwXRX(R+5)
FpV=1/I%wER"2XH

[HAIN [Fankk | WAESE [SOLVE] PICT | UP

any one time.

NOTE: Pressing PLOT  will plot the equation cur-
rently selected by the arrow, not necessarily the
marked equation. The reason for this is that none,
one, some, or all of the equations may be marked at

Plotting an Equation

To begin the plotting process, press 4PLOT. . After the
“Processing...” message, the following screen will be displayed:

Clear PICT first?

| VES | | NO_|

For this example, we are starting a new plot, so press :-YE

& to clear the

graphics screen, PICT, before beginning the plot. If you should decide to
abort the plotting process here, pressing (A1) would return to the equation
screen. After the “Purging variables...” and “Storing values...” messages,

the following screen will be displayed:

{ HOME MATHD }

PRG

for r C(m):
<{Min> <Max>

Mathematics Pac

Enter horizontal range

e KIP[EKIP$] €DEL [UEL# [ INS st STK
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Specifying the X and Y Axes Ranges

Now, you must choose the range for the X axis (the R axis in this case). You
are required to enter both a minimum and a maximum value for the
independent variable.

NOTE: If units are off, the range values you enter are
assumed to be in Sl units and should not be entered
as unit objects. For example, type 3 for 3_m and .03
for 3_cm. When units are off, it is not possible to
enter plot ranges in units other than default Si units.

NOTE: If units are on, the range values you enter are
assumed to be in the units of the independent vari-
able. For example, if R contained a value in centi-
meters, the X axis prompt would assume the axis
ranges you entered were in centimeters. (For more
information, see a later section entitled, “Managing
Units and Plotting.”)

Let’s vary the base radius of the cone from 0 to 5. Separate the values by
pressing [&¢):

PRG
{ HOME MATHD }

Enter horizontal range
for r (m):
<Min> <Max>

B 5¢
[:k1p[ikip 2] cueL [LELS [IN: a[t5Th

Press to accept the X range values. The following screen will be
displayed:

PRG
{ HOME MATHD }

Enter vert1cal range
for ¥ (m*3
or ENTER for AUTO:

[£iHIP[SKIP3]£0EL [DEL* | INS a[+5Tk]
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Now, you must choose the range for the Y axis (the V axis in this case). You
are given a choice between fixing the Y axis and having the HP 48SX
autoscale it for you. If you fix the axis, you are required to enter both a
minimum and a maximum value for the dependent value. If you decide on
autoscaling, simply press at this screen. For our example, press
to autoscale. After the “Autoscaling plot...” and “(M to exit plot...”
messages, the plot will begin. At any time, you can press to abort the
plotting process. After the plot is complete, the Graphics environment of the
HP 48SX will be activated:

Y=1/3%WXR"

CENT |COOKDJLAEEL

The “[(& to exit plot...” message was to remind you that pressing (A0 will
return to the equation screen when you have finished examining the plot.

The Graphics Environment

The HP 48SX Graphics environment provides extremely useful functions for
graphically analyzing functions. Explaining in detail the functionality of the
Graphics environment is beyond the scope of this manual, but the behavior of
selected, useful softkeys at the Graphics environment and the Function menu
is explained below. For a complete description of all the softkeys available,
refer to Chapter 18 of the HP 48SX Owner’s Manual, “Basic Plotting and
Function Analysis.

WARNING: The ‘SLOPE and softkeys at the
Function menu will only work correctly when the plot
was made with units turned off, because the HP 48SX
has difficulty taking derivatives of variables contain-
ing unit objects. When units are turned off, these
functions work correctly.

Mathematics Pac 3-19



Geometry

Summary of Operations (Graphics Environment)

Key

Action

ENTER
(-6

Redraws the plot with the cursor position at the center of
the screen.

Displays the coordinates of the cursor position.
Displays the Function menu for analyzing function plots.
Toggles display of the softkeys on and off.

Unnecessary in the Mathematics Pac.

Places a mark (X) at the cursor location.

Pastes in a graphics object (GROB) from the stack at the
cursor location.

Copies the rectangle bounded by the mark and the cursor
location to the stack as a graphics object (GROB).

Zooms in on the rectangle defined by the mark and the cur-
sor.

Displays the ZOOM menu, which rescales and recenters
the plot.

Exits the Graphics environment and returns to the equation
screen.

Copies the coordinates of the cursor position to the stack.
Dumps the current screen to an IR printer.

Temporarily displays the plot status menu, including the
axis ranges, until is released.

Copies PICT (the plot) to the stack.

Summary of Operations (Function Menu)

Key

Action

Displays the area under the function defined by the X axis
value of the mark and cursor.

Returns to the Graphics environment menu.
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Moves the cursor to the nearest extremum on the function.
Plots the first derivative of the function.

Displays the function value at the X axis value of the cursor,
and moves the cursor to that point on the function.

Unneeded in the Mathematics Pac.

Moves the cursor to the nearest root and displays the coor-
dinate of the root.

Displays the slope of the function at the X axis value of the
cursor, and moves the cursor to the point at which the
slope was calculated.

A complete summary of operations is given in Appendix B, “Summary of

Operations.”

Managing Units and Plotting

The plotter can work either with units or without units. In general, plotting
works much faster when units are off, but you may want to work with units in
order to simplify plotting. There are several important points to the behavior
of the unit manager as it relates to the plotter that you should understand:

1. When units are on, X and Y axis range values are entered in the units
of the independent and dependent variables, as set at the solver
screen. For example, to enter 0_cm to 3_cm as the X axis range, set
the units of the independent variable to centimeters at the solver
screen, toggle the variable back to unknown by pressing .KNOW. |
and later enter 0 (#] 3 at the X axis range prompt.

2. When units are off, X and Y axis range values are entered in the
default SI units of the independent and dependent variables. For
example, to enter 0_cm to 3_cm as the X axis range, type 0 03 at
the prompt, since the default units for the independent variables will
be meters.
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3. Plotting with units may take up to 10 times as long as plotting without
units. Therefore, in cases where only the qualitative shape of the plot
is important, it is recommended that you plot without units so that you
get your results faster. In cases where the Graphics environment will
be utilized to analyze a plot, it may be necessary to plot with units, so
that the coordinates are in the desired units. (The coordinates will
always be in default ST units for plots done with units off, and this may
be inconvenient in some cases.)

Multiple Plots of an Equation

Example (cont.): Plot how the volume of a right circular cone varies with the
radius of the base for a cone with altitude 21, and compare to the result for a
cone with altitude 7.

We have already selected the appropriate equation, but to make the new plot
for an altitude of 21, we must change the value stored in H. First, we must
leave the Graphics environment, where we were examining the plot for a
cone with altitude 7. Press to return to the equation screen:

Cone
N )
L=wiR¥s
T=wXRX(R+5)

+
FPY=1/3XTER XN

[MAIN [ECHE] PLOT [SOLVE[FONT] UP |

Press ‘SOLVE to return to the solver screen, move the arrow down to H,
and press to edit the value of 7 stored there:

PRG
{ HOME MATHD }

Set hy altitude:

7. 0060
Lt T _cra[_rri [ kri] IN | F1 ]|

Press (M to clear the value of 7 from the command line, type 21, and press
to accept that value:
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[HAIN [ENDRHANT ] ChLC JCONG ] UP |

Press (%7 SEQNS: to return to the equation screen, and move the arrow
down so it points at the volume equation (the last one), and press (o1 ({7
. to plot that equation. After the “Processing...” message, the
followmg screen will be displayed again:

Clear PICT first?

This time, press .= NO. - so that the previous plot is not erased from PICT.
Sincc we arc choosing to overlay this plot on any previous plots in PICT, it is
not necessary to change the X and Y axes, because they have already been
specified. Therefore, after the “Purging variables...”, “Storing values...”,
and “(f to exit plot...” messages, the new plot will begin. At any time, you
can press to abort the plotting process. After the plot is complete, the
Graphics environment of the HP 48SX will be activated:

CONE
V=1/3¥TwXR"2%H

[2-E0:[ CENT [CO0RD[LAEEL]

The “@M to exit plot...” message was to remind you that pressing (1 will
return to the equation screen when you have finished examining the plot.

What You Should Know About the Solver

As you have seen in the examples given above, the solver allows you to easily
specify the values and units of your equation or set of equations before
sending the data to the HP 48SX numerical root-finder. For the selected set
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of equations, the solver screen lists all the variables, shows whether they are
known, unknown, wanted, or just calculated, and whether units are on or off.

What Does Multiple Equation Solver Mean?

The Sparcom solver is a systematic solver, not a simultaneous one. For
example, it can solve this set of equations, provided it is given a user-specified
value of either x or y:

x+y+z=35

x+y=3
However, it cannot solve this set of equations, when neither x or y is known
in advance:

It iterates through a set of equations, searching for an equation with only one
unknown variable. When an equation satisfying this requirement is found, it
utilizes the HP 48SX root-finder (programmable command ROOT) to solve
for the unknown variable. After the value is found, that variable is marked as
found, and the solver continues to search. The solver does not terminate its
search until one of four conditions occurs:

1. All equations are solved, and all variables found.
2. All variables marked as wanted are found.

3. No more equations can be solved, because all remaining unsolved
equations have more than one unknown variable.

4. A solving error occurs, such as Divide By Zero or Bad Guess(es).

All variables for which values are found in a solving operation are marked
with an asterisk (*) tag at the solver screen. If a variable is not marked with
an asterisk (*), then it was either not marked as wanted, or a value for it was
not found because of too many unknowns.

Speeding Up Computing Time

Pressing CAEC: activates the HP 48SX root-finder to calculate the
solution(s). The root-finder requires an initial value on which to base its
search. You an provide a guess for the HP 48SX to use; if you don’t do so,
the solver will supply a guess of 1. The root-finder then generates pairs of
intermediate values and interpolates between them to find the solution. The
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time required to find the root depends on how close the initial guess is to the
actual solution.

You can speed up computing time by providing a guess close to the expected
solution. At the solver screen, enter your guess into the variable. Upon
returmng to the solver screen, the variable will be marked as known; press
IKNOW: to toggle the variable back to unknown. Then press "CALC , and
the HP 48SX will use the stored value for the variable as its initial startmg
point.

“Bad Guess(es)” Message

If the HP 48SX displays the “Bad Guess(es)” message, it indicates an error
has been made in setting up the problem. Go back through the setup process
and check for error in specifying data, such as physically impossible triangle
dimensions, etc. (For more information, refer to Chapter 17 of the HP 485X
Owner’s Manual, “The HP Solve Application.”)
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Summary of Operations (Equations Screen)

Action

“PLOT

Displays the selected equation in the EquationWriter.
Toggles between the small and large fonts.
Returns to the Main menu.

Toggles the selected equation between marked and un-
marked status, adding or removing a triangular tag. Only
variables in the marked set of equations will appear in the
solver and variable screens. If no equations are marked, all
will be used.

Plots the selected equation, prompting for x-axis and y-axis
values. Plotting is only allowed for equations of the form
y=f(a,b,...), where all but one of the variables on the right-
hand side of the equation are held constant (i.e., known).

Displays a picture for the current item, if one exists.

Prompts for - ONE - or -ALL' to select items, and then
sends those items to an IR printer.

Displays the solver screen of the current topic.

Prompts for - ONE.- or ~ALL: to select items, and then
copies those items to the stack.

Moves up one level in the menu structure.

Displays the variable screen for the current topic, including
descriptions and default units.

Quits the Mathematics Pac to the HP 48SX stack.

Builds and displays the EquationWriter form of the equa-
tion.

Dumps the current screen to an IR printer.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. Once the full text has
been displayed, pressing or [ returns to the menu.
If the item fits on the screen, this key is non-functional.
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Summary of Operations (Variable Screen)

Key Action

{EQNS. | Displays the equation screen for the current topic.

‘FONT' | Toggles between the small and large fonts.

“MAIN. | Returns to the Main menu.

“PICT: | Displays a picture for the current item, if one exists.
iPRINT: | Prompts for 'ONE: or “@ALL: to select items, and then

sends those items to an IR printer.
Displays the solver screen of the current topic.

Prompts for . ONE = or - ALL = to select items, and then
copies those items to the stack. The items are placed in a
list if was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.

Displays the topic, the variable name (with default units),
and the full description, all expanded to one screen. Press
to save the variable

Dumps the current screen to an IR printer.
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Summary of Operations (Solver Screen)

Key Action

“CALC Stores variable values and systematically iterates through
the set of marked equations in an attempt to find values for
all wanted variables. Also, stores the known and found val-
ues into global variables in the MATHD directory.

CLEAR Resets values of all current variables to zero
:CONV-. Converts a variable to different units, if units are on.
.EQNS Displays the equation screen for the current topic.
'FONT | Toggles between the small and large fonts.

"HALT | Halts the Pac so that operations can be performed on the
HP 48SX stack. Pressing ‘CONT. or returns to the
Pac, while pressing - KILL:: terminates the Pac.

‘KNOW | Toggles the selected variable between known and unknown
status, adding or removing a triangular tag.

~MAIN Returns to the Main menu.
.PICT | Displays a picture for the current item, if one exists.

‘PRINT | Prompts for -ONE_ or :-‘ALL.. to select items, and then
sends those items to an IR printer.

:PURG" | Purges the global copies (in the MATHD directory) of the
current set of variables, but does not change the values
currently set inside the Pac.

Prompts for . ONE = or ALL. to select items, and then
copies those items to the stack.

UNIT= Indicates that units are currently turned on. Pressing this
key turns off units, automatically converting all variable val-
ues to Sl units and then stripping the units.

Indicates that units are currently turned off. Pressing this
key turns on units, automatically appending standard Sl
units to the values.

Moves up one level in the menu structure.

Displays the variable screen for the current topic, including
descriptions and default units.
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IWANT: | Toggles the selected variable between wanted and
unwanted status, adding or removing a question mark tag.

Quits the Mathematics Pac to the HP 48SX stack.
ENTER Prompts for a value for the variable.

(on)-fur) Dumps the current screen to an IR printer.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. Once the full text has
been displayed, pressing or (A returns to the menu.
If the item fits on the screen, this key is non-functional.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”
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Notes:
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Chapter 4
Trigonometry

In This Chapter

Trigonometry provides quick access to 100 trigonometric identities for
reference.

This chapter covers:

[0 Using Trigonometry
O Trigonometry Sections

Using Trigonometry

To get to the Trigonometry section, follow these steps:
1. Press to display all libraries available to the HP 48SX.
2. Find and press :MATH ' to enter the Mathematics Pac library
directory.
3. Press the first softkey, '"MATH_ | to start the application.

4. At the Main menu, move the arrow to Trigonometry (by pressing
and (¥]) and press [ENTER].

Trigonometry

-)DEFINITIDNS
PICTURES
RELﬁTmNS

REDUC
ﬁNGLE SUM{DIFF
NGLE

HALF
DOUBLE ANGLE
MULTIPLE A

umm VIEW [FONT] UP |

Items in the Trigonometry Menu

Each entry in the Trigonometry menu is briefly described below and is
discussed in detail later in this chapter.
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Item Description

Definitions Definitions of the basic trigonometric formulas.

Pictures Graphs of the basic trigonometric formulas.

Relations Fifteen relations.

Reductions Twelve reductions.

Angle Sum/Diff. Eight angle sum and angle difference formulas.

Half Angle Six half-angle formulas, along with the quad-
rants in which each formula is valid.

Double Angle Eight double angle formulas.

Multiple Angle Nine multiple angle formulas.

Function Product Three function product formulas.

Function Sum/Diff. Twelve function sum and difference formulas.

Power Relations Seven power relations.

Exponential Relations | Five exponential relations.

Quadrant Signs Variation of the signs of the trigonometric func-
tions in each of the quadrants.

Summary of Operations (Trigonometry)

Action

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts fo IE:: or &:ALLE= to select items, and then
sends those items to an IR printer.

Prompts for ALL" to select items, and then
copies those items to the stack. The items are placed in a
list if L was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.
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Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

(on]-fure) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Trigonometry Sections

All of the Trigonometry sections except Definitions, Pictures, and Quadrant
Signs behave identically. The other ten sections contain reference formulas
which can be browsed, viewed in text format (by pressing - VIEW ), viewed
in EquationWriter format (by pressing [ENTER]), or copied to the stack as
algebraics for later use.

Deﬁmtlons is different in that you can access a picture (by pressing

Pictures is different in that the data consists of pictures, so pressing [ENTER]
simply displays the selected entry as a picture on the screen. Note that

i does not print the picture —the only way to capture the pictures as
hardcopy is to press [0N]-[u) to trigger a screen dump to an IR printer.

Quadrant Signs is different in that the data does not consist of equations, so
pressing displays the selected item expanded to fill the screen. You can
also access the same picture as from Definitions.
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Summary of Operations (Trigonometry sections)

Action

Toggles between the small and larger fonts.
Returns to the Main menu.

Displays a picture for the current item, if one exists.
Prompts for RONE::

. or SALLE to select items, and then
sends those items to an IR printer.

Prompts for - ONE: or ::AEL ¢ to select items, and then
copies those items to the stack. The items are placed in a
listif Z/ALL"  was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
For equation data, builds and displays the Equation-

Writer form of the equation. (For more information, see the
section in Chapter 1 entitled, “Scrolling Equations Too Wide
for the Display.”) For picture data, displays the pic-
ture. For text, displays the screen title, the item label,
and the item, all expanded to one screen.

(on]-furt] Dumps the current screen to an IR printer.
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Chapter 5

Hyperbolics

In This Chapter

Hyperbolics provides quick access to 100 hyperbolic identities for reference.

This chapter covers:

[0 Using Hyperbolics
O Hyperbolics Sections

Using Hyperbolics

To get to the Hyperbolics section, follow these steps:
1. Press to display all libraries available to the HP 48SX.
2. Find and press :MATH. to enter the Mathematics Pac library
directory.
3. Press the first softkey, :MATH: | to start the application.

4. At the Main menu, move the arrow to Hyperbolics (by pressing
and (¥J) and press [ENTER].

v Hyperbolics
SDEFINITIDNS
PICTURES

RELATIONS
ANGLE SUM/DIFF.
HALF ANGLE

FUNCTION PRODUCT
(MAIN+STH [PRINT] VIEW [FONT | UF |

Items in the Hyperbolics Menu

Each entry in the Hyperbolics menu is briefly described below and is
discussed in detail later in this chapter.
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Item Description

Definitions Definitions of the basic hyperbolic formulas.
Pictures Graphs of the basic hyperbolic formulas.
Relations Sixteen relations.

Angle Sum/Diff. Eight angle sum and angle difference formulas.
Half Angle Seven half-angle formulas.

Double Angle Seven double angle formulas.

Multiple Angle Eight multiple angle formulas.

Function Product Three function product formulas.

Function Sum/Diff. Ten function sum and difference formulas.
Power Relations Eight power relations.

Complex Arguments Twelve complex argument relations.

Summary of Operations (Hyperbolics)

Action

Toggles between the small and large fonts.

Returns to the Main menu.

Prompts for “ONE:. or : to select items, and then

sends those items to an IR printer.
BONE: or <ALL: to select items, and then
items to the stack. The items are placed in a
was chosen.

list if &
Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

Dumps the current screen to an IR printer.
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A complete summary of operations is given in Appendix B, “Summary of
Operations.”

Hyperbolics Sections

All of the Hyperbolics sections except Pictures behave identically. The other
ten sections contain reference formulas which can be browsed, viewed in text
format (by pressing “MIEW." ), viewed in EquationWriter format (by pressing
[ENTRR]), or copied to the stack as algebraics for later use.

Pictures is different in that the data consists of pictures, so pressing
simply displays the selected entry as a picture on the screen. Note that
‘PRINT: does not print the picture —the only way to capture the pictures as
hardcopy is to press [0N)-fum] to trigger a screen dump to an IR printer.

Summary of Operations (Hyperbolics)

Key Action

Toggles between the small and large fonts.

Returns to the Main menu.

PRINT. | Prompts for “ONE:s or :ALL:" to select items, and then
sends those items to an IR printer.

I$STK: | Prompts for “ONE . or “ALL: to select items, and then
copies ose items to the stack. The items are placed ina

list if = was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
[ENTRR] For equation data, builds and displays the EquationW-

riter form of the equation. (For more information, see the
section in Chapter 1 entitled, “Scrolling Equations Too Wide
for the Display.”) For picture data, displays the pic-
ture.

(on)-(ure] Dumps the current screen to an IR printer.
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A complete summary of operations is given in Appendix B, “Summary of
Operations.”

5-4 Mathematics Pac



Chapter 6
Calculus

In This Chapter

Calculus spans several major areas within symbolic mathematics, including
300 integrals, nearly 50 derivatives, over 20 series, and a section on vector
analysis.

This chapter covers:

Integrals
Derivatives
Series

Vector Analysis

ooono

Using Calculus

To get to the Calculus section, follow these steps:
1. Press to display all libraries available to the HP 48SX.

2. Find and press “MATH. to enter the Mathematics Pac library
directory.

3. Press the first softkey, “MATH® to start the application.

4. At the Main menu, move the arrow to Calculus (by pressing (4] and
(3@J) and press [ENIRR].

Calculus

[MAIN | #3TK [PRINT[ YIEW [FONT ] UP |

Items in the Calculus Menu

Each entry in the Calculus menu is briefly described below and is discussed
in detail later in this chapter.
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Item Description

Integrals Provides reference to over 300 integrals, along with
solving capabilities.

Derivatives Provides reference to over 50 derivatives, along with
solving capabilities.

Series Provides reference to over 20 series, including bino-
mial and Taylor series, along with solving capabilities.

Vector Analysis | Provides reference to div, grad, and curl, in Carte-
sian, cylindrical, and spherical coordinates.

Summary of Operations (Calculus)

Action

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts for ©:ONE.. or :
sends those items to an IR printer.

to select items, and then

Prompts for . ONE. or ©7ALL: to select items, and then
copies e items to the stack. The items are placed in a
list if * .~ was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

(on)-furd) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”
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Integrals

Upon choosing Integrals from the Calculus menu, the following screen
appears:

Integrals

: USER-DEFINED
: ELEMENTARY

AsER
A+EX.C+DY
A*ER*N
: ChEaR~a RrE-Cn2
: FCASER)
: :cx*aon*z:

DN LWwu=S

This menu includes the eighteen sections of integrals in the Mathematics Pac.
To find a particular integral, you should browse through the list of sections
until you find the general form of the integral you wish to look up or solve. If
you cannot find the integral you wish to look up or solve, you can easily enter
it into the user-defined section, as described in the section in Chapter 10
entitled, “Calculus Functions.”

Choosing a Section from the Integral Menu

Each of the eighteen sections of integrals contains a group of related
integrals. Each integral can be displayed in EquationWriter or text format,
copied to the stack, or solved, indefinitely or definitely. You can also search
for a specific integral using the search mode described in the section in
Chapter 1 entitled, “Using the Search Mode.” The user-defined integral
section behaves identically to all other sections, once you have entered your
own integrals, as described in the section in Chapter 10 entitled, “Calculus
Functions.”

Example: Investigate the section of integrals with forms containing
exponentials. To examine this section, move the arrow to Exponential by

pressing and then press [ENIRR]:

- 16: Exponent ial

> TERPCAXRIZERPCAXR)

BN AN EROAY ) A BECAER-1)
TR MEERP(AXMI=ERP(AXHIXT(R=0.M..,
Rgc%osmxn =§- LN(IOEKF&G))

LN(R)
JERPCAXRI/(B+CXEXP(AXK)I=1/(AXC)ii,
TREERP(AXN)(L+A%XX)IB=EXP(AXKI /1.,
THXERP(- 2XERP(-H*2)

# 2)=-1/2%
[MAIN [ $STH[PRINT[SOLVE[FONT] UP |

This particular section contains ten integrals.
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Viewing an Integral in EquationWriter Format

Let’s view the first integral in this section in EquationWriter format. To do
this, press [ENTR]. After a “Building equation...” message, the screen will
blank for a few moments. Then, the integral will be drawn in EquationWriter
format:

HP NBSK EQUATION WRITER

U ,
[ EXP(AK) di =%&
L

PRESS [ENTER] TO RETURN TO LIST..

When you have finished viewing the integral, press to return to the list.
Many integrals are too large for the screen, and will be displayed with the
cursor keys activated for scrolling purposes. (For more information, refer to
the section in Chapter 1 entitled, “Scrolling Equations Too Wide for the
Display.”)

WARNING: While the HP 48SX is building the
EquationWriter format version of an integral, any key
presses may cause strange behavior, resulting in no
display of the equation. Therefore, do not press any
keys until the integral has been drawn, erased, and
re-drawn with the accompanying messages. If you
change your mind during a long integral build, press
to abort the build process and return to the
integral screen.

Now, solve the first integral.

Solving an Integral

The integral solving process is one of substitution and algebraic
simplification. To solve the first integral, make sure the arrow is pointing to it
and press SSOLVE . The first step in solving the integral is specifying the
limits of integration. You can either perform a definite integration by
entering a lower and an upper limit, or an indefinite integration by pressing
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with a blank command line. If you choose to perform an indefinite
integration, then a constant of integration will be added to the final result.

Entering Limits of Integration

For this example, enter limits of integration. Limits can either be real
numbers, names (variables), or algebraic expressions. This means you can
integrate from 0 to 1, or from A to B, or even from SIN(t) to
COS(t+u), providing that none of the variables used in the limits are
identical to the variable of integration, X. For this example, integrate from
0 to 10, sotype O 10 as your input:

RAD ALG PRG
{ HOME MATHD }

Enter limits, or press
ENTER for indefinite:
{lower> <upper>

[€3KIP[ZKIP+] €DEL [UEL3 [ INS s[+5TK]

Press to accept that input.

Entering Values of Constants

After the “Processing...” message, you will be prompted to enter values for
all the unknown constants in the integral. This does not include the variable
of integration, for which you do not enter a value. The constants are
precisely that — constant with respect to the variable of integration, X.
However, as in the case of the limits of integration, constants can either be
real numbers, names (variables), or algebraic expressions.

For this example, set the value of A tobe TAN(T), where T is a constant.

Type T as your input:

RAD ALG PRG
{ HOME MATHD }

Enter values, or Press
<H;ER if all unknown:

TANCT)!
£:HIP[EKIP3] <DEL JOEL S | INS aft5TK]

Press to accept that input.
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NOTE: If you wish to enter a name (variable) as a
limit or a constant, the tic marks surrounding the
name are optional. For example, T can be entered
as 'T" or T.

Simplifying the Result

After the “Storing values...” and the “Solving...” message, the following
screen will appear:

Completely simplif
algebraig r-'a-sﬁlt‘?&l

(this may be slow.>?
VES | NO_|

This prompt only appears when the current result of the integration process
is an algebraic expression. When that is the case, you have the option of
completely simplifying the expression, through a series of algebraic
expansions and collections by the HP 48SX. If the current result is numeric,
this prompt is bypassed because no simplification is necessary.

Answering “YES will simplify the expression, although it may take a few
minutes for complex expressions, while answering : - NO . will cause
subsequent displays of the result to appear unsimplified.

For this example, press - YES . . After the “Processing...” message, the
following screen will be displayed:

View result in EQHWr
or TEXT format?

[E 2 F | TERT

Viewing the Result

This prompt only appears when the final result of the integration process is
an algebraic expression. When that is the case, you have the option of
displaying the result in either EquationWriter format or text format. If the

6-6 Mathematics Pac



Calculus

final result is numeric, this prompt is bypassed because the EquationWriter
display format is not appropriate.

For this example, press ‘EQWR: . After a “Building equation...” message,
the screen will blank for a few moments. Then, the integral will be drawn in
EquationWriter format:

HP 485X EQUATION WRITER

ExP(THN(TJ]w, -1
TANCT) TTANCT)

PRESS [ENTER] TO RETURN TO LIST ...

When you have finished viewing the integral, press to proceed to the
next prompt. Many integrals are too large for the screen, and will be
displayed with the cursor keys activated for scrolling purposes. (For more
information, refer to the section in Chapter 1 entitled, “Scrolling Equations
Too Wide for the Display.”)

After pressing [ENTR], the following screen will be displayed:

Copy to stack?

Choosing “¥ES = will leave a copy of the result on the stack as an algebraic
object for further use after you quit the Mathematics Pac, while choosing
NO- " will not. After you make a choice here, you will be returned to the
list of integrals.

Derivatives

Upon choosing Derivatives from the Calculus menu, the following screen
appears:
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3R(U
Usy- éH(l.I)OéH(\') SR
SRCUXVISUXSR(VI+VXIR(U)
ARCUEVENISUXVEIRCN) +YEINXIR(UD o00
AR(UY)= (UI&N(U)-H!&H(W)#U ]
SHUNISNXU~CN-1)XdRCU)

[MAIN > ST [PRINT [SOLVE[FONT] UP ]

This menu includes all of the derivatives in the Mathematics Pac. To find a
particular derivative, you should browse through the list until you find the
general form of the derivative you wish to look up or solve. Each derivative
formula can be displayed in EquationWriter or text format, copied to the
stack, or solved. You can also search for a specific derivative formula using
the search mode described in the section in Chapter 1 entitled, “Using the
Search Mode.”

Example: Find the derivative of SIN(X)*COS(X). To use the table of
derivatives, you must first recognize the form of the derivative, which in this
case is U*V. Therefore, move the arrow down to the fifth derivative formula
by pressing (] four times. To make sure this is the desired form, press
to view it in EquationWriter format:

HP 4BSX EQUATION WRITER
D () =l 2

PRESS < 4 ¥ b TO SCROLL EQUATION
PRESS [ATTN] TOD RETURN TO LIST..

Since this formula is slightly wider than the screen, the cursor keys are
activated for scrolling. When you have finished viewing the formula, press
to return to the list of derivative formulas.

Solving a Derivative

Now that we have selected the correct derivative formula, press SOLVE: .
After a “Processing...” message, you will be prompted to enter values for the
unknowns in the formula.

Entering Functions and Constants

You must enter values for all the unknown functions and constants in the
derivative formula. The functions must be functions of the independent
variable, X. The constants must be constant with respect to the independent
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variable, X. You can easily tell the difference between what must be a
function and what must be a constant by the letter: U, V, and W are

functions, while A, B, and all other letters represent constants with respect
to X.

For this example, the value of U is SIN(X) and the value of V is COS(X),
sotype CJEN (& X ) ) =) (O kg (I X as your input:

RAD ALG PRG
{ HOME MATHD }

Enter values, or press
ENTER if all unknown:
<U> <V>

'SINCR) ' 'COS(Ke'
[¢SKIP[SKIP [ €DEL[UEL > [INS s[#STK]

Press to accept that input.

NOTE: If you wish to enter a name (variable) as a
limit or a constant, the tic marks surrounding the
name are optional. For example, X can be entered
as X or X.

Simplifying the Resuit

After the “Storing values...” and the “Solving...” message, the following
screen will appear:

Completely simplify
algebraic result?

(this may be slow..?
[ NO_|

This prompt only appears when the current result of the derivation process is
an algebraic expression. When that is the case, you have the option of
completely simplifying the expression, through a series of algebraic
expansions and collections by the HP 48SX. If the current result is numeric,
this prompt is bypassed because no simplification is necessary.

&

Answering ©YES " will simplify the expression, although it may take a few
minutes for complex expressions, while answering ©-NO™ " will cause
subsequent displays of the result to appear unsimplified.
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For this example, press S . After a “Processing...” message, the
following screen will be displayed:

View result in EQWr
or TEXT format?

[ HE ] TEQT

Viewing the Result

This prompt only appears when the final result of the derivation process is an
algebraic expression. When that is the case, you have the option of displaying
the result in either EquationWriter format or text format. If the final result is
numeric, this prompt is bypassed because the EquationWriter display format
is not appropriate.

For this example, press TEXT . The following screen will be displayed:

Re
'COS(ROY™

Press (519 to save the result to the stack as an algebraic object, or or
to return to the derivatives screen without saving the result on the stack.

Series

Upon choosing Series from the Calculus menu, the following screen appears:

Series
STAYLOR
BINOMIAL
EXPONENTIAL % LOG.
TRIG. & HYPERBDLIC

MAIN [ #STE [PRINT] WIEW [FONT] UP |
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Taylor Series

Example: Find the Taylor series of the function SIN(LN(X)) about the
point X =e, to the third order.

NOTE: This is quite a lengthy example, but most
complex Taylor series expansions and algebraic
simplifications will take several minutes.

To do this, select Taylor from the Series menu. Then press SOLVE | and
type in (0 GN (@) (=) & X B& & & X E) 3 527182818246

as your input:

ALG PRG
{ HOME MATHD }

Enter e uatmn, varia-
ble, order oint?

Jeany <uard < 2034 <pt>

WD) K 3 2.7182818246
[£=kIP[zkIP 2] «D0EL [DEL> [ INS o 5TE]

Press to accept that input. After a lengthy “Solving...” message, you
will be prompted for simplification. Choose S if you want to simplify
the result before you display it, or ::NO=* if you want to quickly view the
result without further simplification. For this example, press - YES  to
simplify the result. After another lengthy “Processing...” message, you will
be prompted for what type of display you want. Choose EQWR' to view the
result in EquationWriter format, or ' TEXT to view the result quickly in a
text format. For this example, choose ‘ TEXT | and the following screen will
be displayed:

R
'=B.9 3@@9*X"2+B.
8254*><"3+1 2708%X"'

Press 59 to save the result to the stack as an algebralc object, or [ENTER] or (AT
to return to the Taylor series screen without saving the result on the stack.
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Binomial Series

Example: Find the binomial expansion of (X + 5)' 4. To do this, select
Binomial from the Series menu. Then press SOLVE | and type 5[] 4 as
your input, since Y=35 and S=4 in the general form X+Y)"S:

ALG PRG
{ HOME MATHD }

Enter values, or press
ENTER if all unknown:
<Y> <S>

0 G
[£SKIP[3KIPS

Press [ENTER] to accept that input, and after a “Storing values...” and a
“Solving .. message you will be prompted for algebraic smphﬁcatlon
Choose YES ' to simplify the result, and then select EQWR: to view the
result in EquationWriter format. After these choices, the following screen
will be displayed:

HP YBSY EQUATION WRITER
25+158 Ko +28%+1 +508:

PRESS < 4 ¥ # TO SCROLL EQUATION
PRESS [ATTN] TO RETURN TO LIST..

When you have finished viewing the result, press to continue on to the
fin ompt, which asks if you wish to copy the result to the stack. Choosing
YES will leave a copy of the result on the stack as an algebraic object for
further use after you quit the Mathematics Pac. After you make a choice
here, you will be returned to the binomial series screen.

Other Series

Example: Evaluate the series expansion of SIN(X) to five terms. To do this,
select Trig. & Hyperbolic from the Series menu. Then, since the arrow is
already pointing at the series for SIN(X), press ‘SOLVE | and after a
“Processing...” message, enter the number of terms desired by typing 5 as
your input:
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PRG
{ HOME MATHD }

Enter number of terms
desired in expansion:®
<int>

[£3EIP[iKIP+] <DEL [DEL® [ INS s[t3TK]

Press to accept that input. After the “Processing...” message, you will
be prompted for algebraic simplification and for display type. The fastest
way to view the results is no simplification, text format. To do this, press
SENO" " andthen "TEXT" at the next prompt. After these choices, the
following screen will be displayed:

Press 59 to save the result to the stack as an algebraic object, or or
to return to the Trig. & Hyperbolics series screen without saving the result on
the stack.

Vector Analysis

Upon choosing Vector Analysis from the Calculus menu, the following
screen appears:

Vector Analysis

[MAIN [+ TE [PRINT YIEW [FONT] UP |

These are the available coordinate systems. Choose any one of these by
moving the arrow to the appropriate selection and pressing to view the
equations for that coordinate system. Once you have chosen a coordinate
system, you can view the equations for gradient, divergence, curl, and
Laplacian in EquationWriter or text format, or copy them to the stack for
further reference.
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NOTE: The divergence and gradient operators, and
the dot and cross products in the formulas are not
valid HP 48SX functions—these formulas are in-
cluded solely for reference.

Summary of Operations (Calculus Sections)

Action

==

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts for “ONE. or

to select items, and then
sends those items to an IR printer.
Starts an item-specific solving process.

Prompts for : ONE:: or
copies those items to the stack.

to select items, and then

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.

For equation data, builds and displays the Equation-
Writer form of the equation. (For more information, see the
section in Chapter 1 entitled, “Scrolling Equations Too Wide
for the Display.”) For picture data, displays the pic-
ture. Fortext, displays the screen title, the item label,
and the item, all expanded to one screen.

Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of

Operations.”
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Chapter 7
Linear Algebra

In This Chapter

Linear Algebra provides basic tools for use in matrix analysis.

This chapter covers:

Using Linear Algebra
Enter or Edit Matrix
Characteristic Polynomial
Determinant

Eigenvalues

Trace

Ooo0OoOoono

Using Linear Algebra

To get to the Linear Algebra section, follow these steps:
1. Press to display all libraries available to the HP 48SX.
MATH: to enter the Mathematics Pac library

2. Find and press
directory.

3. Press the first softkey, “MATHE | to start the application.

4. At the Main menu, move the arrow to Linear Algebra (by pressing

and (@¥]) and press [ENTER].

Linear Rlgebra
SENTER DR EDIT MATRI®
CHAR. POLYNOMIAL
DETERMINANT
EIGENVALLUES
TRACE

[MAIN [ +:TE[PRINT[WIEW [FONT ] UP ]

Items in the Linear Algebra Menu

Each entry in the Linear Algebra menu is briefly described below and is
discussed in detail later in this chapter.
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Item

Description

Trace

Eigenvalues

Enter or Edit Matrix Controls entry and editing of the matrix on

which all other operations will be per-
formed.

Characteristic Polynomial | Finds the characteristic polynomial of a

square matrix.

Determinant Finds the determinant of a square matrix.

Finds the eigenvalues of a square matrix
by applying the polynomial root-finder to
the characteristic polynomial.

Finds the trace of a square matrix.

Summary of Operations (Linear Algebra)

Action

@@

Toggles between the small and large fonts.

Returns to the Main menu.

© to select items, and then
sends those items to an IR printer.

Prompts for ZONE.. or - ALL" to select items, and then
copies those items to the stack. The items are placed in a
listif ©*ALL. was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of

Operations.”
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Enter or Edit Matrix

Enter or Edit Matrix makes use of the command line to enter or edit a square
matrix. When a matrix is entered, it is stored in the global variable MATR in
the MATHD directory. Once a matrix has been specified, all other functions
in the Linear Algebra section will operate on that matrix. To enter a new
matrix or to edit the existing matrix, simply choose Enter or Edit Matrix
again.

Usually, choosing Enter or Edit Matrix displays the following screen:

Enter a new matrix
or edit the existing
matrix?

[ NEI | EDIT

At this point, select “NEW:" to enter a new matrix (overwriting MATR) on
a blank command line, select =EDIT" to edit the matrix previously stored in
MATR, or press [f to abort the process and return to the Linear Algebra
menu.

If the variable MATR does not exist (which happens the first time Enter or
Edit Matrix is selected), then the New/Edit question is bypassed and you are
taken directly to the new matrix entry screen, as described below.

NOTE: All operations in Linear Algebra take only
square matrices as arguments, so the Enter or Edit
Matrix function will not allow entry of non-square
matrices.

Entering a New Matrix

% brings up the following screen:

PRG
{ HOME MATHD }

Enter matrix:
<matrix>

Selecting &

+
Lee [ me] ] [ [ ]
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The first softkey in the menu begins a matrix. The second softkey is pressed
after each row of data, in order to end that row and begin a new row. And
the third softkey ends the matrix. Pressing [ENTRR] accepts the entry.

Example° Enter the matrlx [[12][34]]. First,select “NEW% . Then type
i I 3[x)4 E8E as your input:

PRG
{ HOME MATHD }

Enter matrix:
<matrix>

(c121
[ 34]]¢
(o Joeef 0l [ [ |

Pressing stores that matrix into MATR and returns to the Linear
Algebra screen.

Editing an Existing Matrix

Selecting #EDFEE brings up a screen with the current contents of MATR
loaded onto the command line for editing. (For more information, refer to
the section in Chapter 1 entitled, “Editing Text Entries.”)

Example (cont.): Edlt the matrix [ [12][34]], changingitto[[21][34]
] First, select REDIE: . Then type 0@ @ (=) =] 1 (=) as your input:

PRG |

{ HOME MATHD }
Edit matrix:
<matrix>
(211

[ 341]]
Lo Tosif nl [ [ |

Pressing stores that matrix into MATR (overwriting the previous
contents) and returns to the Linear Algebra screen.

Characteristic Polynomial

Upon choosing Char. Polynomial from the Linear Algebra menu, the
characteristic polynomial of the matrix stored in MATR is automatically
calculated and displayed.

Example (cont.): Calculate the characteristic polynomial of the matrix [ [2 1
113 4] ]- To do this, simply choose Char. Polynomial from the Linear
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Algebra menu. This displays a “Solving...” message and then the following
screen:

Press to save the result to the stack as a list, or or to return to
the Linear Algebra menu without saving the result on the stack.

Determinant

Upon choosing Determinant from the Linear Algebra menu, the determinant
of the matrix stored in MATR is automatically calculated and displayed.

Example (cont.): Calculate the determinant of the matrix [[21][34]]. To
do this, simply choose Determinant from the Linear Algebra menu. This
displays a “Solving...” message and then the following screen:

Result:
S

Press [519) to save the result to the stack as a number, or or (A to return
to the Linear Algebra menu without saving the result on the stack.

Eigenvalues

Upon choosing Eigenvalues from the Linear Algebra menu, the eigenvalues
of the matrix stored in MATR are automatically calculated and displayed.

Example (cont.): Calculate the eigenvalues of the matrix[[21][34]]. To
do this, simply choose Eigenvalues from the Linear Algebra menu. This
displays a “Solving...” message and then the following screen:
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Press [59) to save the result to the stack as a list, or or (8 to return to
the Linear Algebra menu without saving the result on the stack.

If the matrix has more than five eigenvalues, then a small “ +” symbol will be
displayed. However, only five roots can be displayed here —to view the
remaining roots, press to copy the results to the stack, and then quit the
Pac to examine the returned list.

Trace

Upon choosing Trace from the Linear Algebra menu, the trace of the matrix
stored in MATR is automatically calculated and displayed.

Example (cont.): Calculate the trace of the matrix [ [21][3 4] ]. To do this,
simply choose Trace from the Linear Algebra menu. This displays a
“Solving...” message and then the following screen:

Result:
6

Press (579 to save the result to the stack as a number, or or (A to return
to the Linear Algebra menu without saving the result on the stack.
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Chapter 8
Transforms

In This Chapter

Transforms includes over 150 reference formulas.

This chapter covers:

[0 Using Transforms
O Transforms Sections

Using Transforms

To get to the Transforms section, follow these steps:
1. Press to display all libraries available to the HP 48SX.
2. Find and press ‘MATH_ to enter the Mathematics Pac library
directory.
3. Press the first softkey, “MATH: | (o start the application.

4. Atthe Main menu, move the arrow to Transforms (by pressing [(a]

and (¥]) and press [E

Transforms
SDEFIN

FI]IIRIER TRﬁNSFURMS
LAPLACE TRANSFORMS
2 TRANSFORMS

[MAIN [ #STE[PRINT[ VIEW [FONT] UP |

Items in the Transforms Menu

Each entry in the Transforms menu is briefly described below and is
discussed in detail later in this chapter.
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Item Description

Definitions Definitions of the included transforms.

Fourier Transforms Nearly 50 finite sine, finite cosine, Fourier sine,
Fourier cosine, and Fourier transforms.

Laplace Transforms | Over 75 Laplace transform pairs.

Z Transforms Over 25 Z transform pairs.

Summary of Operations (Transforms)

Key Action

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts for : ONE.. or ./ALL': to select items, and then
sends those items to an IR printer.

Prompts for «ONE: or A o select items, and then
copies those items to the stack. The items are placed in a
list if &AL was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

(on)-6H) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”
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Transforms Sections

All of the Transforms sections behave identically. They all contain reference
formulas which can be browsed, viewed in text format (by pressing

IEW:? ), viewed in EquationWriter format (by pressing [ENTRR]), or copied
to the stack as algebraics for later use.

Since some of the lists of equations are quite long (e.g., Laplace Transforms
contains 76 formulas), an example demonstrating use of the search mode to
find a particular formula will be useful. (For more information, refer to the
section in Chapter 1 entitled, “Using the Search Mode.”)

Example: Locate the Laplace transform for the function 1/(S ~4-A "~ 4). To
find this formula, move the arrow to Laplace Transforms and press [ENTER]:

v Laplace Transforms
1/5: WD

173+

1/5*»4 mn 1)2(N-1)

“EXPCRXT)
17 GG-fng THERPCAXT)
12(3-A)*N: 12CN-10%T *(N-1)XERPGon
[MAIN [ >3 TR [PEINT[WIEW [FONT] UP |

To invoke the search mode, press (&

PRG
{ HOME MATHD }

Search for:

[£SKIPkIP2] €0EL [OEL3 [INS o] |

Now, you must type in the search string. It must exactly match the formula
for which we are looking, although it may be a substring. Note also that the
search function is case-sensitive, so the S and A in the formula must be
uppercase. To enter the search string, type:

1EOs
(7 I i ] 14 P
54

At this point, the screen should look like:

Mathematics Pac 8-3



Transforms

ALG PRG
{ HOME MATHD }

Search for:

1/(8"4 A" ¢

If it doesn’t match exactly, use the editing softkeys and the cursor keys to
correct the search string. (For more information, refer to the sections in
Chapter 1 entitled, “Editing Text Entries,” and “Alpha Lock.”) When the
search string is correct, press [ENTR]. After a pause, you will see:

Laplace Transforms
1/(S~4-A"Y ;1/ta*n*a:x<smmnﬂr...
~ +*

+ 4p
A

[MAIN [ STEJPRINT [ YIEW JFONT |

This is the desired formula. To view it quickly in text format, press VIEW: :

*#A"3) ¥ (SINHC(A*t >-S
¥t

PRESS [ENTER] TO CONTINUE ...

Press to return to the list of transforms, and press again to view
the transform in EquationWriter format:

HP 4BSX EQUATION WRITER

L (SINH(AL) -SIN(A4)’

PKESS <« A ¥ b TO SCROLL EQUATION
[PRESS [ATTN] TO RETURN TO LIST..

This formula is slightly wider than the screen, so the cursor keys are activated
for scrolling purposes. When you have finished viewing the equation, press
to return to the list of transforms.
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Summary of Operations (Transforms Sections)

Action

Toggles between the small and large fonts.

Returns to the Main menu.

Prompts for ZONE> or #ALL:" to select items, and then
sends those items to an IR printer.

Ty e

Prompts for “ONE": or ¥ALL" to select items, and then
copies those items to the stack. The items are placed ina
list if <-ALL:: was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.

Builds and displays the EquationWriter form of the equa-
tion. (For more information, see the section in Chapter 1 en-
titled, “Scrolling Equations Too Wide for the Screen.”)

{on]-furr] Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”
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Chapter 9
Miscellaneous

In This Chapter

Miscellaneous contains commonly used mathematical reference data.

This chapter covers:

Using Linear Algebra
Constants Library
Common Prefixes
Greek Alphabet
Quadric Surfaces

OO0O00O0O

Using Miscellaneous

To get to the Miscellaneous section, follow these steps:
1. Press to display all libraries available to the HP 48SX.

2. Find and press :MATH: to enter the Mathematics Pac library
directory.

3. Press the first softkey, "MATH. | to start the application.
4. At the Main menu, move the arrow to Miscellaneous (by pressing
and (¥]) and press [ETER].

Miscellaneous

STA
QUADRIC SURFACES

[MAIN [+2TE [PRINT [ ¥IEW JFONT | UP |
Items in the Miscellaneous Menu

Each entry in the Miscellaneous menu is briefly described below and is
discussed in detail later in this chapter.
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Item Description

Constants Library Commonly used mathematical constants.
Common Prefixes Commonly used prefixes.
Greek Alphabet Uppercase and lowercase Greek letters.

Quadric Surfaces All types of quadric surfaces and their equations.

Summary of Operations (Miscellaneous)

Key Action

Toggles between the small and large fonts.
Returns to the Main menu.

Prompts for ' % to select items, and then
sends those Items to an IR pnnter

Prompts for ::ONE:: or - to select items, and then
copies those items to the stack The items are placed in a
list if L:. was chosen.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.
Moves down one level in the menu structure.

on)-fum) Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of
Operations.”
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Constants Library

Upon choosing Constants Library from the Miscellaneous menu, the
following screen appears:

Const ants Library

+ 4

Pl : 3.14153265359
E (NAPIERE'S) : 271828182846
4 (EULER'S) : 0.67731666480
# (GOLDEN nrmn:c Le1803338675
G (ACC. GRAVITY): 9.80665
G (NEWTON'S) 6.67259E-11
¢ diGHT. srseo: 2%805345aE0
¢PL 6.626126E-34
mnmmmm

NOTE: The values are unjustified because the small
font is proportionally spaced; switching to the large
font will align the numerical data in the same column.

Example: Look up the value of Planck’s constant. First, move the arrow
down to H by pressing (& (3@]. Now, press :UNITS' to turn on units.
Finally, although you can see most of the value of H on the display, press
to view the full value of the constant:

Constants Library
h <(Planck's>
6.626176E-34_J*s

E TO_STACK ..
URN TO LIST..

Press 519 to save the constant to the stack as a tagged object, or or
to return to the Constants Library menu without saving the constant on the
stack.

NOTE: Toggling units at the Constants Library
screen changes the same user flag as does toggling
units at the solver screen, so changes to the units
setting here will persist if you later return to the solver
screen.
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Greek Alphabet

Upon choosing Greek Alphabet from the Miscellaneous menu, the following
screen appears:

ALPHA Ao 1I0TA  T. RHD  P#
BETA ¢B KAPPA kK SIGMA ¢ 3
GAMMAT ¥ LAMBDA A> TAl  Te

DELTA 34 MU wM UPSILON uT
EPSILONE € NU Nv PHI [ 3
2ETR 32 M ¥= CHI LX
ETA  K=n ummunou Psl Yy
THETA oH@ P [l OMEGA wQ

PRESS KENTER] TO RETURN TO LIST..

This screen is a picture displaying representations of all of the uppercase and
lowercase Greek letters. Many of these characters are available from the HP
48SX keyboard, but not all of them. To get a printed copy of this screen,
press [ON)-(H) now. Press to return to the Miscellaneous menu.

NOTE: The uppercase and lowercase letters alter-
nate columns, due to limitations of the pixel resolu-
tion of the HP 48SX screen.

Standard Prefixes

Upon choosing Standard Prefixes from the Miscellaneous menu, the
following screen appears:

A (D ) 10
txmnlmznmmm

The only difference in behavior between Standard Prefixes and Constants
Library is that units are not relevant to the prefixes, so {UNITS: has been
replaced with
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Quadric Surfaces

Upon choosing Quadric Surfaces from the Miscellaneous menu, the
following screen appears:

Quadrlc Surfaces
REAL ELLIPSOID: K*2/A*2eY 2/B*2-..
MAG ELLIPSOID: u*a/nhz +Pr32B B
YPERBOLDID OF 1 SHEET: X~2/A“2...
YPEREOLDID OF 2 SHEETS: R 2/A%..
EAL aunnmc CONE: R 27A%2+Y* 2w
MAG QUADRIC CONE: X~2/R“2+Y" 2.
LLIPTIC FﬁRMDLmD RAAIRABeYAD,.,
YPERBOLIC PARABOLOID: x*am*z—

(MAIN ] >STEPRINT[ VIEW [FONT] UP_|

w(

surfaces. These equations can be viewed in text format by pressing

viewed in EquationWriter format by pressing [ENIRR], or copied to the stack as
algebraics by pressing

Mathematics Pac 9-5



Miscellaneous

Summary of Operations (Miscellaneous Sections)

Action

fm

Toggles between the small and large fonts.

Returns to the Main menu.

Prompts for ! SALER to select items, and then
sends those items to an IR pnnter

Prompts for Ol to select items, and then

copies those items to the stack

Indicates that units are currently turned on. Pressing this
key turns off units, automatically stripping units from all con-
stants.

Indicates that units are currently turned off. Pressing this
key turns on units, automatically appending units to all con-
stants.

Moves up one level in the menu structure.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Quits the Mathematics Pac to the HP 48SX stack.

For equation data, builds and displays the Equation-
Writer form of the equation. (For more information, see the
section in Chapter 1 entitled, “Scrolling Equations Too Wide
for the Display.”) For picture data, [ENTRR] displays the pic-
ture. For text, [ENTER] displays the screen title, the item label,

and the item, all expanded to one screen.

Dumps the current screen to an IR printer.

A complete summary of operations is given in Appendix B, “Summary of

Operations.”
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Chapter 10
Programmable Functions

In This Chapter

Programmable Functions describes the syntax and behavior of the commands
located in the MATH directory in the Library menu. Most of the
programmable commands are also functions, which can be used in algebraic
expressions, and all can be included as a part of user-language RPL
programs.

This chapter includes:

Algebra Functions
Trigonometry Functions
Hyperbolics Functions
Calculus Functions
Transforms Functions
Linear Algebra Functions
Utilities

oo0ooooo

Algebra Functions

This section describes the syntax and behavior of FRACT, GCD, LCM,
PROOT, PRIME, and REDUC.

FRACT

FRACT is a function that performs the closest fraction algorithm. It is
identical to the Closest Fraction function described in Chapter 2, except that
FRACT can also take lists of objects and tagged objects as valid arguments.
FRACT also requires a maximum denominator, which must be an integer.
FRACT returns the input object, but with all numerical parts changed to
algebraic expressions representing the closest fraction.
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Input Level 2 Input Level 1 Output Level 1
"algebraic’ integer (denominator) | ‘algebraic’
complex integer (denominator) | complex
list integer (denominator) | list
real integer (denominator) | real
tagged integer (denominator) |tagged
unit integer (denominator) | unit
GCD

GCD is a function that performs the greatest common divisor function. It is
identical to the GCD function described in Chapter 2.

Input Level 2 Input Level 1 Output Level 1
integer integer integer (GCD)
LCM

LCM is a function that performs the least common multiple function. It is
identical to the LCM function described in Chapter 2.

Input Level 2 Input Level 1 Output Level 1
integer integer integer (LCM)
PROOT

PROOT is a command that performs the polynomial root finder function.
PROOT is not a function because it takes a list as input, but it can be used as
a command. It is identical to the PROOT function described in Chapter 2.

Input Level 1

Output Level 1

list of integers (coefficients)

list of real or complex (roots)

10-2
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PRIME

PRIME is a function that performs the prime factorization function. It is
identical to the prime factorization function described in Chapter 2.

Input Level 1 Output Level 1
integer list of integers (prime factors)
REDUC

REDUC is a function that performs the reduce function. It is identical to the
reduce function described in Chapter 2.

Input Level 1 Output Level 1

integer list (numerator and denominator)

Trigonometry Functions

This section describes the syntax and behavior of COT, SEC, CSC, ACOT,
ASEC, and ACSC.

COT, SEC, CSC, ACOT, ASEC, ACSC

These are all standard trigonometric functions, and all allow the same types
of arguments and give corresponding results. The syntax table is shown only
for COT.

Input Level 1 Output Level 1
"algebraic’ 'COT (algebraic)’
complex COT(complex)
'name’ 'COT(name)’
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real COT(real)

Hyperbolic Functions

This section describes the syntax and behavior of COTH, SECH, CSCH,
ACOTH, ASECH, and ACSCH.

COTH, SECH, CSCH, ACOTH, ASECH, ACSCH

These are all standard hyperbolic functions, and all allow the same types of
arguments and give corresponding results. The syntax table is shown only for
COTH.

Input Level 1 Output Level 1
"algebraic’ 'COTH(algebraic)’
complex COTH(complex)
‘name’ 'COTH(name)’
real COTH(real)

Calculus Functions

This section describes the syntax and behavior of BINO, STORE, and
TYLRX.

BINO

BINO is a function that finds binomial coefficients. It is used in the binomial
series formula described in Chapter 6. It differs from the HP 48SX
command, COMB,; in that BINO allows the level 2 integer to be negative.

Input Level 2 Input Level 1 Output Level 1
integer integer integer (binomial coef-
ficient)
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STORE

STORE is a function that stores an integral into the user-defined integrals
section of the integral tables inside the Calculus section of the Mathematics
Pac.

There are several important points to understand about how STORE works
and about the required format of the integral to be stored:

1. The integral should be an algebraic expression, and therefore can be
entered by way of the HP 48SX EquationWriter and copied to the
stack. (For more information, refer to Chapter 16 of the HP 485X
Owner’s Manual, “The EquationWriter Application.”)

2. The limits of the integral will be ignored, and the integral will be
stored as an indefinite integral.

3. The variable of integration should be X, and the case is
important —it should be an uppercase X. If you already have an
integral that you do not want to be forced to edit, STORE will
automatically convert all occurrences of the variable of integration to
X. However, this means that if X appears elsewhere in the original
integral, that integral cannot be used.

4. If you want the integral to appear with a label on the left side
containing conditions like A =1, then you should enter the integral
as an algebraic, enter the condition as a string, and then tag the
integral with the string.

Input Level 1 Output Level 1

algebraic (integral) empty

tagged (integral with label) empty
TYLRX

TYLRX is a function that finds the Taylor series expansion of an arbitrary
function of an arbitrary variable about an arbitrary point. It expands the
functionality of the HP 48SX function TAYLR by allowing specification of
the point about which to expand the series.

In Level 4 In Level 3 In Level 2 In Level 1 Out Level 1

algebraic name integer real (point) | algebraic
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Transforms Functions

This section describes the syntax and behavior of ERF, ERFC, JO, and J1.

ERF
ERF is a function that finds the error function. It is used in some of the
transforms.
Input Level 1 Output Level 1
‘algebraic’ 'ERF(algebraic)’
‘name’ 'ERF(name)’
real ERF(real)
ERFC

ERFC is a function that finds the complementary error function. It is used in

some of the transforms.

Input Level 1 Output Level 1
‘algebraic’ "ERFC(algebraic)’
‘name’ "ERFC(name)’
real ERFC(real)

10-6
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Programmable Functions

JO is a function that finds the zeroth order Bessel function. It is used in some

of the transforms.

Input Level 1 Output Level 1
‘algebraic’ ’J0(algebraic)’
‘name’ 'Jo(name)’
real JO(real)

J1i

J1is a function that finds the first order Bessel function. It is used in some of

the transforms.

input Level 1

Output Level 1

"algebraic’ 'J1(algebraic)’
'name’ 'J1(name)’
real J1(real)

Linear Algebra Functions

This section describes the syntax and behavior of CPOLY, EIVAL, and

TRACE.

Mathematics Pac
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CPOLY

CPOLY is a command that performs the characteristic polynomial function.
CPOLY is not a function because it takes a matrix as input, but it can be used
as a command. It is identical to the characteristic polynomial function
described in Chapter 7.

Input Level 1 Output Level 1
matrix (square) list of real or complex (coefficients)
EIVAL

EIVAL is a command that performs the eigenvalues function. EIVAL is not
a function because it takes a matrix as input, but it can be used as a
command. It is identical to the eigenvalues function described in Chapter 7.

Input Level 1 Output Level 1
matrix (square) list of real or complex (eigenvalues)
TRACE

TRACE is a command that performs the trace function. TRACE is not a
function because it takes a matrix as input, but it can be used as a command.
It is identical to the trace function described in Chapter 7.

Input Level 1 Output Level 1
matrix (square) integer (trace)
Utilities

This section describes the syntax and behavior of derUBASE, FLAG,
TORAD, and SLVINTEG. None of these functions is designed to be useful
to the user, but they all must be present in the Library menu in order for
proper operation of the Mathematics Pac.
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derUBASE

derUBASE is the user-defined derivative of the HP 48SX UBASE function.
derUBASE is necessary for proper operation of the SLOPE function in the
Graphics Environment when the equation being plotted contains a UBASE
call.

FLAG

FLAG is a function that returns the setting of a flag. FLAG is necessary for
proper evaluation of certain geometry equations that include angle constants
like 180_°. Depending on the setting of the units flag, the angle constant must
be either 180 or 180 _°.

TORAD

TORAD is a function that converts a value with angle units or without units
to radians, assuming that all values without units are in degrees. TORAD is
necessary for proper evaluation of certain geometry equations that include
angles with assumed units of radians.

SLVINTEG

SLVINTEG is a program that calls the integral solver. SLVINTEG is
necessary for proper solving of user-defined integrals from inside the
Mathematics Pac, because the program name SLVINTEG must be present in
the user variable USRINTEG.
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Appendix A
Warranty and Service

Pocket Professional Support

You can get answers to your questions about using your Pocket Professional
card from Sparcom. If you don’t find the information in this manual or in the
HP 485X Owner’s Manual, contact us in writing, at :

Sparcom Corporation
Attn: Technical Support Dept.
897 NW Grant Avenue, Corvallis, OR 97330, U.S.A. (503) 757-8416

or send E-mail:

from Internet: support@sparcom.com
from Compuserve: > Internet:support@sparcom.com
from FidoNet: To:support@sparcom.com

Limited One-Year Warranty

What Is Covered

The Pocket Professional is warranted by Sparcom Corporation against
defects in material and workmanship for one year from the date of original
purchase. If you sell your card or give it as a gift, the warranty is
automatically transferred to the new owner and remains in effect for the
original one-year period. During the warranty period, we will repair or
replace (at no charge) a product that proves to be defective, provided you
return the product and proof of purchase, shipping prepaid, to Sparcom.

What Is Not Covered

This warranty does not apply if the product has been damaged by accident or
misuse or as the result of service or modification by any entity other than
Sparcom Corporation.
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No other warranty is given. The repair or replacement of a product is your
exclusive remedy. ANY OTHER IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS IS LIMITED TO THE ONE-YEAR
DURATION OF THIS WRITTEN WARRANTY. IN NO EVENT SHALL
SPARCOM CORP. BE LIABLE FOR CONSEQUENTIAL DAMAGES.
Products are sold on the basis of specifications applicable at the time of
manufacture. Sparcom shall have no obligation to modify or update
products, once sold.

If the Card Requires Service

Sparcom will repair a card, or replace it with the same model or one of equal
or better functionality, whether it is under warranty or not.

Service Charge

There is a fixed charge for standard out-of-warranty repairs. This charge is
subject to the customer’s local sales or value-added tax, wherever applicable.
Cards damaged by accident or misuse are not covered by fixed charges.
These charges are individually determined based on time and material.

Shipping Instructions

If your card requires service, ship it to Sparcom Corporation, 897 NW Grant
Avenue, Corvallis, OR 97330, U.S.A.

B Include your return address and a description of the problem.

B Include proof-of-purchase date if the warranty has not expired.

B Include a purchase order, along with a check, or credit card number
and expiration date (VISA or MasterCard) to cover the standard re-
pair charge.

B Ship your card, postage prepaid, in adequate protective packaging to
prevent damage. Shipping damage is not covered by the warranty, so
insuring the shipment is recommended.

Cards are usually serviced and reshipped within five working days.
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Environmental Limits

The reliability of the Pocket Professional depends upon the following
temperature and humidity limits:

B Operating temperature: 0 to 45 °C (32 to 113 °F).

B Storage temperature: -20 to 60 °C (-4 to 140 °F).

B Operating and storage humidity: 90% relative humidity at 40 °C (104
°F) maximum.
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Appendix B
Summary of Operations

Key Action

Displays a screen containing the revision number and prod-
uct information about the Mathematics Pac. Pressing any
key erases the screen and returns to the previous menu or
to the HP 48SX stack.

"AREA. | Displays the area under the function defined by the X axis
value of the mark and cursor.

ICALC' | Stores variable values and systematically iterates through
the set of marked equations in an attempt to find values for
all wanted variables. Also, stores the known and found val-
ues into global variables in the MATHD directory.

fCENTS | Redraws the plot with the cursor position at the center of the
screen.

Resets values of the current variables to zero, but does not
change the global copies, which only change during
ZCALC operations.

iCONV: | Converts a variable to different units, if units are on.
COORD | Displays the coordinates of the cursor position.

Displays the equation screen for the current topic.
Displays the selected equation in the EquationWriter.
Returns to the Graphics environment menu.

Moves the cursor to the nearest extremum on the function.
Plots the first derivative of the function.

Displays the function value at the X axis value of the cursor,
and moves the cursor to that point on the function.

Displays the Function menu for analyzing function plots.

Toggles between the small and large fonts.
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THALT:

“MAIN'
'MARK

Halts the Pac so that operations can be performed on the
HP 48SX stack. Pressing ¥CONT. or returns to the
Pac, while pressing FKILEY or SCTRLE TKILL termi-
nates the Pac.

Toggles display of the softkeys on and off.

Toggles the selected variable between known and unknown
status, adding or removing a triangular tag.

Unnecessary in the Mathematics Pac.
Returns to the Main menu.

If at the equations screen, toggles the selected equation be-
tween marked and unmarked status, adding or removing a
triangular tag. Only variables in the marked set of equations
will appear in the solver and variable screens. If no equa-
tions are marked, all will be used. If in the Graphics environ-
ment, places a mark (X) at the cursor location.

Unneeded in the Mathematics Pac.
Displays a picture for the current item, if one exists.

Plots the selected equation, prompting for x-axis and y-axis
values. Plotting is only allowed for equations of the form
y=f(a,b,...), where all but one of the variables on the right-
hand side of the equation are held constant (i.e., known).

Prompts for .ONE: or to select items, and then

sends those items to an IR prihter.
Purges the global copies (in the MATHD directory) of the

current set of variables, but does not change the values cur-
rently set inside the Pac.

Quits the Mathematics Pac to the HP 48SX stack.

Pastes in a graphics object (GROB) from the stack at the
cursor location.

Moves the cursor to the nearest root and displays the coor-
dinate of the root.

Displays the slope of the function at the X axis value of the
cursor, and moves the cursor to the point at which the slope
was calculated.
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Displays the solver screen of the current topic for Geometry,
or starts an item-specific solving process for other sections.

Prompts for ~ONEE or S&LLE to select items, and then
copies those items to the stack. The items are placed in a
list if ¢ was chosen.

Copies the rectangle bounded by the mark and the cursor
location to the stack as a graphics object (GROB).

Indicates that units are currently turned on. Pressing this
key turns off units, automatically converting all variable val-
ues to Sl units and then stripping the units. For the Con-
stants Library, no conversion is necessary.

Indicates that units are currently turned off. Pressing this
key turns on units, automatically appending standard Sl
units to the values or constants.

Moves up one level in the menu structure.

Displays the variable screen for the current topic, including
descriptions and default units.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. If the item fits on the
screen, this key is non-functional.

Toggles the selected variable between wanted and un-
wanted status, adding or removing a question mark tag.

Zooms in on the rectangle defined by the mark and the cur-
sor.

Displays the ZOOM menu, which rescales and recenters the
plot.

Enters the search screen mode, whereby the user can
search the current menu for a particular string. Pressing
aborts the search operation.

If pressed at a menu, quits the Mathematics Pac to the
HP 48SX stack. If pressed at most other times, aborts
the current operation and returns to the last menu displayed.
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el

In general, “zooms in” on the selected item. For equa-
tions, builds and displays the EquationWriter form of
the equation. For functions, executes the selected
function. For menu choices, moves down one level in
the menu structure. For pictures, displays the picture.
For text, displays the screen title, the item label, and
the item, all expanded to one screen. For variables,
prompts for a value for the variable.

Dumps the current screen to an IR printer.

Displays the entire text of an item too wide to fit on the
screen, up to one entire screen size. Once the full text has
been displayed, pressing or returns to the menu.
If the item fits on the screen, this key is non-functional.

B-4
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Appendix C
Geometry Reference

Geometry Reference lists the categories and topics contained in the
Mathematics Pac:

Categories and Topics
Coordinate Systems
Circles

Triangles

Polygons

Planar Bounded Solids
Cylinders and Cones
Spherical Figures
Analytic Geometry

o0OoOoOoOoooo

Categories and Topics

Category/Topics # Eqns # Vars Picture? | Page #

Coordinate Systems

XY <-> Polar 4 4 Yes C-3

XYZ <-> Cylindrical 5 5 Yes C-3

XYZ <-> Spherical 6 6 Yes C-4

Circles

Circle 3 4 No (020

Sector/Segment 8 8 Yes C-5

Triangles

Right Triangle 10 12 Yes C-7

Equilateral Triangle 5 6 No C-8

General Triangle 17 14 Yes C-8

Laws of SIN,COS,TAN 4 6 Yes C-10
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Polygons

Rectangle 3 5 No C-11
Parallelogram 7 9 Yes C-12
Rhombus 3 5 Yes C-12
Trapezoid 3 5 Yes C-13
General Quadrilateral 8 12 Yes C-14
Regular Polygons 5 7 Yes C-15
Planar Bound Solids

Cube 7 8 Yes C-16
Rect. Parallelepiped 3 6 Yes C-17
Pyramid 1 3 No C-17
Tetrahedron 6 7 Yes C-17
Cylinders & Cones

Cylinder 5 Yes C-19
Cone 4 6 Yes C-19
Frustum of Cone 4 Yes C-20
Spherical Figures

Sphere 3 4 No C-21
Zone/Seg., 1 Base 5 7 Yes C-21
Zone/Seg., 2 Bases 4 7 Yes C-22
Ellipsoid 1 4 Yes C-23
Circular Torus 2 4 Yes C-23
Analytic Geometry

Parabolas (e=1) 3 6 Yes C-24
Ellipses (e< 1) 8 10 Yes C-24
Hyperbolas (e>1) 5 7 Yes C-25
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Coordinate Systems

In this category, equations describing the relationships between Cartesion,
polar, cylindrical, and spherical coordinates are contained in the following
topics:

O XY <-> Polar
O XYZ <-> Cylindrical
O XYZ <-> Spherical

XY <-> Polar
Y
R
L
PRESS [ENTER] TO RETURN TO LIST ...
x = r-COS (0)
y = r-SIN(6)
r= V& + )72
6 = ATAN (Z)
X
Variables | Descriptions Units
abscissa -
y ordinate -
r radial distance -
6 polar angle °

Mathematics Pac C-3
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XYZ <-> Cylindrical

K¢h

PRESS [ENTER] TO RETURN TO LIST...

Variables | Descriptions Units

X abscissa -
y ordinate —
z z-axis distance -
radial distance -
@ polar angle

-

XYZ <-> Spherical

2
8 R
¥
e
PRESS [ENTER] TO RETURN TO LIST...

x = r- COS (p) - SIN (6)
r - SIN (p) - SIN (6)
r - COS (6)

6 = ACOS

C4 Mathematics Pac
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Variables | Descriptions Units
X abscissa -
y ordinate _
z z-axis distance -
r radial distance -
¢ polar angle e
6 azimuthal angle °
Circles

In this category, equations describing circles, sectors, and segments are
contained in the following topics:

O Circle

[ Sector/Segment
Circle
d=2-r

c=2-T-r

K=mx-r~
Variables | Descriptions Units
c circumference m
d diameter m
r radius m
K area m~2
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Sector/Segment

Rv D
PRESS [ENTER] TO RETURN TO LIST ..
h=r-d
s=r-6
d = r-COS (9)
2
1
d = 5 4-r—-c
0
c = 2-r-SIN(2)
c=V4-h-2-r-h)
Ksec = 1 r-s
T2
Kseg = % e (6 — SIN (6))
Variables Descriptions Units
c segment base m
d sector height m
h segment height m
r radius m
s arc length m
0 angle °
Ksec sector area m~2
Kseg segment area m~™2
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Triangles

In this category, equations describing triangles, including the laws of sines,
cosines, and tangents, are contained in the following topics:

Right Triangle
Equilateral Triangle
General Triangle

Laws of SIN, COS, TAN

oooa

Right Triangle

C

PRESS (ENTER] TO RETURN TO LIST ..

ri = a b

a+b+c
rc=1.c

T2

h=L-

c

b2
m=—

c

a2
n=—

c
a = c - SIN(Ba)
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Variables | Descriptions Units
a side a m
b side b m
c side ¢ m
h altitude m
m distance to vertex m
n distance to vertex m
per perimeter m
rc circumscribed circle radius m
ri inscribed circle radius m
K area m~2
ba angle opposite side a °
6b angle opposite side b °
Equilateral Triangle
K=1.22.v3
4
per = 3-a
i=la.va
rc = %— -a-V3
h=2a Vs
2
Variables | Descriptions Units
a side a m
h altitude m
per perimeter m
rc circumscribed circle radius m
ri inscribed circle radius m
K area m~2
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General Triangle

C
PRESS [ENTER] TO RETURN TO LIST..

6a + 6b +6c = 180 °

a? = b2+02—2-b-c-COS(6a)
b? = 02+a2—2-c-a-COS(0b)
c® = a2+b2—2-a-b-COS(Gc)

1
K—E~h-c
K - c? - SIN (6a) - SIN (6b)
B 2 - SIN (6c)
K =ri
a-b-c
K= 4-rc
1
s=_--(@a+b+c)
2
per = 2-s

K? =s-(8—a)-(s—-b)-(s-c¢)

ri=4-rc-SIN (%a) . SIN (eb) . SIN (99)

2 2
(o]
= SN GO
= a - SIN (6b)
— b - SIN (6a)
t=2. (:J) . COS (%C)
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NS o - -
2 2 4
Variables | Descriptions Units
a side a m
b side b m
c side c m
h altitude to side c m
m median to side ¢ m
per perimeter m
rc circumscribed circle radius m
ri inscribed circle radius m
S semiperimeter m
bisector of 6¢c m
K area m~™2
fa angle opposite side a °
6b angle opposite side b °
6c angle opposite side ¢ °

Laws of SIN, COS, TAN

Fi ‘_\-!I
L] (1]

C

PRESS [ENTER] TD RETURN TD LIST..

6a +6b +6c = 180 °

a _ b
SIN (6a) ~ SIN (6b)

a? = b2+cz—2-b-c~COS(0a)
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arp AN (% (6a+6b))
a=b (% . (6a - Bb))
Variables | Descriptions Units

a side a m
b side b m
c side ¢ m
6a angle opposite side a °
6b angle opposite side b °
6c angle opposite side ¢ °

Polygons

In this category, equations describing common quadrilaterals and regular

polygons are contained in the following topics:

Rectangle
Parallelogram
Rhombus
Trapezoid

ooOogooao

Regular Polygons

Rectangle
K=a-b
p2 = a + b?

per =2-a+2-b

General Quadrilateral

Variables | Descriptions Units
a side a m
b side b m
p diagonal m
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per perimeter m
K area m~2
Parallelogram
PRESS [ENTER] TO RETURN TO LIST..
K=b-h
K = a-b - SIN (6a)
h = a - SIN (6a)
per =2-a+2-b
p? = a?+b%-2-a-b- COS (6a)
q°> = a®+b%>—-2-a-b-COS (6b)
fa + 6b = 180_°
Variables | Descriptions Units
a side a m
b side b m
h altitude m
p short diagonal m
q long diagonal m
per perimeter m
K area m~2
6a angle 6a °
6b angle 6b °
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Rhombus
PRESS [ENTER] TO RETURN TO LIST ...
1
K=3p-q
per = 4 -a
pz + qz - 4. g2
Variables | Descriptions Units
a sidea m
p short diagonal m
q long diagonal m
per perimeter m
K area m~"2
Trapezoid
A
A
[ & N\]
PRESS [ENTER] TO RETURN TO LIST...
1
K=—_—--(@+b)'h
2
K=m-h
m = 1 (@ +b)
)
Variables | Descriptions Units
a side a m
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b side b m
h altitude m
m median m
K area m~™2

General Quadrilateral

R

(1]
PRESS [ENTER] TO RETURN TO LIST..

s = 1E-(a+b+c+d)

per = 2-s
K = %~p-q-S/N(8)
K =3 %+0°-a%~c? - TAN (§)
] 2
2 2 2 2, 2 2 2
K =ﬁ-(4-p - q —<b +d°—a —c) )
2
K2 =(s—a)(s—b)(s—c)(s—d) —a-b-c-d-COS (911;9‘3)
p? = a®+d?>-2-a-d- COS (6a)
p? = b2+c®-2-b-c-COS (6b)
Variables | Descriptions Units
a side a m
b side b m
c side c m
d sided m
q diagonal from 6a to 6b m
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p other diagonal m
per perimeter m
s semiperimeter m
K area m~2
6 angle between diagonals °
6a angle fa °
6b angle 6b °
Regular Polygons
a =2 ri-TAN (180 )
n
a=2-rc-SIN (180 )
per = n-a
K = n-ri2~TAN(180 )
6 ="1=2 1g0°
n _
Variables | Descriptions Units
a side a m
n number of sides -
rc circumscribed circle radius m
ri inscribed circle radius m
per perimeter m
K area m”~2
0 vertex angle °
Mathematics Pac C-15




Geometry Reference

Planar Bounded Solids

In this category, equations describing planar bounded solids, including
inscribed and circumscribed sphere radii, are contained in the following

topics:

aoooa

Cube

a-v2
a-v3

Cube

Rect. Parallelepiped
Pyramid
Tetrahedron

t=]

PRESS [ENTER] TO RETURN TO LIST...

Variables

Descriptions

Units

a

p

q
rc

ri

side a

face diagonal

cube diagonal
circumscribed sphere radius
inscribed sphere radius

3 3 3 3
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K face area m”~2
T total surface area m”~2
Vv volume m~3
Rect. Parallelepiped
i %
B
PRESS [ENTER] TOD RETURN TO LIST..
=2-(@-b+b-c+c-a)
=a-‘b-c
p = VaZ + b? + c?
Variables | Descriptions Units
a side a m
b sideb m
c side c m
p diagonal m
T total surface area m”~™2
\Y, volume m~3
Pyramid
1
V = 3 B-h
Variables | Descriptions Units
h altitude m
B base area m~™2
Vv volume m~3
Mathematics Pac C17
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Tetrahedron
f A
&%,
L]
PRESS [ENTER] TO RETURN TO LIST...
K=1.22.v3
4
T=4-K
. 1
M=37-a V6
rc=1.a.-v6
T4
= 1.3,
V=15-a V2
\/ 2
h=a- =
a 3
Variables | Descriptions Units
a side a m
h altitude m
rc circumscribed sphere radius m
ri inscribed sphere radius m
K face area m~2
T total surface area m~2
\ volume m~3

Cylinders and Cones

In this category, equations describing right circular cylinders and cones are
contained in the following topics:
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O Cylinder
O Cone
O Frustum of Cone

Cylinder

PRESS [ENTER] TO RETURN TO LIST..

2-mw-r-h

T=2-w-r-(r+h)

Geometry Reference

V=x-r”-h
T
L= 2-x2-r '
T=1L- (—L———2+1)
2-mw-h
Variables Descriptions Units
h altitude m
r base radius m
L lateral surface area m~™2
T total surface area m~™2
Vv volume m~™3
Cone
s = VP +h?

L=n-r-s

T=m-r-(r+s)

w|—=

.x-rP-h

Mathematics Pac
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Variables Descriptions Units
h altitude m
r base radius m
S slant height m
L lateral surface area m~2
T total surface area m~2
Y volume m~3
Frustum of Cone
PRESS [ENTER] TO RETURN TO LIST...
s = V(1 —r2)2 + h?
L=n-(+r2)-s
T=umn- <r12+r22+(r1 +r2) ~s>
— 1 . . . 2 2 .
V=z-n-h (M2 + 2%+ - r2)
Variables Descriptions Units
h altitude m
r1 lower base radius m
r2 upper base radius m
] slant height m
L lateral surface area m”~2
T total surface area m”~2
\" volume m~™3
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Spherical Figures

In this category, equations describing spherical figures, including zones and
segments of spheres, are contained in the following topics:

00 Sphere
O Zone/Segment, 1 Base
[0 Zone/Segment, 2 Bases
O Ellipsoid
O Circular Torus
Sphere
PRESS [ENTER] TOD RETURN TO LIST ...
d=2-r
S=4-72-r
4
V = 5 s J fa
Variables Descriptions Units
d diameter m
r radius m
S surface area m~2
\Y volume m~™3

Zone/Segment, 1 Base

PRESS [ENTER] TO RETURN TO LIST..
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d=2-r
S=2-mw-r-h
S=ux- p2
V=g m-h?-@-r-h
=Y b (3 -82+h?
V=yg-z-h (3 a®+h )
Variables Descriptions Units
a zone base radius m
d sphere diameter m
h zone altitude m
p zone diagonal m
r sphere radius m
S zone surface area m~2
Vv zone volume m~3
Zone/Segment, 2 Bases
PRESS [ENTER] TO RETURN TO LIST..
d=2-r
S=2-m-r-h
_1 2, .2
V—Gnh(a+3b+h)
h=V ré-b*-v r*
Variables Descriptions Units
a zone base radius m
b zone ceiling radius m
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d sphere diameter m
h zone altitude m
r sphere radius m
S zone surface area m~2
Vv zone volume m~3

Ellipsoid

PRESS [ENTER] TOD RETURN TO LIST ...
V = g— -m-a-b-c
Variables Descriptions Units

a semiaxis a m
b semiaxis b m
c semiaxis c m
\" zone volume m~3

Circular Torus

%
PRESS [ENTER] TO RETURN TO LIST...
S =% (ro2 - ri2>
V = %~n2-(ro+r/') . (ro—ri)2
Variables Descriptions Units

ri inner radius m

Mathematics Pac
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ro outer radius m
S surface area m~2
\Y zone volume m~3

Analytic Geometry

In this category, equations describing analytic geometry figures are contained
in the following topics:

O Parabolas (e=1)
O Ellipses (e)
O Hyperbolas (e1)

Parabolas (e=1)

PRESS [ENTER] TO RETURN TO LIST...

Ir=4-p
2 . V-3 Z
s=Va @Fp2+ 2 n|2atVvea+b
2-a b
Kseg = 4. a-b
3
Variables Descriptions Units
a vertex to segment edge m
b bisector to parabola m
Ir latus rectum m
p vertex to focus m
s arc length m
Kseg |segmentarea m~2
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Ellipses (e<1)

K=n-a-

aper = 2

T/ 2
per = 4-a- f \/1—[1———] SIN(()) (o [7]

- -

PRESS [ENTER] TO RETURN TO LIST..

b

V2
a® + b?
2

Geometry Reference

E = a“—-»b
a
poo 2 b?
a
df = va“-b
a
ad = E
ds = 2-a
Variables Descriptions Units
E eccentricity —
a semimajor axis m
b semiminor axis m
dd center to directrix m
df center to focus m
ds sum of foci to point m
Ir latus rectum m
aper approximate perimeter m
per exact perimeter m
K area m~2
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Hyperbolas (e>1)

N

N[

AR
A+DF

PRESS [ENTER] TOD RETURN TO LIST...

A\

V&b
a
o 2 b?
a
df = va“+b
a
ad = E
ds = 2-a
Variables Descriptions Units
E eccentricity —
a semitransverse axis m
b semiconjugate axis m
dd center to directrix m
df center to focus m
ds difference of foci to point m
Ir latus rectum m

C-26
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Calculus Reference

Calculus Reference

What follows are lists of the left-hand sides of all the integrals available in
Calculus, along with the conditions required for validity.

Section 1: Elementary

J Adx

fxNax (N = -1)
1

f;dx

JEXP (A - X) dX

B8R *ax (B >0)
JLN (X) dx

[AY LN A)dX (A >0)

;
dx
/ A+ X2

fA21—X2 dX (A2 > X3

Section 2: A + BX

fA+B-xNax (N=-1)

[X-A+B-xNax (N=—1,-2)

I 1A2 aX (2 > A2

f —1X— ax (A2 > X2)

X A+B-x)Nax (Nz-1,-2,-3)
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1
J A+B-X) aX
1
(A+B-X?

X
fA+B~XdX

X
— X
f(A+B-X)2

X

———dX  (N=1,
f(A+B-X)N =12
Fas

A+B-XdX

x2

— X
f(A+B-X)2d

I @57
1

fX-(A+B-X)2
1

X2 (A+B-X)
1

X2 -(A+B-X)?

aX

ax

aX

Section 3: A + BX and C + DX

]
f(A+B-X)~(C+D-X)dX

X
f(A+B-)0~(C+D-X)dX
1
A+B-X)2-(C+D-X)

aX

Section 4: A + BX™N

]
—————dX (A-B>0
fA+B'X2 ( )

]

—— dX (A-B<0

fA+B-X2 ( )
X

— X
A+B-X?

X2
——dX (A :-B >0
fA+B-X2 ¢ )

D-2

X
A+B-X?2-(C+D-X)
J X dX
A+B-X)2-(C+D-X)

fA+B~X
C+D-X

aX

ax

X2
—2 _dX (A-B<0
fA+B~X2 ( )

;

fA2—32-x2dX

1

X-(A+B-X?
1

—dX
A+B-X3
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_ X
A+B-X3
X2

— 2 _ax
A+B-X3

Calculus Reference

1
X-(A+B-xNY

ax

Section5: C™2(+/-)X"2,X~2-C"2

1
d e
f521—x5dx (€% >X?)

1 2 2
fXZ_CZdX Xc >C9
X
aX
ICZ+X2

X
dX
I c? - X2

X
(C2 + X2)N + 1

X
f(cz_xz)N+1dX
X
fXZ—CZdX

X

Section 6: the SQRT( A+BX)

VA +B - XdX
fX-VA+B - XdX

X2 VA+B  XdX

f—-————wf'xdx (A >0)

f—————“A"LXB'de (A <0)

f—————"";,f'xdx (A >0)

Mathematics Pac
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1
—dX (A
fX-\/A+B-X @ <0
1
ax (A
fXZ-\/A+B-X @ >0)
1
dX (A <0
fx"’- A+B-X A <0

JAa+B-xN2ax
Ja+8B-x"N2dx
Ix-@A+B-xN24x

fx-A+B-x"N2dgx

Section 7: the SQRT(X"2+A"2)

[ VX% + A% dx
1
dX
f\/X2+A2
1
e e X
fx-\/x2+A"'
VY2 V4
f X;A aX
X
ax
f\/X2+A2
X - VX¥+ A% dX
IV 2+ A%3ax
1
f 5 oX
(x® + 42)
X

f ax
Q (x2+A2)3
[x-V <X2+A2>3dx

X2 VX¥+ A% ax

D-4

x2
X
I VX% + AZ
B
X2 . VX2 + AZ
3
IV (@ + )" ax
V4
i \/XZX-;- 5
2
[ ox
(x® + 42)
3
S X S oX
(x®+ )
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Section 8: the SQRT(X"2-A"2)

[ VXZ = A% gx

1
J dx
VXZ = A?

1
—— X
fx-x/xz—A"’

4
I x/xzx A

X
ax
/ VXZ A%

X VXZ =A% dx

IV (2 - a2)° ax
1

I <2 2)3dX
X -A

f X 5 dX
V(e

Ix-V <X2—A2)3dx

X2 VX2 =A% ax

X
aX
VXZ A7

1
J————adX
X2 - VXZ = A%

[x2.V <X2—A2>3dx

[ x/xzxz A% o

J X 5 oX
(- 2%)

f X 5 X
(¢ - #2)

S ! ax

X - \/ (x2 - 2?) :
S ! ax

X2 . \/<X2—A2>3
[ ! aX
X3 \/<X2—A2>3
1

X
f(x —A) - VXF A7

’
dX
f(x +A) - VX2 — A

Section 9: the SQRT(A"2-X"2)

[ VAT = XZ dx

Mathematics Pac
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1
— X
fx-x/Az-x?

1[—Z"—Z
J Axxdx

X
J dx
VAZ — X2

X - VAZ=XZ dX

SV (a2 - x~°—)3 X

f L — X
Vi)

X

f ax
V (a2 - )’
Ix-V <A2—X2)3dX
X2 - VAZ=XZ ax
[x2.V <A2—X2>3dx
IV (a2 -x2)° ax
2

b%
S ax
VAZ = X2

1
——————dX
fx2-\/A2—x"'

Section 10: SIN (X)
JSIN (A - X) dX

[ SIN (A - X)2 dX

D-6

f 2 ax
i LS ax
Vi

X8

J ax
V(e -2)°
f L aX
X - \/ (a2 - %) ?
i 1
X2 \[<A2 —xe)°

S L aX
x3-\/(A2-x2)3

aX

aX

1
f(Bz - X3 - VAT X?

1
dX
I(Bz - X3 - VAT X2

1
I(BZ +X3) - VAT = XF
[ VAZ = X2
B? + X?

ax

ax

(A2 >B?)

(B? >A?)
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S B
SIN (A - X)?

fSIN(M-X)-SIN(N-X)dX

1+SIN(A x) X

IN(A x) X

SIN (A -
1+SINA - X

SIN (A -
ZSINA - X

1

aX

aX

J
/-
SavE s ™
e
/-
)

SINA-X) - (1+ SIN A - X)) X

1

Isna o a=sna x)

1
(1 + SIN (A - X))?

1
dX
I (1 —SIN (A - X))?

Section 11: COS (X)
JCOS (A - X)dx

fCOS (A - X2 dX
1

————— X
COS (A - X)

Mathematics Pac
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(M? = N?)

SIN (A - X)

(1 + SIN (A - X))?
SIN (A - X)

(1 —SIN (A - X))2

()4

JX-SIN (@A - X)dX
X2 - SIN (A - X)dX
X SINA - X)?dX

X2 SIN (A - X)2dX

X
I3 +SIN (A - X)
X
/5 —SIN(A - X)
X
e DX

fS/N(A-X)z
SIN (A - X)

ax

ax

V1+B°-SINA - X)*

[ SIN (A - X)

V1 -B*-SINA - X)*
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fCOS(M-X)-COS(N-X)dX (M?=N?

1
Ii5cos @™

1
f1—COS(A-X)dX

1
fA+B-COS(X)dX

COS (A - X)
I35 cos@a o™

COS (A - X)
I3 —cos @A -x) X

.
fCOS(A'X)-(1+COS(A-X))dX

;
lcosax a-cosa ¥
1
(1 + COS (A - X))?
1
(1 — COS (A - X))2
COS (A - X)
(1 + COS (A - X))?
COS (A - X)
(1 — COS (A - X))2

JX-COS(A-X)dX
[X2-COS (A - X)dX
[X-COoS A - X)?2dX

[X?-COS (A - X)?dX
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X
/3 +COS(A-X)dX

X
Ji=cos @

JV1-COS (A - X)dx

fV1+COS A - X)dX
X

—— X
COS (A - X)

Section 12: SIN (X ) and COS ( X)
JSINA -X)-COS (A - X)dX
[SINM:-X)-COS(N-X)dX (M?=N?
JSIN (A -X)? - COS (A - X)2dX

JSIN(@A -X) -COS (A - X)Max

JSIN@A-Xx)M . COS (A - X)dX

[SINA-X)
COS (A - X)2

SIN (A - X)2
I cos @ x5 %

fcos A-X)
SIN (A - X)?

.
fSIN(A-X)-COS(A-X)dX

SIN (X)2
A + B - COS (X)?

1
dX
I AZ . COS (X)% + B2 - SIN (X)?

J

dX A-B >0 or ABS (A) >ABS(B)
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COS (C - X)?
A% 4+ B2 . SIN (C - X)?
SIN (C - X) - COS(C - X)
A - COS(C - X)2 +B - SIN (C - X)?

COS (C - X)
A-COS(C X +B-SINC X)X

SIN (C - X)
"SIN(C-X)+B-COS(C %)X

SIN (A -

1+ COSA - x) X

SIN (A -
—cosa - x)

COS (A - X)
1+ SINA - X)

COS (A - X)
—siNa - x) %

SIN (A - X)
COS(A-X) - (1 + COS (A - X))

J

Iz

J 1

J 1

J X
I3
J
I SIN (A - X) X
J
J
J
J
J
J

ax

COS(A-X) - (1 — COS (A - X))
COS (A - X)
SINA-X) - (1 +SINGA X)) X
COS (A - X)
SINA -X) - (1 = SIN@ - X))

1
SINA-X)+ COS A - X) X
1
SIN(A -X) — COS (A - X) °X
1
1+ COSA X +SINA-x) &

1
1+C0SA 0-sNA-x%
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1
dX
an-COS(C-X)Z—BZ-SIN(C~X)2

[ X + SIN (X) X
1+ COS (X)

X = SIN (X)
I ¥ =¢os o %X
COS (A - X)
V1 +B°-SIN (A - X)*
COS (A - X)
V1 -B%-SIN(A - X)*

Section 13: Other Trigonometric Functions

J TAN (A - X) X fcsc @ - x)dx
JCOT (A - X)dX JTAN (A - X)2 dX
J SEC (A - X) dX fcoT@A - x?2dx

Calculus Reference

Section 14: Inverse Trigonometric Functions

JASIN (A - X) dX JX-ATAN (A - X)

JACOS (A - X) dX JX-ACOT (A - X)

JATAN (A - X) dX JX-ASEC (A - X)

JACOT (A - X) dX fX-ACSC(A - X

[ ASEC (A - X) dX f'MNX;quX

JACSC (A - X) dX [ACOS (A-X)
X2

J X - ASIN (A - X) dX
fATAN(A-)_QdX
/X -ACOS (A - X)dX X2
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ACOT (A - X) 1
1) ax ————— - ACOS (A - X) dX
X2 d Vi—AZ X2 @9

1

—————— - ASIN (A - X) dX
| 7= (A-X)

Section 15: Logarithmic Forms

JLN @A - X+ B)dX f—Lﬂ—(ﬁ)'(:(—’L@ldx
XN LN (A - X) dX
JXN-INA - X [N (;j) X

N
ILN(X)NdX L (24 ox
f—p—Q—LNX dX X2 X-A
o ox J LN (3@ + A2) ax

LN (X)

1 [ LN (3 - A2) ax
J————xdx N>1)
X - LN (X) fLN(x+\/x2+A"’)dx
JxXM LN oM ax J LN (X + VXZ =A%) oX

Section 16: Exponential Forms
EXP (A - X)

JEXP (A - X) dX fB+C'EXP(A-X)dX
X EXP (A - X)dX [XEXPA-X) o
(1+A-X%?2

XM EXP (A - X)aX
[ X - EXP (-X?) dX

j— Y

fAX - A% ax
JEXP (A - X) - COS (B - X)dX
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Section 17: Hyperbolic Forms
J SINH (X) dX

J COSH (X) dX

J TANH (X) dXx

J COTH (X) dx

J SECH (X) dx

J CSCH (X) dx

J X - SINH (X) dX

J X - COSH (X) dx

J SECH (X) - TANH (X) dX

J CSCH (X) - COTH (X) dX

I SINH (X)2 dX

J COSH ()2 dx

J TANH (X)2 X

J COTH (X)? dx

J SECH (%)% dX

J CSCH (%) dx

[ ASINH (%) dX (A >0)

X
A

 ACOSH (ﬁ) dX (ACOSH (5) <0, A >0)

[ ACOSH (%) dx (ACOSH( )>o, A >0)

A

Mathematics Pac
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f ATANH (5) dx (ABS( )<1)

[ ACOTH ( ) dX  (ABS (%) > 1

J ASECH (X) dX

J ACSCH (X) dX

Ix-

Ix

fx-

/X

Jx-
Jx-

D-14

ASINH (5

A) dX (A >0)

. ACOSH (/—"( aX

ATANH (%) aX (ABS ( )<1)

- ACOTH ( ) dX  (ABS (%) >1)

ASECH (X) dX

ACSCH (X) dX
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EXLTR = A
4, D4

About screen, 1-3
ACOT, 10-3
ACSC, 10-3

Algebra, 1-5, 2-1
Algebra functions, 10-1
Alpha lock, 1-9

Angl sum/Diff, 5-2
Angle sum/diff, 4-2
Arrow keys, 1-6
ASEC, 10-3

Asterisk tag, 3-7, 3-12
Auto increment, 3-9

Bessel

JO, 10-7

11,10-7
BINO, 104
Binomial Series, 6-12

C

Calculus, 1-5, 6-1
Card

Install, 1-2

Remove, 1-2
Characteristic polynomial, 7-2, 74
Choosing a category, 3-3
Circle, C-5
Circular Torus, C-23
Closest Fraction, 2-3
Command line editing, 3-10
Complex Arguments, 5-2
Computing time, 3-24
Cone, C-19
Constants Library, 9-3
Converting a value, 3-12
Copying results to stack, 3-13
COT, 10-3
CPOLY, 10-8
CSC, 10-3
CST entry, 1-3
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Index

Cube, 3-3, C-16
Cylinder, C-19

D

d,D-3

Definitions, 4-2, 5-2
Derivatives, 6-2, 6-7
derUBASE, 10-9
Divergance, 6-14
Double angle, 4-2, 5-2

E

Eigenvalues, 7-2

EIVAL, 10-8

Ellipses (e), C-25

Ellipsoid, C-23

Entering limits of integration, 6-5
Entering values of constants, 6-5
Environmental limits of card, A-2
Equation writer, 1-7

Equilateral Triangle, C-8

ERF, 10-6

ERFC, 10-6

Exponential relations, 4-2

F

FLAG, 10-9
flags
-60, 1-9
57,1-10
61, 1-10
preservation, 1-10
font size, 1-7
FRACT, 10-1
Frustum of Cone, C-20
Function product, 4-2, 5-2
Function sum/diff, 4-2, 5-2

G



Index

GCD, 10-2

GCD & LCM, 2-5

General Quadrilateral, C-14
General triangle, 3-8, C-9
Geometry, 1-5, 3-1
Gradient, 6-14

Graphics environment, 3-19

H

Half angle, 4-2, 5-2
Hyperbolas (el), C-26
Hyperbolics, 1-5, 5-1

Integrals, 6-2 - 6-3, D-1, D4
Interactive stack, 3-10

J

JO, 10-7
J1,10-7

L

Laws of SIN, COS, TAN, C-10

LCM, 10-2
Linear Algebra, 1-5, 7-1

Listing the variables, 3-6, 3-8

Load data from stack, 1-9

Main menu, 14
Managing Units, 3-13

Marking the equation, 3-5, 3-8

MATHD directory, 14
MATR variable, 7-3, 7-5
Matrix
Determinant, 7-2, 7-5
Edit or Enter, 7-2
Eigenvalues, 7-5
Trace, 7-2, 7-6
Multiple angle, 4-2, 5-2
Multiple plots, 3-22

P

Parabolas (e=1), C-24
Parallelogram, C-12
Pictures, 5-2

Planar bounded solids, 3-3
Plotting, 3-15

-2

Polynomial Root Finder, 2-6

Power relations, 4-2, 5-2
PRIME, 10-3

Prime factorization, 2-7

PROOT, 10-2

Purging variables..., 3-17
Pyramid, 3-3, C-17

Q

Quadrant signs, 4-2
Quadratic surfaces, 9-5
question mark tag, 3-11

R

RAM needed, 14

Rect. Parallelepiped, C-17
Rect. Parallelpiped, 3-3
Rectangle, C-11
REDUC, 10-3

Reducing a Fraction, 2-8
Reductions, 4-2

Regular Polygons, C-15
Relations, 4-2, 5-2
Revision no, 1-3
Rhombus, C-13

Right Triangle, C-7

S

Search mode, 1-8, 8-3
SEC, 10-3
Sector/Segment, C-6
Series, 6-2, 6-10
Service

Service charge, A-2

Shipping instructions, A-2
Service (if card requires), A-2

SLVINTEG, 10-9

Softkey
ABOUT, 1-5
AREA, 3-20
CALC, 3-12,3-28
CENT, 3-20
CLEAR, 3-28
CONT, 3-10
CONV, 3-12,3-28
COORD, 3-20
EQNS, 327 - 3-28
EQWR, 6-11
EXIT, 3-20
EXTR, 321
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F,3-19, 3-21
F(x), 3-21
FCN, 3-20
FONT, 1-5, 3-28
HALT, 3-28
KEYS, 3-20
KNOW, 3-28
LABEL, 3-20
MARK, 3-20, 3-26
NXEQ, 3-21
PICT, 34, 3-26
PLOT, 3-26
PRINT, 1-5, 9-6
PURG, 3-28
QUIT, 1-5
REPL, 3-20
ROOT, 3-21
SLOPE, 3-19, 3-21
SOLVE, 34, 3-26 - 3-27
SUB, 3-20
UNITS, 3-28
UP, 2-2
VARS, 34, 3-28
VIEW, 1-6, 4-2, 5-2
WANT, 3-29
Z-BOX, 3-20
Z00M, 3-20
Solver, 3-23
Solver level, 3-6
Solving a Derivative, 6-8
Solving an Integral, 64
Solving one equation, 3-5
Sphere, C-21
Square matrices, 7-3
Standard prefixes, 94
STORE, 10-5
Storing values..., 3-17
Storing values... message, 3-7

T

t, D-2, D-10

Taylor series, 6-11
Tetrahedron, 34, C-18
Text editing, 1-8
TORAD, 10-9
TRACE, 10-8
Transforms, 1-5, 8-1
Trapezoid, C-13
Triangular tag, 3-7
Trigonometry, 1-5, 4-1
TYLRX, 10-5
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U

Units, 3-9
Updating knowns..., 3-7
Using the stack, 3-10

Vv

Vector analysis, 6-2, 6-13
Viewing items, 1-6

w

Warranty, A-1

X

X, D-7, D-9 - D-10, D-12
X axes range, 3-18

XY Polar, C-3

XYZ Cylindrical, C4
XYZ Spherical, C4

Y

Y axes range, 3-18

y4

Zone/Segment, 1 Base, C-21
Zone/Segment, 2 Bases, C-22
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