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Physics Pac Changes

The following changes were made to the Physics Pac for version 2.5:
v/ Browser: Cursor movement and scrolling speed have been increased.

v/ Constant Library: Constants have been updated to conform to latest accepted values.

HP 48GX USERS ONLY: You should install the application card in Port 1 for two reasons:
1. Application cards installed in Port 1 will execute ~ 20% faster than those installed in Port 2.

2. Application cards installed in Port 2 may experience long pauses (~ 5-10 seconds or more)
intermittently during operation. This is not a software defect. It is caused by the new memory
architecture of the extended HP 48GX Port 2, which is different from the HP 48SX Port 2. Such
pauses will not occur if the application card is operated from Port 1 of the HP 48GX or if it is
operated from either port of the HP 48SX.
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Physics Pac Manual Changes

These changes apply to the Physics Pac Manual, Edition 1, April 1992.

Changes for the HP 48GX

General: To display all libraries on the HP 48GX, press (P[] instead of [q{ima] .

General: On the HP 48GX, the {i] key has been replaced by CANCEL.

General: To perform a screen dump on the HP 48GX, press [on]~(i%0] instead of [on]-{urs].

General: To display an item too wide for the display on the HP 48GX, press (][c%] instead of [)¥s1.

Page 34: Loading a Value from the Stack: To access the Interactive Stack from an input screen on the HP 48GX,
press (&) &) instead of [&]. Afterwards, press [P]#4 to restore the previous menu, if desired.

Pages 41, 42: Graphics Environment: On the HP 48GX, the Graphics Environment menus have been re-arranged.

Page 54: User-Defined Integrals: Item 4: On the HP 43GX, press {fc] instead of g to
tag an object.

Changes for Version 2.5

Page 15: The search mode is now case-insensitive.

Page 19: Constant Library: The Constant Library now includes 43 constants.

Page 19: Using the Constant Library: Picture should contain “n” instead of “pi” and “Napier” instead of “Napiere.”
Page 29: Variables Screen: 1st picture should indicate radians as the default unit for 0 instead of °.

Page 31: Turning Units On: Picture should indicate O_r as the value of 8 instead of 0_".

Page 31: Entering Values: Change sentence from “Type 45 as your input:” to “Type 45 and press the 2nd softkey as
your input:”

Page 31: Entering Values: 1st picture should indicate 45_° as the entry on the command line instead of 45. Also, the
menu keys should read NI MEEEEN €2¥X8) instead of | _R_JGRADR

Page 31: Entering Values: Delete the phrase, “(default units of * will be assumed)”.

Page 39: Turning Units Off: Picture should indicate 1.0109 as the value of 8 instead of 57.9210.
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Page 40: Plotting an Equation: 2nd picture should indicate (r) as the units for 6 instead of (*).

Page 40: Entering Ranges: Example: Change sentences from “Vary 8 from 30° to 60°. To do this, type 30 5] 60 as
your input:” to “Vary 8 from n/6 radians (30°) to 71/3 radians (60°). To do this, type .5236 {#¢] 1.0472 as your
input:”

Page 40: Entering Ranges: 1st picture should indicate (r) as the units for 6 instead of (°), and the command line
should contain the values .5236 and 1.0472.

Page 49: Viewing an Integral: Picture should not include L and U because the integral is indefinite.
Page 63: SI Prefixes: Picture should indicate prefixes as 1E18, 1E15, ....

Page 72: Expanding a Function: 1st picture menu keys should read GRAD
instead of PROB [BASEN

Page 77: Dot Products: 2nd picture menu keys should read GRIdN instead of
PARTS MATRJVECTRIBASEN

Page 79: Del Operator (V): Picture has several errors.

Page 80: Gradient: Example: Change sentence from, “Then press the fifth softkey BMEE34M...” to “Then press the
second softkey and the fifth softkey MGX¥AN...”.

Page 125: Orbits (Circular): Equation 2 should be v* = S
a

Page 127: Projectile Motion: XI, XF, YI, and YF variable descriptions are swapped.

Appendix C: The default angle unit has been changed from °tor.

Pac and Manual Changes June 6, 1994 Page 3






Contents

1

Getting Started..........c..coovvviiriminnneccininenennnnn 9

Installing and Removing a ROM Card.........ccccoeveeureeemneeencnncnnicneenennnn, 9
Installing a ROM Card........ccccoceemeiinineiniciiieccneeeneecnene, 10
Removing a ROM Card ......ccccevirenveecniriniinicnenineinrencnnens 11
Starting the Physics Pac......ccccovviniinccrininincnciiniciinciiens 11

Moving Around the SCIeem .......ccovvreevieriiriiicniiniiiieniesie e neeiias 12

Using the Main MenU.......cccocviiiiniimiinicienieessecsninesssessssnenes 12
Items in the Main Menu........ccvivvivnivecnneniccnincniiicninenns 12
Summary of OPErations ........ceeveeeerierereesereessnerevesceresisseseesene 13

Changing the FONt Size ......coceinieeiniiiriiniiiiiniciicniniece s 14

Viewing Items Too Wide for the Display ........ccccccevervureevcrneicnennnccncnne 14

Using the Search Mode ..ot 14

TeXt EAItiNg .....cvvvveeciiiiecicce e 15
Summary of OPerations .........cceeeeveeevriviiriirennicrieeneeenenene. 15

AIPha LOCK ..ottt e 16

How to Load Data from the Stack .........ccccovviiiiiniininniiinnniiiiiiins 16

System FIags ....cocovveveeiiniiniiciiiiiniitcnciccicnei e 16

USEI FIags ....coviiimiiiintiieniccenttcn st st st 17

Memory ReqUITEMENTS ......cccceviveeeieriiiecninieiiniceeeeiecc e snesaenee 17

The 'SPARCOM!' DII€ClOIY ....ccccoerereeneiruisuinueniessesnsessecnessesesssossesannes 18

Constant Library ..........cccevvvevennnnnsciiiiinnnnnnn. 19

Using the Constant Library ........ccccoceveverevrvenenneennenneneneeese e 19
Viewing @ CONSIANT .......coerueirrieniiincenene ittt se s e sresaeaeas 20
Summary of Operations .........c.coceviveiiiniineniniicinene e 20

Contents 3



4

Equation Library .........cceeeecvnerseenvserennneenns 23

Using the Equation Library ..o 23
(07117003 ¢ [N & (15 | L PO ON 24
Summary of Operations .......ccceeeeevriveernrensicnienieseerneneranenns 24
TOPICS SCIEEI ...vvviriiriiieriiicesni st s sre et ebassssasssenesnns 25
Summary of OPerations .........ccveveeveinsinsuensiiniesienressecennenneens 25
EQUations SCIEI ......cuuuunvirmrererccssiieininisieesrisessescsnssssssissesesnsssssenns 26
Marking an EQUAtION.......c.cceivuvieecrnrenrinicscinicnesescsesenssiseene 27
Solving Multiple EQUatiONs .......ccceeevrvivinnenniinrineneisennnennnnes 27
Summary of Operations .........cceeverruvrmvrerrennessesnisinnensesissenns 28
Variables SCIEEM .....cocvurvenierimitiiiiiirie s sassase s esnens 29
Viewing the Picture.....c.coeeuivviiviniivinncniniinninecieinecneens 29
SUMMATY Of c..ceeeiiiiiiinietint e 29
SOIVET SCIEM ...ttt et 30
Turning Units On ...cc.coeveceenermnirccnniininieeccneecccneneenans 31
Entering Values .....occviinecniiinininininiinininnscsinecrenens 31
Solving for UNKNOWNS ......cccecveveeviriiricncnsinneiicniivnnnecncssesnennes 32
Converting @ Value.........ovviviniinininiieninticnncctnnneeaes 32
Copying a Result to the Stack .......cccccevvuvvueniirnninvscnicnncncnne 33
Using the Stack for Calculations.........cccevevevnercnsesnesnnnenns 33
Loading a Value from the Stack.......coeoeeevrvnnvviinnnnnnnans 34
Using the Wanted Feature ........covveviniininirvncnncnnencnnenennenes 35
Solving for UNKNOWNS .......coeuveireererinirieenieninienenterensenennenens 35
Known Variables........c.cevevminiinininnniininiccnnieneesesnennens 36
Wanted Variables ...t 36
Clearing Variables.......cc.coooeeniiineniiiiiicniinicciieinee e 36
Purging Variables........ccoccouiiniiiiiiiiiin s 36
Summary of OPerations .........ceeeveererrerisiesnsreneereneerenreseerensens 36
Plotting EQUAtIONS ......ccveiiriirininit it cvssesessses i s saenes 38
Preparing to PIot.....cccoiiieiniiiiiciiinncrneti e 39
Turning Units Off ......ccocinieiivninniininniiincinnieececncieiene 39
Plotting an EQUation ......c..ocveeeieminciiinniceniiiienecncscesieneneanns 39
Entering RANGES .....cocceivuiicniininienciniinnecrcnceinnss e csesseseenns 40
Creating an Overlay Plot......cocovivcininiinninicriniccniiecens 41
Graphics EnVITONment ........covvvviiviiinninnniniciieissesreessnssscssessnssnes 41
Summary of Operations .........couvveveveirinrevenrenieienreeceereerennes 42
Managing Units and PIoting........cceeevvvvivcnnniniinnincieenrccecncnenes 43
Managing Units and SOIVING .....c.ccouveeviviniicniininiiccneniecie e 44
What Does Multiple Equation Solver Mean?........ccccoccceivennnecncane. 45
Using a Guess to Speed Computing Time........ccccvveevvviinniicninnnennne 45
“Bad Guess(es)” MeSSaZe.....covuiiniriiriniiniieerccieeee s s 46
Contents



Integral Tables..........ccoeviviviiiiiiiiiiciiiicinnnnnn . 47

Using the Integral Tables.......cooveeemneiniieiniiniiecriiieieeee e 47
Items in Integral Tables.......ccccevvrvreinininniiiiniiie e, 48
Summary of OPErations .........cecvuereererrereeeesectasenseseeresssressnsnas 48

ChooSINg @ SECHOM ...cvereirririiiiectcciiice ettt sbesr e sbe e 49
Viewing an Integral.........c.ccooovvivvinimnncnninnniniinnenncinne. 49
Summary of Operations ............ccoceevvvcrervennivnenicessesensens ....50

Solving an INtegral ......cuvvevnvinieiiniiiiiiiiiececcte e 50
Selecting Indefinite or Definite .........coccoveviviinininininrinenenns 51
Entering Limits of Integration.........ccccoeevmvvrinvriecvenicveeenene. 51
Entering Values of CONStANtS.......c.eeeveververrreereneercneeiniinienennns 51
Viewing the RESUIL........vvuuererieeurescecisceceeesemensceeeeeseseesceeseeneee 52
Simplifying the Result .......occooiivinininniniiiieneceees 52
Summary of Operations ...........cccevveeiiniiniinieniinecnenne s 53

User-Defined INtegrals ........cceeceeeeeniiviinieniiniininniniinniiesiesinnece e 53

Polynomial Solver..............ccceeveeirieiiinnnennnn 55

Using the Polynomial SOIVET ...ttt 55
Solving a Polynomial ..o 56
Summary of OPErations ........c.cecoueveruieieereiennenieneerinnsrerennes 56

Reference Data...........cccererirereirireirinceiennenen. 99

Using Reference Data ........coceveveivcnueiiniciiineneeieiccsenrcne e cvnereeeenenes 59
Items in Reference Data........cccocovvvueviviinincniieinineiecinienns 60
Summary of Operations .........cocceivveeneerunrerueresnsniresessesseienens 60

Greek AIPhabet ...ttt 61

Solar Sstem Data ......ccooeveueniiiiiiininiiiciii e 61
Summary of OpPerations ........ccoccevvveverriieiineiniensierensennnnes 62

) 0 4 (5 7 SO OOTRON 63

Contents 5



Reference Formulas ........cccccermerensnesresensess 69

Using Reference FOrmMulas .......occecviriiieiiienccenmnenecnnenssnesesissnneanns 65
Items in Reference Formulas .......coccovevvniivucinncvnrcnnnensncnne 66
Summary of OPerations .........cceeceveeverrcneirecsensenenesnieessensesnes 66

Moments Of INEItia ...coeeueeeeeeneriiirireiercirtencc et srrsaresee e caaes 67

Object Centroids ........coceeeveviinicesinsemisneseeniissiirene e ceessessesssessnesseeasnes 67

Trig/Hyp Definitions ......cceeevirinmniiiniinrniniiicccicieneee e 68
Using COT, SEC, CSC, €fC. .....ccvvirveriimriiririnneeeecanresannns 68

Trig/Hyp PICHUIES ...ooueeuirineiriiiiniiiiiiri ittt cens 69

Trig/Hyp Relations .....c.ccoceveviemiviniinmmiiniitcnieieeesie s s sssenens 69

Taylor Expansion..........ceceemmnennnninsssssssnisnnns 71

Using the Taylor EXpansion ..........cceeveeiieneiereneseenenesenesnesesannns 71
Expanding a FUNCHON .....ccciiiiriiiiiictcreiens s 72
Simplifying the Result ........covcviviiivirinenninicvnrniinseienens 72
Summary of OPerations .........cceceeveevvcivnerrnennninnnseisscneines 73

6

Vector Analysis..........cooceniiiiinniniiinineessnsenes 79

Using Vector ANALYSIS ......ccoveveereriininrirencntirinisiiniinisssssesesssesssnssssenes 75
Items in Vector Analysis .....cocveeeeniivenicinninnininicneceinienennens 76
Summary of Operations .......cc.ceceveverenveiiereceerecrnesneseessesecres 76

DOt PrOAUCLS .eceuvveeiininrecnrciriecneeeniesieseestsnesrssssisssissssmssssssssssssssssness 77

Cr0SS PIOUCLS ....ucvininiiiiiniinininnicrietnncns s ersssssssesnasesess s 78

Del Operator (V) .ottt ssssasssesesessssesessssesssnsseseanes 79

Gradienl ....cocuiiiiiiiiiiiiiiiiriiicreerinec st st saees e saessbesrn s e e 79

DA 4203 (Lol OO 80

CUIL ottt ettt e st e st e e s b s e sa b e sa s 81

Laplacian.....ovueeiiiiiiiiiciic e e 81

Simplifying ReSUlLS ....cc.ccovviviniiieiiiiiiiiiiccse e 82

Contents



10

Programmable Commands ....................... 83

Hyperbolic Commands........cc..coeiivinimniniiiiniine et ereenens 83
COTH, SECH, CSCH, ACOTH, ASECH, ACSCH.............. 83
Polynomial Solver Command ............cocveeviuenecnieninenninemnncc e 84
PROOT ...ttt sesse s s ssensesees 84
Taylor Expansion Command............ccoeeeiineniienriniermneieeiesseseninnenss 84
TYLRX ..ooiriieimimieetrsiesisisssnistsess st sssssesssssssesmsssssssesnssnans 84
Trigonometric COMMANAS .......coueueruirerurniiirisiniirensesensennsessesesssssessssenes 85
COT, SEC, CSC, ACOT, ASEC, ACSC.....creeeverrecnnreennnns 85
User-Defined Integral Commands..........ccccoeuurevinieinviinnrenenenecienenena. 86
INDEF, DEFIN .....cccorvivmncnicnncsencstsssinstesinssssesssaesnens 86
Vector Analysis Commands............coceoveurrieneineerieneninneiiiesenranseessseenns 86
SDOT .eiireeeeeereeeeeeretses et srese st s sae s sssss e sa s s sasa s ens 86
SCROS ...ttt ettt st e aens 87
SGRAD ...ttt s st 87
SDIV viietrrieerieireerestseseeee st ssr s st sasns st sasae s sraes 88
SCURL...eirterrtrnreiriesiniit st sress st st sss s o seaens 88
SLAPL ...covviireeeierceertenenee et seeseseee s eatsr e nenesne s sressnsnsons 89
Miscellaneous Commands ..........ocoueevevinnineiineniinniinee e eenenes 90
SIMPL ..ottt esssseseassasssasnsssasaeass 90
PCON ...ttt st sser st st sssesssssosesnsssasoneas 90
SLVINTEG ....ooovvtivinririnrenntesisrcsisesneesossesesssssssessssssssnssssnens 90

Pocket Professional ™ Support.........ccccoveeeviviinininiiinnininsicsenesnieene 91
Limited One-Year Warranty ......c.cccceoeeeeveeciinniniininiininiecneeescenneens 92
What is COVETEd...c.evveeeiiereeneirieninne et e 92
What is Not Covered.......coorvevencniecnnenneciniincieineinnennns 92
If the Card ReqUIres SEIVICe ......c.covirreririvivrincniruiisiisreimssessseenesenseens 92
Service CHAIZE ..c.cvvvveviruiiininiiniiiiiiiniiesnsseseesnsessssesssesens 92
Shipping INSUCHONS .....cveviirriniiniriiniirncecrieeesstersse e esenes 93
Environmental LImits........cccceveeeeveinenrcnenncincninnncenciiniesscesneseeeennens 93

Summary of Operations ...............cev00000000.. 95

Summary of Screen SOLtKEYS ......coovuiviriiiininiitiiie e, 95
Summary of Softkey ACHONS .....c.cocevivuiiiinniirinierieceee e 97

Contents 7



Equation Library Reference..................... 101

Categories and TOPICS .....veveruecsnsiniiiiienenincin e sres e enenes 101
Angular MeChanics ........coevvviniiiiereiereienriesssrecesressstnen e s e eeseens 104
Electrical CIrCUILS .....cccveviririntenietemesisierisissisnssisnsnsseseesisnssnssssnessssesees 109
EleCtric FAelds ....ccoouiceeniinineiicinaineeninninneneensincsnensmsesesssesenssssessessnens 117
Forces/Energy/WorkK ......ccceeveviirencrmnrimnsisiesnsnesnssesnesessesennes 121
GIAVILALION c..ovcvvniriieriinestcsstisierisisr st sstesesiosessssesessesssnessssessosernosess 123
Linear MechanicCs .......ccccccevenenieninnnnininnenmnninsencciesennesascsnesnessesssanens 128
MaAZNEUSIN c.ceeiiecrircrisir ittt ste s s nss e s e ae e sre e enes 132
OPLCS ottt bt eb b s sa s s e b e e bbb s e basasnassesans 137
OSCHIALONS ...eoevenveeereneeeeerteieeiestet et se et seres st eeses s ssesssmsessesaes 142
Special RelatiVity ...ttt 147
WAVES oeceirreieienie et sttt esserns st st srssa st e sanesse i e sasssassnensenee 151

8

13 1o (=3 GO I 11

Contents



Chapter 1

Getting Started

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 ™ Physics Pac into
your HP 48SX, your calculator is instantly transformed into an electronic
“textbook,” ready to efficiently solve your physics problems. The Physics Pac
is organized into eight separate modules: Constant Library, Equation Library,
Integral Tables, Polynomial Solver, Reference Data, Reference Formulas,
Special Functions, and Vector Analysis... all available in an efficient, menu-
driven format.

This chapter covers:

Installing and Removing a ROM Card
Moving Around the Screen

Using the Main Menu

Changing the Font Size

Viewing Items Too Wide for the Display
Using the Search Mode

Text Editing

Alpha Lock

How to Load Data from the Stack
System Flags

User Flags

Memory Requirements

The 'SPARCOM!' Directory

oo0p0DO0O00000D

Installing and Removing a ROM Card

The HP 48SX has two ports for installing plug-in ROM cards. You can install
your Physics Pac in either port.

WARNING: Turn off the HP 48SX while installing or removing a
ROM card! Otherwise, your HP 48SX memory may be erased.

1: Getting Started
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Installing a ROM Card
To install a ROM card, follow these steps:

® Turn the HP 48SX off. Do not press until you have completed the in-
stallation procedure.

® 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:

[~
o

[~} — 23 Q
b A
OOy

-2 N

® Select either empty port for the Advanced 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:

©® 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.

® Replace the port cover.
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Removing a ROM Card

To remove a ROM card, follow these steps:

@ Turn the HP 48SX off. Do not press until you have completed the re-
moval procedure.

® 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.

® Press against the card’s grip and slide the card out of the port, as shown be-
low:

® Replace the port cover.

Starting the Physics Pac

After you turn on your HP 48SX by pressing [0N], there are three ways to start
the Physics Pac:

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

HOME }

TR

[ PHYZ [PRODTHINGEF [UEFIN [ZIMPLIREDUT]

Press (the first softkey) to start the application. To display a
screen containing the revision number and product information about
the Physics Pac, press (the sixth softkey). (For more informa-
tion about the remaining softkeys, refer to Chapter 10, “Programmable
Commands.”)

1: Getting Started 11



O Type PHYS to start the application.

0O Add the command PHYS to the CST (custom) menu. (For more infor-
mation, refer to Chapter 15 of the HP 48SX Owner’s Manual,
“Customizing the Calculator.”) After the command has been added to
CST, press to start the application.

Moving Around the Screen

Use the and keys to move the pointer up and down in a menu screen.
Press to move the pointer to the bottom of the screen, or to page down
one screen at a time if the pointer is already at the bottom of the screen. Press
to move the pointer to the top of the screen, or to page up one screen at
a time. Press to move the pointer to the very end of the menu or press
to move the pointer to the very beginning of the menu.

Using the Main Menu

After you start the application, the Main menu appears:

Phusics

+

=V VEMO
Cy-CTITIE

1]
El
E
A
E

The Main menu lists the eight modules of the Physics Pac. A module is selected -
by moving the pointer to the desired item and pressing ENIER.

Items in the Main Menu

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

Item Description See...

Constant Library Includes 45 universal constants. Chapter 2

Equation Library Over 250 equations in 11 categories. Chapter 3

Integral Tables Nearly 100 integrals in S sections. Chapter 4
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Polynomial Solver | A polynomial root-finder accepting Chapter 5

Reference Data Includes Greek alphabet, SI prefixes, | Chapter 6

Reference Formulas | Moments of inertia, centroids, and Chapter 7
standard trigonometric/hyperbolics.

Taylor Expansion | Taylor expansion function. Chapter 8

Vector Analysis Reference formulas/functions for dot, | Chapter 9

real or complex coefficients.

and solar system data tables.

cross, del, div, curl, grad, Laplacian.

Summary of Operations

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

Toggles between the small and large fonts.

PRINT Prompts for or to select items, and then
sends those items to an IR printer.

Quits the Physics Pac to the HP 48SX stack.

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

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.

AN Quits the Physics Pac to the HP 485X stack.
Moves down one level in the menu structure, entering the
module selected by the pointer.
Dumps the current screen to an IR printer.

For a complete summary of operations, refer to Appendix B, “Summary of

Operations.”
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Changing the Font Size

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

- Phusics
+Constant Library
Equation Library
Integral Tables
Polunomial Solver
Reference Data
Reference Formulas
(HEDUT] > 2Th [PEINT [ W1EL [FONT [T |

The font size will remain the same until eI is pressed again.

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 softkey will be pre-
sent—opress 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 is not present, press-
ing will perform the same function. If an item does fit entirely on the
screen, or will beep and do nothing.

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:

FRG
{ HOME SPARCOM PHYSD 3 |
Search for:

[£ZEIP[:KIP+] £DEL JUELS [INZ o] ]

The HP 48SX is now locked in alpha-entry mode, as indicated by the alpha an-
nunciator at the top of the screen (not shown). Alpha entry mode activates the
white capital letters printed to the lower right of many keys. (For more infor-
mation, refer below to “Alpha Lock” and to Chapter 2 of the HP 48SX Owner’s
Manual, “The Keyboard and Display.”)
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To perform a search, enter the first letter or letters of the desired string and press
ENTER. The search function is case-sensitive, and will scan through all informa-
tion in the current menu. To enter a lowercase letter in the alpha entry mode,

precede the letter with [&]). To abort the search, press (ETH.

Text Editing

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

Summary of Operations

Screen Softkeys
Text Editing SKiP-
Key Action
Deletes all characters in the current word prior to the cursor.
DEL Deletes all characters between the cursor’s current position
and the first character of the next word.
Toggles between insert and type-over modes.
Moves the cursor to the beginning of the current word.
Moves the cursor to the beginning of the next word.
Activates the Interactive Stack, allowing arguments to be
copied from the stack to the command line for editing by
pressing EeIe).
[ATN] 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 a complete summary of operations, refer to Appendix B, “Summary of

Operations.”
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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 48SX
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 char-
acter. (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 prompts, it is possible to copy values from the HP 48SX stack
to the command line, even though the Physics Pac is executing. This is
achieved through a limited version of the Interactive Stack. To activate the
Interactive Stack at a data input prompt, press [a], or if that does not work,
press to display the EDIT menu and then press At this point,
unless the stack is empty, the screen will display the contents of the stack.
Move the pointer up and down the stack by pressing and [¥], and when you
reach the desired value, press to copy it to the command line for editing.
To exit the Interactive Stack and return to the command line, press or [AM.
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.”)

System Flags

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

Binary word size is set to 64
Clock display is turned off
Radix mark is set to “.” (period)
Last Arguments are not saved
User Mode is turned off

ooooo
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‘When you press or to exit the Physics Pac to the HP 48SX stack, all
system and user flags are restored to their previous settings for your conve-
nience.

WARNING: Pressing multiple times in rapid succession

may abort the Physics Pac without resetting the state of your
HP 48SX. Do not do this! The Pac is designed to be tolerant of

a few [l presses, but it cannot properly restore your stack and
flag settings if you push [ too many times in a row.

User Flags

The display font size is controlled by the setting of user flag 57. If flag 57 is
clear, the smaller display font will be used; if flag 57 is set, the larger display
font will be used. Changes in the display font during operation of the Physics
Pac are preserved after you quit to the HP 485X 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 sta-
tus during operation of the Physics Pac are preserved after you quit to the HP
48SX stack.

Memory Requirements

A minimum of about 1.7K free memory is required for the Physics Pac to oper-
ate, but more free memory is required to interactively use functions and solve
equations. The precise free memory requirements vary according to the com-
plexity of the function arguments or the number of equations you solve.

If the Physics Pac appears to be functioning incorrectly—e.g., if you attempt to
create a plot or solve an equation and nothing happens—it is likely that there is
not enough free memory in your HP-48SX to complete the operation. Possible
solutions to the problem of too little free memory are:

O Simplify the problem you are solving by using a smaller subset of
equations or variables, or by entering simpler symbolic arguments to
the function.

O Quit the Physics Pac and delete unwanted variables from the menu.

(For more information, refer to Chapter 6 of the HP 48SX Owner’s
Manual, “Variables and the VAR Menu.”)
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O Add additional free memory to your HP 48SX by merging a 32K or
128K RAM card. (For more information, refer to Chapter 5 of the HP
48SX Owner’s Manual, “Calculator Memory.”)

The 'SPARCOM' Directory

Most Sparcom Pocket Professional™ Pacs create a directory 'SPARCOM ' in the
HOME directory of your HP 48SX. Inside the 'SPARCOM' directory, each par-
ticular Pac creates a specific subdirectory—for the Physics Pac, the name of that
subdirectory is PHYSD'. All variables and equations for the Physics Pac are
stored inside 'PHYSD', so as not to conflict with your global variables in other
directories. If you are extremely low on free memory and do not need to keep
any of the Physics Pac variables in your HP 48SX, you can purge the 'PHYSD'
directory, using the command PGDIR. The next time you execute the Physics
Pac, the 'PHYSD' directory will automatically be re-created. (For more informa-
tion, refer to Chapter 7 of the HP 48SX Owner’s Manual, “Directories.”)
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Chapter 2

Constant Library

The Constant Library lists 45 universal constants for quick reference. Constant
values can be displayed on the screen, copied to the stack, or printed on an IR
printer, either one at a time or all at once.

This chapter covers:

@O Using the Constant Library
Q Viewing a Constant

Using the Constant Library

To get to the Constant Library, follow these steps:

© Press to display all libraries available to your HP 48SX.
® Find and press to enter the Physics Pac library directory.
® Press the first softkey, , to start the Physics Pac.
(4]

At the Main menu, make sure the pointer is at “Constant Library” and press

ENTER):

+ Constant Library
+p1 c1rc1e ratio "
aT1ere constant "

er' constant m

olden ratio "

« ine structure .

c_speed of liaht .
[MAIN [+ 2TE[PRINT[UNITZ[FONT | UP |
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Viewing a Constant

Browse through the list to find the desired constant, or use the search mode.
(For more information, refer to “Using the Search Mode™ in Chapter 1.) When
you have found the desired constant, press to display the constant descrip-
tion and value on a full screen, to copy the value to the stack, or
to print the value on an IR printer.

Example: Look up the value of the Stefan-Boltzmann constant. Type
S to search for the letter . Then press to view the value:

Constant Library

o Stefan-Boltzmann
5.67032E-8

PRESS [ENTER] TO RETURN TO LIST..

When you have finished viewing the value, press or [ to return to the
Constant Library. When you have finished browsing the Constant Library,
press or to return to the Main menu, or ({1 to quit the Physics Pac.

Summary of Operations

Screen Softkeys
Constant

Action

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

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

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

UN LT Pressing this key toggles units, stripping units from or ap-
pending units to all values.

K
. g"nx
I 'Eiim
- =
Z <
o <~ I I

up Moves up one level in the menu structure, returning to the
Main menu.
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AN Quits the Physics Pac to the HP 48SX stack.

Displays the screen title, the constant label, and the constant
value, all expanded to one screen.

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. If the item fits on the
screen, this key is non-functional.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”
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Chapter 3

Equation Library

This chapter introduces you to the power and flexibility of the Equation Library
with several examples. The contents of the Equation Library (over 250 equa-
tions in 11 categories) are described in detail in Appendix C, “Equation Library
Reference.”

This chapter covers:

Using the Equation Library

Categories Screen

Topics Screen

Equations Screen

Variables Screen

Solver Screen

Plotting Equations

Managing Units and Solving

‘What Does Multiple Equation Solver Mean?
Using a Guess to Speed Computing Time
“Bad Guess(es)” Message

oCco0po000000

Using the Equation Library

To get to the Equation Library, follow these steps:
O Press to display all libraries available to your HP 48SX.
® Find and press to enter the Physics Pac library directory.

© Press the first softkey, , to start the Physics Pac:

Physics

4
1=
¥ 4
DA
=
5=
r 4
=1
=
®
>
>
>
=

C-lw"ﬂiﬂlﬂ
g}
m.
GY
Ed
3
Lot

NALY
HEOUT[>=TE [PRINT | WIEL [ FONT
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Categories Screen

The categories screen lists the categories in the Equation Library. Each category
includes a number of topics.

Example: Calculate the horizontal range of a cannon aimed 45° above the hori-
zontal that emits cannonballs with velocities of 250_ft/s. The first step in

solving this problem is to enter the Equation Library. To do this, make sure the
pointer is at “Equation Library” and press ENIER. The categories screen appears:

PTIC

[HAIN [32TE [PEINT] WIEW [FONT] UP |

This screen shows the eleven categories of equations in the Physics Pac.

Summary of Operations

Screen Softkeys

Categories MA | N PRINTEEV | EWEEEFONT
Screen
Key Action

Toggles between the small and large fonts.
MA 1N Returns to the Main menu.

PRINT Prompts for or to select items, and then
sends those items to an IR printer.

Prompts for or to select items, and then
copies those items to the stack. The items are placed in a list

if IEYWWH was chosen.

Moves up one level in the menu structure, returning to the
Main menu.

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.

AN Quits the Physics Pac to the HP 48SX stack.
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Displays the topics screen for the category selected by the
pointer.

Dumps the current screen to an IR printer.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”

Topics Screen

The topics screen lists the topics for the current category. Each topic includes
an equation or set of equations, a list of variables and descriptions, a set of
default units for the equation variables, and (usually) a picture illustrating

the topic.

Example (cont.): Select the category of Gravitation. To do this, make sure the
pointer is at “Gravitation” and press ENIER. The topics screen for Gravitation ap-
pears:

(50N [ ECNE | unks JEOLVEf PICT | UP |

This screen shows the seven topics of equations in the Gravitation category. A
topic is selected by moving the pointer to the desired topic and pressing

Summary of Operations

Screen Softkeys

Topics Screen MA | N EQNS VARS SOL VE
PRINTHEESOL VEIMF ONT

Key Action

EQNS Displays the equations screen for the topic selected by the
pointer.

Toggles between the small and large fonts.

MA I N Returns to the Main menu.
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Displays the picture for the topic selected by the pointer, if
one exists.

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

Displays the solver screen for the topic selected by the
pointer.

Prompts for or 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, returning to the
categories screen.

Displays the variable screen for the topic selected by the
pointer, including descriptions and default units.

Quits the Physics Pac to the HP 48SX stack.

Displays the equations screen for the topic selected by the
pointer.

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.

Dumps the current screen to an IR printer.

For a complete summary of operations, refer to Appendix B, “Summary of

Operations.”

Equations Screen

The equations screen displays the equation or set of equations for the current

topic.

Example (cont.): Select the topic of Projectile Motion. To do this, make sure
the pointer is at “Projectile Motion” and press or The equations

screen appears:

Projectile Motion
< REzRIeVIFCOSCR
YESYIeVIESINORT-1/2%GRT 2

z ~GXT

ol
=VI*2/GXSIN(BX0)
=Yi+VI*2XSINCO) 2/ (2XG)

[HRIN [MakE [ YRS [ZOLVE] PICT ] UP |

e
nt
.

>
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This screen shows the seven equations that describe projectile motion.

Marking an Equation

Example (cont.): Select the equation necessary to solve the problem. Since the
problem asks only for the range, it makes sense to solve only the sixth equation.
To view that equation in EquationWriter format, move the pointer to the sixth
equation and press ENTER):

FBII.IEC'I’ILE MOTION

R- SIN(Z 8)

PRESS [(ENTER] TO RETURN TO LIST..

When you have finished viewing the equation, press or to return to the
equations screen. Press to mark the sixth equation. Observe that after
marking the equation, the pointer is automatically incremented one location for
convenience:

|
11
-

e Motion
-1/3%G¥T 2

rojecti

0S(8)%
INCa)E

-'-c

S=C3C
nun-<cxknn

<

9)~-GX%
Suas
*¥Vl &

2/GXSIN(2%0)
Ed +V]*2XSINCO) 2/ (2XG)

[FaIN %k | vids: [FOLVE] PIET ] 0P

-t

.
r

All further operations will involve only the marked subset of equations (in this
case, the sixth equation).

Solving Multiple Equations

Just as a single equation can be selected by marking it, so can multiple equations
be marked. The most common method of solving is to simply solve all of the
equations by marking none (or all) of them and pressing EIeJM¥3. The advan-
tage of solving all of the equations at once is that you do not need to know
which equations are necessary to solve a problem. The disadvantage of solving
all of the equations at once is that many more variables will be solved for than
those which interest you, unless you make use of the wanted feature. (For more
information about the wanted feature, refer below to “Solver Screen.”)
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Summary of Operations

Screen Softkeys
Equations MARK
Screen
EQWR
Key Action

Displays equation selected by pointer in the EquationWriter.

Toggles between the small and large fonts.

Returns to the Main menu.

Toggles the equation selected by the pointer between
marked and unmarked status, adding or removing a triangu-
lar tag. Only variables in the marked set of equations will
appear in the solver and variable screens.

Displays the picture for the current topic, if one exists.

PLOT Plots the equation selected by the pointer, prompting for x-
axis and y-axis values. Plotting is only allowed for equa-
tions of the form y = f(a,b,...), and all but one of the vari-
ables on the right-hand side of the equation must be held
constant (i.e., known).

Prompts for or to select items, and then
sends those items to an IR printer.
Displays the solver screen for the current topic.

Prompts for or 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, returning to the
topics screen.

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

ATTN Quits the Physics Pac to the HP 48SX stack.
NTER Displays equation selected by pointer in the EquationWriter.

For a complete summary of operations, refer to Appendix B, “Summary of

Operations.”
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Variables Screen

The variables screen displays the variables for the current topic. Only variables
used by the marked set of equations are displayed. (All variables are shown if
no equations are marked.)

Example (cont.): Before solving the marked equation, bring up the variable
screen to verify that the range is a variable in the equation. To do this, press
MX:E. The variables screen appears:

Projectile Motion
38 (9): INIT ANGLE
Ul (M2$3: INIT YELDC
E (M) MAX RANGE

(AN [EGNE [ RIEL [SOLVE] PICT | UP |

This screen shows the names, descriptions, and default units for all of the vari-
ables used by the marked equations (in this case, the sixth equation).

Viewing the Picture

Example (cont.): View the Projectile Motion picture. To do this, press NeiE:

Note the location of R, the range. When you have finished viewing the picture,
press or [ to return to the variables screen.

You can view the picture for the current topic from the topics, equations, vari-
ables, or solver screen. However, not all topics have associated pictures.

Summary of Operations

Screen Softkeys
Variables
Screen ~STK PRINTHEESOL VE
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Key Action

Displays the equations screen for the current topic.
FONT Toggles between the small and large fonts.

Returns to the Main menu.
Displays the picture for the current topic, if one exists.

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

Displays the solver screen for the current topic.

B
e EEE
— I —
-|<ZO—
Xm_*—iz

Prompts for or 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, returning to the
categories screen.

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.

AN Quits the Physics Pac to the HP 485X stack.

Displays the topic, the variable name (with default units),
and the full description, for the variable selected by the
pointer, all expanded to one screen.

Dumps the current screen to an IR printer.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”

Solver Screen

The solver screen displays the values of equation variables for the current topic,
and allows you to change variable values, convert values, purge variables, and
solve for unknown variables.

Example (cont.): Solve the equation. To do this, press The solver
screen is displayed:
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_Projectile Mot ion

Ui o
R: 0

[-16IN [ENDU[HENT [ CRLC [CONY | UP ]

This screen shows the names and values of all the variables used by the marked
equation(s).

Turning Units On

Example (cont.): By default, no units are present, so turn them on. To do this,

press The solver screen will reappear, with the default units
shown next to the variable values:

. Por.o,iect ile Motion
Ui O_MPS
Rt 0.M

(51N [CLERE[PURS [ CALC JUNITe] UP ]

Entering Values

Example (cont.): Set the value of 0 to 45_°. Make sure the pointer is at “6” and
press ENIER. Type 45 as your input:

PRG
{ HOME SPARCOM PHYSD }

Set 8, init angle:

454
Lo [ .k [oki] |

Press to accept the value (default units of ° will be assumed) and return to
the solver screen:

v Preject ile Motion
3 VI 0-MPS
Rt 0.M

[HAIN [CLESE[PURS | CHLY [UNITa] UP ]

The triangular tag next to 6 indicates that the value is user-defined, or known.
Observe that after entering a value, the pointer is automatically incremented one

3: Equation Library 31



location for convenience, so that more than one value can easily be entered.
Since the pointer is now pointing to VI, press to enter 250 _ ft/s for VI.
Type 250 and press the 3rd softkey as your input:

FRG
{ HOME SPARCOM PHYSD 3} I
Set viy init veloc:

2o8_f1-s4
LT ct LT NS [ HPHL kP

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

Projectile Motion
po: 45_8
pUI: 850.FT/S
2 R 0.M

[FIN JCLERE]PURS [ CALC [UNITa] UP_|

Solving for Unknowns

Example (cont.): Press to solve for R, the range. You will see a message
describing the equation being solved. Then, the calculated value will be dis-
played, and the solver screen will reappear:

Projectile Motion
8 Y5_ou

MOI: 350_FT/S
S¥R: 552.082100768.M

[F151N [ELERE[PURS | CHLY [UNITa] UP_]

The asterisk tag next to R indicates that its value was just found in the last cal-
culation.

Converting a Value

Example (cont.): The value for R was returned in the default SI units of meters.
Convert the value to feet. To do this, make sure the pointer is at “R” and press

CONVH

32 3: Equation Library



Convert to:

v
>

This is a list of all the dimensionally consistent units to which you can convert
the value of R. Move the pointer down to FT and press ENIE§. The value will be
converted and the solver screen will reappear:

[FAIN [ENOW[HANT [ CALE [CONY ] UP ]

This is the answer to the first example problem.

Copying a Result to the Stack

Example (cont.): Copy the final result to the stack. To do this, make sure the
pointer is at “R” and press - STKH

Send what data?

[ ONE | HLL

Press to copy only the value of R to the stack, tagged with the variable
name. (Pressing would copy all variable values to the stack in a list.)
When you quit the Physics Pac later, the value(s) will be present on the stack.

Using the Stack for Calculations

Example (cont.): Calculate the angle required to send the cannonball only 90%
as far, given the same initial velocity. The first step in solving this related prob-
lem is to calculate 90% of the last result. Because this calculation cannot be

done inside the Physics Pac, it will be done with the help of the HP 485X stack.

Press to temporarily suspend execution of the Physics Pac and
exit to the stack:
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1R 194255930572
con o |

Note the result previously copied to the stack. Type 0.9 to calculate 90% of
that value. (The tag will automatically be removed.) While you are at the stack,
you can also perform other operations, such as changing the display notation.

Change it to FIX 4 by typing 4 FIX ENTER):

HALT
HOME SPARCOM PHYSD }

.
g
3
2
1

1748.3034_ft
e [FiLL

Press or to return to the Physics Pac:

jectile Motion

Pro
q L]

100N JECN [ Waks [HALT] PICT | UP ]

Note that the display precision has changed, as desired.

Loading a Value from the Stack

Example (cont.): Load the 90% distance from the stack. To do this, make sure
the pointer is at “R” and press ENIERl. The previous value appears:

FRG
{ HOME SPRARCOM PHYSD 3} I
Set Ry max range:

1942, 5594._ft
Lt T et L HH [ it [P N ]

Press [T to clear the command line. Press (4] to activate the Interactive Stack:
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ALG PRG
HOME SPARCOM PHYSD }

[ T N
W oes e e

1748.3034_ft
lecwol [ [ 1 | |

Press to copy the value in stack level 1 onto the command line. Then
press or [ to exit the Interactive Stack and return to the command line:

ALG PRG
{ HOME SPARCOM PHYSD } |
Set Rs max range:

'1748.38344715_f1 ' ¢
I I TN T I T

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

[HBIN EGNE [ RS THALT [ PICT | UP_|

Using the Wanted Feature

Example (cont.): Mark 6 as wanted. To do this, make sure the pointer is at “6”
and press WANTE

Projectile Motion
29: Y5_o
MY 350_FT/S
PRt 1746.3034.FT

[t150N JENOW[HENT ] CALE JCONY ] UP ]
The question tag next to 0 indicates that the value is user-desired, or wanted.

Solving for Unknowns

Example (cont.): Press to solve for 6, the angle. You will see a message
describing the equation being solved. Then, the calculated value will be dis-
played, and the solver screen will reappear:
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Projectile Motion
$e0: 57.9310_8
|>bYI: BE0_FT7S

MR 1748.3034.FT

481N JENOL[HANT] ChLe [CONY ] UP |

The asterisk tag next to 0 indicates that its value was just found in the last calcu-
lation.

This is the answer to the related problem.

Known Variables

Pressing [N toggles a variable between known (user-specified) and un-
known. When a value is entered into a variable, it is automatically marked as
known.

Wanted Variables

Pressing toggles a variable between wanted (user-desired) and unwanted.
If no variables are marked as wanted, pressing will cause the solver to
systematically search through all the equations, solving for all possible vari-
ables. However, if one or more variables are marked as wanted, then the solver
will terminate immediately upon finding values for all of the wanted variables.
(For more information, refer below to “What Does Multiple Equation Solver
Mean?”)

Clearing Variables

Pressing resets values of all current variables to zero, but does not
change the global copies in the 'PHYSD' directory.

Purging Variables

Pressing purges the global copies in the PHYSD' directory of the current
variables, but does not change the values currently stored inside the Physics Pac.

Summary of Operations

Screen Softkeys
Solver Screen MA I N KNOW WANT CALC CONV,|
MA | N EQNS VARSEEEHALT PICTHEN UP |
MA I N ~STK PRINTHEMCALC FONTHEE UP |
MA | NESICL EARJMP URGIEMCAL C UNITS
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Key Action
Stores variables 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 'PHYSD' directory.

Resets values of all current variables to zero, but does not
change the global copies, which are only affected by
and operations.

Converts a variable to different units, if units are on.

EQNS Displays the equations screen for the current topic.

Toggles between the small and large fonts.

Halts the Physics Pac so that operations can be performed on
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the HP 48SX stack. Pressing or returns to the
Physics Pac, while pressing terminates the Physics
Pac.

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

Returns to the Main menu.
Displays the picture for the current topic, if one exists.

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

Purges the global copies (in the 'PHYSD' directory) of the
current set of variables, but does not change the values cur-
rently stored inside the Physics Pac.

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

Indicates that units are currently turned on. Pressing this
key turns off units, automatically converting all variable
values to SI units and then stripping the units.

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

Moves up one level in the menu structure, returning to the
topics screen.

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

Quits the Physics Pac to the HP 48SX stack.

B B

Prompts for a value for the variable selected by the pointer.
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. If the item fits on the
screen, this key is non-functional.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”

Plotting Equations

Each equation in the Equation Library can be plotted in one of two ways:

@ Without the help of the Physics Pac. This procedure is recommended only
if you are familiar with variable manipulation and the Plot application of
your HP 48SX. (For more information, refer to Chapter 18 of the HP 485X
Owner’s Manual, “Basic Plotting and Function Analysis.”)

@ Copy the desired equation to the stack and quit the Physics Pac.

@ Store the equation on the stack into 'EQ’ and plot it with the HP 48SX
Plot application.

® Use the HP 48SX Graphics environment to analyze the resulting plot.

@  With the help of the Physics Pac. This procedure provides an easy way to
plot equations, as well as a simple method for overlaying multiple plots of
an equation.

® (Optional) At the equations screen, mark the desired equation.

@ Atthe solver screen, enter values for (or mark as known) all but the in-
dependent and dependent variables in the desired equation. (The ad-
vantage of performing step @ is that only the variables in the desired
equation will appear at the solver screen.)

® At the equations screen, move the pointer to the desired equation and

press [WeNE. (Important: The equation that will be plotted is the one
selected by the pointer, regardless of which equations are marked.)

38 3: Equation Library



@ Enter the X range for the plot, and either auto-scale or enter the Y
range.

® Use the HP 48SX Graphics environment to analyze the resulting plot.

(Optional) Return to the solver screen and change the values of one or
more known variables in the desired equation. Then plot the equation
again, without clearing PICT, to create an overlay.

Preparing to Plot

Example (cont.): Plot the variation of cannonball range, R, as a function of the
cannon angle, 6. For this problem, 6 is the independent variable and R is the
dependent variable. For the plot to work correctly, R must be unmarked as
known. To do this, make sure the pointer is at “R” and press to unmark R
as known:

[HAIN [ENOL[HANT ] CRLE JCONY ] UP ]

Note that the triangular tag next to R has disappeared. The fact that 6 is marked
as found does not matter.

Turning Units Off

Example (cont.): Plotting an equation proceeds faster if units are turned off. To
do this, press [NIME. The solver screen will reappear, with the values
converted to default SI units (For more information, refer below to “Managing
Units and Solving.”):

[F1aIN JCLERR[PURS [ CHLE JUNITE] UP |

Plotting an Equation

Example (cont.): Plot the equation. To do this, press to display
the equations screen. Make sure the pointer is at the sixth equation and press

EMeEA. This prompt appears:
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Clear PICT first?

Pressing would leave PICT intact so that the current plot would be over-
laid on previous plots. For this example, press BNVESM, to erase PICT and create
a new plot. The following prompt appears:

PRG
{ HOME SPARCOM PHYSD 3} |
Enter horiz. range for
8 (")t
+ Min Max

£ SHIP[EHIP [ £ DEL [DELS [ING af4-2TK]

Entering Ranges

You must specify the range for the X axis, the axis of the independent variable.
You must enter both a minimum and maximum value.

NOTE: Ranges cannot be entered as unit objects. If units are
off, the values you enter are assumed to be in Sl units, whereas
if units are on, the values are assumed to be in the units of the
independent variable, as indicated in the prompt.

Example (cont.): Vary 0 from 30° to 60°. To do this, type 30 [5c] 60 as your
input:

FRGI

{ HOME SPARCOM PHYSD }

gn%gg_horiz. range for
+ Min Max

30 604
ZEIP3|£0EL [DEL [ INZ [ 43Tk

Press to accept those values and continue. The following prompt appears:

ARutoscale vertical
axis of plot?
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Pressing would allow you to enter a minimum and maximum value for
the Y axis, the axis of the dependent variable. For this example, press INIEEE,
to autoscale the Y axis. The plot appears:

|2-E0:[ CENT JCOORUJLAEEL] FON |

The equation has been plotted and the HP 48SX Graphics environment invoked.
If you wish, you can now analyze the plot. (For more information, refer below
to “Graphics Environment.”) When you have finished, press to return to the
equations screen.

Creating an Overlay Plot

Example (cont.): If you wish, you could now return to the solver screen, change
the value of the initial velocity, VI, and plot the equation again without clearing
PICT, to see how the curve varies for a different initial velocity.

This concludes the example. You may quit the Physics Pac by pressing [&TN.

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 more information, refer to Chapter 18 of the HP 485X
Owner’s Manual, “Basic Plotting and Function Analysis.”)

WARNING: The and functions only work correctly
when a plot is made with units turned off, because the HP 48SX
cannot take derivatives of expressions whose variables contain
unit objects.
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Summary of Operations

Screen Softkeys
Graphics COORDIMIL ABE L
Environment FIRCL
N
Function | SECTIMSLOPE
Menu =X ] NXEQRESN BN N |
Key Action

AREA
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3
=
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Displays the area under the function defined by the X axis
value of the mark and cursor.

Displays the coordinates of the cursor position.

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

Plots the first derivative the current function.
Displays the Function menu for further analysis.
Places a mark (X) at the cursor location.

Moves the cursor to the nearest root and displays the coordi-
nate of the root.

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

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

Moves the cursor in the indicated direction. When prefixed

with (2], moves the cursor to the edge of the screen in the
indicated direction.

Exits the plot and returns to the equations screen.

Temporarily displays the plot status menu, including the axis
ranges, until (@8 is released.

Copies PICT to the stack as a graphics object (GROB).

Dumps the current screen to an IR printer.

For a complete summary of operations, refer to Appendix B, “Summary of

Operations.”
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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 have plot axes in the desired units. There are several important points
to the behavior of the unit manager as it relates to the plotter that you should un-
derstand:

o

‘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 ex-
ample, to enter 0_cm to 3_cm as the X axis range, set the units of the inde-
pendent variable to cm at the solver screen, toggle the variable back to un-
known by pressing (M@, and later enter 0 3 at the X axis range
prompt.

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 variable will be meters.

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,
you should plot without units to get results more quickly. In cases where
the Graphics environment will be utilized to analyze a plot, it may be neces-
sary to plot with units, so that the coordinates are in the desired units. (The
coordinates will always be in default SI units for plots done with units off,
and this may be inconvenient in some cases.)

When plotting with units, the § 5 and I functions may not work
correctly, because the HP 48SX cannot take derivatives of expressions
whose variables contain unit objects.

When plotting with units, unsimplified units may occasionally appear on
the Y axis variable. For example, if you were to plot the equation used in
the example throughout this chapter, but with units turned on, you would

notice that the Y axis maximum value was at 6373. 2263_ft2 /m, rather
than the simplified value of 592.0921_m. This is a side-effect of the fact
that VI has units of ft, while the constant g has units of m/s. This problem
can be circumvented by plotting with units off.
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Managing Units and Solving

The solver can work either with units or without units. In general, solving
works 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 that you should under-
stand:

©® 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 de-
fault SI unit to be appended.

® When units are off, all values are considered to be SI units, so that equa-
tions 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 automatically converted to meters.

® When units are on, the units of a desired or wanted variable can be specified
in advance. Simply enter a value in the desired units into the variable.
Then press to toggle the variable back to an unknown state, or press
to mark the variable as wanted. Then press to solve for the
variable; the answer will be returned in the specified units. The alternative
to this process is to press to convert the found value to the desired
units after the solving operation has been completed.

® When is pressed, all the values in the variables are stored in global
copies of the variables, inside the PHYSD' directory. Therefore, after
many uses of the Physics Pac, you may begin to notice that variables al-
ready seem to contain values when you solve equations. This is normal—
the Physics Pac is automatically loading in the existing values from the
global variables for convenience, as long as the units are dimensionally
consistent with the units required for the variable.

Since solving with units takes a noticeably longer time, the following procedure
is recommended to yield the quickest results. Start with units off, and enter all
known values in the correct units by making use of the automatic conversion
feature. All of the values will be converted to consistent unitless SI values.
Then, solve for the desired variable(s). After the solver has completed, turn
units on, to append SI units to all variables. Then, select the desired variable(s),
and press to convert them to the final units. This procedure gives the best
of both worlds: no units for fast solving, but units for convenient results.
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What Does Multiple Equation Solver Mean?

The Sparcom multiple equation 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=S5
x+y=3

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

x+y=2
x-y=0

The solver 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:

@ All equations are solved, and all variables found.
® All wanted variables are found.

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

® 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.

Using a Guess to Speed Computing Time

Pressing 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 can
provide a guess for the HP 48SX to use; if you do not do so, the solver will sup-
ply a guess of 1. The root-finder then generates pairs of intermediate values and
interpolates between them to find the solution. The time required to find the
root depends on how close the initial guess is to the actual solution.
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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 return-
ing to the solver screen, the variable will be marked as known; press to
toggle the variable back to unknown. Then press (Y@, and the HP 48SX will
use the stored value for the variable as its initial starting point. (For more in-
formation, refer to Chapter 17 of the HP 48SX Owner’s Manual, “The HP Solve
Application.”)

“Bad Guess(es)” Message

If the HP 48SX displays the “Bad Guess(es)” message at some point after you
press the softkey, 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 a variable value which causes a zero in the denominator of a frac-
tion. (For more information, refer to Chapter 17 of the HP 48SX Owner’s
Manual, “The HP Solve Application.”)
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Chapter 4

Integral Tables

The Integral Tables include nearly 100 integrals organized in six sections for
quick reference: user-defined, rational, irrational, trigonometric/hyperbolic, ex-
ponential/logarithmic, and definite. You can add as many integrals as you wish
to the user-defined section.

This chapter covers:

Using the Integral Tables
Choosing a Section
Solving an Integral
User-Defined Integrals

0000

Using the Integral Tables

To get to the Integral Tables, follow these steps:

@® Press to display all libraries available to your HP 48SX.
® Find and press to enter the Physics Pac library directory.
©® Press the first softkey, , to start the Physics Pac.

© At the Main menu, make sure the pointer is at “Integral Tables” and press

ENTER):

Inteagral Tables

[HAN [+ 2 TH[PEINT] WEL [FONT ] UP_|
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Items in Integral Tables

Each item in Integral Tables is briefly described below and is discussed in detail
in the various sections of this chapter.

Item Description
User-Defined User-defined indefinite and definite integrals.
Rational Indefinite integrals involving rational arguments.
Irrational Indefinite integrals involving irrational arguments.

Trig/Hyperbolic Indefinite integrals involving trig/hyp arguments.

Exp/Logarithmic Indefinite integrals involving exp/log arguments.

Definite Definite integrals.

Summary of Operations

Screen Softkeys
Integral
Tables

Action

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

Key
Prompts for or to select items, and then
sends those items to an IR printer.

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

U Moves up one level in the menu structure, returning to the
Main menu.

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.

AT Quits the Physics Pac to the HP 48SX stack.

[ENTER Moves down one level in the menu structure, entering the se-
lected integral section.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”
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Choosing a Section

Each of the six 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. (For more information, refer to Chapter 1, “Using the
Search Mode.” ) The user-defined integral section behaves identically to all
other sections, once you have entered your own integrals.

Example: Investigate the section of integrals with forms containing exponen-
tials. To do this, make sure the pointer is at “Exp/Logarithmic” and press ENTER:

v Exps/Logarithmic
3A30: TAHELNCAIZA~R
ACRERIZESCAXRIACAXLNCED)
HACAXRIZERPCAXRIA
XENPCARRIZERPONEIN A BXARN-1)
~MEERR(AXDIZERPCASRIFE(R=0,M .0,
¢CLEERRCGOIZH-UNCLERRCR)

m
xo-\

“N-(-13*N*N'!$¥Z(R-0,N,(--..

STE[PRINT[ZOLVE[FONT | UP ]

This particular section contains thirteen integrals.

Viewing an Integral

Example (cont.): View the third integral in this section in EquationWriter for-
mat. To do this, make sure the pointer is at the third equation and press ENIER.
After a brief delay, the integral will be displayed in EquationWriter format:

EXP/LOGARITHMIC

EXP(H %) d¥ %‘zﬂ

PRESS [ENTER) TO RETURN TO LIST..

When you have finished viewing the integral, press or 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.

WARNING: While the HP 48SX is building the EquationWriter
format version of an integral, key presses by the user will 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.
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Summary of Operations

Screen Softkeys
Integral
Section
Key Action
Toggles between the small and large fonts.
Returns to the Main menu.
PRINT Prompts for or to select items, and then
sends those items to an IR printer.
SOLVE Solves the integral selected by the pointer.

aaﬁla C (ln

Prompts for or 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, returning to the
Main menu.

Quits the Physics Pac to the HP 48SX stack.

Displays the integral selected by the pointer in the
EquationWriter.

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. If the item fits on the
screen, this key is non-functional.

For a complete summary of operations, refer to Appendix B, “Summary of
Operations.”

Solving an Integral

The integral solving process is one of substitution and algebraic simplification.

Example (cont.): To solve the third integral, make sure the pointer is at it and

press FeIMvE.

S0
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Selecting Indefinite or Definite

The first step in solving an integral is choosing the type of integration to per-
form. You can do either definite or indefinite integrations. If you choose to
perform an indefinite integration, then a constant of integration will be added to
the final result.

Example (cont.): Perform a definite integration by pressing
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