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Getting Started 

Sparcom 's Pocket Profess ional TM software is the fi rs t o f its kind , developed to 
provide speed, e ffic iency and portability to s tudents and pro fess iona ls in the 
technica l fi elds. When you s lide the Pocke t Profess ional TM Calculus Pac into 
your HP 48SX, your ca lculator is ins tantl y transformed into an "e lectronic tex t­
book," rea dy to efficientl y solve your Ca lculus problems. 

This secti on cove rs: 

O H ow to Use This Manual and Pac 
O Ma nual Conventions 
O Insta lling and Remov ing an Applica tion Ca rd 
O Us ing the Lib rary M enu 
O Stack and Flags 
O Mem ory Requirements 
0 The 'SPARC0M ' Directory 

How to Use This Manual and Pac 

This m anual is des igned to be used w ith yo ur S parcom Pocket Pro fess iona l "" 
Ca lculu s Par in th e foll ow ing sequ ence: 

0 Rea d this sec ti on, " Getting S ta rted ," to lea rn how to ins tall and opera le th e 
Calculus Par and to get an overview o f th e s tru cture o f th e Ca l cul us Pac. 

@ Read the chapters in " Pa rt 1: Intera c tive Menus ," to lea rn how to use th e 
intera ctive m enus of th e Calculus Par, w hich provide easy- to- use, intuitive 
access to many of th e fun ctions in th e Calculus Pac. The interactive menus 
introduce you to a " recogniti on" app roach to prob lem-solv ing, o f w hi ch th e 
central featu re is the browser menu- a vertical lis t of ch o ices in full Eng lis h 
wo rd s o r s tand a rd abbrev iati ons. A cho ice is sel ected by 111 ov i11 g th e a rrow 

po inter up and down the m e11u w ith the curso r keys and press ing ~NIEHj. (For 
more in fo rm ation, see C hapters I th ro ug h 7.) 

@) Rea d the chapters in " Pa rt 2: Sta ck-Based T oolkits," to lea rn bow lo use th e 
va ri ous T oo lkits of the Calculus Pac, w hi ch prov ide adva nced h111c tio ns and 
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cus tom environments . The stack-ba sed Toolkits introduce you to a " reca ll " 
approach to problem-solv ing, of which th e central fea tme is the Toolkit 
menu-a horizonta l list of commands on HP 48SX softkeys (menukeys). 
Each command requires a specific number of arg uments to be placed on the 
stack before pressing the softkey. (For more in fo rmation, see C hapte rs 8 
through 14.) 

0 Use the table of contents and index to loca te furth er topics of interes t. 

Manual Conventions 

There are a few s imple conventions used th ro ug hout this and oth er Pocket 
Profess ional TM manuals: 

O Keys on the HP 48SX keyboa rd are shown in a boxed typeface , such as 
~NT ERi or llfilEl. 

O M enu keys (so ftk eys ), which are loca ted at th e bo ttom of the HP 48SX 
scree n and correspond directl y to th e top row or keys on th e HP 48SX 
keyboa rd , are shown in an inve rse typeface, such as [!!1.:lJD1J] or [RJJII. 

O Programmable commands arc always shown in uppercase lcl lc rs, such 
as S IN or SIMPL. 

Installing and Removing an Application Card 

The HP 48SX has two ports fo r insta lling plug-in applicati on cards . You can in­
stall your Ca lculus Pac in e ither port. 

WARNING: Turn off the HP 48SX while installing or removing 
an application card! Otherwise, user memory may be erased. 

Installing an Application Card 

To install an appli ca tion ca rd , foll ow these s teps: 

0 Turn th e HP 48SX o ff. Do no t press @m until you have compl eted th e in­
stallation procedure. 

@ Remove the port cove r. Press agains t th e g rip lines and push fo rwa rd . Lift 
the cover to expose th e two plug- in porL~. as show n below: 
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@) Select either empty port for the Pocket Professional™ card, and position the 
card just outside the slot. Point th e triangular arrow on the card toward th e 
HP 48SX port opening, as shown below: 

6 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. 

Removing an Application Card 

To remove an application card, follow these steps : 

0 Turn the HP 48SX off. Do not press @ill 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 porl5 , as shown above. 

@) Press against the card's grip and slide the card out of the port, as shown be­
low: 
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0 Replace the port cover. 

Using the Library Menu 

After you tum on yo ur HP 48SX, press SJ[-] to displa y ava il able libraries. 
Find and press ~ to displa y the Calculus Pac Library 111cnu . The screen 
displa ys new mcnukeys (softkeys) along the botto111, as show11: 

< HDME } 

The first six Library me11u softkeys provide access to the interact ive 111 e11us, the 
four Toolkit me11us, a11d product i11for111ation about the Calculus Pac. (The other 
92 softkeys i11 the Library menu are all of the progra 111111ablc co111111ands i11 the 
Calculus Pa c. They arc organized i11to the four Toolkit 111 cnus so that you 011l y 
need to use the first six softkeys in the Library 111 cnu .) 

Library Menu Operations 

Key Description See 

~ Provides access to the interactive 111enus. Chapters 1-7 

lilmD] Displa ys the Function Toolkit 111 e11u. Chapter 8 

mm Displa ys the Integration Toolki t 111enu. Chapter 9 

lilm1 Displa ys the Plotting Toolkit menu. Chapters 10-13 

~ Displa ys the Vector Toolkit 111 enu . Chapter 14 

r.i.IlDIDi Shows product infor111ation abou t the -

Calculus Pac. 
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Stack and Flags 

The fl ag settings of your HP 48SX w ill neve r be modified by the Calculus Pac 
unless you specifica ll y change them from ins ide an inte ra c tive pro mpt , and the 
stack w ill onl y be changed as a direct res ult of a command or if yo u push 1:1;113 

from the interactive menus to leave results on th e stack. However, press ing lrmEJ 
multiple times in rapid success ion may abort a command or th e intera ctive 
menus prematurely, in which case yo ur s ta ck and fl ag se ttings may be modifi ed. 

The display fo nt size for the intera ctive menus is cont ro ll ed by th e setting of 
use r fl ag 57. If fl ag 57 is cl ear, th e small er display fo nt will be used; if fl ag 57 
is se t, th e larger display fo nt w ill be used. Hidden line remova l fo r 3D func ti on 
g raphs is controlled by th e setting o f user ll ag 58. If ll ag 58 is cl ea r, hidden I ine 
rem ova l w ill be active fo r 3D fun ction gra phs; if fl ag 58 is set, hidden line re­
mova l will not be active fo r 3D fun c ti on gra phs. The s ta te of u1 iits for th e inte r­
ac tive menus ( on or off) is cont ro ll ed by th e setting of user t) ag 6 1. Ir fl ag 6 1 is 
clear, units are on; if fl ag 61 is set, units a re o il. These three use r [lags w ill be 
modified b y the Ca lculus Pac if you press ~ , ~El;I, or~ during op­
eration. 

Memory Requirements 

A minimum o f about 1.7 K free memory is requ ired to access th e interact ive 
menus of th e Ca lculus Pac. T o use the va rious T oolkit commands may req uire 
more memory fo r compli ca ted opera tions, such as a hig h order T ay lor expan ­
sion. If th e Calculus Pac appea rs to be fun ctioning inco rrectl y, it is poss ible tha t 
the re is no t enough free memory in your HP 48SX to complete th e opera ti on. 
(For m ore in fo rm ation, see Chapter 5 o f th e HP 48SX Owner 's Manu al, 
"Calculato r M emory.") 

The 'SPARCOM' Directory 

Sparcom Pocket Pro fess ional ™ Pacs crea te th e directo ry 'SPA RCOM' in the 
HOME directory o f yo ur HP 48SX. Ins ide the 'SPARCOM ' directory, each Pac 
crea tes a subdirectory-for the Cal culus Pac, tha t subdirectory is 'CALCUD'. 
When us ing th e intera ctive menus, all va ri abl es for the Ca lculus Pac arc sto red 
ins ide 'CALCUD' , so as not to conflic t w ith yo ur va riables in o th e r dire l"l o ries. 
If you a re ex tremely low on free memory, yo u can purge th e 'CALCU D' direc­
tory, us ing th e command PGDIR. The nex t time yo u access th e interactive 
menus, th e 'CALCUD' directory will automati call y be re-crea ted. (For more in ­
fo rmation, see C hapter 7 of the HP 48SX Ow ner 's Manual, " Directo ries.") 
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Interactive Menus 





Chapter 1 

Main Menu 

The Main menu lists the interactive modules of th e Calculus Pac. From th e 
Ma in menu you can solve functions, numeri ca ll y integra te ex pressions, perfo rm 
limit analyses, access the Sparcom Graphics Env ironments, work w ith symbolic 
vectors, look up constants, solve integrals, or view refe rence da ta. 

This chapter covers: 

O Using the Ma in Menu 
O Moving Around the Screen 
O Chang ing the Font Size 
O Viewing Items Too Wide fo r th e Disp lay 
O Us ing the Sea rch Mode 
O Tex t Editing 
0 Alpha Lock 
O How to Load Data fro m the Stack 

Using the Main Menu 

To get to th e Main menu , fo ll ow th ese steps: 

0 Press [Ell[L6RAAYI to display all libra ries ava il able to your HP 48SX. 

@ Find and press ~ to display th e Ca lculus Pac Libra ry menu . 

~ Press the first softkey, ~ , to start th e Ca lculus Pac interactive men us: 

.... Calculus 
·HUMCTIOM LIBRARY 

INTEGRATION AMAL VSIS 
INTEGRAL TABLES 
LIMIT AMAL VSI S 
PLOTTING: 20 ~ I TRA CE 
PLOTTING: 30 ~I TRACE 
PLOTTING: 01FF. ECIMS. 
VECTOR ENVIRONMENT 

l:'IE!I]mil[;!Ei)milllE::IJG!III 

The Ma in menu lists th e interac tive modul es o f th e Ca lculus Pa c. A modu le is 
se lected by mov ing th e pointe r to it and pressing fr,ifr°RL 
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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 various chapters of this manual. 

Main Menu Items 

Item Description See 

Function Library Interactive prompts for 7 functions. Chapter 2 

Integration Analysis Interactive methods to perform nu - Chapter 3 
merical approximation of integra ls. 

Integral Tables Nearly 100 integrals in six sections. Chapter 4 

Limit Analysis Interactive analysis of functions , se- Chapter 5 
quences, series, and recursions. 

Plotting: 2D w/ Tra ce Information about and direct access to Chapter 11 
the Sparcom PLOT2 menu. • 

Plotting: 3D w/ Trace Information about a nd direct access to Chapter 12 
the Sparcom PLOT3 menu . 

. 
Plotting: Diff. Eq ns. In formatio n abo ut and direct access to Chapter 13 

the Sparcom DIFEO menu . 
. 

Vector Environmen t Information about and direct access to Chapter 14 
the Vector Toolkit menu.t 

Constant Library Includes 43 universal constants. Chapter 6 

Reference Data Includes Greek alphabet, SI prefixes, Chapter 7 
trigonometric/hyperbolic definitions 
and relations, and vector formulas . 

Main Menu Operations 

Screen Softkeys 

Main Menu r:::mfilij ~ I;Rllill ~ ~ (fflDJ 

* Accessing the Sparcom PLOT2, PLOT3, or DIFEQ menus in this rrnrnner au1 0111a1i-
ca ll y insta ll s the Sparcom Plotting K eys and !urns on User mode. (l :o r more inrormati on, 
see "PKEY : Spareom Plotting K eys·· in Ch11p1cr 10.) 

t Accessing the Vector Toolkit menu in lhis manner automatica ll y inslalb the Sparcom 
Vector K eys and turns on User mode. ( For more information, sec --vKEY: Sparcom 
Vector K eys" in Chapter 14.) 
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Key Action 

t~:1•1111 Displays a screen conta ining th e revis ion number and prod-
uct inform ation about th e Ca lculus Pa c. 

liD]HJ Toggles be tween the small and la rge fo nts. 

l;l:IHH Prompts for • •m=- or~ to select it ems, and th en 
sends those items to an IR printe r. 

[ffl.lii Quits th e Cal culus Pac to the HP 48SX s ta ck. 

l:l3J3 Prompts fo r 11.!lN:a or~ to select it ems, and th en 
copies tbose items to th e slack. 

~ Displays enti re text of an item loo w ide to fit 0 11 th e screen. 

~ Quits th e Calculus Pac to th e HP 48SX stac k. 

~NTERI Moves down one level in th e menu stru cture, entering th e 
modul e selected by the pointer. 

[Q[J--€3 Dumps the current screen to an IR printer. 

Moving Around the Screen 

Use th e m and im keys to move the po inter up and down in a menu screen. 
Press IEJ!m to move the poi nter to the bottom o f the screen, or lo page down 
one screen al a time if th e pointer is a lready a l th e bo tt om of the screen. Press 
IEJ!w to move the po inter to the top of th e screen, or to page up one screen at 
a time. Press [Elim to move th e pointer lo th e ve ry end of th e menu or press 
IIEJ!w to move the po inter lo th e very beginning o f th e menu . 

Changing the Font Size 

The defa ult fo nt fo r the Calculus Pac dis pla ys in fo rm ation in condensed , upper­
case lette rs onl y. Press ing [;D]ll) w ill togg le th e in formati on to a large r ro nl , 
which is case-sens itive: 

.... Calculus 
• Function Library 

Inte9ration Analysis 
Inte9r-al Tables 
Li111i t Analysis 
Plottin9: 20 w/ Trace 
Plottinq: 30 w/ Trace 

l:!liI!Ilm:IIIHCilfilmlE:IJD!III 

The fo nt s ize will remain th e same until [;D]ill is pressed aga in . 
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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 th e end of the line. On some screens, the ~ so rtkey will he pre­
sent-press~ to displa y th e entire text or an item , up to one entire screen 

size. Once the full text has been displayed, press ~NIER! or lffifEI to return to th e 
menu . At all screens, including those screens where~ is not present , press ­
ing [2]1§!1 will pe rform the sa me fun ction . If an item does fit entirel y on the 

screen, ~ or [2]1§!1 will beep and do nothing. 

Using the Search Mode 

When menu li sts are long , it is faster to locate an item using the search mode. 

To initiate a sea rch , press i@J to displa y the following screen: 

PRG 
{ HDHE SPARCDH CALCUD > 
Search for: 

The HP 48SX is now locked in alpha-entry mode, as indicated by the a lpha an­
nunc iator at th e top of the screen (not shown) . A lpha entry mode activates the 
white ca pital letters printed to the lower right of man y keys. (For more infor­
mation, see "Alpha Lock" below and C hapter 2 of the HP 48SX Ow nn 's 
Manual , "The Keyboard and Displa y.") 

To perform a search, enter th e lirst letter or letters of the des ired stri ng a nd press 
ENTER!. The search fun c tion is case-sensitive, and w ill scan through all infonna­
tion in the current menu . To enter a lowercase letter in th e alpha entry mode, 

precede the letter with [EJ. To abort the search, press llmEJ. 
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Text Editing 

The softkeys present at the search screen and at lllany data input screens arc 
comma nd line editing keys. They a llow you to ed it the search str ing or input 
data . Their functions are summarized below. (For more information, see 
Chapter 3 of the HP 48SX Owner's Manual , "The Stack and Colllmand Line. " ) 

Text Editing Operations 

Screen Softkeys 

Text Editing r:lfiltEj [filtJ:l:l ~ ~ IDIGII ~ 

Key Action 

~ Deletes all characters in the current word prior to th e cursor. 

~ Deletes all characters betwee n the cursor's current position 
and the first charal'ler of the next word . --~~-- Toggles between insert and type-over lllOdcs . 

lafilt.cl Moves th e cursor to the beginning or the n1rrent word. 

™ Moves th e cursor to the beginning of th e next word. 

~ Activates a limited version of the lnteradive Stack , allowing 

m arguments to be copied from the stack to the colllllla nd lin e 
for edi ting by pressing~-

@rEl Clears th e COlllllla nd line if then, is text present , or aborts 
text en try if th e com Ill and line is a lready blank. 

fN1ER! Accepts the rnrrent comma nd line as th e entry and return s to 
the previous menu or list. 

Alpha Lock 

Flag --00 controls whether or not Alpha Lock mode is set. The default setti ng 

for flag --00 is clear, wh ich means that pressing Ifill places the HP 48SX in a l­

pha-entry mode for only one drnracter, and you lllUSt press i~l[i] 10 lock a l­

pha-entry mode. If flag --00 is set , then pressing i@) only once locks alpha-en­
try mode. The exalllp les in this manual assullle that !lag --00 is dear. (For lllore 
information , see Chap ter 2 of th e HP 48SX Owner 's Manual , "ThL'. Ke yboard 
and Display.") 
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How to Load Data from the Stack 

At all data input prompts, it is poss ible to copy va lues fro m th e HP 48SX stac k 
to the command line, even though th e Ca lculus Pa c is executing. This is 
achieved through a limited vers ion o f the Intera ctive Stack. To ac tivate th e 
Inte rac tive Stack at a data input prompt, press m, or if that does not work , 
press IB]~ to displa y the EDIT menu and then press IEll3. At thi s po int , 
unless th e sta ck is empty, the screen will displa y th e contents of th e sta ck. 
Move the pointer up and down the s tack h y press ing [0 and l~ J, and w hen you 
reach th e desired value, press ~ to copy it lo th e comm and line fo r editing. 
To exit th e Interactive Stack and return to the command line, press [ NIER! or :JmEI. 
After re turning to th e command line, you can edit th e value with th e editing 
softkeys described above. (For more information , sec Chapter 3 o f th e HP 48SX 
Owner 's Manual, "The Stack and Command Line.") 
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Chapter 2 

Function Library 

The Function Library provides interactive prompts for seven functions , incl ud­
ing point-slope, polynomial , and cubic spline fitting, piecew ise function entry, 
polynomial building and root-finding, and arbitrary poi nt Tay lor ex pans ions. 

This chapter covers: 

O Using the Function Library 
O Fitting to One Point and One Slope 
O Fitting to Two Points and Two Slopes 
O Fitting to Man y Points 
O Entering a Piecewise Function 
O Building a Polynomial from th e Roots 
O Finding the Roots ofa Pol ynomial 
O Calculating a Ta ylor Expansion 
O Res ult Screen Opera ti ons 

Using the Function Library 

To get to the Functi on Library, follow th ese steps: 

0 Press [Sil!Leiw) to displa y all librari es available to your HP 48SX. 

@ Find and press [R:DDlJ] to di spla y the Ca lculus Pa c Library menu. 

@) Press the first softkey, [R:DDlJ] , to s tart th e Calculus Pac interac tive menus. 

6 At Main menu , make sure pointe r is a t " Function Library " and press @@: 

Function Library 
·HITTING (l PT/SLOPE) 

FITTING (i! PT /SLOPES) 
FITTING (MANY POINTS) 
l'IECEHISE FUNCTIONS 
POLYNOMIAL BUILDER 
POLYNOMIAL SOLVER 
TAYLOR EMPANSION 

GmmillilEIJl!IImDm.:!Iill 
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The Fun cti on Library m enu lists th e seven interac tive functions o f th e Calculus 

Pa c. A function is selected by mov ing th e pointer to it and pressing ~NfERL 

Items in the Function Library Menu 

Each item in the Function Library menu is bri ell y descr ibed below and is dis­
cussed in detai l in the various sections o f this chapter. 

Function Library Menu Items 

Item Description 

Fitting (1 Pt/Slope) Produces a linea r fu ncti on w hose gra ph passes 
th rough a g ive n poi nt with a g iven s lope. 

Fit1 ing (2 Pt/Slopes) P rodu ct:s the cubic fun ction (s pline) w hose grap h 
passes through two g ive n points w ith given s lopes. 

Fitting (Ma ny Po ints) Finds the inte rpolating polynomial of many po int s. 

Piecew ise Functions A seri es o f pro111pts to define a piecew ise fun ction. 

Polynomial Builder Finds the pol yno111 ial wi th a g ive n se ries o r roots. 

Polynomial Solver Ret urns the rea l or complex roots of a po lynollli a l. 

Tay lo r Expa ns ion Fi nds the Ta ylo r ex pans ion about any poi nt. 

Function Library Menu Operations 

Screen Softkeys 

Func ti on Lib. ~ c:mn lzllm UO'iJ liMill llllffill 

Key Action 

liMill Togg les be tween the slllall and la rge fonts . 

~ Returns to the Main lll enu . 

(;illJill Prompts for~ or ~ to select itelll s to print. 

c:mn Prompts for ~ or~ to select itelll s , and th en 
copies those itelll s to th e s tack. 

11.IDa Returns to the Ma in 111 enu . 

on'iJ Displa ys entire tex t or an ite lll too wide to fit on th e screen. 

mm! Quits the Ca lculus Pac to th e HP 48SX stack. 

[ENTERI M oves down one leve l in th e lll enu s tru cture, executing the 
functio n se lected by the pointer. 
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Fitting to One Point and One Slope 

Make sure the pointer is at "Fitting (1 Pt/Slope)" and press ~NIE~ : 

PRG 
< HOME SPARCOM CALCUD } 

Enter point and slope: 
• <X,Y) slope 
< CIYIPlx real ) 

• --------
The input required is a point and slope. 

The result obtained will be an equ a tion describing tb e line pass ing tbroug b th e 
point w ith the s pecified slope. 

Example: Calculate th e eq ua ti on of th e line pass ing throug h the point (3,5) 

with a s lope of 2. T ype in IE)li@J 3 [5JliQ 5 [!J[Ej 2 as yo ur input ( use th e 
so ftk eys to aid entry it" des ired): 

PRG 
{ HOME SPARCOM CALCUD } 

Enter point and slope: 
• <X,Y) slope 
< CIYIPlX real ) 

(3,5) 2• --------
Press ~NIER! to ca lcul ate the equation, and it will appear: 

Point-Slope Fit 
-+•~~X-1' 

The result ca n be viewed in the Equation Writer, copied to th e s ta ck, or printed 
on an IR printer. When you have finish ed v iew ing tb e res ult , press IIJ.I;II to re­

turn to the Function Library menu , ~ to return to th e Main m enu , o r mEJ to 
quit tb e Calculus Pac. For a compl ete summary of operations , see " Result 
Screen Opera lions." 
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Fitting to Two Points and Two Slopes 

Make sure the pointer is at "Fitting (2 Pt/Slopes)" and press !ENTER!: 

PRG 
( HOME SPARCOM CALCUD > 
Enter 2 points/slopes: 
• < X 1 1 Y 1 ) s 1 ope 1 ,., 
( CIYJP 1 X real "' ) 

• --------
The input required is a point and slope and another point and slope. 

The result obtained will be an equation describing the cubic polynomial passing 
through the two point with the specified slopes. (This is called a cubic !>pline.) 

Example: Calculate the equation of the cubic polynomial passing through the 
point (2,2) with a slope of 7 and through the point (3,14) with a slope of 18. 

Type in [til@J 2 IB][J 2 IE]~ 7 ~[til l@] 3 [til[J 14 EJ~ 18 as 
your input (use the softkeys to aid entry if desired): 

PRG 
( HOME SPARCOM CALCUD > 
Enter 2 points/slopes: 
• (X1 1 Y1) slope1 .. , 
( CIYJPlX real "' ) 

(2,2) 7 (3,14) 18• --------
Press !ENTER! to calculate the equation, and it will appear: 

The result can be viewed in the Equation Writer, copied to the stack, or printed 
on an IR printer. When you have finished viewing the result, press 11!1;11 to re­
turn to the Function Library menu, IM.:.'IDl to return to the Main menu, or lrmEJ to 
quit the Calculus Pac. For a complete summary of operations, see "Result 
Screen Operations." 
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Fitting to Many Points 

Make sure the pointer is at "Fitting (Many Points)" and press [NIEKI: 

PRG 
< HDHE SPARCDH CALCUD > 
Enter points: 
• (X1,Y1) ... <XN,YN) 
( all cmplx) 

• --------
The input required is a series of points. 

The result obtained will be an eq uation describing the pol ynomial passing 
through the specified points. (This is called the in1erpola1ing polynomial.) 

Example: Calculate the equation of the polynomial passing through the points 
(0,1), (2,3), and (3,7). Type in [5][]] 0 [!:i]l[J I IEJ[EJIElllmJ 2 IB]l[J 3 
IEJ~[!:i][TIJ 3 [!:i]l[J 7 as your input (use the softkeys lo aid entry if de­
sired): 

PRG 
< HDHE SPARCDH CALCUD > 
Enter points: 
• (X1, Y1) .. , <XN, YN) 
( all cmplx) 

(0,1) (2,3) (3,7)• --------
Press @Fl lo calculate the equation, and it will appear: 

Polynomial Fit 
• 'XA~-X•l' 

The result can be viewed in the Equation Writer, copied to the stack, or printed 
on an IR printer. When you have finished viewing the result, press IIID];a to re­

turn to the Function Library menu , IM.:..1EI to ret urn to th e Main menu , or ~ to 
quit the Calculus Pac. For a complete summary of operations, see "Result 
Scree n Operations." 
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Entering a Piecewise Function 

Make s ure the pointe r is at "Piecewise Functions " and press [ENITRJ: 

PRG 
< HOME SPARCOM CALCUD > 
Enter term or ENTER: 
• expression re9ion 
( e9n e9n) 

• E3IIDI ______ .,_ 

The input required is one or more te rm s, each consisting of an ex press ion and a 
reg ion. 

The result ob ta ined will be an equation descr ibing the piecewise function. 

(For more information and examples, see Appendix B, " Piecew ise Functions. " ) 

Example: De fin e the piecewise functi on f(x) = . . 
{

sin(x) / x x""0 

undefined x = 0 

CJ~@] X IEJITJ@J X iEJ~[:J@J X "'0 as yo ur input : 

ALG PRG 
{ HOME SPARCOM CALCUD > 
Enter term or ENTER: 
• expression re9ion 
( e9n e9n ) 
1 SINOO/X 1 1 X;il!0 1 E31IDI ______ .,_ 

Typr in 

Press ~Nl ERI to accept this func tion term, and then press (EN"ffiil in response to the 
second prompt , to terminat e entry and calculate the piecewise fun ction : 

Piecewise Function 
• 'IF TE (X.e 0, SIN(X)IX, UNDEFINED)' 

The result ca n be viewed in th e Equation Writ er, copied to the s ta ck, or printed 
on an IR printer. When yo u have fini s hed v iewing lhe result , press 11.!1;11 to re­
turn to the Function Library menu , ~ to return to th e Main menu , or lllii!:] to 
quit the Calculus Pa c. For a complete summary of operations, sec " Result 
Sc reen Operations." 
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Building a Polynomial from the Roots 

Make sure th e pointer is at "Polynomial Builder" and press @Nl ER]: 

PRG 
( HOME SPARCOM CALCUD } 

Enter roots: 
• r 1 r2 r8 .. , rN 
< all real / cmplx) .. 
mlllll!Dmamlm:DmBCD!iil 

The input required is a series of real or complex roots of a polynolllial. 

The result obtained will be th e pol ynolllial with the spec ifi ed roots. 

Example: Calculate th e pol ynomial whose roots are 0, 5, and I 0. Type in 0 
[El 5 [El 10 as your input: 

PRG 
< HOME SPARCOM CALCUD } 

Enter roots: 
• r 1 r2 r8 .. , rN 
< all real / cmplx) 

0 5 10• 
mlllll!Dmamlm:DmBCD!iil 

Press [ENTER! to ca lculate the pol ynolllial , and it will appear: 

Polynomial 
• 'X'3-15~X'~•SO~X' 

The result can be vi ewed in the Equation Writer, copied to th e stack, or printed 
on an IR printer. When you have finish ed viewing th e res ult, press ~ to re­
turn to the Function Library menu , li'J.i:IDI to return to th e Main lllcnu , or flmEl to 
quit the Calculus Pac. For a complete summary of operati ons, see " Res ult 
Screen Opera lions." 
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Finding the Roots of a Polynomial 

Make sure the pointer is at "Polynomial Solver" and press ~NTERI: 

PRG 
< HOME SPARCOM CALCUD } 

So 1 ve CN*X"N+ .. ,+C0=0: 
-+ CN .. , C4 C3 C2 C 1 C0 
< all real/cmplx) 

• mllll~amIIIlDICliCID!ill 

The input required is a series of real or complex coefficients of a polynomial. 

The result obtained will be a series of real and complex roots of the polynomial. 

Example: Calculate the roots of 0.321x 2 + 0. 98lx + 0.571. Type in .321 [El 
.981 [El .571 as your input : 

PRG 
< HOME SPARCOM CALCUD } 

Solve CN*X"N+ .. ,+C0=0: 
-+ CN .. , C4 C3 C2 C 1 C0 
< all real/cmplx) 

. 321 • 981 • 571 • 
mllll~amIIIlDICliCID!ill 

Press ~NTERI to calculate the roots, and they will appear: 

Roots 
-+' .3~l~XA~•.9BUX+.571' 

- .7B~3eeeg~~ 
-e.e737~6~7n 

The first item is the polynomial that was solved, and the remaining items are the 
roots of that polynomial. The polynomial can be viewed in the EquationWriter 
by selecting it with the pointer and pressing [EN1ER!. and all of the items can be 
copied to the stack or printed on an IR printer. When you have finished viewing 
the results, press ll!Glll to ret11rn to the Function Library menu, IM..:..1l]] to return 
to the Main menu , or ~ to quit the Calculus Pac. For a complete summary of 
operations, see "Result Screen Operations." 
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Calculating a Taylor Expansion 

Make sure the pointer is at "Taylor Expansion " and press IENlER!: 

PRG 
{ HOME SPARCOM CALCUD > 
Exeand F(V) about A: 
• F V Order A 
( eqn var int>0 real ) 

• mllll~m:DWDmlil:ID!iil 

The input required is a function , an independent variable, an integer order to 
which to expand, and a real point about which to expand. 

The res ult obtained will be an equation which is the des ired Taylor expansion. 

Example: Find the Taylor series of the function s in(ln(x)) about the point 

x = e to the 3rd order. To do this, type in CJ~[a)~@J X [EJIEJ[EJ[EJ 
[m X [Ej 3 [E:j@JC5il E as your input (il'necessary, press [E1lt§j lo enter 
Radians mode): 

ALG PRG 
{ HOME SPARCOM CALCUD > 
Exeand F(V) about A: 
• F V Order A 
( eqn var int>0 real ) 
1SIN(LN(X)) 1 X 3 e• 
mllll~m:DWDmlil:ID!iil 

Press ~NlERJ to calculate the specified Taylor expansion, which will appear: 

Taylor Expansion 
•' .8~1 ~7098~808• .198 7 6 61103~6~CX· .. , 

The result can be viewed in the Equation Writer, copied to the stack, or printed 
on an IR printer. When you have finished viewing the result , press IIJ.GIII to re­
turn to the Function Library menu , li'i1.:.1El to return to the Main menu, or ifil!EJ to 
quit the Calculus Pac. For a complete summary or operations, sec " Result 
Screen Operations." 

For information about simplifying the result , sec "SIMPL: Symbolic 
Simplification" in Chapter 8. 
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Result Screen Operations 

These are the opera tions ava il able a t all res ult scree ns . 

Screen 

Result Screen 

Key 

Result Screen Operations 

Softkeys 

IM..:IDl l:GIIl l;l:IHii ~ 

Action 

Toggles betwee n th e slll all and la rge fo nts. 

Returns lo th e Main lll enu . 

liDlID II.IDII 

Prompts fo r IDllI;II or llll:.Dnll to select it ems, and then 
sends those itellls to an JR printe r. 

Prompts fo r IDllI;II or llll:.Dnll to select items, and th en 
copies those items to the s ta ck. T he items a rc pl aced in a I is l 
if llll:.Dnll was chosen. 

Returns to the Func tion Library m enu . 

Displa ys th e entire tex t o f an it em ton w ide to fit on th e 
scree n, up to one entire screen s ize . 

Quits the Calculu s Pac to the HP 48S X sta ck. 

E ithe r v iews th e res ul t in the Equa tion W rite r (equ a ti on) or 
dis plays the result expand ed to a fu ll sc ree n (no t equa ti on). 
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Chapter 3 

Integration Analysis 

Integration Analysis includes interactive methods to numeri cally approximate 
integrals , including left, right , midpoint, trapezo ids, and Simpson's Rui c. 

This chapter covers: 

O Using Integration Analysis 
O Parameter Screen Tips 
O Integration Analysis 
O Res ult Screen Operations 

Using Integration Analysis 

To get lo Integra tion Analysis , follow these steps: 

0 Press IB] [uBRAAt l lo display all librari es available lo your HP 48SX. 

@ Find and press tR:.1D!J to displa y th e Calculus Pa c Library menu . 

@) Press th e first so ftkey, tR:.1D!J , to sta rt th e Ca lculus Pac interactive menus. 

0 Al the menu , make sure pointer is al " Integration Analysis" and press [ NIER[: 

Inte9ration 
• START: PRESS ENTER 

END: PRESS ENTER 
F(X): PRE SS ENTER 
PARTITIONS: 10 
TECHNIQUE: LEFT 

The Integra tion Analysis param eter screen li sL'> th e various parameters necessa ry 
to perform an integ ration analysis, including the ability to select one of th e fi ve 
integration techniques supported by th e Calculus Pac. 
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Integration Analysis Techniques 

Each technique available from the Integration Analysis parameter screen is 
briefly described below and is discussed in detail in th e various sections of this 
chapter. 

Integration Analysis Techniques 

Item Description 

Left Rectangles Calculates the Riemann lower sum of the definite 
(LETT) integral or a functi on. 

Right Rectangles Calculates the Riemann upper sum of th e definite 
(RIGHT) integral of a fun c tion. 

Midpoint Rectangles Calculates the Riemann midpoint sum of the defi-
(MIDPT) nite integra l of a function. 

Trapezoidal Method Approximates the definite integral of a function , 
(TRAPZ) using the trapezoida l method. 

Simpson's Rule Approximates th e definite integral of a funl'lion, 
(SIMPS) us ing Simpson's Rul e. 

Integration Analysis Parameter Screen Operations 

Screen Softkeys 

Integration IM.:..1D ~ l;illiill ~ (;fflill II.IDIII 

Key Action 

rtli.10 Performs the actual analysis with th e specified parameters. 

~ Toggles between th e small and large fonts. 

IM.:..1D Returns to th e Main men u. 

l.;,kUm Prompts fo r lllliHI;II or~ to select items to print. 

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

II.IDIII Returns to th e Main menu. 

llffiill Quits the Calcu lus Pac to the HP 48SX stack. 

~NIERI Prompts for value of the parameter selected by the pointer. 
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Parameter Screen Tips 

The Integration Analysis param eter screen controls th e int egra tion inte rval 
starting and ending points, th e integrand (a fun ction or X), the number of 
partitions for the approximation, and th e int egration technique to be used. 

Entry Tips 

H ere are some usefol things to know about ente ring o r editing paralllcte rs: 

O To enter or edit the value of a para lll eter , lllove the pointer to it and 

press ~N@. Alter entering or editing the value ol a paralll e te r, press 
[NIE-~ to accept the new value and return to th e elclllent parallleler 
screen. 

O Once you have begun entering or editing a parallleler value , to abort th e 
change, press [mEl to dear the COlllllland line (if necessa ry) and tb en 
press [NlER! or [mEl to return to the analysis parallleter screen w ithout 
changing th e parameter value. 

O You only need to ente r values for thos e param eters that initiall y dis­
play , "Press ENTER." Other paralll eters (e.g. , th e number of parti­
tions) will be given default values (e.g ., 10) which yo u llla y lllodify if 
you wish. 

O Make s ure to place tic marks(') around symbolic argulllcnts for th e in­
tegrand . 

O Some HP 48SX modes ca n be changed al th e prompts where parameter 

values are entered (e.g., pressing [EJE§j will toggle Radians mode). 

O After entering all parameters, press ~ to begin th e actual anal ys is. 
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Integration Analysis 

After selecting "Integration Analysis" from th e Main m enu , this screen appea rs: 

Integration 
• START: PRESS ENTER 

ENO: PRESS ENTER 
F(X): PRESS ENTER 
PARTITIONS : 10 
TECHNIQUE: LEFT 

You should now enter or edit th e parame te r va lues. When yo u ha ve finis hed , 
press [Ri.10 to run th e analysis, or at any tim e press 11!1;11 or IM'.:.THI to return to 

the Main menu o r llillEJ to quit the Calculu s Pac. 

He re are specific descriptions of th ese param e ters : 

O Start: Starting po int of th e int erva l. Must be a rea l number, or a sym ­
bolic ex pression s uch as 'rr,/2' (which resolves to a real num ber). 

O End: Ending point of th e int erval. Musi be a real num ber, or a sy m ­
bolic ex pression s uch as 'rr,/2' (wh ich reso lves to a real number) . 

O F(X) : Must be an equation which is ei th e r cons tant or a function of 
one variab le , X. 

O Partitions: Number of partitions for th e approximation . Must be a 
pos itive integer. 

0 Technique: LETT, RJGHT, MIDPT, TRAPZ, or S IMPS. C hange the 

technique by pressing [ENIER!, mov ing the po inter to th e desired tech­

niqu e, and press ing ~NIER! . 

n/2 

Example: Approximate f sin( x)dx accordi ng to the trapezo idal m et hod, us ing 

0 

20 partiti ons. To do this, enter Oas th e interval s tart , 'rr,/2' as th e interval end , 
'SIN(X)' as F(X), 20 as the number of partitions, and TRAPZ as the integ ration 

technique. (lf neecssa ry, press IE)lfB while e ntering F(X) to ente r Radians 
mode.) When finished, the scree n s hould appea r as follows: 
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Inte9ration 
• START: 0 

END: 1.570796~l&B 
FOO: 'SIN(X)' 
PARTITIONS: eo 
TECHNIQUE: TRAP2 

Once the parameters have been specified, press [!lf.:.10 to run the analys is, and 
the result will appea r: 

Inte9ral Value 
• .!!9~85905l6 

The res ult ca n be copied to th e s tack or printed on an IR printer. When yo u 
have fin ished v iewing th e res ult , press IIIIJ1:lll to return to tb e Integration 
Analys is para meter screen, ~ to return to the Main menu , or ~ to quit th e 
Ca lculus Pac. For a compl ete summary or opera tions, sec " Res ult Screen 
Opera li ons." 
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Result Screen Operations 

These are the operations available a t all res ult scree ns . 

Screen 

Result Screen 

Key 

1:1:•• m 

Result Screen Operations 

Softkeys 

~ l:l;ID liillllli ~ 

Action 

Toggles between th e small and large fonts. 

Returns lo the Main menu. 

[;Mill IIIIDII 

Prompts for~ or~ lo sekl"I it ems , and then 
sends those items lo an IR prinkr. 

Prompts for~ or~ to se lect items, and then 
co pies those items to th e stack . The items arc placed in a lis t 
il"~was chosen. 

Returns lo the Integ ration Analysis parameter screen. 

Displays th e entire tex t or an it em loo wide lo fit on th e 
screen, up lo one entire screen size. 

Quits the Calculus Pac to th e HP 48SX s ta ck. 

Displays th e res ult ex panded lo a full screen. 
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Chapter 4 

Integral Tables 

The Integral Tables include nea rly 100 integra ls orga ni zed in s ix sec tions for 
quick reference: user-d efin ed , rationa l, irrational , trigonometric/hyperbolic , ex ­
ponential /logarithmic, and definit e. You can add as man y integral s as yo u w ish 
to th e use r-defined section . 

This chapter covers : 

O Using the Integra l Tables 
O Choosing a Section 
O Solving an Integral 
O Storing User-Defin ed Integ ral s 

Using the Integral Tables 

To get to the Integral Tables, follow these s teps : 

0 Press [Bll~ to display all librari es available to your HP 48SX. 

@ Find and press ~ to display th e Calculus Pa c Library menu . 

@) Press th e first so ftk ey, ~ , to s ta rt the Calculus Pac interactive menus. 

8 At the Main menu , make sure th e pointer is at " Integral Tables" and press 

!EN@: 

Integral Tables 
• USER-DEFINED 

RATIONAL 
IRRATIONAL 
TRIG/HYPERBOLIC 
EXP/LOGARITHMIC 
DEFINITE 

The Integration Tables menu lists th e six sections of integral s stored in th e 
Calculus Pac. A section is selected by moving th e pointer to it and press ing 

[ENJERJ. 
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Items in the Integral Tables Menu 

Each item in the Integral Tables menu is briell y described be low and is dis­
cussed in de tail in the vario us sections o f this c hapter. 

Integral Tables Menu Items 

Item Description 

User-Defin ed User-de fin ed inde finite a nd de finit e integ ral s. 

Ratio nal Inde finite integ ral s involv ing ra ti o nal a rg um ent s. 

Irra tio nal Inde finite integra ls involv ing irratio na l a rg um e nt s. 

Trig/H yperbo li c Inde finit e integ ral s in volv ing trig/hyp arg um e nts. 

Exp/Loga rithmic Indefinite integrals involv ing exp/log arg um e nts . 

Definit e Definit e integral s. 

Integral Tables Menu Operations 

Screen Softkeys 

Integral T able IM.:.1nl 11113D [;IlllID ~ r;rnm llmll 

Key Action 

r;rnm Toggles be twee n th e small and large fonts . 

IM.:.1Dl Returns to th e Main me nu. 

[;IlllID Prompts for lllONClll or -.:.nL• to select ite ms, and th en 
sends those items to an IR printe r. 

~ Prompts fo r lllONClll or al1Jl!III to select it ems, and th en 
copies th ose items to th e s tack. 

IIIIIDlll Returns to th e Main me nu . 

~ Displa ys th e entire tex t o r an item too w ide to fit on th e 
screen, up to one entire scree n s ize. Ir the item rits Oil thl' 
scree n, this key is 11 011 - runl"lional. 

[ill]J Quits the Calculus Pac to th e HP 4~SX sta c k. 

~NlERI Moves down one level in th e me nu s tru cture, ent ering these-
lected int eg ra l secti o n. 
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Choosing a Section 

Each of the six sections of integrals contains a group of related integrals. Each 
integra l can be displayed in Equation Writer or text forma l, copied lo the slack, 
or solved, indefinitely or definite ly. You ca n also search for a spec ific integral 
using the search mode. (For more information, see " Using th e Sea rch Mode" in 
Chapter 1.) The user-defined integral section behaves identically to a ll other 
sections, once yo u have entered your own integrals. 

Example: Investigate the section of integra ls with forms containing ex ponen­
tials. To do this , make sure the pointer is at "Exp/Logari thm ic" and press ~NTERI: 

Th is particular section contai ns thirteen integrals. 

Viewing an Integral 

Example (cont.): View th e third integral in this sect ion in Equation Writer for­
mat. To do this, make sure the pointer is at th e thi rd eq uati on and press [ENIERI. 
After a brief delay , the integral will be di sp la yed in Eq ua lion Write r fo rm al: 

E~PILDGARITHHIC 

PRESS CENTER] TD RETURN TD LI ST "' 

When you have finished view ing th e integ ral , press ~NTER! or l@El to return lo th e 
integration section menu . Many integrals are too large for th e screen, and w ill 
be displayed with th e cursor keys activated fo r scrolling purposes. 

WARNING: While the HP 48SX is building the EquationWriter 
format of an integral, key presses 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 @El to abort the build 
process and return to the integral screen. 
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Screen 

Integral Sect. 

Key 

1::.1:•• m 

Integral Section Menu Operations 

Softkeys 

~ ~ l;l;Dlli ~ 

Action 

Toggl es between the small and large fonts . 

Returns to the Main menu . 

~ ~ 

Prompts for lll!HI;II or ~ to select items, and th en 
sends those items to an IR printer. 

Solves the integral selected by th e pointer. 

Prompts for lll!HI;II or ~ to se lect items , and th en 
copies th ose items to the stack. The items arc placed in a I is l 
if~ was chosen. 

Returns to th e Integral Tabl es menu. 

Quits th e Ca lculus Pa c to the HP 48SX stack. 

Displa ys th e integ ral sel ected by the pointe r in th e 
Equation Writer. 

Dis pla ys th e entire tex t of an it em too wide to fit on th e 
scree n, up to one entire scree n s ize. Ir the it em fit s on the 
scree n, this key is non-fun ct ional. 

Solving an Integral 

The integra l solving process is one of substitution and algebraic simplification. 

Example (cont.): To solve th e third int egral, make sure the pointer is a l it and 
press ~ . 

Selecting Indefinite or Definite 

The first s tep in solving an integral is choosing th e type of integ ration to per­
form. You ca n perform e ither definite or indefinite integrations. If you choose 
to perform an inde finite integration , th en a constant of integ ration will be added 
to th e final res ult. 

Example (cont.): Perform a definit e integration by press ing lll;la:m 
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Entering Limits of Integration 

If you choose to perform a defin ite integra tion, you w ill be prompted to enter the 
limits of integration. Limits ca n be rea l numbers, va ri ables, o r ex press ions. 
T his m ea ns you ca n integra te fro m O to 1, or fro m A to B, o r even fro m s in ( t) to 

cos(t + 11), provided that none of th e variables used in th e limits arc identica l to 

the va riable of integra ti on, w hich is always X. 

Example (cont.): Integrate fro m O to 10. T ype O [EJ 10: 

RAD PRG 
< HOME SPARCOM CALCUD } 

Enter 1 irni ts: 
• Lower Upeer 
( real / crnpl x/var / eqn ) 

0 10• 
Cfiml!i!!JlmDIIlDmDCm:Ia 

Press R:Nlffl to accep t th ose limits of integration. 

NOTE: Be sure to enclose symbolic limits within tic marks (') 
and to set Radians mode for correct trigonometric results. 

Entering Values of Constants 

When solv ing an integra l (e ither inde finit ely o r definitely), you mus t specify 
va lues fo r all the un know n consta nt s in th e integra l. T his does not incl ud e th e 
va riable of integra tion, fo r w hich yo u do not ent er a va lue. T hese cons tants 
must be co ns tant w ith res pect lo th e var iable of integra tion, X. L ike th e limits 
of integra ti on, th e co nstants ca n be rea l num bers, var iables, or ex press ions. 

Example (cont.): Set th e va lue of A to tan(T), w here T is a cons tant. T ype 

CJ fB ~ T: 

RAD ALG PRG 
{ HOME SPARCOM CALCUD } 

Enter constants: 
• A 
( real / crnpl x/var / eqn ) 
I TAN ( T) I 

Cfiml!i!!JlmDIIlDmDCm:Ia 

Press R:NTER1 to accept th at cons tant va lue. 

NOTE: If you wish to enter a variable as a limit or a constant, 
the surrounding tic marks are optional. For example, T can be 
entered as 'T' or T. 
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Viewing the Result 

After th e limits and constants have been s pecified , th e integra ti on will be per­
form ed and the des ired result displa yed: 

Integral 
• 'EXP C TAN(T)UO)ITA N ( T )-11 TAN CT>' 

The result can be v iewed in th e Equati on Writer, copied to th e s tack, o r printed 
on an IR printer. When you have fini shed v iewing th e result , press llIDII to re­
turn to th e integral secti on menu , li'mJD to return to th e Ma in menu , or @IE] to 
quit th e Ca lculus Pac. 

(Fo r information about s impli fy ing th e result , sec " SIMPL: Symbolic Simpli fi­
ca tion" in Chapte r 8.) 

Screen 

Result Sc reen 

Key 

Result Screen Operations 

Softkeys 

li'mlD a3ll t.Gil~O ~ 

Action 

Toggles between the small and large fonts. 

Returns to th e Ma in menu. 

[;(filli llIDII 

Prompts for~ or~ to se lect it ems , and th en 
sends those items to an IR printer. 

Prompts for~ or~ to select it ems, and then 
copies th ose items to th e s tack . The items arc placed in a lis t 
if~ was chose n. 

M oves up one level in th e menu stru cture, returning to th e 
int egral sec tion. 

Displays th e entire text of an item too wide to fit on th e 
screen, up to one entire scree n s ize. If the it em fit s on th e 
screen, this key is non-functional. 

Quits th e Ca lculus Pac to the HP 48SX stac k. 

Dis plays th e result in th e Equ ati on Writer. 
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Storing User-Defined Integrals 

To add an integral to th e user-d efi ned section of the Integral Tables, fo llow 
these steps: 

0 Go to the HP 48SX stack. (If necessa ry , press IThTIEJ to quit th e interactive 
menus.) 

~ Enter or reca ll th e integra l you wish to s to re to level I of th e s ta ck. The 
syntax of the integra l must sa tisfy the following co nditi ons: 

CD The integra l must be ente red as an equ ati on. It ca n be en tered w ith th e 
HP 48SX Equation Writer and co pied to th e s tack . (For more informa­
tion, see Chapter 16 of tb e HP 48SX Owner 's Manual , "The Eq uati on 
Write r Application .") The equation must include an equ a l sign w ith an 
integral on the left side and an ex press ion on th e right side re prese nting 
the solution of the integra l. 

NOTE: The Calculus Pac does not solve arbitrary integrals-it 
merely stores them for reference and provides substitution and 
evaluation help. When entering a new user-defined integral, 
you must derive or look up the solution to the integral and 
specify it as a part of the equation to be stored. 

@ The variable of integration should be an uppe rcase X . If th e variable of 
integra tion is not X, ~ or~ will aut oma ti call y convert it to 
X during th e storage process, but an error will occur if X appears else­
where in the integra l. 

® Valid integrals always require limits o f int egra ti on, but lhe limits will 
be ignored if yo u s tore the integra l in an indefinite form w ith U~ 
(see below). 

© To store a constraint label w ith th e integra l (such as 11-,,. I ), enter the 
integra l as an equation and the cons lraint labe l as a st ring and th en 

press ~ ~ 1111'.:.Dl to ta g lhc integral with th e s tring. 

@) To store the integral in an indefinit e form (ignoring th e limits of integra­
tion), press ~ ; to s tore th e int eg ral in a definit e form (preserving lhe 
limits of integration), press OOUD. 

(For more information, see " INDEF: Slorc Inde finite Int eg ral " and " DEFIN: 
Store Definite Integra l" in Chapter 9.) 
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Example: To s tore th e indefinite integral J cos(x)dx = s in(x) , press tE,71 §,@ 

[2]ITJ O IEJ O IEJffil@J X IEJIEJITZ:J X [E}IIOllEJIEJ X [@:EH! lo pl an: the 
integral on level I. (Note that the HP-48SX requires limits on th e integral , but 
since the integral will be stored indefinitel y, th e limits will be ignored.) To 

place the constraint labe l "TEST" on this integ ral , type EJ• [EJCTD TEST 
l:NTERI~ ~ ~- Then press ~ to store th e integra l in an indefinite 
form in the user-d efi ned section of the integral tabl es. 
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Chapter 5 

Limit Analysis 

Limit Analysis includes interactive methods to exa mine limit behavior of func­
tions, sequences, series, and recursion relations. 

This chapter covers: 

O Using Limit Analysis 
O Parameter Screen Tips 
O Functions 
U Sequences 
O Series (Partial Sums) 
O Recursion Relations 

Using Limit Analysis 

To get to Limit Analysis, follow th ese steps: 

0 Press [Eli!LM! to display all libra ri es avai labl e to your HP 48SX. 

~ Find and press~ to display th e Calcu lus Pac Library menu. 

@) Press the first softkey, ~ . to start the Calcu lus Pac interactive men us. 

6 At the Main men u, make sure th e pointer is at " Limit Analysis" and press 

®NTER!: 

Lirni t Analysis 
·HUNCTICNS 

SEQUENCES 
SERIES 
RECURSIONS 

The Limit Analysis menu li sL-; the four types of limit anal ysis performed by th e 
Calculus Pac. A type is selected by moving the pointer to it and pressing ~@-
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Items in the Limit Analysis Menu 

Each item in the Limit Ana lys is menu is b rie fl y described below and is di s ­
cussed in deta il in the va rious sections of this cha pter. 

Limit Analysis Menu Items 

Item Description 

F unct ions Displays th e para meter screen for fun cti ons, w hi ch 
cont rols analys is o f 1-3 fun cti ons approaching a 
target po int fro m th e left or right. 

Sequ ences Displays th e parame ter screen for seq uences , w hi ch 
control s analys is of 1-3 sequences, sweeping fro m 
a start index to a s top index. 

Series Dis plays the parameter screen fo r series, w hi ch 
controls analys is of the partia l smns of 1-3 se ri es, 
sweeping fro m a s tart ind ex to a s top index. 

Recurs ions D isplays th e pa ram eter screen for rern rs io n rcla-
lions, w hich contro ls ana lys is o f 1- 3 recu rsio n rcla-
lions, s tarting fro m an initial po int. 

Limit Analysis Menu Operations 

Screen Softkeys 

Limit Anal. ~ ~ l:illlili ~ lil"!]Il] .ma 

Key Action 

lil"!]Il] Toggles between th e small and large fo nts. 

~ Returns to the Ma in menu . 

l.;,Cllill Prompts for llll"!lN;II or~ to select it ems to print. 

~ Prompts fo r llll"!lN;II or ~ to select it ems, and then 
copies those items to th e s tack . 

.ma Returns to th e Main menu. 

~ Displa ys th e entire tex t of an it em too w ide to fit on th e 
screen, up to one ent ire screen s ize. 1 r th e item fit s Oil th e 
screen, this key is non-fu nctional. 

ffffiFJ Q uits th e Calculus Pac to th e HP 48SX stack. 

[NI-ER] M oves down one level in th e menu s tru cture , di spl ay ing th e 
para me te r screen fo r th e ana lys is se lected b y th e po inte r. 
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Parameter Screen Tips 

Each of the four types of limit analysis starts at a parameter screen, where th e 
specific functions/sequences/series/ recursion relations are ente red, along with 
other information about the particular analysis to be performed, including start­
ing or ending points and approach sides. 

Entry Tips 

Here are some useful things to know about entering or editing pa ram e ters: 

O To enter or edit the value of a param eter, move th e pointer to it and 
press [ENTER!. After entering or editing the value of a parameter, press 
!ENTER! to accept the new value and return to the clement parameter 
screen. 

O Once you have begun entering or editing a param eter val uc , to abort the 

change, press mm to clear the command line (if necessa ry) and then 
press ~NTE~ or mm to return to the analysis parameter screen without 
changing the parameter value. 

O You only need to ente r values for those param eters that initially dis­
play, "Press ENTER. " Other parameters (e.g., the initial index) will be 
given default values (e.g., 1) which you may modify if you wish. 

O Make sure to place tic marks(') around symbolic arguments. 

O Some HP 48SX modes can be changed at th e prompts where param ete r 
values are entered (e.g., pressing [E]IE§I will toggle Radians mode). 

O After entering all parameters , press ~ to begin the actual analysis. 

Run-Time Modes 

Each type of analysis can be run in one or two modes: 

O Single-Step Mode: This mode or analysis is s ing le-s tepped by press­

ing any key except m!E], which terminates th e analysis. Pressing l§J at 
any step copies the current values to the stack and continues to th e nex t 
step. This is th e default run-time mode for function analysis. 

O Continuous Mode: This mode of analysis will continue to run until ei­
ther the stop condition is sa tis fi ed or [filEJ is pressed. At the l'inal values 
screen, press ing @£1 copies the final values to the stack. 

To toggle between th e two modes, move th e pointe r to " Mode" and press IENJ ER!. 
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Functions 

From one to three func tions of X are specified, w ith a ta rget po int and approach 
side. The va lue o fX is then swept toward the target point•, w hil e th e values o f 
X and the fun ctions are displa yed on-screen. 

NOTE: Although the function limit analysis examines a number 
of points close to the target point, the results do not guarantee 
anything about the actual limit at the target point. 

Make sure the po inte r is at " Functi ons" and press ~NlERI: 

Functions 
• TARGET POINT: PRE SS ENTER 

F(X): PRE SS ENTER 
G(X): 0 
H( X) : 0 
APPROACH SIDE: LEFT 
MODE: SINGLE-STEP 

You should now enter or edit th e pa ramete r va lues. When yo u have fini shed , 
press ~ to run the analys is , or at an y time press 11!1;11 to re turn to the Limit 
Analys is menu or [mEl to quit th e Ca lculus Pac. 

H ere a re spec ifi c descriptions of th ese pa rameters: 

O Target Point: Must be a rea l num ber. 

O F(X), G(X), H(X): Must be equ ati ons w hich arc e ither constant o r 
fun ctions o f one va ri able , X . 

O Approach Side : LETT or RI G HT. T oggle by press ing @NTi:WL 

O Mode: Continuous or S ingle-Step. T ogg le by press ing ~NIERI. 

Example: Find lim s in(x). To do this, ent er Oas th e target po int and 
x-0- X 

'SIN(X)/X ' as F(X ). (If necessa ry, press 15}1[§ w hil e entering F (X ) to ent er 
Radians mode.) Once the parameters ha ve been specifie d, press ~ to run 
the analys is. At each step, press jENi.Effi to continue,@§] to co py th e va lu es to th e 
stack and continue, or m!E) to terminate th e anal ysis . This ana lys is appea rs lo 
indica te that the limit is I. 

* ( - 10 X is swept from target -1 up 10 target - I x l l or fro m target+ I down 10 

target + l x 10- 10 in 10 steps, depending on the approach side. 
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Sequences 

From one to three sequence coefficients (functions of N) are specified , with a 
start index and stop index. The value of N is th en swept from the start ind ex to 
the stop index, while the values ofN and the sequ ences are displa yed on-screen. 

Make sure the pointe r is at "Sequences" and press IENlERI: 

Sequences 
~START INDEX: l 

STOP INDEX: PRESS ENTER 
AN: PRESS ENTER 
BM: 0 
CM: 0 
MODE: CONTINUOUS 

You should now enter or edit th e paramete r values. When you ha ve finished , 
press~ to run th e analysis, or at any time press ~ to re turn to the Limit 
Analysis menu or [mEl to quit th e Calculus Pac. 

Here are specific descr iptions of th ese parameters: 

O Start Index, Stop Index: Must be pos itive integers, and th e s top index 
must be greater than or equal to the start index. 

O AN, BN, CN: Must be eq uations which are e ither constant or l'unl'li ons 
of one variable, N. 

O Mode: Continuous o r Single-Step. Toggle by pressi ng ~NI~I. 

Example, Exami,.cthescqu"'ce l ( 1 + ;;)" r,~ fo, cu,.w ,gco,co m divc,­

gence. To do this, ente r 100 as the stop index and '( 1+1 /N)"N' as AN. When 
fini shed , the screen should appears as follows : 

Sequences 
START INDEX: l 
STOP INDEX: 100 
AN: '(l+llN)AM' 

~BM: 0 
CM : 0 
MODE: COMTIMUOUS 

Once th e parameters have been speci fied, press ~ to run the analysis. The 
value of N will be swept from 1 to I 00, and th e va lue of AN will be shown at 
each point. Although it is s lightl y ambiguous for such small va lues or N, th e 
sequence does in fact converge to a limit of e, or 2.7182 .. .. Thi s can be checked 
by se lling th e start and stop indices to much larger values, such as I 0000 or so. 
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Series (Partial Sums) 

From one to three series (functions of N) are specified, with a start index and 
stop index. The value of N is then swept fro111 th e start index lo the stop index , 
while the values of N and the seri es partial sums are displa yed on-screen. 

Make sure the pointer is at "Series" and press ~fJilll: 

Series 
-+START INDEX: l 

STOP INDEX: PRESS ENTER 
AM: PRESS ENTER 
BM: 0 
CM: 0 
MODE: CONTINUOUS 

You should now enter or edit th e parameter values. When yo u have finished , 
press~ to run th e analysis, or at any tim e press 11.'1;11 to return to th e Limit 
Anal ys is menu or m!E] to quit th e Calculus Pac. 

Here are specific descriptions of these parameters: 

O Start Index, Stop Index: Must be posi tive integers, and the stop index 
111ust be g rea ter than or eq ual to the s tart index. 

O AN, BN, CN: Must be equations which arc either constant or fun c tions 
of one variable, N. 

O Mode: Continuous o r Single-Step. Toggle by press ing ~NIER!. 

IO0 I 100 I 100 I 
Example: Co111pare the series "-, "--,,, , and "~ . To do this, enter 

L., n L., n - L., n· 
n - l n= l n=l 

100 as the stop index, '1/N' as AN , 'I/N"2' as BN, and 'I/N"3' as CN. When 
finished, the screen should appears as follows: 

Series 
START INDEX: l 
STOP INDEX: 100 
AM : 'llM' 
BN: 'llNAl' 
CN: '11MA3' 

-+MODE: CDHTIMUDUS 

Once the para111elers have been specified, press ~ to run the analysis. The 
value of N will be swept fro111 1 to 100, and th e partial su111s of AN , BN, and CN 
will be shown at each point. From this analysis , it appears that AN diverges and 
that BN and CN converge, with CN converging 111uch more qui ckly than BN . 
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Recursion Relations 

From one to three recursion re lations (functions of X) are spec ified, wi th an ini ­
tial po int. The initial po int is used as th e initial val ue of X, from which val ues 
of F(X), G(X), and H(X) are calculated. Then, at each successive step, a new 
value of F(X), G(X), and H(X) is ca lcul ated, using the prior va lue of F(X), 
G(X), or H(X), respectively, as th e va lue of X. For example, / 1 = f(x 0 ), while 

f 2 = /(!1). At each step, th e values o(N (the iteration) and th e recursion rela­

tions a re displ ayed on-screen. 

Make sure th e pointer is at "Recurs ions" and press tN1ER): 

Recursions 
• INITIAL POINT: PRE SS ENTER 

F(X): PRESS ENTER 
G(X): 0 
H(X): 0 
HOOE: CONTINUOUS 

You should now enter or edit the parameter va lues. When you have finished, 
press rBi.10 to run the anal ysis, or al any time press IIIDII to ret urn to the Limit 
Analysis menu or ~ to quit the Calculus Pac. 

Here a re specific descriptions of these para meters: 

O Initial Point: Must be a rea l number. 

O F(X), G(X), H(X): Musi be eq uati ons w hich arc e ither cons tant or 
functions of one va riable, X. 

O Mode : Continuous or Single-Step. Toggle by pressing tNJERI. 
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Chapter 6 

Constant Library 

The Constant Library lis ts 43 universa l constants fo r qui ck reference. Cons tant 
va lues ca n be displayed on the screen, co pied to th e s tack, o r printed on an IR 
printer, e ithe r one at a time or all at once. 

This chapter covers: 

O Us ing the Constant Lib rary 
O Viewing a Cons tant 

Using the Constant Library 

T o get to th e Cons tant Library, fo llow th ese s teps : 

0 Press [Ell[LllRAAYj to display all librari es ava il able to your HP 48SX. 

~ Find and press ~ to displ ay th e Calculus Pac Li bra ry menu . 

@) Press th e firs t so ftk ey, ~ , to s ta rt th e Calculus Pac interactive menus. 

0 A t the Ma in menu , make sure the po inter is at "Constant Library" and press 

~NTERJ: 

• Constant Library 
• pi circle ratio 

e Napier constant 
~ Euler constant 
¢ 9olden ratio 
~ fine structure 
c speed of 1 i qht ,,, 

Grlfillm:13!il!Iml!illmlEDlll!Iill 
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Viewing a Constant 

Browse through the list to find a constan t, or use th e search mode. When yo u 
have found the des ired constant, press ENlER! to displa y the value on a full screen, 
111313 to copy the value to the stack, or l;l;JED to print the value. 

Example: Look up the value of the Stefan-Boltzmann constant. Type [s][2J 
S ENTER! to search for the letter o. Then press irnITI) to view the value : 

Constant Library 

G Stefan-Boltzmann 

5.67051E-8 

PRESS CENTER] TD RETURN TD LIST .,, 

When yo u have fini shed vi ew ing th e value, press ~NIER! or @!El to re turn lo the 
Cons tant Library . When you have finish ed with th e Cons tant Library, press 
IDJ:IIII or ~ to re turn to the Main menu , or~ to quit th e Calcul us Pac. 

Constant Library Operations 

Screen Softkeys 

Constant Lib . ~ 111313 l;l;JED ™ ~ IDJ:IIII 

Key Action 

~ Toggl es between th e small and large fonts. 

~ Returns to the Main menu . 

[;ratru Prompts for IDHCIII or ~ to select items to print. 

a3D Prompts for IDHCIII or ~- to se lect items, and th en 
copies those items to th e stack. 

™ Press ing thi s key toggles units, stripping units from or ap-
pending units to all values . 

IDJ:IIII Returns to th e Main menu . 

mIEl Quits th e Calcu lus Pa c to th e HP 48SX sta ck. 

ENIER! Displa ys the constant label and va lue, ex panded to a screen. 

[2]~ Displays entire tex t of an item too w ide to fit on the screen. 
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Chapter 7 

Reference Data 

Reference Data includes tables of th e Greek alphabet, sta ndard SI prefixes , 
trigonomet ric and hyperbolic functions, pictures, and relations, a nd vector for­
mulas. 

This chapter covers : 

0 
0 
0 

Using Reference Data 
Greek Alphabet 
SI Prefixes 

O Trig/Hyp Defi nitions 
O Trig/Hyp Pic tures 
0 Trig Relations 
O Vector Formulas 

Using Reference Data 

To get to Refe rence Data, follow th ese steps: 

0 Press [E}l[tiiiw! to display all libraries available to your HP 48SX. 

@ Find and press~ to disp la y th e Calculus Pa c Library menu . 

@) Press the first so ftk ey, ~ , to s tart th e Ca lculus Pac interacl ive menus. 

6 At the menu , make s ure th e po inte r is al " Reference Data " and press IENIER!: 

Reference Data 
~GREEK ALPHABET 

SI PREFl8ES 
TRIGIHVP DEFINITIONS 
TRIGIHVP PICTURES 
TRIG RELATIONS 
VECTOR FORMULAS 

The Reference Data menu lists th e s ix areas of reference data inc luded in th e 
Calculus Pa c. An area is selected by mov ing th e pointer to it and pressing ~N iEffi. 
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Items in the Reference Data Menu 

Each item in the Reference Data menu is b rie fl y descri bed be low and is dis­
cussed in deta il in the various secti ons or this chapte r. 

Reference Data Menu Items 

Item Description 

G reek Alphabet Uppercase and lowercase Greek letters. 

SI Prefi xes Commonl y used SI prefixes. 

Trig/Hy p Defin itions De finiti ons of the bas ic trigo nometri c and hyper-
boli c fun cti ons. 

Tr ig/Hy p Pictures G raphs o r bas ic trigo nometric a nd hyperbo lic fun c-
lions. 

Trig Rela tions Common trigo nometr ic relations. 

Vector Formul as Common vector formulas invo lv ing dot produ cts, 
cross produc ts, divergence, curl, and g rad ient. 

Reference Data Menu Operations 

Screen Softkeys 

Refe r. Data 

Key Action 

(;D]ll T oggles between the small and large fo nts. 

IM.i.1:HI Returns to th e Ma in menu . 

lilillm Prompts for~ or ~ to select it ems to pri nt. 

~ Prompts for~ or~ to se lect it ems, and th en 
co pies th ose items to th e stack. 

am. Returns to th e Ma in menu . 

~ Displays the ent ire tex t of an item too w ide to fit on th e 
sc ree n, up to one entire screen size . If the item fit s on th e 
scree n, this key is non-fun ct ional. 

l@El Q uits th e Calculus Pac to th e HP 48SX s tac k. 

~NlERI M oves dow n one level in th e menu stru cture, di splay ing th e 
data section selec ted by the pointe r. 
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Greek Alphabet 

Make sure the pointer is at "Greek Alphabet" and press IENIERI: 

ALPHA Ao: IOTA I L RHO p y 
BETA 8 B KAPPA K}:: SIGMA ~ I 
GAMMA f 'I' LAMBDA A>, TAU T,;. 
DEL TA , c, MU l'-M UPSILON u t 
IPSILDM E E MU NY PHI I~ 
ZETA t Z XI ~::: CHI 'X.X 
ETA H YI OMICRON O a PSI '!'°"' 
THETA 8 8 Pl ll'Tf OMEGA o,.:,Q 
PRESS CENTER] TD RETURN TD 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 
@m-8. Press IENTERI or~ to return to the Reference Data menu. 
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SI Prefixes 

Make sure th e pointer is at "SI Prefixes" and press ~NIER!: 

• SI Prefi xes 
• EXA (E): lOElB 

PETA (P): lOElS 
TERA ( T): lOEli! 
GIGA (G): 10E9 
MEGA (H): 10E6 
KILO (K): 10E3 
HECTD (H): lOEi! 
DEKA (DA): 10 

m:n:JDiillllEIJGimlmIJll!Iill 

Press ~NTER! to display a prefix and va lue on a full screen,~ to copy a prdix 
to the stack, or l:RilnJ lo print a prefix on an IR printer. 

When you have fini shed browsing the list, press ll'1ill to return to the 
Reference Data menu , IM.:.1El to return to the Main menu, or llillEJ to quit th e 
Calculus Pac. 

60 7: Reference Data 



Trig/Hyp Definitions 

Make sure the pointer is at "Trig/Hyp Definitions" and press [ENTER!: 

.Trig/Hyp Definitions 
~SIM(8)=VIR 

CDS(8)=XIR 
TAM($):VIX 
CDTC8):Xtv 
SEC(8)=RIX 
CSC(8)=RIV 
SIMHCU):(EXPCU)-E X P C-U))li! 
CDSH(U):(EXPCU)+EXP( -U))li! 

m:n:Jm:Ialil!lmliliillEII~ 

Browse through the list to find the des ired definition . Press jfNJERI to dis pla y the 
definition in the Equation Writer, 1:1313 to copy the definition to th e s ta ck, or 
):l:l•HI to print the definition on an IR printer. Press lilDii to v iew an illustra­
tive diagram. 

When you have finish ed viewing the de finitions, press llllrnll to return to th e 
Reference Data menu , ~ to return to the Main menu , or @fEl to quit the 
Calculus Pa c. 

Using COT, SEC, CSC, etc. 

The HP 48SX does not include COT, SEC, CSC, ACOT, ASEC, ACSC, COTH , 
SECH, CSCH , ACOTH , ASECH , or ACSCH fun ctions , but th e Ca lculus Pac 
defin es them as commands so they will work co rrec tl y when used in algebraics 
or programs. For more information, sec "Trigonometric Commands" and 
"Hyperbolic Comma nds" in Chapter 8.) 
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Trig/Hyp Pictures 

Make sure the po inter is at "Trig/Hyp Pictures" and press ~NTER!: 

~ Trig/ Hyp Pictures 
~SIN 

CDS 
TAN 
CDT 
SEC 
CSC 
SINH 
CDSH 

llmm:Il~l!IlllllIIT:Illl!lill 

Browse th rough the list to fi nd the des ired picture and press IEN !E~ to v iew it. 
When you have fini shed view ing the picture, press IThTIEJ or ~NTER! to rc tmn to the 
Trig/Hyp Pic tures menu , and then press IIIGlll to re turn to the Reference Data 
menu , ~ to re turn to the Main menu , or IThTIEJ to quit the Calculus Pac. 
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Relations 

Make sure the pointer is at "Trig Relations" and press ~NlERj: 

• Trig Relations 
• SINC8+1,;1):SIN(8)*CDS(1.;1)+CDS(8)*SI .. , 

SIN(8-w)=SIN(8)*CDS(w)-CDS(8)~SI .. , 
CDS(8+w)=CDS(8)~CDS(w)-SIN(8HS "' 
CDS(8-w):CDS(8HCDS(w)+SIN(8)lS ,., 
TAN(8+w):(TANC8 )+ TA N(w ))/Cl-TAI .. , 
TAN(8-w):(TAN(8)-TAN(w))l(l+TAI,,, 
1,11: SIN(812):+HCl-CDS(8))12) 
111 , IY: SIN(8/2):-Wl-CDS(8))/2) 

Gmmill:il!ImrnBIEIJ.:!Iill 

Browse through the list to find th e des ired relation . Press ~NIER! to display the re­
lation in the Equation Writer,~ to copy the relation to th e stack, or 1:1:Jin:i 
to print the relation on an IR printer. Press l;lmi to view an illustrative dia­
gram. 

When you hav e finish ed viewing the relations , press 1111!1:a to return to the 

Reference Data m enu , ~ to return to the Main menu, or [illEJ to quit th e 
Calculus Pac. 

7: Reference Data 63 



Vector Formulas 

M a ke s ure th e po inter is at " Vecto r Fo rmul as" and press IENIER!: 

Browse throug h the lis t to find th e des ired fo rmula. Press ~NIER! to di splay the 
formul a in th e Eq uatio n Write r, ~ to co py th e formul a to th e s tack, o r 
l.:l:llllJ to print the fo nnula o n a n IR printer. 

Whe n yo u have fini shed v iew ing th e formula s, press ~ to return to th e 
Refe rence Da ta menu , ll'i1.:.'IDl to re turn to th e Ma in me nu , or ~ to quit lhl' 
Cal culu s Pac. 
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Stack-Based Toolkits 





Chapter 8 

Function Toolkit 

The Function Toolkit organizes 24 of th e program 111able co111 111a nds in th e 
Calculus Pac into one menu for easy access from the sta ck. All of the co 111 -
mands are des igned to 111anipulate functions. 

This chapter covers: 

O Using the Function Toolkit 
0 SJMPL: Sy111bolic Si111plification 
O TYLRA: Taylor Expansion 
O PR00T: Polynomial Root-Finder 
0 R00TP: Roots to Polyno111ial 
O PWISE: Piecewise Function 
O QPWR: Rational Power of Function 
O DELTA: Delta Func ti on 
D L0GA: Logarithm, Any Base 
0 NR00T: Nth Roots of a Nu111ber 
O PINTR: Pol ynomial Interpolation 
0 PTSLP: Point-Slope Fit 
0 SPUN: Cubic Spline Fit 
O Trigo nometric Functions 
O Hyperbo li c Functions 

Using the Function Toolkit 

To get to the Function Toolkit, fo llow th ese steps: 

0 Press [511[tffll to displa y all libraries ava il able to your HP 48SX. 

~ Find and press~ to display th e Calculus Pac Library 111 enu . 

@) Press th e second softkey, ~ , to di sp lay th e Function Toolkit menu: 
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{ HOME } 

The Functi on Too lkit menu lists the 24 prog ramm able commands des igned to 
manipulate fu nc ti ons. 

Function Toolkit Operations 

Screen Softkeys 

F unction l3m;II ifiJl;E l;l;Mill lfil1gGI ~ (filllfil) 

Toolki t liIDE1 ~ lfilimlj mncJ ~ ~ 
IIIIDMa ~ ~ ~ ~ ~ 
lKW:l ~ ~ r.:.nIDCl ~ ~ 
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SIMPL: Symbolic Simplification 

This command simplifies the input object, if appropriate. Simplification only 
occurs for algebraics, which may occur arbitrarily deep within nested lists. All 
other objects are returned unchanged. Algebraic objects are simplified by per­
forming EXPAN twice and COLCT as many times as necessa ry until the alge­
braic stops changing between repeated COLCTs. 

To simplify the result of a calculation perfonned while us ing the intera ctive 
menus, follow these steps: 

0 Press ~ and then lll!RI;II to copy the resu lt to the stack. Then press 
!@El to quit the Calculus Pac. 

~ Press IB]i[teRAAYJ to display all libraries available to your HP 48SX. 

@) Find and press ~ to display the Calculus Pac Library menu. 

8 Press the second softkey, (;IJ}Hjj , to display the Function Toolkit menu. 

© Press the first softkey, ~, to simplify the express ion. 

Entry Method(s) 

Input Output 

1: any object 1: s implified object 

'SIMPL( object)' 

Example(s) 

Input Output 

{ 1 'x+x' { [ 1 2 ] } } ~ { 1 ·2 *x' { [ 1 2 J } } 

'SIMPL(x+x)' ~ '2 *x' 

8: Function Toolkit 69 



TYLRA: Taylor Expansion 

This command computes a Taylor polynomial of a given function of a given 
variable to a specified degree about a specified point. 

Entry Method(s) 

Input Output 

4: function 4: 

3: variable (name) 3: 

2: degree (integer) 2: 

1: point (real) 1: Taylor expansion 

Example(s) 

Input Output 

'SIN(X)' 'X' 2 2 ~ '. 909297426826-
.416I 46836547*(X-2)-
.454648713413 *(X- 2)"2' 

Note(s) 

Example uses Radians mode. 
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PROOT: Polynomial Root-Finder 

This command returns the real or complex roots of a polyno111ial with real or 
complex coefficients. Polyno111ials can be entered either as sy111bolic expres­
s ions (up to 16th order) or as a vector of coefficients (no limit on ord er). If en­
tered as a sy111bolic expression, the independent variable 111us1 be X. The roots 
are automatically rounded to 10 digit accuracy. PROOT is the inverse or 
ROOTP. 

Entry Method(s) 

Input Output 

1: coefficients (real /complex vector) I: roots (rea l/co mplex vector) 

or 

1: polynomial of X 

Example(s) 

Input Output 

{ 1 - 12 35 -24 } ~ [ 8 I 3) 

[ 1 -12 35 -24 l l:rn.mii ls 1 3 J 

'X"3- l 2*X"2+35*X-24' ~ [ 8 I 3 I 

Note(s) 

A polynomial such as 'A*X"2+B*X+C' is acceptable as input if A, B, and Care 
defined as real or complex nu111bers. 

Due lo round-off error, the roots returned by PROOT 111ay not be exactly cor­
rect. To increase th e accuracy of a particular root , use the built-in HP 48SX 
solver to solve the original polyno111ial algebraic expression for 'X', using the 
value of the desired root retmned by PROOT as a g uess. (For 111orc information, 
see Chapter 17 in th e HP 48SX Owner's Manual, "The HP Solve Application.) 
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ROOTP: Roots to Polynomial 

This command returns the polynomial corresponding to the input vector of real 
or complex roots. ROOTP is the inverse of PROOT. The coeffic ients arc auto­
matically rounded to 8 digit accuracy. 

Entry Method(s) 

Input Output 

1: roots (real/complex vector) I : polynomial ofX 

Example(s) 

Input Output 

[ 8 1 3] ~ 'X"3- 12*X"2+35 *X-24' 
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PWISE: Piecewise Functions 

Tbis command executes a series of interac tive prompts to define a piecew ise 
function and returns an expression that will be inte rpreted correctly by th e HP 
48SX, us ing tb e 1TTE command. (For more information , sec Appendix B, 
"Piecewise Functions" and "Entering a Piecew ise Function " in Chapter 3.) 

Entry Method(s) 

Input Output 

1: I: piecew ise funl"lion 

Example(s) 

See Appendix B, "Piecewise Functions." 
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QPWR: Rational Power of Function 

f!_ 

This command produces the rati onal power of a func tion Fq , in a way tha t w ill 
be in terp reted correctl y by th e HP 48SX, us ing the XROOT comm and . 

Input 

3: fu nction, F 

2: numerator, p ( integer) 

1: denomi nator, q ( integer) 

'QPWR(F, p, q)' 

Input 

125 5 3 ~ 

'QPWR(X,5 ,2) ' ~ 

Note(s) 
5 

Fi rs t exa mple is 125-'. 
5 

Entry Method(s) 

Output 

3: 

2: 

I: ra ti onal power of functio n 

Example(s) 

Output 

3125 

'X ROOT(2,X)"5' 

Second exa mple is X 2 and ass um es 'X' is und efined. 
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DEL TA: Delta Function 

This command produces the delta function i5(F,G), in a way that will be inter­
preted correctly by the HP 48SX, us ing the == command. 

Entry Method(s) 

Input Output 

2: fun ction , F 2: 

I: function , G I : delta function 

'DELTA(F, G)' 

Example(s) 

Input Output 

108 1.IDHiE 0 

'DEL T A(X,8)' [[yg] 'X==8 ' 

Note(s) 

Second exa mpl e assumes 'X' is undefined. 
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LOGA: Logarithm, Any Base 

This command produces the logarithm of a function to the specified base a. 

Entry Method(s) 

Input Output 

2: function, F 2: 

1: base, a (integer) 1: logarithm, base a 

'LOGA(F, a)' 

Example(s) 

Input Output 

8211Diffi1 3 

'LOGA(X,2)' [@gl 'LN(X)/.69314718056' 

Note(s) 

Second example assumes 'X' is undefined. 
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NROOT: Nth Roots of a Number 

This command produces the n nth roots or a real or complex number. The nth 
roots will be returned as a real or complex vector. The nth roots are automati­
cally rounded to 10 digit accuracy . 

Entry Method(s) 

Input Output 

2: number (real/complex) 2: 

1: n (integer) I : roots (real /complex vector) 

Example(s) 

Input Output 

(2,5) 3 lillDMi I (1.6166388851,.6773444774) 
(-1.394916967, 1.0613781045) 
(-.221121918,-!.73872258 19) I 

4 2 lillDMi [ 2-2] 
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PINTA: Polynomial Interpolation 

This comm and determines th e coeffic ients of th e inte rpolating polynom ia l o r an 
arbitrar il y large number of da ta points. The ord e r of the poly nomia l prod uced is 
equ al to one less than the total number of poin ts, beca use a prec ise inte rpolation 
is performed. There must be at least two input points, but th ere is no up per limit 
on the number of points. The points are input as a complex vector. T he coeffi­
cients are automati ca ll y rounded to 10 dig it accura cy. 

Entry Method(s) 

Input Output 

1: poin ts (com plex vecto r) I: po lynomia l o r X 

Example(s) 

Input Output 

{ (0 ,1) (2,3) } Wllcl 'X+J' 

{ (0,1) (2,3) (3 ,7) } Wllcl 'XA2-X +I ' 

I (O,l) (2,3) (3 ,7) (SJO) I Wllcl '-( 11 /30*XA3)+1 7/6*XA2-
16/S*X+l ' 

Note(s) 

Third exa mpl e uses FIX 8 mode. A ppl y [EJI@] lo res ult. 

Due to round-off error and numerica l ins tab ilit ies in th e al go rithm , th e coe ffi­
cients re turned by PINTR may no t be exactl y correct. 
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PTSLP: Point-Slope Fit 

This command produces a linear fun ction w hose gra ph passes th ro ugh a g iven 
point w ith a g iven s lope at that point. 

Entry Method(s) 

Input Output 

2: point (co mplex) 2: 

1: slope (rea l) I : linea r polynom ial o f X 

Example(s) I Input 

(3,5)2 "°""" l2•u 
Output 
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SPLIN: Cubic Spline Fit 

This command produces the cubic function (spline) whose graph passes through 
two given points with given slopes at those points. 

Entry Method(s) 

Input Output 

4: point 1 (complex) 4: 

3: slope at point 1 (real) 3: 

2: point 2 (complex) 2: 

1: slope at point 2 (real) 1: cub ic polynomial of X 

Example(s) 

Input Output 

(3,5) 2 (6,2) 4 ~ '8/9* X"3-35 /3 *X "2+48*X- 58' 

Note(s) 

Apply [E}I~ to result. 
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Trigonometric Functions 

This section covers the functions COT, SEC, CSC, ACOT, ASEC, ACSC, and 
ACSC, which are the standard trigonometric functions and their inverses. They 
all have the same types of input and output arg um ents, so the entry methods and 
examples are shown only for COT. 

Entry Method(s) 

Input Output 

1: function, F I : cotangent 

'COT(F)' 

Example(s) 

Input Output 

45 1111!Mi111 l 

'COT(X)' ~ 'INV(T AN(X))' 

Note(s) 

First example uses Degrees mode. 

Second example assumes 'X' undefined. 
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Hyperbolic Functions 

This section covers the fun ctions COTH , SECH , CSCH, ACOTH , ASECH, and 
ACSCH , which are the standard hyperboli c functi ons and th e ir inverses. They 
all have the same types of input and output arguments, so the entry methods and 
exampl es are shown only for COTH. 

Entry Method(s) 

Input Output 

1: fun ction, F 1: hyperbolic cotangrnt 

'COTH(F)' 

Example(s) 

Input Output 

45 [!ID1:l I 

'COTH(X)' ~ 'INY(TANH(X))' 

Note(s) 

First exa mple uses Degrees mode. 

Second example ass um es 'X ' undefin ed. 
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Chapter 9 

Integration Toolkit 

The Integration Toolkit organizes seven of the programmable commands in the 
Calculus Pac into one menu for easy access from the stack. All of the com­
mands are designed to numerically approximate integrands and store user-de­
fined integrals. 

This chapter covers: 

O Using the Function Toolkit 
O LEFT: Left Rectangles 
0 RIGHT: Right Rectangles 
O MIDPT: Midpoint Rectangles 
0 TRAPZ: Trapezoidal Method 
0 SIMPS: Simpson's Rule 
O INDEF: Store Indefinite Integral 
O DEFIN: Store Definite Integral 

Using the Integration Toolkit 

To get to the Integra tion Toolkit, follow these steps: 

0 Press lE][uBAARYI to display all libraries available to your HP 48SX. 

~ Find and press~ to display the Calculus Pac Library menu. 

@) Press the third softkey, lln:nl , to display the Integration Toolkit menu: 

{ HCME } 

LEFT f;l•:iHT Ml[IPT TF;ftPZ $IMPS IN[IEF 

The Integration Toolkit menu lists the seven programmable commands designed 
to numerically approximate integrands and store user-defined integrals. 
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Integration Toolkit Operations 

Screen Softkeys 

Integration !Hai lalfill] ruJ.IDij ~ ~ mTiJ:l:i 
Toolkit IIDlilEl - - - -
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LEFT: Left Rectangles 

This command ca lcul ates the Ri emann lower sum of the defi ni te integra l of a 
fu nction over a spec ified closed interval [ x,y I and number of part it ions 11. The 
parti ti on endpoin ts x and y should resolve to real numbers upon th e ap plica tion 
of ->NUM, so symbolic va lues like 'n' are acceptable. 

Entry Method(s) 

Input Output 

4: interval start, x (rea l) 4: 

3: interva l end , y (rea l) 3: 

2: function of X, F 2: 

1: partitions, n (integer) I : Ri emann lower sum 

'LEFT(x , y, F, n)' 

Example(s) 

Input Output 

0 'n/2' 'SIN(X)' 10 ~ .919403 17002 

'LEFT(0,n/2,SIN(X), 1 0)' l@ill .919403 17002 

Note(s) 

Examples use Radians mode. 
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RIGHT: Right Rectangles 

This command ca lcul ates the Riemann upper s um of the defi nite integral of a 
function over a specified closed inte rval [x,y] and number of partitions 11. Th e 
partition endpoints x and y should resolve to rea l numbers upon th e application 
of ---->NUM, so symbolic va lues like 're' are acceptable. 

Entry Method(s) 

Input Output 

4: interval start, x (real) 4: 

3: interval end , y (real) 3: 

2: fun ction of X, F 2: 

1: partitions, n (integer) I: Riemann upper sum 

'RIGHT(x , y, F, 11)' 

Example(s) 

Input Output 

0 'rc/2' 'SIN(X)' 10 l9ffim l.0764828027 

'RIGHT(0,rc/2,SIN(X),10)' ~ l.0764828027 

Note(s) 

Examples use Radians mode . 
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MIDPT: Midpoint Rectangles 

This command ca lculates the Riemann midpoint sum of the definite integral of a 
function over a specified closed interval [x,y] and number or partitions n. The 
partition endpoints x and y shou ld resolve to real numbers upon the application 
of->NUM, so symbolic values like 'rr' are acceptable . 

Entry Method(s) 

Input Output 

4: interval start, x (real) 4: 

3: interval end, y (real) 3: 

2: function of X, F 2: 

I : partitions , n (i nteger) I: Riemann midpoint sum 

'MIDPT(x, y, F, n)' 

Example(s) 

Input Output 

0 'rr/2' 'SIN(X)' 10 IMiffiO 1.00102882415 

'MIDPT(0,rr/2,SIN(X),10)' filEl 1.00102882415 

Note{s) 

Examples use Radians mode. 
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TRAPZ: Trapezoidal Method 

This command approxima tes the value of the definite integral of a function over 
a specified closed interval [x,y] and number of partitions n, using the trapezoidal 
method. The partition endpoints x and y should resolve to real numbers upon 
the application of -+ NUM, so symbol ic values like 'rr' are acceptable. 

Entry Method(s) 

Input Output 

4: interval start, x (real) 4: 

3 : interval end , y (real) 3: 

2: fun ction of X , F 2: 

1: partitions, n (integer) 1: Trapezo idal method s um 

'TRAPZ(x, y, F, n)' 

Example(s) 

Input Output 

0 'rr/2' 'SIN(X)' 10 ~ .99794298636 

'TRAPZ(O,rr/2,SIN (X ), 1 O)' ~ .99794298636 

Note(s) 

Examples use Radians mode. 
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SIMPS: Simpson's Rule 

This command approximates the value of th e de finite integral of a function over 
a specified closed interval [x,y] and number of partitions n, using Simpson 's 
Rule. The partition endpoints x and y should resolve to real numbers upon the 
application of ->NUM, so symbolic values like 're' are acceptable. 

Entry Method(s) 

Input Output 

4: interval start, x (rea l) 4: 

3: interval end, y (real) 3: 

2: function of X , F 2: 

1: partitions, n (integer) 1: Simpson 's Rul e sum 

'SIMPS(x, y, F, n)' 

Example(s) 

Input Output 

0 'rc/2' 'SIN(X)' 10 ~ ) .00000339223 

'SIMPS(0,rc/2,SJN(X),10)' lffil 1.00000339223 

Note(s) 

Examples use Radians mode. 
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INDEF: Store Indefinite Integral 

This command stores indefinite integrals into the user-defined integra ls section 
of the Integral Tables in the Ca lculus Pac. The integra ls can optionally be 
tagged with a string, to store variable constraint information. The integra ls are 
stored in the globa l variable 'USRINTEG' in the 'SPARCOM' directory, and arc 
accessible to the Physics Pac, the Calculus Pa c, and future rev isions of the 
Mathemati cs Pac. (For more information, see "User-Defined Integra ls" in 
Chapter 5.) 

Entry Method(s) 

Input Output 

1: 'in tegra l=answer' (eq uation) 1: 

1: :constraint: 'integral=answer' ): 

(tagged equation) 

Example(s) 

Input Output 

'f (L,U,T AN(A *X)"2,X)=l /A *TAN(A*X)-X' mIIDlii ) : 

B>0: 'f (L,U,B"(A *X),X)=B"(A *X)/(A *LOG(B))' mIID1ii ): 

Note{s) 

To tag an integral with a string, place the integral in level 2, the st ring in leve l I , 

and press If§] lll!l;UI ~ -
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DEFIN: Store Definite Integral 

This command stores definite integrals into the user-defined integrals section of 
the Integral Tables in the Calculus Pac. The integrals can opt ionall y be tagged 
with a string, to store variable constraint information . The integrals are stored in 
the global variable 'USRINTEG' in the 'SPARCOM' directory, and are accessi­
ble to the Physics Pac, the Calculus Pac, and future revisions of the Mathematics 
Pac. (For more information, see "User-Defined Integra ls" in C hapter 5.) 

Entry Method(s) 

Input Output 

1: 'integral=answer' (equation) I: 

1: :constraint: 'integral=answcr' I: 
(tagged eq uation) 

Example(s) 

Input Output 

'J (0,1,LOG(X)/( l +X),X)=-n:A2/ 12' ~ ) : 

Note(s) 

To tag an integral with a string, place the integral in level 2, the s tring in level 1, 
and press El ~ l:lEffl. 
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Chapter 10 

Plotting Toolkit 

The Plotting Toolkit contains commands from the Calculus Pac oriented at en­
hancing the graphics capabilities of your HP 48SX. The commands are orga­
nized into the Plotting Toolkit and the PL0T2, PL0T3 , and DIFEO menus. 

This chapter covers: 

O Using the Plotting Toolkit 
0 PL0T2: Sparcom PL0T2 Menu 
0 PL0T3: Sparcom PL0T3 Menu 
0 DIFEO: Sparcom DIFEO Menu 
O GRF2: Sparcom 2D Graphics Environment 
O GRF3: Sparcom 3D Graphics Environment 
O PKEY: Sparcom Plotting Keys 

Also included are sections on the enhanced Plot menu and a comparison chart: 

O The Enhanced Plot Menu 
0 HP 48SX Plotting vs . Sparcom 2D & 3D Plotting 

Using the Plotting Toolkit 

To get to the Plotting Toolkit, fo llow these steps: 

0 Press [5!)@§! to display all libraries available to your HP 48SX. 

~ Find and press~ to display the Calculus Pac Library menu. 

@) Press the fourth softkey, lilmJ , to display the Plotting Toolkit menu: 

( HDME ) 
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The Plotting Toolkit menu accesses the Sparcom PLOT2, PLOT3, and DIFEO 
menus, the Sparcom 2D and 3D Graphics Enviromnents, and the Sparcom 
Plotting Keys. 

Plotting Toolkit Operations 

Screen Softkeys 

Plotting ~ ~ ~ ~ ~ ~ 
Toolkit 

PLOT2: Sparcom PLOT2 Menu 

See "PLOT2: Sparcom PLOT2 Menu" in Chapter 11. 

PLOT3: Sparcom PLOT3 Menu 

See "PLOT3: Sparcom PLOT3 Menu " in Chapter 12. 

DIFEO: Sparcom DIFEO Menu 

Sec "DIFEQ: Sparcom DIFEO Menu" in Chapter 13 . 

GRF2: Sparcom 2D Graphics Environment 

See "GRF2: Sparcom 2D Graphics Environment" in Chapter 11. 

GRF3: Sparcom 3D Graphics Environment 

See "GRF3: Sparcom 3D Graphics Environment" in Chapter 12. 
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PKEY: Sparcom Plotting Keys 

This command ins tall s or removes the Sparcom Plotting Keys . The Sparcom 
Plotting Keys redefine IE}I~], ~8, IE}l[fil!J, and ~[fil!J with user-key as­
signments to support the Sparcom 2D and 3D Graphics Environments in a 
transparent fashion, without inhibiting nonnal use of your HP 48SX. (For more 
in formatio n, see Chapter 11 , "2D Plotting," Chapter 12, "3D Plotting," and 
Chapter 15 of the HP 48SX Owner 's Manual , "Customizing the Calcu lator.") 

There are two ways to install the Sparcom Plotting Keys: 

O Press tBll@l ~~to access the Main menu, move the 
pointer to one of the three Plotting items, press ~NIER! to display the in­
formation screen about the Plotting item, and press !mIEI to display the 
Sparcom PLOT2, PLOT3, or DIFEO menus. This will aut oma ti ca ll y 
install the Sparcom Plotting Keys and turn on User mode. (For more 
information, see Chapter 1, "Main Menu.") 

O Press l!ill@i ~ (;HDlj ~ to install (or remove) the Spa rcom 
Plotting Keys. Ifthc Sparcom Plotting Keys arc n oL installed , ~ 
will install them and turn on User mode. If the Sparcom Plotting Keys 
are installed,~ will remove them and turn off User mode. 

When the Sparcom Plotting Keys arc installed and User mode is turned on, the 
fo ll owing keys are redefined: 

Sparcom Plotting Keys 

Key Action 

IE118 Executes GRF2 to enter the Sparcom 2D Graphics 
Environment. (Normally executes GRAPH to enter the HP 
48SX Graphics Environment.) 

~~ Executes GRF3 to enter the Sparcom 3D Graphics 
Environment. (Normally does nothing.) 

IE}II~ Displays the enhanced Plot menu. (Normally displays the 
HP 48SX Plot menu .) 

~[fil!J Displays the Sparcom PLOT2 menu. (Normally displays the 
HP 48SX PLOTR menu .) 
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Entry Method(s) 

Input Output 

Note(s) 

In immediate-entry mode, [E]8 will access th e Sparcom 2D Graphics Envi­
ronment, [EJ 1§3 will jump the cursor to tbe left edge of the command line, 
[E][E@TI will display the enhanced Plot menu , and [EJ~ will displa y the 
Sparcom PLOT2 menu . 

In algebraic and program entry modes, [E]8 will echo GRF2, IEJB will 
jump the cursor to the left edge of the command line, [E]ffi§D will display the 
enhanced Plot menu , and [Elffi!J will displa y th e Sparrom PLOT2 menu . 

When the Sparcom Plotting Keys are installed, you will not be able to interac­
tively edit th e list of user-key assignments returned by RCLKEYS. This is be­
ca use the obj ects assigned to keys 34.2, 34.3, 63.2, and 63.3 arc sys tem RPL ob­
j ects and your HP 48SX cannot edit them directl y. Ir you wish to edit the list of 
user-key assig nments, you must e ither first remove th e Sparcom Plotting Keys 
or you must use commands such as REPL or the Interactive Stack to indireuly 
edit the list without placing it on the command line. If you accidentally attempt 
to interactively edit th e list of us er-key assignments when th e Sparcom Plotting 
Keys are install ed, you will have to press [§[j-C to abort the editing operation 
and re turn to the stack. (Pressing [§[j-C will not damage user memory, but it 
will clear the sta ck and return to the HOME directory.) 

The Calculus Pa c must be installed in your HP 48SX for the Sparcom Plotting 
Keys to work correctly . Ir you remove the Calculus Pac while the Sparcom 
Plotting Keys are install ed and your HP 48SX is in User mode, the re-de fined 
keys will behave as if the Sparcom Plotting Keys were not install ed. Upon re­
installing the Calculus Pac and re-entering User mode , th e re-defined keys will 
resume their customized functions. 
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The Enhanced Plot Menu 

The built-in HP 48SX Plot menu-accessed by pressing IB]ffi2IJ- includes the 
commands necessary to access the HP 48SX PLOTR menu, set the plot type, 
store an equation into 'EQ', and access the Equation Cata log. The Calculus Pac 
enables you to enhance the Plot menu to include new comma nds to access the 
Sparcom PLOT2, PLOT3, and DIFEQ menus. 

To enhance the Plot menu , fo llow th ese steps : 

0 Install the Spa rcom Plotting Keys. (For more information, see "PKEY: 
Sparcom Plotting Keys.") 

@ Make sure User mode is turned on. (For more information, see Chapter 15 
of the HP 48SX Owner's Manual , "Customizing the Calcu lator.") 

@) Press [E]ffi2IJ to display the enhanced Plot menu. 

When th e enhanced Plot menu is displayed, a s tatus message will appear, de­
scribing the current plot type and equation (d isp lays assume 'EQ' does 11 0I ex­
ist): 

HP 48SX Plot Menu 
No current equation. 
Enter eqn, press NEW 
4: 
3: 
2: 
1: 
ll!mlD.rnrnmmMmmm11 

Enhanced l'lot Menu 
No current equation. 
Enter eqn, press NEW 
4: 
3: 
2= 
1: 
ln!mll!ilJtiiliJ!l!mllimrnm 

Beca use of the similarity between th e Plot menu and the enha nced Plot menu , 
only the differences between them are summarized below. For a complete 
summary, see Chapter 18 of th e HP 48SX Owner's Manual , "Basic Plolling and 
Function Analys is." 

Enhanced Plot Menu Operations 

Screen Softkeys 

Plot Menu (;lfflc] ~ IEI;MI ~ ~ ll'H.:..lill 

Plot Menu [;lmfi ~ ~ [;Ifill;) l;ifi1;1;1 IEI;MI 

(Enhanced) ~ ~ ll'H.:..lill - -
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Key Description 

(;lfflB Displays the Sparcom PLOT2 menu for specifying the 2D 
plot parameters in 'PPAR' and accessing the Sparcom 2D 
Graphics Environment. 

1:1• e111e1 Displays the Sparcom PLOT3 menu for specifying the 3D 
plot parameters in 'PPAR3' and accessing the Sparcom 3D 
Graphics Environment. 

ffl;l:[il Displays the Sparcom DIFEQ menu for plotting differential 
equations. 

98 10: Plotting Toolkit 



HP 48SX Plotting vs. Sparcom 2D & 3D Plotting 

Here is a comparison of the HP 48SX Plot applicat ion and the Sparcom 2D and 
3D plotting routines. 

Comparison of HP 48SX and Sparcom 2D & 3D Plotting 

Feature HP 2D 3D 

Automatic plotting demonstrations No No Yes 

Plot parameters specified through Yes Yes Yes 
menu(s) with status message(s) 

Supported plot types: 

FUNCTION Yes Yes -

CONIC Yes - -
POLAR Yes Yes -
PARAMETRIC Yes Yes -
TRUTH Yes - -

BAR Yes - -
HISTOGRAM Yes - -
SCATTER Yes - -
FUNC3 - - Yes 
PCURV3 - - Yes 
PSURF3 - - Yes 

Hidden line removal , viewing box, and - - Yes 
xy-plane projection 

Supports graphs larger than 131 x 64 Yes Yes Yes 

Zoom operations: 

XAUTO, X, Y , XAUTO Yes Yes -
Zoom box Yes - -

Jump to any x-value - Yes -

Center graph al cursor location Yes Yes -

Display cursor coordinates Yes Yes Yes 

Trace mode - Yes Yes 
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Function analysis operations: 

ROOT Yes Yes -

ISECT Yes - -

SLOPE Yes Yes -

AREA Yes - -

EXTR Yes Yes -

F(X) Yes - -

F' Yes Yes -
NXEQ Yes Yes -

Graph labeling Yes Yes -

Graph tagging - Yes -

Graphical editing commands: 

DOT+, DOT-, LINE Yes - -

TUNE, BOX, CIRCL Yes - -

MARK, REPL, SUB, DEL Yes - -
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Chapter 11 

2D Plotting 

2D plotting utilizes the Sparcom 2D Graphics Environment, which provides a 
powerful way to analyze and trace functions, polar plots, and parametric plots, 
and the Sparcom PL0T2 menu , which provides a flexible way to specify the 2D 
plot parameters . 

This chapter covers: 

O Using 2D Plotting 
0 PL0T2: Sparcom PL0T2 Menu 
O GRF2: Sparcom 2D Graphics Environment 

Using 20 Plotting 

Both the Sparcom 2D Graphics Environment and PL0T2 menu are access ible 
from the Plotting Toolkit. To get to the Plotting Toolkit, follow these steps: 

0 Press [E] [uBRARYI to display all libraries available to your HP 48SX. 

@ Find and press rBillDDJ to display the Calculus Pac Library menu. 

@) Press the fourth softkey, lilmJ , to display the Plotting Toolkit menu : 

{ HOME } 

PLDTi! PLDH C•IFE•'.: GF;fi! GF;f:I PKE',' 

At this point, press 1;1ti1F,1 to display the Sparcom PL0T2 menu or press~ 
to enter the Sparcom 2D Graphics Environment. 
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PLOT2: Sparcom PLOT2 Menu 

Tl• e Sparcom PLOT2 menu provides a flexibl e way to specify the 2D plot pa­
rameters. (Plot types other than FUNCTION, POLAR, and PARAMETRIC are 
not supported by the Sparcom PLOT2 menu-for other plot types, use the HP 
48SX PLOTR menu.) 

The Sparcom PLOT2 menu is nea rly identica l to the HP 48SX PLOTR menu , 
so you should familiarize yourself with Chapter 18 of tbe HP 48SX Owner's 
Manual , "Basic Plotting and Function Analysis," and Cha pter I 9, "More About 
Plotting and Graphics Objects." 

Using the Sparcom PLOT2 Menu 

There are three ways to access the Sparcom PLOT2 menu from the stack: 

O Press IIi:tlllE2fl to display the Sparcom PLOT2 menu. (The Sparcom 
Plotting Keys must be install ed and User mode must be turned on. For 
more information, see "PKEY: Sparcom Plotting Keys" in Chapter 10.) 

O Press [B]ffi2I] to displa y the enhanced Plot menu and press ~ to 
display the Sparrnm PLOT2 me nu . (The Sparcom Plolling Keys must 
be install ed and User mode must be turned on. For 111 ore information, 
see "PKEY : Sparcom Plotting Keys" in Chapter 10.) 

O Press [E][ue§YJ ~~~ lo displa y the Spa rco 111 PLOT2 
menu. 

There is one way to access the Sparcom PLOT2 menu from the interactive 
menus: 

O Press [E}l[ue§YJ ~~to access the Main menu , move the 
pointer to "Plotting: 2D w/ T race," press (ENTl]I to disp la y the inform a­
tion screen about 2D plotting, and press l@IE) to di splay the Sparrn111 
PLOT2 111 enu . (This will automatica ll y install the Sparcom Plotting 
Keys and turn on User 111 ode. For more inl"o r111ation, sec "P KEY : 
Sparcom Plotting Keys" in Chapter 10.) 

When the Sparcom PLOT2 menu is displa yed, if the plot type is FUNCTlON , 
POLAR, or PARAMETRIC, a s tatus message will also appear, describing the 
pl ot type, current equation(s) , independent variable (with plolling range, if spec­
ified), and display ranges in the x- and y-axis directi ons: 
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Plot type: FUNCTION 
No current equation. 
Indep: 'X' 
~= -6.5 6.5 
~= -3.1 3.2 

However, if the plot type is not FUNCTION, POLAR, or PARAMETRIC, an 
error message will be displayed, because only those three plot types are sup­
ported by the Sparcom PLOT2 menu and 2D Graphics Environment: 

Error: 
Invalid PPAR for PLOT2 
4: 
3: 
2: 
1: 
IIlimG!mrll!Il!lm:rn!l6:rnalillm 

If the plot type is not FUNCTION, POLAR, or PARAMETRIC, you should 
press EI] ~ and set th e plot type lo FUNCTION, POLAR, or 
PARAMETRIC. Then the status message will appear. 

Because of the s imilarity between the Sparcom PLOT2 menu and th e HP 48SX 
PLOTR menu , onl y the differences between them arc su mmarized below. For a 
complete summary, see Chapter 18 of th e HP 48SX Owner's Manual, "Basic 
Plotting and Function Amtlysis." 

Sparcom PLOT2 Menu Operations 

Screen Softkeys 

Sparcom ~ lfil1..il'i'J r.:.n:mJ oomtl ~ ~ 
PLOT2 Menu [IDl;Ul ~ ~ ~ ~ lfill3;ii 

~ Imm llailill lliiCII llil'r.111 ~ 

Key Description 

r.:mD) After autoscaling, drawing th e axes, and plotting th e eq ua-
tion(s), en ters th e Sparcom 20 Graphics Environment. 
(Norma ll y ent ers th e HP 48SX Graphics Environment.) 

lfil1..il'i'J After drawing the axes and plolling the eq uati on(s), enters 
the Sparcom 2D Grap hics Environment. (Normally enters 
the HP 48SX Graphics Environment.) 

~ Displays a plot type menu with onl y FUNCTION, POLAR, 
and PARAMETRIC avai lable. (No rmall y all plot types are 
avai labl e.) 

11 : 2D Plotting 103 



GRF2: Sparcom 2D Graphics Environment 

This command invokes the Sparcom 2D Graphics Environment , which provides 
a powerful way to analyze and trace functions, polar plots, and parametric plots. 
(Plot types other than FUNCTION, POLAR, and PARAMETRIC arc not sup­
ported by the Sparcom 2D Graphics Environment-for other plot types, use the 
HP 48SX Graphics Environment.) 

The Sparcom 2D Graphics Environment is very simi lar to the HP 48SX 
Graphics Environment, so you shou ld familiarize yourself with Chapter 18 of 
the HP 48SX Owner's Manual, "Basic Plotting and Function Analysis," and 
Chapter 19, "More About Plotting and Graphics Objec ts." 

This section covers: 

D Using the Sparcom 2D Graphics Environment 
D Zoom Operations 
D Jumping to Any Value of th e Independent Variable 
D Centering the Graph at the Cursor Coordina tes 
D Displaying the Cursor Coordinates 
D Tracing an Equation 
D Function Analysis Operations 
D Tagging the Graph 
0 The Conten ts of 'PPAR' 

Using the Sparcom 2D Graphics Environment 

There are three ways to access the Sparcom 2D Graphics Environment: 

D Plot an equation from the Sparcom PLOT2 menu with li.lif..:l'.i'J or r.:..tn:DJ. 

D Press IB]8 from the stack. (The Sparcom Plotting Keys must be in­
stalled and User mode must be turned on. For more information, see 
"PKEY: Sparcom Plotting Keys " in Chapter 10.) 

D Press [E] jLEllAAYI ~lilI!li ~ 

The Sparcom 2D Graphics Environment is summarized below. (For more in­
formation, because of the similarity to th e HP 48SX Graphics Environment, see 
Chapter 18 of the HP 48SX Owner's Manual, "Basic Plotting and Function 
Analysis.") 
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Sparcom 2D Graphics Environment Operations 

Screen 

Sparcom 2D 
Graphics Env. 

Key 

Softkeys 

Wiml ffl1fill ~ [H•I•liil•l llif.:.Dl;I ~ 

llff:nll ID3;II --- ~ - -
Action 

Redraws the graph with the current cursor position at the 
center of the displa y, even if cursor is off-screen. If in Trace 
mode, the exact equation value is us ed. 

Turns on coordinate displa y in the menu area . Press OJ or 
any softkey to restore the menu. The coordinates can be 
cop ied to the stack by pressing [ENlERI or [E]iENill]. 

Displays the Sparcom 2D Function Analysis Menu (subset 
of the HP 48SX GRAPHICS FCN menu). 

Prompts for a new value for th e independent variable (x, 0, 
or t, depending on the plot type) and moves th e cursor to that 
value on the current equation , redrawing the graph if neces­
sary. 

Turns off menu to show more of th e graph. Press El or any 
softkey to restore th e menu. 

Adds axis labels to the graph. 

Adds a ci rcular tag to the graph at th e cursor position. 

Toggles Trace mode on and off. In Trace mode, th e cu rsor 
hugs th e current equation, G and [EJ decrease and in­
crease the independent variable, and m and m switch 
between equations if 'EQ' contains more than one equation. 

Displays the Spare-om 2D Zoom menu (identical to HP 
48SX GRAPHICS ZOOM men u). 

Toggles cursor type between dark and inverted . 

Quits to the HP 48SX stack. 

Copies the x- and y-coordinates or th e cursor to th e s ta ck as 
a compl ex number. If in Trace mode , th e exact equation 
value is used. 

Copies a list of tagged rea l numbers to the stack- for func­
tions: x and y; fo r polar plots: 0 and r; and for parametric 
plots: t, x, and y. In Trace mode, th e exact equation value is 
used. 
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m 
[:] 

m 
[I] 

IE]~ 

Toggles scrolling mode on and off In scrolling mode, cur­
sor keys scroll oversize graphs in the indicated direction. 

(Trace mode oft) Move the cursor in th e indicated direction. 
When prefixed with [a, move the cursor to the edge of the 
screen in the indicated direction, or to th e edge of PICT if 
already at the edge of the screen. 

(Trace mode on) 1£3:] and [El decrease and increase the in­
dependent variable , and Wand m switch between equa­
tions (see~). [2]EJ and [a[EJ move th e cursor to 
the minimum and maximum value of the independent vari­
able. [a[]] and [am are non-functional. 

Toggles coordinate display on and off (see~). 

Toggles menu on and off (sec~). 

Toggles Trace mode on and off (same as~­

Toggles cursor type (same as ... ). 

Temporarily displays the PLOT2 status message, including 
the plot type , current equation(s), and independent variable. 

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

Dumps th e current screen to an IR printer. 

Zoom Operations 

From the Sparcom 2D Graphics Environment menu, press~ to access the 
Sparcom 2D Zoom menu. 

The zoo m operations in the Sparcom 2D Zoom 111cnu 111anipulate th e viewing 
window by zooming in on a region for more detail or by zoo ming out for more 
information. You can zoom along the x-axis, the y-axis, or both axes. 

Screen 

Zoom Menu 

Key 

-

Sparcom 2D Zoom Menu Operations 

Softkeys 

t:f.i.llffiJ - ~ IIIEnl - J;Oij 

Action 

Exits the Sparco111 2D Zoom menu back to the Sparcom 2D 
Graphics Environment menu. 

Pro111pts for x-axis zoom factor. 
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Prompts for x-ax is zoom fa ctor and au toscalcs y-axis. 

Prompts for x- and y-axis zoo111 factor. 

Prompts for y-ax is zoo111 factor. 

Jumping to Any Value of the Independent Variable 

From the Sparcom 2D Graphics Enviro nment menu, press~ lo ju111p lo any 
value of the independent variable. You will be prompted fo r a new va lue for the 
independent variable (X, 0, or T, depending on th e plot type) and the cursor will 
be moved to the current equation at that val ue. If tb e current eq uation is unde­
fined at that val ue, ~ will do nothing. If that value is off-screen, the graph 
will be redrawn w ith the new cursor position a l the center of the display. 

Centering the Graph at the Cursor Coordinates 

From the Sparcom 2D Graphics Environment menu, press [!l;llli to redraw the 
graph with the cursor position at th e cente r of the display. IrTrace mode is on, 
th e graph will be redrawn with the exact function val ue al th e center of th e dis­
play. If Trace mode is off, the graph wi ll be redrawn with th e pixel coo rdin a tes 
at th e center of the display. 

Displaying the Cursor Coordinates 

From the Sparcom 2D Graphics Enviro nm ent menu , press flf•I•l:Jil or[£] to 
toggle coord inate display on and oil. When on, th e coordinates will be dis­
played in the menu area . The coordinates can be copied to the stack by pressing 

IENIE© or [Bll~N@. 

Trace Mode Off 

The coordinates displayed will be the x- and y-coordinales of the cent er of th e 
pixel on which th e cursor is located. The coordinate labels will always be X 
and Y, regardless of the names of the independent and dependent variables. 

Pressing IENlERI will return a complex nu111ber representing the x- and y-coord i­

nates of the center of th e pixel on which the cursor is located . Pressing [ti]lfNIER! 
wil l return the same coordinates as a list of two tagged real nu111bers. 

Trace Mode On 

The coordinates displayed will depend on the plot type: 

O FUNCTION: The coordinates displayed w ill be th e x-value of the 
cursor and F(x), th e function y-val ue fo r that x-va lue. The coordinate 
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labels will be X and Y , regardless of th e names of the independent and 
dependent variables. 

O POIAR: The coordinates displayed will be the 0-value of the cursor 
and R(0), the fun ction r-valu e for that 0-va lue. The coordinate labels 
will be 0 and R, regardl ess of the nam es of th e independent and depen­
dent variables. 

O PARAMETIUC: The coordinates displayed will be th e I-value or the 
independent variable and F(t), the function x- and y-values for that!­
value. The coordinate labels will be T, X , and Y, regardless of the 
names of the independent and dependent variables. 

Pressing [ENT ER! will return a complex number representing th e exact x- and y-co­
ordinates of the curso r's loca tion on the function . Pressing ~fEDrIR] w ill return 
a li st of tagged real numbers-for functions: x and y; for polar plots: 0 and r; 
and for parametric plots: I , x, and y. 

NOTE: For a function plot, toggling Trace mode on and off may 
change the displayed y-coordinate. This is because Trace 
mode always displays the exact function value, which may not 
be identical to the y-value of the closest pixel. 

Tracing an Equation 

From the Sparcom 2D Graphics Environment menu, press~ or [iJ to 
toggl e Trace mode on and off. When on , th e soflkey will appear with a box. 

In Trace mode , th e cursor hugs the current equation, G and [EJ decrease and 
increase th e independent variable, and [(KJ and im switch be tween equations if 
'EQ' contains more than one equation. l~G and [2)1EJ move the cursor to 
th e minimum and maximum va lue of the independent variable . 

NOTE: Tracing an undrawn interval of an equation will cause 
the equation to be filled in pixel by pixel, except in regions 
where the equation is undefined. 

Function Analysis Operations 

From the Sparcom 2D Graphics Environment menu, press ICDRII to access th e 
Sparcom 2D Func tion Analysis menu. 

The function analysis operations in the Sparcom 2D Function Analysis menu al­
low you to analyze the behavior and characteristics of the plotted eq uations. 
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You can find roots, extremums, slopes, and derivatives. You can also switch 
among multiple plotted equations. All fonction analysis operations work cor­
rectly whether Trace mode is on or off. 

The Sparcom 2D Function Analysis menu is summarized below. (For more in­
formation, because of the similarity to the HP 48SX GRAPHICS FCN menu, 
see Chapter 18 of the HP 48SX Owner's Manual, "Basic Plotting and Function 
Analysis.") 

Sparcom 2D Function Analysis Menu Operations 

Screen 

Function 

Key 

Softkeys 

l:DMI (;DC] ~ ~ ~ [;Etii 

Action 

Exits the Sparcom 20 Function Analysis menu back to the 
Sparcom 2D Graphics Environment menu. 

Moves the cursor to the nearest extrem um or inflection point 
and displays the coordinates. The extremum is automati­
cally copied to the stack. 

Calculates and plots first derivative of current equation. 
Prepends derivative to 'EQ', converting 'EQ' to a list if nec­
essary . If in Trace mode, cursor switches to the derivative. 

If 'EQ' is an equation, swaps the sides of the equation. Ir 
'EQ' is a list, rotates the list, moving the second equation to 
the beginning and the first equation to the end. 

Moves the cursor lo the nearest root and displays the coordi­
nates. The root is automatically copied to the stack. 

Calculates and displays the slope of the equation at the x­
value of the cursor. If not in Trace mode, also moves the 
cursor to the point on the equation where the slope was cal­
culated. The slope is automatically copied to the stack. 

Tagging the Graph 

From the Sparcom 20 Graphics Environment menu, press~ to tag the 
graph at the current cursor location. The tag is a circular mark which can be 
used to circle points of interest on the graph. Unlike m;rn in the HP 48SX 
Graphics Environment,~ does no/ toggle the tag on and off: the tag is 
pennanenl. 
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The Contents of 'PPAR' 

The HP 48SX Plot application and the Calculus Pac use the reserved variable 
'PPAR' to store the plotting parameters for 2D plots . 'PPAR' sho uld contain the 
following list of objects: 

{ (Xmin, Ym in) (xmax, Ymax) indep res axes ptype de pend } 

'PPAR' Contents 

Item Description Default 

(Xmin, Ymin) A complex number conta ining (--6.5,-3. l) 
the coordinates of th e lower left 
corner of the display region. 

(Xmax, Ymax) A compl ex number containing (6.5,3. l) 
the coordinates of the uppe r right 
corner of the displa y region. 

indep Independent variable. Can be a 'X' 
name or a list containing a name 
and two real numbers (the x-axis 
plotting range) . 

res Resolutio n along the x-axis. A 0 
binary integer specifies the num-
ber of pixels, while a real number 
specifies the number of user units 
between po ints. 

axes A complex number containing (0,0) 
th e coordinates of the axes inter-
section, or a list containing the 
intersec tion and axes labels. 

ptype Command name specifying the FUNCTION 
plot type. Only FUNCTION, 
POLAR, and PARAMETRIC are 
supported by the Sparcom 2D 
Graphics Environment. 

depend Dependent variable. Can be a 'Y' 
name or a list containing th e 
name and two real numbers (the 
y-axis plotting range). 

110 11: 2D Plotting 



Chapter 12 

3D Plotting 

3D plotting utilizes the Sparcom 3D Graphics Environment, which provides a 
powerful way to specify, plot, and tra ce 3D fun ctions, parametri c curves, and 
parametric surfaces, and the Sparcom PL0T3 menu , which provid es a fl ex ibl e 
way to specify the 3D plot parameters. 

This chapter covers: 

0 Using 3D Plotting 
O 3D Plotting Demonstrations 
O More About 3D Plotting 
0 PL0T3: Sparcom PL0T3 Menu 
O GRF3: Sparcom 3D Graphics Environment 

The programmable commands in the Sparcom PL0T3 menu and submenus are 
described in both " PL0T3: Sparcom PL0T3 Menu " and the following sections : 

0 ORA W3: Draw Plot (3D) 
0 ERASE: Erase PICT 
• - EYE3: Eye Po int (3D) 
0 FUNC3: Function Plot T ype (3D) 
O PCURV3: Para metric Curve Plot Type (3D) 
0 PDIM: PICT Dimension 
O PSURF3 : Parametric Surface Plot Type (3D) 
O STEQ: Store in EQ 
O ST0X: Store x-Component in EQ 
O STOY: Store y-Component in EQ 
O ST0Z: Store z-Component in EQ 
O TD0M: t-Variablc Domain 
O TRES: t-Variable Resolution 
0 TVAR: I-Variable Name 
O UD0M: u-Variable Domain 
O URES : u-Variablc Reso lution 
O UVAR: u-Variable Name 
O VB0X: Draw Viewing Box 
O VD0M: v-Variablc Domain 
O VRES: v-Variable Resolution 
O VVAR: v-Variable Name 
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O XD0M: x-Variable Domain 
O XRES: x-Variable Resolution 
O XRNG3 : x-Axis Display Range (3D) 
O XVAR: x-Variable Name 
O XYPRJ: Draw xy-Plane Proj ection 
O YD0M : y-Variable Domain 
O YRES: y-Variable Resolution 
O YRNG3 : y-Axis Display Range (3D) 
0 YVAR: y-Variable Name 
O ZRNG3: z-Axis Display Range (3D) 

Using 3D Plotting 

Both the Sparcom 3D Graphics Environment a11d PL0T3 mc11u arc access ible 
from the Plotti11g Toolkit. To get to the Plotting Toolkit , follow these steps: 

0 Press [E) iiSA-ARY] to displa y all libraries availabl e to your HP 48SX. 

@ Fi11d and press ~ to disp la y the Calculus Pac Library menu . 

@ Press the fourth softk ey, l;lml , to displa y the Plotting Toolkit menu : 

< HOME } 

At this point, press l:.tl•likl to displa y the Sparcom PL0T3 menu or press ~ 
to enter the Sparcom 3D Graphics Environm ent. 
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3D Plotting Demonstrations 

This section demonstrates the capabilities of th e 3D plotting routines in the 
Calculus Pa c for each of the supported plot types: 3D fun ctions (FUNC3), 
parametric cuives (PCURV3), and parametric surfaces (PSURF3). 

This section covers: 

O 3D Function Demonstration 
D 3D Parametric Cuive Demonstration 
O 3D Parametri c Surface Demonstration 

3D Function Demonstration 

To execute the 3D [unction demonstration , fo llow these steps: 

0 (If necessary) Press [E1i@AAY! ~ [;;IIg] lo view Plotting Toolkit menu . 

~ (If necessa ry) Press~ to displa y th e Sparcom PLOT3 menu . 

@) (If necessa ry) Press laD;GI lo displa y th e Spare-om PLOT3 PTYPE menu. 

8 (If necessa ry) Press liOHDl to se t th e plot type to FUNC3. 

© Press ~ to plot the demonstration equation: 

Sadd le 

l'.lEHIIHiil!JCEE!Emffl--
7 7 y- - x-

5 

EQ: '(Y"2- X"2)/5' 
PPAR3: { I -5 -5 -5 ] I 5 5 5 ] I 20 - 30 30 ] 'X' 'Y' # 8d # Sd FUNC3 } 

The 3D plot param eters for this plot includ e a modified eye point loca tion 
of [ 20 -30 30 ]. All other param eters have defa ult va lues . 

© Press lm!E] when you have fini shed exa mining the plot in the Sparcom 3D 
Graphics Environment. The Spare-om PLOT3 PTYPE menu w ill rea ppear. 
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3D Parametric Curve Demonstration 

To execute the 3D parametric cuJVe demonstration, follow these steps: 

0 (If necessary) Press IE]ILERARYI ~i;im) to view Plotting Toolkit menu . 

@ (If necessary) Press~ to display the Sparcom PLOT3 menu . 

~ (If necessary) Press~ to display the Sparcom PLOT3 PTYPE menu. 

8 (If necessary) Press~ to set the plot type to PCURV3. 

© Press ~ to plot the demonstration equation: 

Helix 

m:ml&m:!JCEmllffl-­
sin(l)x + cos(t)_y+.2t z 

EQ: { 'SIN(T)' 'COS(T)' '.2*T'} 
PPAR3: { [ -1.5 -1.5 - 1.5] [ 1.5 1.5 l.5 J 120 - 20 20 J{ T -6.28318530718 

6.28318530718} 'Y' # 30d # 8d PCURV3} 

The 3D plot parameters for this plot include x-, y-, and z-axis display 
ranges of -1.5 to 1.5, at-variable domain of -2rr to +2rr to control values of 
the parametric variable, and a I-variable resolution of# 30d to plot the helix 
in finer detail. All other parameters have default values. 

© Press [@IE] when you have finished examining the plot in the Spare-om 3D 
Graphics Environment. The Sparcom PLOT3 PTYPE menu will reappear. 
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3D Parametric Surface Demonstration 

To execute the 3D parametric surface demons tration, follow these s teps: 

0 (If necessa ry) Press [E11 (i:"@;J ~ l;ltili lo displa y th e Plolling Toolkit 
menu . 

~ (If necessary) Press~ to display th e Sparcom PLOT3 menu. 

@) (If necessa ry) Press ~ to displa y th e Sparcom PLOT3 PTYPE menu. 

8 (If necessa ry) Press ~ lo se t th e plo t type to PSURF3. 

@ Press ~ to plot th e demonstration equation: 

millll!Wll!l~llm-­
sin(11 )x + cos(u)y + vz 

EQ: { 'SIN(U)' 'COS(U)' 'V' } 
PPAR3: { [ -1.5 - 1.5 - 1.5 ) [ 1.5 1.5 1.5 11 0 -50 125 I 

{ U O 360 } 'V' # 12d # 3d PSURF3 } 

The 3D plot param eters for this plot include x-, y- , and z-axis di spla y 
ranges of - 1.5 to 1.5, an eye point of I O - 50 125 I, a u-variablc domain o r 0 
to 360 (degrees) to control the rotation of the u-variablc around th e z-ax is, a 
u-va riabl e resolution of# 12d , and a v-variablc resolution of# 3d. All 
other parameters have default va lues. 

© Press lfillEj when yo u have finished exa mining the plot in th e Sparcom 3D 
Graphics Environment. The Sparcom PLOT3 PTYPE menu will reappear. 
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More About 3D Plotting 

3D fun ctions , parametri c curves, and parametric surfa ces are plotted in a n 
oblique s ingle-point perspective view with the vani shing point located along th e 
y-axis . A fas t divide-by-depth meth od is used to calculate th e pe rspect ive, 
avoiding th e time-consuming matrix transformations normall y req uired for 3D 
plotting . The resolution ofa 3D graph can be finel y controlled , e ither as a n ab­
solute number of grid sq uares or line segments, or as a user unit spacing. 

This section covers: 

O Contents of 'EQ' 
O Divide-by-Depth, Displa y Volume, and Eye Point 
O Variable Domains vs. Display Ranges 
O Controlling the Resolution 
O Hidden Line Remova l 
O Overla ying Multiple 3D Graphs 

Contents of 'EQ' 

The Calculus Pac plots th e equation stored in th e reserved variable 'EQ'. For 3D 
functions, 'EQ' should contain a s ing le expression, eq uation , or prog ram, w bilc 
for 3D parametric curves and s urfa ces, 'EQ' should contain a lis t of three ex­
pressions, equations, or programs, one each to represent th t'. x-, y-, and z-com­
ponents. A valid equation (or component ) can be any of th e following : 

O Expression: A symboli c such as 12, 'X"2+5', or 'S IN(X) *SIN(Y)'. 

O Equation: Two exp ress ions separa ted by =, such as 'Z= 12', 
'Z=X"2+5', o r 'Z=SIN(X) *SIN(Y)'. The le li s ide is always ig nored, 
rega rdl ess of th e setting of !l ag - 30 (Fun cti on Plo tting). 

O P1·og1·am: A progra m that takes no values from the stac k and returns 
exactly one value to th e stack , such as« IF 'X<0' THEN '2 *X' ELSE 
'2 *Y' END ». The progra m should use th e variables names specified 
by XV AR, YV AR, TV AR, UV AR, and/or VV AR. 

O Global Name: A global name containing any of th e above objects . 

Throughout this chapter, th e term eq11a1ion refers to one of th e above objects 
(for 3D functions) or to a list of three of th e above objects (for 3D param etri c 
curves and surfa ces). 
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Divide-by-Depth, Display Volume, and Eye Point 

All 3D graphs are plotted in a parallelepiped displa y volume, s pecifi ed by x­
axis, y-ax is, and z-axis minimum and lllaxilllUlll values. The display volume is 
proj ected onto PICT (the viewing plane) with th e eye point as th e center of pro­
jection and a si ngle va nishing point along th e y-axis. The viewing plane is as­
sumed to be one unit from the eye po int and is a lways parallel to th e xz-plane. 

NOTE: This method prevents the eye point from being located 
such that Ymin s Yeye :s; Ymax, but this inability to "look" directly 
along the x-axis toward the graph can be circumvented by in­
creasing the value of Xeye or Zeye sufficiently. 

The defa ult dis pla y volume is a 10 x 10 x 10 cube centered on the orig in , and 
the defa ult eye point is located at [ 20 -20 20 ]. Loca ting tbe eye po int closer to 
th e gra ph wi ll increase the perspective dis to rtion (causi ng lines parall el to they­
axis to noticeabl y converge to the vanis hing point), wh ile locating th e eye po int 
farther from th e gra ph will decrease th e pe rs pectiv e dis torti on. Increas ing or 
decreas ing Xeye or Yeye s uffi cientl y wi ll effectiv e ly rotat e the gra ph about th e z­

axis, despite the restri ction on the loca ti on of the eye po int. (For more informa­
tion , see "EYE3: Eye Point (3D).") 

Variable Domains vs. Display Ranges 

The display ranges control th e dilll ensions of the dis pla y vo lulll e, w hich is a l­
ways entirely contained in PICT (the v iew ing plane) . The variabl e domains 
(whi ch defa ult to th e dis pla y ranges) co nt rol th e actua l ex tent o f the graph pl o t­
ted ins ide the viewi ng volum e. Therefo re , w hil e th e viewing vo lum e for a 3D 
fun cti on graph lllight be a 10 x 10 x JO cube, th e graph could be res tri c ted to the 
inner 5 x 5 ve rti ca l colullln by s pecifying separate variable dolllains for x and y. 
(For more information , sec "XDOM : x-Variablc Domain ," " YDOM : y-Var iable 
Domain," a nd o th e r related secti ons.) 

Controlling the Resolution 

The reso lution along both axes or a 3D gra ph ca n be spec ified inde pend entl y as 
e ithe r binary integers or real numbers . Depending on the pl ot type, a b inary in­
teger s pecifies the nulllber of grid squa res, parallletric curv e segments, or va lues 
of one of the parametric variab les for a parallle tric surface, w hil e a real nulllber 
specifies the number of use r units between g rid lines, parametric curve poi nts, 
or val ues of one of the parametric variables for a para lll e tric surfa ce. (Fo r Ill Ore 
information, see "XRES : x-Variabl e Resolution ," " YRES: y-Va riabl e 
Resolution ," and other re lated sections.) 

12: 3D Plotting 117 



NOTE: For fastest results, plot with a coarse resolution and 
experiment to find the best eye point location. When you are 
satisfied with the view, increase the resolution for finer detail. 

Hidden Line Removal 

Hidden line removal is an optiona l selling for 30 functions and is co nt ro ll ed by 
th e state of user flag 58. (Flag 58 dear means hidd en line remova l is active, 
while Flag 58 se t mea ns it is not.) By defa ull , hidd en line remova l is al"live. To 
toggle hidden line removal , press ~ a l th e Sparcom PLOT3 menu . (For 
more in fo rmation , see " PLOT3: Sparcolll PLOT3 Menu. ") 

WARNING: Hidden line removal applies only to 3D functions 
and not to 3D parametric curves or 3D parametric surfaces. 
Also, because the algorithm used to perform hidden line re­
moval depends on the contents of PICT, before drawing a 3D 
function with hidden line removal, you must erase PICT. If you 
do not, the graph may be drawn incorrectly. 

Overlaying Multiple 3D Graphs 

Altho ug h the Sparcom PLOT2 menu and 20 Gra phics E11viro 11111 e 111 support 
multipl e eq ua ti ons, th e Spa rcom PLOT3 lll enu and 30 Graphics Env ironlll enl 
do not. The on ly way to overlay lllulliple 30 g raph s is lo s to re and draw one 
equation and then store and draw another eq uation, without eras ing PICT be­
tween drawing operat ions. However, yo u should be aware of th e following: 

0 Only the equ ation curren tl y stored in 'EQ' wi ll be tra ced ins ide th e Sparcom 
30 Graphics Environment- any prev ious ly draw n eq ualion(s) will no 
longer be available for traci ng . 

fi) Hidden line remova l will nol work correct ly for a ll 30 h111ctio11s gra phed 
s ubseq uent lo the first one, because a 11 011- cmpt y PICT w ill lllislead th e a l­
gor ithm . Therefore, all 30 functions grap hed s ubseq uentl y lo the first c111c 
s hould be drawn with hidden line rcllloval turn ed off.• 

* There is a way lo display multiple 3D fun cti on graphs with hidden line rcmov,il, bu t ii 
requires that you erase PICT, draw the fi rst graph, store the first graph as ;i gn,phi cs ob­
ject, erase PICr, draw another graph, store that graph as a graphics object, merge th e two 
graphics obj ects with the command GOR, ;ind store the resulting graphi cs object into 
PI Cr fo r display. r:or more information, sec Chapter 19 of the 111' 48SX Owner ·~ 
M anual, ·· M ore About Pl otting and Gr;iphi c~ Objects. ·· 
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PLOT3: Sparcom PLOT3 Menu 

The Sparcom PL0T3 menu and s ubm enus prov ide a ll ex ibl e way to s pec ify th e 
3D plo t para meters. 

This secti on covers: 

O Us ing the Sparcom PL0 T 3 Menu 
0 The Sparcom PL0T3 PTYPE Menu 
0 The Sparco m PL0T3 EQN Menu 
0 T he Sparco lll PL0T3 RNG Men u 
O The Sparco lll PL0T3 VAR Me nu 

Using the Sparcom PLOT3 Menu 

T here a re two ways to access tb c S parrnlll PL0T3 lll enu : 

O Press [5]~ to displ ay th e enhanced Plo t lll enu and press ~ to 
d ispla y tbe Sparcolll PL0T 3 menu . ( fil e Sparcolll Pl ott ing Keys must 
be installed and User lll ode must be turn ed on. Fo r lll orc in for lll a tion, 
sec " PKEY : S parco lll Pl otting Keys" in C hapte r 10.) 

O Press 15]1[@¥il ~~~to dis play the S pa rco lll PL0T 3 
lll e llU. 

There is one way to access th e S parco lll PL0T3 lll en u fro lll th e int e ract ive 
menus: 

O Press [Ell§irt,J ~~ to access th e Ma in lll enu , lll OVe th e 
po inter to " Plo tting : 3D w/ T race," press ~NIER! to di splay th e in fo rlll a­

ti on screen abo ut 3D plo tting, and press lfilIEl to di splay the S pa rco m 
PL0T 3 lll enu . (This w ill autolll atica ll y ins tall the S pa rco lll Plo tting 
Keys and turn on Use r mode. Fo r lll ore in fo rlll ation, sec " PKEY: 
Sparcom Plott ing Keys" in C hapter I 0.) 

When th e Sparcolll PL0T3 lll enu is displayed, a s ta tu s lll essagc w ill appea r, de­
scrib ing the plo t type , current eq uati on, and in for lll a ti on abo ut th e va rio us 
PL0 T 3. sub menus (dis pl ay ass ulll es defau lt pl o t type and th at 'EQ' docs no t 
ex ist): 
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Plot type: FUNC3 
No current equation. 
PTYPE sets plot type 
EQN sets equation 
RNG sets ranges 
VAR sets vars/ domains 
CD:mm:mcnmCEJo:ol!ml 

The Sparcom PLOT3 menu is summarized below. 

Screen 

Sparcom 
PLOT3 M enu 

Key 

I:1~1::U 

Sparcom PLOT3 Menu Operations 

Softkeys 

~ ~ ~ ~ llilllHI IIIW..:.1:JI 
~ ~ IIDllml ~ lfillfilli -

Description 

Plo ts the eq uati on in th e reserved va riab le 'EQ' in PI CT 
(without e ras ing PI CT), us ing th e x-, y-, and z-ax is di spl ay 
ranges. A utomati ca ll y enters the Sparcom 30 Gra phics 
Environment if executed from th e Sparcom PLOT3 menu . 
[E}I ~ executes ST EQ. [2J ~ reca ll s th e current 
equation. 

Erases PI CT , leav ing a blank PI CT of th e sa me s ize. 

Displays the Spare-om PLOT3 EON menu . 

T oggles bidden line remova l fo r 30 fu ncti ons. A box 
appea rs in the key label to indica te w hen hidden line 
remova l is ac tive. 

Changes the s ize of PI CT. EJ ~ reca ll s th e s ize of 
PICT. 

Displays the Sparcom PLOT 3 PT YPE menu . 

Rese ts all plo t param ete rs except th e plot type, to th e ir de­
fa ult va lues and erases PICT , res toring it to I 3 1 x 64. 

Displays the S parcom PLOT 3 RNG menu . 

D is pl ays the Sparcom PLOT3 VAR menu . 

Draws th e v iewing box in PI CT, us ing th e x- , y-, and z-ax is 
display ranges. 

Draws th e xy- plane projecti on in PICT, using th e x- and y­
ax is display ranges. 

Red is pla ys the s ta tus message. 

120 12: 3D Plotting 



The Sparcom PLOT3 PTYPE Menu 

Press~ to display the Sparcom PLOT3 PTYPE menu. A status message 
will appear, describing the available plot types (display assumes default plot 
type): 

Plot type: FUNC3 
Select plot type 
FUNC3: functions 
PCURV3: space curves 
PSURF3: parametric 

surfaces 
G!ml~liB!m-lmIIIDIII 

The Sparcom PLOT3 PTYPE menu is summari zed below. 

Sparcom PLOT3 PTYPE Menu Operations 

I Screen I 
PTYPE Menn 

Softkeys 

Key Description 

~ Executes the demo for the current plot type. 

!DE Exits to th e Sparcom PLOT3 menu. 

lirnml Sets plot type lo FUNC3 and resets variables to 'X' and 'Y'. 

1::am:w Sets plot type to PCURV3 and resets firs t variable to 'T'. 

1::1,.·u1:1::1 Sets plot type to PSURF3 and resets variables to 'U' and 'V'. 

!Bl~ Redispl ays the s ta tu s message. 

The Sparcom PLOT3 EON Menu 

Press ~ to displa y the Sparcom PLOT3 EQN menu . A s tatus message 
will appear (depending on the pl ot type), descr ibing the current equati on 
(displays assume 'EQ' does not ex ist): 

Plot type FUNC3 
Set equation: 
F< X, Y): 

[Blue]-STEQ recalls, .. 
mm----DIII 

l'lot type l'Cl/RV3 
Set equation: 
X(T): 
Y(T): 
Z<T>: 
CBlueJ-STOXYZ recalls .. , 
liEEIRI!illillJ--DIII 
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Plot type PSURF3 
Set equation: 

X< U,V): 
Y<U, V): 
Z<U, V): 

[ B 1 ue l-STOXYZ reca 11 s .. , 
ll!ilEl!IRI!l'.lm:IBI--DIII 

The Sparcom PLOT3 EQN menu is summarized below. 

Sparcom PLOT3 EON Menu Operations 

Screen Softkeys 

EQN Menu ~ - - - !DE 
(FUNC3) 

EQN Menu ~ ~ ~ - - !DE 
(PCURV3, 
PSURF3) 

Key Description 

IDti Exits lo the Sparcom PLOT3 menu. 

~ Stores an equation from the s la ck into 'EQ'. [E] ~re-
ca ll s the curren t equa ti on. 

~ Stores a n eq ua ti o n from th e stack as th e x-compo ne nl of th e 
eq uatio n in 'EQ' (as th e firs t item in a I isl or three it e111 s ). 

1(2] ~ reca ll s th e c urre nt x-co111poncn l of 'EQ'. 

~ Stores an equa ti o n (ro111 th e s ta ck as th e y-rn111po ne n1 or th e 
eq uatio n in 'EQ' (as th e second it e111 in a lis t or three ite111s). 

EJ ~ reca lls th e c urrent y-componenl of 'EQ'. 

~ Stores a n equat io n fro111 tb e s tack as th e z-co mponcnl of th e 
equation in 'EQ' (as th e third it e111 in a lis t of three items). 
[2] ~ reca lls th e curre nt z-co111pone nl of 'EQ'. 

IEJ]EEJ Redisplays the s tatus 111essage. 
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The Sparcom PLOT3 ANG Menu 

Press IClHHI to display the Sparcom PLOT3 RNG menu. A status message 
will appear, describing the current display ranges and eye point (display as­
sumes default values): 

Set plot ranges: 

X rng: -5 5 
Y rng: -5 5 
Z rng: -5 5 
eye: 20 -20 20 

The Sparcom PLOT3 RNG menu is summ,trized below. 

Sparcom PLOT3 RNG Menu Operations 

Screen Softkeys 

RNG Menu 

Key Description 

~ Exits to the Sparcom PLOT3 menu. 

(;t."j;i) Sets the eye point in 'PPAR3' as the vector I Xeye Yeye Zeye ]. 
[2] (;t."j;i) recalls the current eye point. 

1:1:::l,.'1::II Resets x-, y-, and z-axis display ranges and the eye point to 
the ir default va lues. 

~ Sets tbe x-axis display ra nge in 'PPAR3' as part of tbe vec-

tors [ Xmin Ym in Zmin ] and [ Xmax Ymax Zmax ]. [2] Et:metcl 
reca lls the current x-axis displa y range. 

~ Sets the y-axis display range in 'PPAR3' as part of tbe vec-

tors [ Xmin Ymin Zmin I and [ Xm,1x Ym,1x Zmax ]. [d] mmoo 
reca lls the current y-axis display ra11gc . 

rmml Sets the z-axis displa y range i11 'PPAR3' as part oftbc vec-

tors [ Xmin Ymin Zmin ] and [ Xmax Ymax 2max [. El ~ 
recalls the current z-ax is display ra11ge. 

[E]rn Redisplays tbe status message. 
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The Sparcom PLOT3 VAR Menu 

Press llllV..:.Illl to display the Sparcom PLOT 3 VA R menu . A status message 
w ill appea r (depending on the plo t type), describ ing th e current doma ins, 
resolutions, and va riables (displays ass um e defa ult va lues): 

Plot type FUNC3 l'lot type l'CURV3 
Set variables/ domains: Set variables/ domains: 
X dom: -5 5 
Y dom: -5 5 T dom: -5 5 
X res: # 8d T res:# 8d 
Y res: # 8d T var: 'T' 
X var: 'X' 
Y var: 'Y' 
~l'iEDE!HlmD[ffll]Dill 

Plot type PSURF'3 
Set variables/domains: 
U dom: -5 5 
V dom: -5 5 
U res: # 8d 
V res:# 8d 
U var: 'U' 
V var: 'V' 
l!IEIJml!Dl!IDI l!lml [ml] Dill 

The Sparcom PLOT3 VAR menu is summarized below. 

Sparcom PLOT3 VAR Menu Operations 

Screen Softkeys 

VAR M enu ~ ~ ~ ~ lfillfilD 
(FUNC3) ~ rR.lilll - - -VAR M enu mrml ic.I;l;l iI'L:l:l - lfillfilD 

(PCU RV3) 

VA R Menu IJDDm ~ ~ ~ ~"'l:ii 

(PSURF3) lll!li.Rl l'.lW;l - - -
Key Description 

Ex its to the Sparcom PLOT3 menu. 

IDii 
IDii 

IDii 

IDii 
IDii 

Rese ts domains, resolutions, and vari ables to th e ir defa ult 
va lues. 

Sets I-va riable domai n in 'PPA R3' as th e list { Ivar l 111 j 11 

1111ax }. [2] mrml reca lls th e current I-va riable domain . 

Sets I-va riable resolution in 'PPA R3' as th e bi nary integer o r 
rea l num ber Ires· [2] [i;I;Gl recalls the current t-reso lution. 
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Sets t-variable name in 'PPAR3' as the name Ivar· [2] ~ 
reca lls the current t-variabl e name. 

Sets u-variable domain in 'PPAR3' as the list { Uvar Umin 

Umax }. [2] ~ reca lls the c urrent u-variable domain . 

Sets u-variable resolution in 'PP AR3' as the binary integer or 

rea l number Ures· [2] ~recalls the current u-resolution. 

Sets u-variable name in 'PPAR3' as the name Uva1, 

[2] ln!l.:.1;J reca lls the current u-variable name. 

Sets v-variable domain in 'PPAR3' as the list { VvarVmin 

Ymax }. [2] ~ recalls tbe c urrent v-variable domain. 

Sets v-variable resoluti o n in 'PPAR3' as tbe binary integer or 

rea l numbervres· [2] ~reca ll s the current v-resolution . 

Sets v-variable nam e in 'PPAR3' as the name VvaP 

[2] ~ reca ll s the current v-variable nam e. 

Sets x-variable domain in 'PPAR3' as the lis t { Xvar Xrnin 

Xmax }. [2] ~ reca ll s the current x-variable domain . 

Sets x-variable resolution in 'PPAR3' as the binary intege r or 

real numbe r Xrcs· li2] ~ reca ll s the current x- resolution. 

Sets x-variable nam e in 'PPAR3' as the nam e Xvap 

II2] taV.:.1;l recalls the current x-variablc nam e. 

Sets y-variabl e dom ai n in 'PPAR3' as the lis t { Yvar Ymin 

Ymax }. [al~ recalls tbc c urre nt y-variable domain . 

Sets y-variable resolution in 'PPAR3' as th e binary integer or 

real number Yres· [2] ~reca ll s th e current y- resolutio n. 

Sets y-variable name in 'PPAR3' as the name YvaP 

!(a~ recalls tbe current y-variable nam e. 

Redis pla ys the s tatus message . 
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GRF3: Sparcom 30 Graphics Environment 

This command invokes the Sparcom 3D Graphics Environment, which provides 
a powerful way to specify, plot, and trace 3D functions, parametric curves, and 
parametric surfaces. 

This section covers: 

O Using the Sparcom 3D Graphics Environment 
O Tracing an Equation 
O Drawing the Viewing Box 
O Drawing the xy-Plane Proj ection 
O Displaying the Cursor Coordinates 
O The Contents of 'PPAR3' 

Using the Sparcom 3D Graphics Environment 

There are three ways to access the Sparcom 3D Graphics Environment: 

O Plot an equation from th e Sparcom PLOT3 men u with~-

0 Press iEJS from th e stack. (The Sparcolll Plotting Keys lllUSt be in­
stalled and User mode lllUSt be turned on . For lllore information , see 
"PKEY: Sparcolll Plotting Keys" in Chapter JO.) 

O Press IB]i lLMwl ~~~-

The Sparcom 3D Graphics Environlllent is Sllllllllarizcd below. 

Sparcom 3D Graphics Environment Operations 

Screen 

Sparcom 3D 
Graphics Env. 

Key 

Softkeys 

~ ~ ~ ~ - -
Action 

Turns on coordinate displa y in the menu area. Press OJ or 
any softkey to restore the lllenu . The coordinates ca n be 
copied to the s tack by pressing ~NIE]) or 15]1~N1ERL 

Turns off menu to show Ill Ore of the graph. Press [J or any 
so ftkey to restore the lllenu . 
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El 

m 

[[§] 

[ml-EB 

Draws the viewing box , using th e x-, y-, and z-axis display 
ranges. 

Draws the xy-plane projection, using the x- and y-axis dis­
play ranges. 

Decreases the first variable (x, t, or u) . When prefixed with 
[2], decreases lo the minimum value. 

Increases the first variable (x, l, or u, depending on the plot 
type). When prefixed with 112:J, increases lo th e maximum 
value. 

Increases the second variable (y or v, depending on the plot 
type) . When prefixed with ll2:], increases to th e maximum 
value. 

Decreases the second variable (y or v, depending 011 the plot 
type). When prefixed with ll2:], decreases to the minimum 
value. 

Quits lo the HP 48SX stack. 

Copies the x-, y-, and z-coordinates of the cursor to the stack 
as a 30 vector, using the exact equation value for the z-co­
ordinate. 

Copies a list of lagged rea l numbers to the stack-for 30 
functions: x, y, and z; for 30 parametric curves: l, x, y, and 
z; and for 30 param et ric surfaces: u, v, x, y, and z. 

Toggles coordinate display in the menu area on and off. The 
coordinates can be copied to the stack by press ing @Ni-ER) or 

!Bll~NTER!. 

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

Dumps the current screen to an IR printer. 

Tracing an Equation 

The Sparcom 30 Graphics Environment automatically traces the plolled equa­
tion. The cursor keys move between the plotted points of the graph, which may 
be the intersections of the grid lines (30 functions and parametric surfaces) or 
the ends of the line segments (30 parametric curves). G and El decrease and 
increase the first variable, while m and [YJ decrease and increase the second 
variable (except for 30 parametric curves). In all cases, prefixing a cursor key 
with llE] increases or decreases the variable as far as possible in the indicated 
direction. 
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Drawing the Viewing Box 

From the Sparcom 3D Graphics Environment menu , press ~ to dra w the 
viewing box, using the x-, y-, and z-axis di spla y ranges. 

Drawing the xy-Plane Projection 

From the Sparcom 3D Graphics Env ironment menu , press ~ to draw the 
xy-plane projection, using the x- and y-axis display ranges. 

Displaying the Cursor Coordinates 

From the Sparcom 3D Graphics Environment menu , press rK•I•l:Til or IIT] to 
toggle coordinate display on and off. When on, the coordinates will be dis ­
played in the menu area. The coordinates can be copied to the stack by press ing 
ENTER! or [Sll[Nillj. 

When coordinate display is on, pressing @] will toggle between the x-, y-, and 
z-coordinates and either the t-coordi nate for 3D parametric curves or the u- and 
v-coordinates for 3D parametric surfaces. For 3D functions , [§] is non-func­
tiona I. 

Pressing ENTER! will return a 3D vector representing the exact x-, y-, and z-coor­
dinates of the cursor's location on the fun ction . Pressi ng [E]~NTER! will return a 
list of tagged real numbers-for 3D functions : x, y, and z; for 3D parametric 
curves: t, x, y, and z; and for 3D parametric surfaces: u, v, x, y, and z. 

The Contents of 'PPAR3' 

The Calculus Pac uses the global var iab le 'PPAR3' to store the plotting param e­
ters for 3D plots . 'PPAR3' should conta in the fo llow ing list of objects: 

{ I Xmin Ymin 2 min) I Xmax Ynrnx Zmax ] I Xeye YcyeZeyc ] 
varl var2 res l res2 ptype } 

'PPAR3' Contents 

Item Description Default 

I Xmin Ymin Zmin) A vector containing the coordi- I - 5 - 5 - 5 I 
natcs of one corner of the display 
vol ume. 

[ Xmax Ymax Zmax ) A vector containing the coordi- 1555] 
nates of the opposi te corner of the 
display volume. 
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( Xeye Yeye 2 eye ] A vector conta ining th e coordi- I 20 -20 20 I 
nates of th e eye point. 

varl First variabl e. Can be a name or 'X' for FUNC3 
a list containing a nam e and two 'T' fo r PCURV3 
real numbers to specify a domain . 'U ' for PSURF3 

var2 Second variable . Can be a name 'Y' fo rFUNC3 
or a list conta ining a name and 'V' fo r PSURF3 
two real numbers to spec ify a 
domain . 

res 1 First resolution. A real number # 8d 
indica tes user unit resolution, 
while a binary integer indica tes 
total divis ions. 

res2 Second resolution. A rea l num- # 8d 
ber indicates user unit resolution, 
while a b inary integer indica tes 
total div is ions. 

ptype Command name specifying the FUNC3 
plot type. Onl y FUNC3, 
PCURV3, and PSURF3 arc s up-
ported by th e Sparcom 3D 
Graphics Env iromn cnt. 
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DRAW3: Draw Plot (3D) 

This command plots the equation in the reserved variable 'EQ' in PICT, using 
the x-, y-, and z-axis display ranges specified by XRNG3, YRNG3, and ZRNG3 
and (if specified) the variable domains specified by XOOM , YOOM , TOOM, 
UOOM, or VOOM. When executed from the Sparcom PLOT3 menu , ORA W3 
plots the equation and then enters the Sparcom 30 Graphics Environment. 
When executed from a program , ORA W3 plots the equation, but does not enter 
the Sparcom 30 Graphics Environment. ORA W3 does not erase PICT-to do 
that, execute ERASE. 

ORA W3 is loca ted in the Sparcom PLOT3 Menu. 

Entry Method(s) 

I , . Input Output 
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ERASE: Erase PICT 

This command era ses PICT, leav ing a blank PICT of the same dimensions. 

ERASE is located in the Sparcom PLOT3 Menu . 

Entry Method(s) 

Input Output 

Note(s) 

This is a built-in HP 48SX command . 
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EYE3: Eye Point (3D) 

This command specifies the eye point for th e Sparcom JD Graphics Environ­
ment. This information is stored in tbe global va riabl e 'PPARJ' as th e vector 
[ Xeye Yeye Zeye ]. The default eye point loca tion is [ 20 -20 20 I- (For more in­
formation, see "More About JD Plotting. ") 

EYEJ is located in th e Sparcom PLOTJ RNG Menu . 

Entry Method(s) 

Input Output 

3: Xeye 3: 

2: Yeye 2: 

1: Zeye 1: 

Example(s) I Input 

50 -50 50 """" 

Output 
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FUNC3: Function Plot Type (3D) 

This command sets the plot type to FUNC3 for the Sparcom 3D Graphics Envi­
ronment. This information is stored in the global variable 'PPAR3'. This is the 
default plot type. (For more information, see "More About 3D Plotting. ") 

FUNC3 is located in the Sparcom PLOT3 PTYPE menu. 

Entry Method(s) 

Input Output 
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PCURV3: Parametric Curve Plot Type (3D) 

This comma nd sets the plot type to PCURV3 for the Sparcom 3D Graphics En­
vironment. This information is stored in the global variabl e 'PPAR3'. FUNC3 
is the default plot type. (For more information, see "More About 3D Plotting.") 

PCURV3 is located in the Sparcom PLOT3 PTYPE menu . 

Entry Method(s) 

I , . Input 

I I 
Output 
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PDIM: PICT Dimension 

This command repl aces PICT with a blank PICT of the spec ified dim ens ions. 
PICT ca nnot be small er than 131 pixels w ide by 64 pixels hig h, nor la rger than 
2048 pixels w ide. 

PDIM is loca ted in the Sparcom PLOT3 menu . 

Entry Method(s) 

Input Output 

2: w idth (binary integer) 2: 

1: he ight (binary integer) I : 

Example(s) 

I #262d # 128d 

Input Output 

Note(s) 

This is a built-in HP 48SX command . 

12: 30 Plotting 135 



P3URF3: Parametric Surface Plot Type (3D) 

This command sets the plot type to PSURF3 fo r the Sparcom 3D Graphics En­
vironment. This information is stored in the g lobal variabl e 'PPA R3'. FUNC3 
is the default pl ot type. (For more in fo rmati on, sec "More About 3D Pl otting.") 

PSURF3 is located in the Sparcom PLOT3 PTYPE menu . 

Entry Method(s) 

Input 

1,. 
Output 
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STEQ: Store in EQ 

This command stores an equation from the stack into the rese rved variable 'EQ' 
in the current directory . (For more information, sec " More About 30 Plotting. ") 

STEQ is located in the Sparcom PLOT3 EQN menu (if the plot type is FUNC3) 
and the enhanced Plot menu. 

Entry Method(s) 

Input Output 

1: ex press ion , equation, or program I : 

Example(s) 

Input Output 

'SIN(X)' ~ 

'Y =SIN(X)' ~ 

« X SIN»~ 

Note(s) 

This is a built-in HP 48SX command. 
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STOX: Store x-Component in EQ 

This command stores an eq uation from the stack as the x-co111ponent of th e 
equation in 'EQ' (as the first item in a list of three ite111 s) for 3D para111 etric 
curves or surfaces. If 'EQ' does not ex ist or is not a lis t of three it e111 s, it is 
overwritten and they- and z-components arc auto111atically initialized to 0. (For 
more information, see "More About 3D Plotting.") 

STOX is located in the Sparco111 PLOT3 EQN 111enu (it" the plot type is 
PCURV3 or PSURF3). 

Entry Method(s) 

Input Output 

1: ex pression, equation, or progra111 1: 

Example(s) 

Input Output 

'SIN(T)' ~ 

'X=SIN(T)' ~ 

« T SIN » !31.ffi 
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STOY: Store y-Component in EQ 

This command stores an equation from the stack as they-compone nt of th e 
equation in 'EQ' (as the second item in a list of three items) for 3D parametric 
curves and surfaces. If 'EQ' does not ex ist or is not a list of three items , it is 
overwritten and the x- and z-componcnts are automatically initialized to 0. (For 
more information, see "More About 3D Plotting.") 

STOY is located in the Sparcom PLOT3 EON menu (if the plot type is 
PCURV3 or PSURF3). 

Entry Method(s) 

Input Output 

1: ex press ion , equation, or program I: 

Example(s) 

Input Output 

'COS(T)' ~ 

'Y =COS(T)' ~ 

« TCOS » ~ 
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STOZ: Store z-Component in EQ 

This command s tores an equation from th e sta ck as th e z-componcnt or the 
equation in 'EQ' (as the third item in a list of three ite111s) fo r 3D para metri c 
curves and surfa ces. If 'EQ' does not exist or is not a lis t of three ite111 s , it is 
overwritten and the x- and y-co111poncnts a re automaticall y initialized to 0. (For 
more information, see "More About 3D Pl o tting.") 

STOZ is loca ted in the Sparcom PLOT3 EQN menu (if th e plot type is 
PCURV3 or PSURF3). 

Entry Method(s) 

Input Output 

I: ex press ion , equation, o r progra m I : 

Example(s) 

Input Output 

'.2 *T' E3:lffi 

'Z=.2*T' E3:lffi 

« .2 T * » ~ 
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TDOM: t-Variable Domain 

This command specifies the I-variable domain for 3D parametric curves in the 
Sparcom 3D Graphics Environment. This information is stored in the global 
variable 'PPAR3' as lmin and lmax in th e list { lvarlrnin lmax}, whicb replaces 
the name Ivar in 'PPAR3' if a I-variable domain is spec ified . Tbe default I-vari­
able domain is unspec ified and de faults lo the x-axis display range, - 5 to 5. 
(For more information, see "More About 3D Plotting. ") 

TDOM is located in the Sparcom PLOT3 VAR menu (if the pl ot type is 
PCURV3.) 

Entry Method(s) 

Input Output 

2: lmin 2: 

1: lmax 1: 

Example(s) 

1---0 2831 6 28 ll I::,~,'.., 
Output 
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TRES: t-Variable Resolution 

This command specifies the resolution of th e I-va riable fo r 30 parametric 
curves in the Sparcom 30 G ra phics Env ironment. This in fo nm1tion is s tored in 
the g lobal variab le 'PPAR3' as a binary integer or real number. A binary in teger 
spec ifies the number of parametric curve segments , whil e a real number spec i­
fies the number of user units between plotted va lues or the I-va ri ab le. The de­
fault resolution is # 8d, which represents an 8-segment para metric curve. (For 
more informa tio n, see "More About 30 Pl otting .") 

TRES is loca ted in the Sparcom PL0T3 VA R menu ( if the pl ot type is 
PCURV3). 

Entry Method(s) 

Input Output 

I : Ires (binary integer, real number) I : 

Example(s) 

l#!Sd -
Input Output 

.1 ~ 
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TV AR: t-Variable Name 

This comma nd specifies the name of the I-variable for 30 parametric curves in 
the Sparcom 30 Graphics Environment. This information is s tored in the g loba l 
variable 'PPAR3' as a name. The default I-variable is 'T'. (For more informa­
tion, see "More About 30 Plotting.") 

TVAR is located in the Sparcom PL0T3 VAR menu (if the plot type is 
PCURV3). 

Entry Method(s) 

I , c '"" (1mm,) 

Input Output 

Example(s) 

I,.._. Input Output 
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UDOM: u-Variable Domain 

This command s pecifi es th e u-variabl e dolllain for 3 D para lllclric s urfa ces in th e 
Sparcom 3D Graphics Environlllcnt. Thi s information is s tored in till'. g lobal 
variable 'PPAR3' as Umin and Um ax in the lis t { Uvar Umin u,mx}, which re­
places the name Uvarin 'PPAR3' ifa u-variabl e dolllain is spec ified . The defa ult 
u-variabl e domain is unspecified and defa ults to th e x-axis dis play range, -5 lo 
5 . (For more information , see "More About 3D Plotting.") 

UDOM is located in the Sparcolll PLOT3 VAR llll'.IIU ( if th e pl ot type is 
PSURF3.) 

Entry Method(s) 

Input Output 

2: Umin 2: 

1 : Umax I : 

Example(s) 

Input Output 
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URES: u-Variable Resolution 

This command spec ifi es the resolution of th e u-va riab le fo r 30 para metric sur­
faces in the Sparcom 30 Gra phics Enviro nment. Th is in formati on is stored in 
the global variable 'PPA R3' as a binary integer or rea l num ber. A b inary integer 
specifies the number o f steps of th e u-va ri abl e, w hil e a rea l num ber spec ifi es the 
number of user units between plotted va lues of the u-va riabl e. The defa ult reso­
lu tion is # 8d, which represents a parametric sur face w ith 8 steps of th e u-va ri­
able. (For more information, see "More Abo ut 30 Plotting.") 

URES is loca ted in the Sparrnm PL0T3 VAR menu ( if the pl ot type is 
PSURF3). 

Entry Method(s) 

Input Output 

1: Ures (b inary integer, real num ber) l : 

Example(s) 

l•1sct -
Input Output 

.1 ~ 
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UVAR: u-Variable Name 

This command specifies the name of the u-variable for 3D parametric surfaces 
in the Sparcom 3D Graphics Environment. This information is stored in th e 
global variable 'PPAR3' as a name. The default u-var iable is 'U'. (For more in­
formation , see " More About 3D Plotting. ") 

UVAR is loca ted in the Sparcom PLOT3 VAR menu (if the plot type is 
PSURF3). 

Entry Method(s) I Input 
le Uvac (.,,m,) I l e 

Output 

Example(s) 

I .. 
Input Output 
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VBOX: Draw Viewing Box 

This command draws the viewing box in PICT, us ing the x-, y-, and z-axis dis­
play ranges specified by XRNG3, YRNG3, and ZRNG3. 

VBOX is located in the Sparcom PLOT3 and 3D Graphics Environment menus. 

Entry Method(s) 

I , . Input Output 
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VDOM: v-Variable Domain 

This command specifies th e v-variablr dom ain for 30 parametric s urfaces in the 
Sparcom 30 Graphics E nvironme nt. This informa ti on is stored in the g lobal 
variab le 'PPAR3' as Vmin and Vmilx in th e lis t { VvarVmin Vnrnx}, which re­
places the name Vva r in 'PPAR3' if av-variable domain is specified. The default 

v-variable domain is unspecified and defaults to the y-ax is display range , - 5 to 
5. (For more information, sec "More About 30 Plotting. ") 

V00M is located in the Spa rcom PL0T3 VAR menu (if the plot type is 
PSURF3.) 

Entry Method(s) 

Input Output 

2: Vmin 2: 

l: Vmax I : 

Example(s) 

Input Output 
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VRES: v-Variable Resolution 

This command specifies th e resolution of th e v-variable for 30 parametric sur­
faces in the Sparcom 30 Graphics Environment. This information is stored in 
th e global variable 'PPAR3' as a binary integer or rea l number. A binary integer 
specifies the number of steps of the v-variable, while a rea l number specifies th e 
number of user units between plotted values of the v-variable. The defa ult reso­
lution is# 8d, which represents a parametric surface with 8 s teps of the v-vari­
able. (For more information , see "More About 3D Plotting. ") 

VRES is loca ted in the Sparcom PL0T3 VAR menu (if the plot type is 
PSURF3). 

Entry Method(s) 

Input Output 

I : Vres (binary intege r, real number) I : 

Example(s) 

1#15d~ 
Input Output 

.l~ 
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WAR: v-Variable Name 

This command specifies the name of the v-variable for 3D parametric surfaces 
in the Sparcom 3D Graphics Environment. This in formation is stored in the 
global variabl e 'PPAR3' as a name. The default v-variable is 'V' . (For more in­
formation, see " More About 3D Plotting. ") 

VVAR is located in the Sparcom PLOT3 VAR menu (if the plot type is 
PSURF3). 

Entry Method(s) 

; , Vvac (.,,m,) 
I Input Output 

Example(s) 

Input Output 
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XDOM: x-Variable Domain 

This command spec ifi es th e x-variabl c domain for 3D funl'li ons in th e Sparcom 
3D G ra phics Envi ronment. This in fo rmation is s to red in th e g loba l va riable 
'PPAR3' as Xmin and Xmax in the list { Xva r Xmin Xmax }, w hich replaces the 
name Xvar in 'PPAR3' if ax-variable domain is spec ifi ed. The de fault x-variable 
domain is unspecified and defaults to th e x-axis display range, - 5 to 5. (For 
more in fo nnation, see "More About 3D Plo tting .") 

XDOM is loca ted in the Sparrom PLOT3 VA R menu ( if th e plo t type is 
FUNC3.) 

Entry Method(s) 

Input Output 

2: Xmin 2: 

1: Xmax I : 

Example(s) 

1-3 3 
Input Output 
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XRES: x-Variable Resolution 

This command specifies th e resolution of the x-va riablc for 30 functi ons in the 
Sparcom 30 Graphics Environment. This information is s tored in th e g loba l 
variable 'PPAR3' as a binary integer o r rea l number. A binary integer spec ifi cs 
the number of grid lines along th e x- ax is, w hil e a rea l number specili es th e 
number of user units between grid lines along th e x-axis. The defa ult resolution 
is# 8d, which represents a function w ith 8 grid lines along th e x-ax is. (For 
m ore in forma ti on, see "More About 30 Plotting.") 

XRES is loca ted in th e Sparcom PL0T3 VAR menu ( if the plot typc is 
FUNC3). 

Entry Method(s) 

Input Output 

1: Xres (binary integc r, rea l number) I : 

Example(s) 

1#15d 0000 

Input Output 

.1 ~ 
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XRNG3: x-Axis Display Range (3D) 

This command specifies the x-a xis displ ay range fo r th e Sparcom 3D Gra phics 
Env ironm ent. This info rma tion is s tored in th e g lobal va riable 'PPA R3' as Xm in 

and Xmax in the vectors [ Xmin Ymin Zm in ] and [ Xmax Yma x Zmax ]. These two 
vectors s pecify the coordinates o f two oppos ite corn ers o f th e di spla y volume. 
T he defa ult x-ax is display ra nge is -5 to 5. (For m ore in fo rm ation, see "M ore 
About 3D Plotting.") 

X RNG3 is loca ted in th e Spa rcom PLOT3 RNG m enu. 

Entry Method(s) 

Input Output 

2: Xmin 2: 

1: Xmax I : 

Example(s) 

Input Output 
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XV AR: x-Variable Name 

This command specifies the name of the x-variable for 3D functions in th e 
Sparcom 3D Graphics Environment. This information is stored in the g loba l 
variable 'PPAR3' as a name. The defa ult x-variable is 'X'. (For more informa­
tion, see "More About 3D Plotting.") 

XVAR is located in the Sparcom PLOT3 VAR menu (if the plot type is 
FUNC3). 

Entry Method(s) I Input 
bva, (.,,..,,) 

Output 

Example(s) 

I •x 

Input Output 
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XYPRJ: Draw xy-Plane Projection 

This command draws the xy-plane projection in PICT, using the x- , y- , and z ­
ax is display ranges specified by XRNG3, YRNG3 , and ZRNG3. 

XYPRJ is loca ted in the Sparcom PLOT3 and 3D Graphics Environment 
menus. 

Entry Method(s) 

Input Output 
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YDOM: y-Variable Domain 

This command specifies they-variable domain for 3D functions in the Sparcom 
3D Graphics Environme nt. This information is stored in the global variable 
'PPAR3' as Ymin and Ymax in the list { Yvar Ymin Ymax}, which replaces the 
name Yvar in 'PPAR3' if a y-variable domain is specified . The default y-variable 
domain is unspecified and defaults to the y-axis display range, -5 to 5. (For 
more infonnation, see "More About 3D Plotting.") 

YDOM is located in the Spare-om PLOT3 VAR menu (if the plot type is 
FUNC3.) 

Entry Method(s) 

Input Output 

2: Ymin 2: 

1: Ymax !: 

Example(s) 

1-3 3 
Input Output 
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YRES: y-Variable Resolution 

This command specifies the resolution of the y-variable for 3D functions in the 
Sparcon1 3D Graphics Environment. This information is stored in the global 
variable 'PPAR3' as a binary integer or real number. A binary integer specifics 
the number of grid lines along the y-axis, while a rea l number specifies the 
number of user units between grid lines along the y-axis. The default resolution 
is# 8d, which represents a function with 8 grid lines along the y-axis. (For 
more information, see "More About 3D Ploning. ") 

YRES is located in the Sparcom PLOT3 VAR menu (if the plot type is 
FUNC3). 

Entry Method(s) 

Input Output 

1: Yres (binary intege r, real number) 1: 

Example(s) 

l•1sd -
Input Output 

.1 ~ 
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YRNG3: y-Axis Display Range (3D) 

This command specifies the y-axi s displ ay ra nge fo r the Sparcom 3D Gra phics 
Env ironment. This informa tion is s tored in the g loba l va riable 'PPA R3' as Ymin 

and Ymax in the vectors [ Xm in Ym in Zmin [ and [ Xmax Ymax Zmax [. These two 
vectors s pecify the coordinates of two oppos ite corners o f th e display vo lume. 
The defa ult y-ax is display ra nge is -5 to 5. (For more in fo nn ation, sec "More 
About 3D Plotting.") 

YRNG3 is loca ted in the Sparcom PLOT3 RNG menu. 

Entry Method(s) 

Input Output 

2 : Ym in 2: 

1: Ymax l : 

Example(s) 

1-5 5 

Input Output 
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YVAR: y-Variable Name 

This command specifi es the name of the y-variablc for 3D functi ons in the 
Sparcom 3D Graphics Environment. This information is stored in the g lobal 
variable 'PPARJ' as a name. The default y-va riablc is 'Y'. (For more infonna­
tion , see " More About 3D Plotting. ") 

YVAR is loca ted in the Sparcom PLOTJ VAR menu (if th e plot type is 
FUNCJ). 

Entry Method(s) I Input 
le Yva , (name) 

Output 

Example(s) 

Input Output 
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ZRNG3: z-Axis Display Range (30) 

This command specifies the z-axis display range for the Sparcom 30 Graphics 
Environment. This information is stored in the global variabl e 'PPAR3' as Zrnin 

and Zmax in the vectors [ Xrnin Ymin Z111 j 11 ] and [ Xrnax Ymax Z111 ax I- These two 
vectors specify the coordinates of two opposite corners of the display volu111e. 
The default z-axis display range is -5 to 5. (For 111orc infor111atio11, sec " More 
About 30 Plotting.") 

ZRNG3 is located in the Sparcom PL0T3 RNG 111cnu. 

Entry Method(s) 

Input Output 

2: Zmin 2: 

1: 2max I: 

Example(s) 

1-5 5 
Input Output 
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Chapter 13 

Differential Equations Plotting 

Differential equations plotting is accomplished with numeri ca l approximation 
routines utilizing different va riations of Euler's Meth od a nd the 4th-ord er 
Runge-Kutta method. A slope field routine is also included , to help you visual­
ize multipl e solution curves. 

This chapter covers : 

O Using Differential Equations Plotting 
O DIFEO: Sparcom DIFEO Menu 
0 EULER: Euler's Method 
0 EMID: Euler's Method (Midpoint) 
0 EM0D: Modified Euler's Method 
O RK4: Runge-Kulla Method ( 4th-Order) 
0 SLPFD: Slope Field 

Using Differential Equations Plotting 

The Sparcom DIFEO menu is access ible from the Pl otting Toolkit. To get to 
the Plotting Toolkit, follow these s teps : 

0 Press IBl) (L~R!~YI to display all libraries available to yo ur HP 48SX. 

@ Find and press ~ to di spla y the Calculus Pac Library menu. 

@) Press the fo urth softkey, ~ , to displa y th e Pl oning Toolkit menu: 

{ HOME } 

PLOTi! PLOH C•IFEQ Gf;Fi! Gf;F:I PKE',' 

At this point, press ~ to display the Sparcom DIFEO menu. 
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DIFEO: Sparcom DIFEQ Menu 

The Sparcom DIFEO menu plots numerical approximations and s lope field s for 
derivatives. The HP 48SX PLOTR menu or the Sparcom PLOT2 menu are 
used to specify the 2D plot parameters, so you should familiari ze yourself with 
Chapter 11, "2D Plotting." 

Using the Sparcom DIFEQ Menu 

There are two ways to access the Sparcom DIFEO menu from th e stack: 

O Press [E]ffi2!] to display the enhanced Plot menu and press ™ to 
display the Sparcom DIFEO menu . (The Sparcom Plotting Keys must 
be install ed and User mode must be turned on. For more information, 
see " PKEY : Sparcom Plotting Keys" in Chapter 10.) 

O Press ~ ~ ARY]~~™ to di spla y the DIFEO lllcnu. 

There is one way to access the DIFEO menu from the interactive menus: 

O Press [Ei]) [LIBR1RY! ~~ to access the Main lll enu , lllovc the 
pointer to "Plotting: Diff. Eqns.," press [NJJRj to displa y the inforlllation 
screen about differential equation plotting , and press llfilE] to displ ay th e 
Sparcom DIFEO menu. (This will automatically ins tall the Sparcom 
Plotting Keys and t11rn on User mode. For lllOre in fo rlllation , sec 
"PKEY: Sparc0111 Plotting Keys" in Chapter 10.) 

The Sparcom DIFEO menu is summarized below. 

Sparcom DIFEO Menu Operations 

Screen Softkeys 

Sparcom l;IIHl:11:1 ~ ~ ~ ~ -DIFEO Menu 

Key Description 

1;111• :::1:1 Graphs Euler's method applied to dy/dx. 

~ Graphs Euler ' s method (midpoint) applied to dy/dx. 

~ Graphs the lll odifi ed Euler 's method applied to dy/dx. 

lllli.Ulll Graphs the 4th-order Runge-Kulla lll e th od applied to dy/dx. 

1ru1:.1a,1 Graphs the slope field of dy/dx. 
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EULER: Euler's Method 

This command graphs the resul ts of Eul er 's Method as applied to dy/dx in terms 
of x, y, or x and y. Eul er' s Method is defined by these equations: 

d
d.y = f'(x,y), initial condition f(x 0 ) = Yo 

X 

x ,, = x 0 +nh , n= 0, 1,2, . .. ,N, l,iss teps izc 

Y11+1 = Y,, + hf'(x,, ,y,,) 

Entry Method(s) 

Input Output 

3: derivative, dy/dx 3: 

2: initial condition, (xo, YO) 2: 

1: stepsize, h (rea l) I: 

Example(s) 

Plot the solution curve of the initial va lue problem : = f'(x,y) = ys in(3x), 

initial condition f (0) = I , with a stepsizc /, =. 2. To do thi s, fo ll ow these steps: 

0 Set the 2D plot para meters. To do this, press EJffi[j to display the PLOTR 
or PLOT2 menu. Then type O ~ 4 ~ to set the x- range to 0-4 and 
type O [El 2 ~ to set they- range to 0- 2. Press ~ to erase PI CT. 

~ Enter the deriva tive 'Y* SI N(3 *X)' by typing CJ@] Y G]~ 3 EJ@J X 
1EN1ERL If necessa ry, press 15)1i§j to se t Radians mode. 

@) Enter the in itial condition (0, I ) by typing [E]QJ O l5JCJ I IENJERI. 

8 Enter the stepsize .2 by typing .2 IEN1@. 

© If necessa ry, press EJ~ to re turn to the Sparcom DI FEQ menu and press 
~ to plot the solution curve: 
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V 

X 

© Press [filfil when you have finished viewing the plo t. 
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EMID: Euler's Method (Midpoint) 

This command graphs the results of Euler's Method as applied to dy/dx in terms 
of x, y, or x and y. Euler's Method (Midpoint) is defin ed by these equations : 

:~ = f'( x,y) , initial condition f(x 0 ) = Yo 

x,, =x0 +nli , n=0,1,2, ... ,N, l,iss teps ize 

If.,( I, 
Y11+l = y,, + 1. x,, +2, y,,) 

Entry Method(s) 

Input Output 

3: derivative, dy/dx 3: 

2: initial condition , (xo, YO) 2: 

1: stepsize , h (real) I : 

Example(s) 

See "EULER: Euler's Method " for an exa mpl e. 
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EMOD: Modified Euler's Method 

This command graphs the results of Euler's Method as applied to dy/dx in terms 
ofx, y, or x and y. Modified Eul er 's Method is defined by th ese equations : 

:~ = f'(x,y), initial condition f(x 0 ) = Yo 

x,, =x0 +nh, n=0 ,1,2, ... ,N,hisstepsizc 

hf'(x,, ,y,, ) + hf'( x,, + h,y,, ) 
Y11+I = Yn + 

2 

Entry Method(s) 

Input Output 

3: deriva tive, dy/dx 3: 

2: initial condition, (xo, YO) 2: 

1: stepsize, h (real) 1: 

Example(s) 

See "EULER: Euler 's Method" for an example. 
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RK4: Runge-Kutta Method {4th-Order) 

Th is command gra phs the res ults of the 4th-orde r Runge-Kulla meth od asa p­
plied to dy/dx in terms of x, y, or x and y. The 4 th- order Runge-Kutta meth od 
is defi ned by these equations: 

:: = f'(x,y), initia l conditi on f(x 0 ) = Yo 

x,, = x0 + nh , n = 0,1,2, . . . ,N, I, is s teps ize 

k1 = hf'(x,,,y,,) 

k4 = hf'(x,, + /1 ,y,, + k_,) 

k1 k2 k3 k4 s 
y I = y +-+-+-+-+ O(h ) 

. II+ . II 6 3 3 6 

Entry Method(s) 

Input Output 

3: deriva tive, dy/dx 3: 

2: initial conditi on, (xo, YO) 2: 

1: steps ize, h (rea l) 1: 

Example(s) 

See "EULER: Eul er 's M eth od" fo r an exampl e. 
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SLPFD: Slope Field 

This command plots a set of small line segments of appropriate slope al speci­
fied lattice points, given dy/dx in terms of x, y, or x and y. 

Lattice Dimensions 

The default lattice structure is 12 horizontal lattice points, 6 vertical lalli ce 
points, and slope field lines 70% of the width of the lallice sq uares . You can 
override these default values by storing a list of three values in the global vari­
able 'Lattice'-for example, storing { 12 6 .7 } would be identical to the default , 
while storing { 10 10 .5 } would create a IO x l O la II ice grid with slope field 
lines 50% of the width of th e lattice squares. The firs t two values in 'Lattice' 
must be positive integers, while the third value should range fro111 .l (JO%) up 
to 1 (100%) lo control the length of the slope field lines. To return lo the default 
lattice structure, simply purge 'Lallice', us ing the co111111and PURGE. 

Entry Method(s) I Input 
1• dedv,1;v,, dy/d, 

Output 

Example(s) 

Overlay a 10 x 10 x .5 lattice slope field on the solution curve plolled in the 

EULER example for the equation ddy = f'(x,y) = ysin(3x). To do this , follow 
X 

these steps: 

0 If necessary , set the 2D plot para111elers. To do this, press [2JIIEm!] lo dis­

play the PLOTR or PLOT2 111 enu. Then type O I~ 4 ~ lo set the x­

range to 0-4 and type O ~ 2 ~ to sci they-ra nge to 0-2. 

@ Specify the custom lattice dimensions by typing [E}IIIT!] 10 EJ IO I~ .5 

~NIER] to put the list { IO 10 .5 } on the slack. Then type 0@:J@J L 

[E][fil attice ~NlERI@§) to store the list into the global variable 'Lallice' 
(name is case-sensitive). 

@) Enter the derivative 'Y*SIN(3 *X)' by typing CJ@] Y [I]~ 3 (D@J X 

~NlERI. If necessary, press [E]Efil to set Radians 111ode. 
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0 If necessary, press [2]~ to return to the Sparcom DIFEO menu and press 
IIDCifi to draw the slope fi eld : 

t I 
I 

/ / 
/ 

"'" / 
7 / - / - -- .,,,. - - ]i 

@ Press [mEI when you have fini shed v iewing the plo t. 
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Chapter 14 

Vector Toolkit 

The Vector Toolkit organizes 25 of the programmable commands in the 
Calculus Pac into one menu for easy access from the s tack. All of the com­
mands are used to manipulate sy mbolic vectors. 

This chapter covers: 

O Using the Vector Toolkit 
O What is a Symbolic Vector? 
O VKEY: Sparcom Vector Keys 
0 SIMPL: Simplifying Symbolic Result s 
0 VUNlT: Unit Vector 
0 VCROS: Cross Product 
0 VDOT: Dot Product 
O VASS: Vector Leng th (Norm) 
O GRD: Gradient 
O DIV: Divergence 
0 CURL: Curl 
O LAPL: Laplac ian 
O VlOP: Unary Vector Operation 
O V2OP: Binary Vector Opera tion 
O V+: Vector Addition 
O V-: Vector Subtraction 
O V *: Vector Multiplica tion 
O V/: Vector Divis ion 
O VDER: Vector Derivative 
O VINT: Vector Integra l 
CJ SV-. : Vector to Stack 
O -.SV2: Stack to 2-Ekment Vector 
O -.SV3: Stack to 3-El cmcnt Vector 
O VEVAL: Vector Evaluate 
O V-.Q: Vector to Quotient 
O V-.NUM : Vector Evaluate to Number 
O VNEG: Vector Negate 

14: Vector Toolkit 171 



Using the Vector Toolkit 

To get to the Vector Toolkit , follow th ese s teps : 

0 Press (E][@!iYl to display all libraries available to your HP 48SX. 

@ Find and press ~ to display the Calculus Pa c Library menu. 

@) Press the fifth softkey, i'lBJ, to display the Vector T oolkit menu: 

{ HOME > 

The Vector Toolkit menu lists the 25 programm abl e commands used to manipu­
late symboli c vectors. 

Vector Toolkit Operations 

Screen Softkeys 

Vector ~ ~ mHDI ~ ~ ~ 
Toolkit mifilJI IIIIDAW l!l!IID!l l!E;HI ~ ~ - - a.TJa lli'AIII ~ mm ---~ ~ ~ ~ ~ ~ 

~ - - - - -
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What is a Symbolic Vector? . 

The HP 48SX supports both rea l and compl ex vectors, but not symbolic vectors. 
An example of a real vector is [ 1 2 3 ], while an exa mpl e of a compl ex vector is 
[ (0,1) (1,2) ]. However, the object [ X Y Z] is not allowed by the HP 48SX. 
The Calculus Pac circumvents this by trea ting lists as symbolic vectors. An ex­
ample of such a list vector is { X Y Z }. Hereafter, when the term vector is 
used, it refers to either a real vector, a compl ex vector, or a list vector. To be 
considered a vector, an object must satisfy the following crit eria : 

0 A vector can be a rea l or complex array of one dimension . This eliminates 
matrices, such as [ [ 1 2] [ 3 4] ], which has more than one dimension . 
The term two-dimensional vector refe rs to a vector with two elements , such 
as [ 1 2 ]. 

~ A vector ca n be a list of items without further sub-lists, such as { X Y } or 
{ 1 2 3 4 }, but not { { X Y } { W Z } }. The laner might be a symbolic 
matrix, but symbolic matrices are not used or supported by th e HP 48SX or 
the Calculus Pac. 

@) A vector must always contain at least one element. Th erefore, th e empty 
objects [ [ and { } are invalid vectors. 

6 A vector is made up of sca lar components, where a scalar is a rea l number, 
complex number, global name, local nam e, symbolic ex press ion , or unit 
object. Sca lar components can be mixed in a vector, but if any of the com­
ponents are not rea l numbers or compl ex numbers, then the vector mus t be a 
list vector, such as { X Y} or { l (2,3) Z 'SIN(X)' 120_ft }; otherwise, if all 
of the components are real numbers, th e vector ma y be eith er a rea I vector 
or a list vector, such as [ l 2] or { l 2 }; if all the components o f a vector 
are complex numbers, th e vector ma y be either a complex vector or a list 
vector, such as [ (3,4) (5,6) ] or { (3 ,4) (5 ,6) }. 

All commands in the Vector Toolkit accept vectors that satisfy th ese criteria . 
Vector Toolkit commands will return res ults as rea l or compl ex vectors if poss i­
ble, or as list vectors if not poss ible. For example, adding { 1 2 3 } to { 4 5 6} 
will return [ 5 7 9 ], but adding { 1 2} lo { X Y} will return { 'l+X ' '2+ Y' }. 
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VKEY: Sparcom Vector Keys 

This command installs or removes the Sparcom Vector Keys. The Sparcom 
Vector Keys are des igned to support symbolic vector operations in a transparent 
fashion , without inhibiting normal use of your HP 48SX. 

If the Sparcom Vector Keys are not installed , executing VKEY will install them, 
overwriting any user-key assignments for rm, EL m, m, [2][]], IIElrn, 
[ffi], ffi] B], [2]EE] , ffi] [E], [2]~ , and E], and set fla g -60 (User Mode) 
to place your HP 48SX into User mode. (For more inform ation, see Chapter 15 
of the HP 48SX Owner 's Manual , "Customiz ing the Calculator. ") A brief mes­
sage will be s hown to indica te the Sparcom Vector Keys have been install ed. 

If the Sparcom Vector Keys are install ed, executing VKEY will delete the user­
key ass ignments for rm, IC:], m, m, [2][]], IIElrn, [ffi], 13)B], [2]1~, 
ffi][E], [2]~, and E], and cl ea r fl ag -60 (Use r Mode) to remove yo ur HP 
48SX from User mode. A brie f message will be shown to indicate th e Sparcom 
Vector Keys have been removed. 

When the Sparcom Vector Keys arc insta ll ed and yo ur HP 48SX is in Use r 
Mode, certain keys on your HP 48SX keyboa rd w ill be re-de lined as foll ows : 

Sparcom Vector Keys 

Key Action Key Action 

rm V+ 13!BJ V->Q 

IC:] V- [2:JEBJ V-> NUM 

m V* El VNEG 

m V/ 13!~ sv-. 

[El[]] VDER ---+SV2 

[EJIIT] VINT [2)~ SV---+ 

[ffi] VEVA L ---+S V3 

Entry Method(s) 

Input Output 
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Note{s) 

When the Sparcom Vector Keys are installed , you will not be able to interac­
tively edit the list of user-key assignlllents returned by RCLKEYS. This is be­
cause the objects assigned to keys 95.1, 85.l, 75.1, 65.1, 41.3, 42.3, 33.1, 33.2, 
33.3, 53.2, 53.3, and 52.1 are system RPL objects and your HP 48SX cannot edit 
them directly. If you wish to edit the list of user-key ass ignm ents , you lllust ei­
ther first remove the Sparcom Vector Keys or you must use commands such as 
REPL or the Interactive Stack lo indirectly edit the list without placing ii on the 
command line. If you accidentally attempt to interac tively edit the list of user­
key assignments when the Sparcolll Vector Keys are installed , you will have to 
press []EI--C to abort th e editing operation and return to th e stack. (Pressing 
[]EI--C will not damage user memory , but it will clea r th e sta ck and return to the 
HOME directory.) 

The Calculus Pac Illus! be install ed in your HP 48SX for the Sparcolll Vector 
Keys to work correc tly. If you remove th e Calculus Pac while the Sparcolll 
Vector Keys arc installed and your HP 48SX is in User Ill ode, th e re-d e fin ed 
keys will behave as if the Sparcolll Vector Keys were not installed. Upon re-in­
stalling the Calculus Pac and re- entering User mod e, the re-ddined keys will re­
sulll e their customized fun ctions. 

When the Sparcolll Vector Keys are install ed and your HP 48SX is in User 
mode, the following keys will behave slightly differcutl y than norlllal: 

0 [IJ will not concatenate two lists , but will attempt to add th em ele­
lllent-wise. Also, OJ will not append or prepend an object to a list, but 
will at1elllpt to add the object to each elclll ent of th e list. (For lllore in­
formation, see "V+: Vector Addition .") To concatenate two lists or to 
append or prepend an object to a list, press l!Elu[J[IJIENIERI to execute 
the normal + command. 

D IE]CT[J will no longer assemble or disassembl e colllpkx nulllbers 
when flag - 19 (Complex Mode Flag) is set. Instead, (5}I[§] will al­
ways assemble two rea l nulllbers or two colllpl ex numbers into a vec­
tor. (For more information, see "--, SV2: Sta ck to 2-Element Vector.") 

D [ffil will not disasselllbl e and evaluate a lis t, but will attempt to evalu­
ate it elelllent-wise. (For lllore inforlllation , sec "VEVAL: Vecto r 
Evaluate. ") To disassemble and evaluate a list, press l!Elu[Jiffi)iEN@) 
to execute the normal EVAL COlllllland. 
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SIMPL: Symbolic Simplification 

See "SIMPL: Symbolic Simplification" in C llilptcr 8. 
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VUNIT: Unit Vector 

This command normalizes a vector to unit length, w here uni t leng th is de ter­
m ined by dividing the vector element-wise by its leng th (norm ). 

Entry Method(s) 

Input I Output 

I : un it vec tor 

Example(s) 

Input Output 

r 4 3 J NfilUi I .s .6 J 

{ X Y Z } MRDJ { 'X/v'(X *X+Y *Y+Z *Z)' 
'Y/V(X*X + Y *Y +Z*Z)' 
'Z/V(X*X+Y *Y+Z*Z)' } 
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VCROS: Cross Product 

This command returns the cross product of two three-dimens ional vectors as a 
three-dimensional vector. VCROS is a superset of CROSS, ex tended to support 
symbolic vectors . 

Entry Method(s) 

Input Output 

2: three-dimensional vector 2: 

1: three-dimens ional vector I : cross product 

Example(s) 

Input Output 

{XYZ}{XYZ} ~ loo o I 
{XYZ } [1210]~ { 'Y * l0-2*Z' 'Z- LO*X ' 'X *2-Y' } 
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VDOT: Dot Product 

This command returns the num eric or symbolic dot product of two vectors or 
equal size. VDOT is a superse t of DOT, ex tended lo support symbolic vecto rs, 
but not symbolic matrices. 

Entry Method(s) 

Input Output 

2: vector I 2: 

1: vector 2 ( of same dimension) l: dot prod uct 

Example(s) 

Input Output 

{123} 145 6 1 l'ffiill 32 

{WX YZ } {9871} L'lliffi 'W*9+X *8+ Y *7+Z' 
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VABS: Vector Length {Norm) 

This command re turns the length of a vector, which is th e sq uare root of th e sum 
of the squares of the elements. VABS is a supe rset of ABS, ex tended lo support 
symbolic vectors. 

Entry Method(s) 

Input Output 

1: vector I : vector length 

Example(s) 

Input Output 

[123] ~ 3.74165738677 

{XYZ} ~ 'v(X *X+ Y *Y +Z *Z)' 
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GRD: Gradient 

This command returns the gradient of a sca lar as a three-dimens ional vector. 
The result returned depends on tbe coordinate mode selling of tb e HP 48SX­
rectangular, cylindri cal, or spherical. (For more information about coordinat e 
modes, see Chapter 12 of the HP 48SX Owner' s Manual, " Vec tors.") 

Coordinate Variables 

For tbe purpose of taking derivatives, th e default coordinates are { X Y Z } for 
rectangular mode, { RT Z } for cylindrica l mode, and { RT P } for spheri cal 
mode. You ca n override th ese defa ult coordinates by storing a lis t of s ix nam es 
in the global variable 'Coords'-l"or example, s toring { X Y Z RT P } wou ld be 
identical lo tbe defa ult , while storing { x y z p 0 qi} might be an alternative. If 
any of the coordina te va riabl es ex ist in th e current or parent directories, th ey 
wi ll be eva luated to numbers in th e res ult, so you ma y wish to purge th e coo rdi­
nate variabl es before executing this command. To return to th e default coo rdi­
nate variab les, simpl y purge 'Coords ', us ing th e command PURGE. 

Entry Method(s) 

Input Output 

1: scalar I : gradient (three -dimens ional vec-
tor) 

Example(s) 

Input Output 

10 lllmrull Io o o I 
'X * Y' lllmrull { Y XO} 

'R * T * Z' llllfilfiJIII { 'T*Z' 'Z' 'R *T' } 

Note(s) 

Second exa mple uses XYZ mode . 

Third exa mple uses R.i:Z (cylindri ca l) mode. Apply ~ lo res ult. 

All examples use defa ult coordina te variab les of { X Y ZR T P }. 
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DIV: Divergence 

This command returns the divergence of a three-dimensional vector as a scalar. 
The result returned depends on the coordinate mode setting of th e HP 48SX­
rectangular, cylindrical, or spherical. (For more information about coordinate 
modes, see Chapter 12 of the HP 48SX Owner's Manual, " Vectors. ") 

Coordinate Variables 

See "GRD: Gradient." 

Entry Method(s) 

Input Output 

1: three-dimensional vector I: divergence 

Example(s) 

Input Output 

{ X Y Z} lfillTjl 3 

{ R T Z } lfillW '3+1NV(R)' 

Note(s) 

Second example uses XYZ mode. 

Third exa mple uses RAZ (cylindrical) mod e. Apply ~ to result. 

AJI examples use default coordinate var iab les of { X Y Z RT P }. 
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CURL: Curl 

This command returns the curl of a three-dimensiona l vector as a three-dim en­
s ional vector. The result returned depends on the coordinate mode setting of the 
HP 48SX-rectangular, cylindrica l, or spherica l. (For more information abo ut 
coordinate modes, see Chapter 12 of the HP 48SX Owner's Manua l, "Vectors.") 

Coordinate Variables 

See "GRD: Gradient. " 

Entry Method(s) 

Input Output 

1: tl~ree-dimens ional vector I: curl (three-dim ens ional vector) 

Example(s) 

Input Output 

[ I 2 3 ) l!J.filll 1000 1 

{ X Y Z } l!J.filll [ 000 [ 

{ 'R *T' 'T*Z' 'R *Z' } l!lfilll { '-T' '-Z' '-l+INV(R) *T *Z'} 

Note(s) 

Third exa mpl e uses R.:Z (cylindrica l) mode. Apply l3m:o to resu lt. 

All examples use default coordinat e variables of { X Y ZR T P }. 
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LAPL: Laplacian 

This command returns the Laplacian of a sca lar as a sca lar. (IE;II can be ap­
plied to a vector e lement-wise using l'.lfi];j.) Tbe result returned depends on the 
coordinate mode setting of the HP 48SX-rectangular, cy lindrical, or spherical. 
(For more information abou t coordinate modes, see Chapter 12 of tb e HP 48SX 
Owner's Manual, " Vectors. ") 

Coordinate Variables 

See "GRD: Gradient. " 

Entry Method(s) 

Input Output 

1: scalar I : Laplac ian 

Example(s) 

Input Output 

10 lE;II 0 

'R"2*0"2*(j)"2' lE;II '2 *COS(O)/Sl N(O) * 0*(j)"2+ 2 * 
SIN(0)"-2 *0"2+6 * 0"2 *<t>"2+ 2 * <j>"2' 

Note(s) 

Second exa mpl e us es Radians mode, R .... (spherical) mode, and cus tom coord i­
nate variables { X Y ZR O qi }. (Enter O by i(§J!E] F and qi by [§JO IIaJ 9). 
Appl y !3IEl!II to resu lt. 
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V10P: Unary Vector Operation 

This command applies a unary operat ion to a s ingle vector element -w ise. T he 
opera ti on should ta ke one arg ument and return one argument , which wi ll be in ­
serted into the appropriate place in the result vector. A ny va lid opera tion is al­
lowed- list, progra m, command , or other objec t- prov ided it takes exactl y one 
argument from the sta ck and returns exactl y one arg ument lo the s tack . 

Entry Method(s) 

Input Output 

2: vector 2: 

1: opera tion (list,program, command) l : result vector 

Example(s) 

Input Output 

{ 1 2 3 } { SQ } ~ l l 4 9 ] 

{ - 1 -4 4 0 3 } « 2 > » ~ I O O I O I I 
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V20P: Binary Vector Operation 

This command applies a binary operation to two vectors elem ent-wise. The op­
eration should take two arguments and return one argument, which will be in­
serted into the appropriate place in the result vector. Any valid operation is a l­
lowed-list, program, command, or other object- provided it takes exactly two 
arguments from the sta ck and ret11rns exactly one arg ument to the stack. 

Entry Method(s) 

Input Output 

3: vector 1 3: 

2: vector 2 2: 

1: operation (Iist,program, comma nd ) I : result vecto r 

Example(s) 

Input Output 

{123}(456){+} ~ I s 7 9 J 

{ABC}{DEF} «*» ~ { 'A *D' 'B*E' 'C *F'} 

Note(s) 

First exa mple is equivalent to llll!la. 
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V+: Vector Addition 

This command adds a sca lar or vector to anoth er vecto r clement-wise. V + is a 
superset of+ , extended to support interacti ons be tween symboli c vectors and 
sca lars. V + does not conca tena te two lists (as does +), but ra th er attempts to add 
them element-wise. V+ does not append or prepend an object to a lis t (as docs 
+), but rather a ttempts to add the obj ect to each clement of th e lis t. (For more 
informati on, see "V KEY: Sparcom Vector Keys.") 

Entry Method(s) 

Input Output 

2: sca lar or vector 2: 

1: sca lar or vector ( of sa me di m en- I : res ult vector 
s ion) 

Example(s) 

Input Output 

[1 23 J{X Y Z } Ima { ' l+X' '2+Y ' '3 +Z'} 

3 { X Y } Ima { '3+X' '3 + Y' } 

{ X y }3 Ima { 'X+3' 'Y +3' } 

{ lO_ft l_h } { 12_in l O_s} Ima { J32_ill 36 10_s} 
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V-: Vector Subtraction 

This command subtracts a sca lar or vector from another vector or sca lar ele­
ment-wise. V- is a superset of-, extended to support interactions between 
symbolic vectors and scalars. 

Entry Method(s) 

Input Output 

2: sca lar or vector 2: 

1: sca lar or vector (of same dimcn- I : result vector 
sion) 

Example(s) 

Input Output 

(123]{XYZ} - { 'l - X' '2- Y' '3- Z'} 

3 { X Y} - { '3-X' '3- Y' } 

{ X y }3 - { 'X- 3' 'Y - 3' } 
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V*: Vector Multiplication 

Th is command multiplies a sca lar or vector to another vector element-wise. V * 
is a superset of *, extended to support interacti ons be tween symboli c vectors 
and sca la rs, except that V * is meaningless fo r tw o vectors. 

Entry Method(s) 

Input Output 

2: sca lar or vector 2: 

1: scal ar or vector 1: res ult vector 

Example(s) 

Input Output 

[1 23 ]3 .._ [ 369 ] 

3 { X Y } -.. { '3 *X' '3 *Y ' } 

14: Vector Toolkit 189 



V/: Vector Division 

This command div ides a sca lar or vector into another vector clement-wise . V/ is 
a superset of /, ex tended to support interacti ons be tween symboli c vectors and 
sca lars, except that V / is mea ningless fo r two vec tors. 

Entry Method(s) 

Input Output 

2: scalar or vector 2: 

1: sca lar or vector I: res ult vector 

Example(s) 

Input Output 

( 369 ]3 - I I 2 3 I 

3{XY} - { '3/X' '3/Y' } 
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VDER: Vector Derivative 

This command diffe rentia tes a vector element-w ise w ith res pect to th e specified 
va riable. VDER is a s uperset o r u, ex tend ed to support symbolic vectors. 

Entry Method(s) 

Input Output 

2: vector 2: 

I : va ria ble (name) 1: res ult vector 

Example(s) 

Input Output 

[ 1 2 3 ] 'X' ~ 1000 1 

{ '2*X' 'X* Y' } 'X' ~ { 2 y} 
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VINT: Vector Integral 

This comm and integrates a vector element -w ise w ith respect to th e spec ifi ed 
variabl e and over th e specifi ed interva l. VINT is a superset off, ex tended to 
support symboli c vectors. 

Entry Method(s) 

Input Output 

4 : interva l sta rt (scalar) 4: 

3 : interval end (scalar) 3: 

2: vector 2: 

1: va riable (name) l : res ult vector 

Example(s) 

Input Output 

0 ':re' { 'SIN(X)' 'COS(X)' } 'X ' mill I 2 0 I 

Note(s) 

Exampl e uses Radians mode. 
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sv- : Vector to Stack 

This command disassembles a vector. SY-+ is a superset of V-., ex tended to 
support symbolic vectors. 

Entry Method(s) 

Input Output 

N : N: sca lar I 

... . .. 

1: 11-dimensional vector I: sca lar N 

Example(s) 

Input Output 

f1 23] 1Ei'J:1111 l 2 3 

{ X y } IEl'J:llll 'X''Y' 
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-sv2: Stack to 2-Element Vector 

This command assembles a two-d imensional vector. ----,SV2 is a superse t of 
...... v2, extended to s upport symbolic vectors. ----,SV2 does not disting uish among 
XYZ, R"Z, and R"" modes w hen assembling a symbolic vector. ...... SV2 does 
not assemble a complex number w hen fl ag - 19 (Complex Mode Flag) is set; it 
always assembles a vector. (For more info rmation, see "VKEY: Sparcom 
Vector Keys .") 

Entry Method(s) 

Input Output 

2 : sca lar 1 2: 

1: sca lar 2 I : two-dimensional vector 

Example(s) 

Input Output 

'X' 'Y ' ~ { X y} 

12 ~ I I 2 I 
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- SVJ: Stack to 3-Element Vector 

This comm and assembles a three-dim ensio nal vector. -.SV3 is a superse t or 
-, V3, ex tended to support symbolic vectors. -.SV3 docs not dis ting uish among 
X YZ, R.,Z, and R .i:.i: modes w hen assembling a symbolic vector. 

Entry Method(s) 

Input Output 

3: scalar l 3: 

2: sca lar 2 2: 

l : sca lar 3 1: three-dimcnsiona I vector 

Example(s) 

Input Output 

'X' 'Y ' 'Z' ~ { X Y Z} 

1 23 ~ [ 1 23 I 
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VEVAL: Vector Evaluate 

This command evaluates a vector e lement-w ise. VEY A L is a superset o f 
EV AL, extended to support symbolic vectors. VEVA L does not disasse lllbl e 
and evaluate a list (as does EVAL), but rather all elllpt s to eva lua te it de lll ent­
wise. 

Entry Method(s) 

Input Output 

1: vector I: res ult vecto r 

Example(s) 

Input Output 

{ '1+2' '2+3' } ~ 13 s I 
{ X Y Z } ~'Lilli Sec Notc(s) 

Note(s) 

The result of th e second exalllple w ill depend on th e contents o f th e globa l va ri ­
ables X, Y , and Z. If none o f th em ex is t, th e result w ill be { X Y Z }; o th c1w isc, 
the result w ill vary. 
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v-a: Vector to Quotient 

This command converts a vector to a rational form element-w ise. V--. Q is a su­
perset of --.Q, ex tended to support symbolic vectors. 

Entry Method(s) 

Input I 1, " '"" vecto~utput 

Example(s) 

I [ 1.54.8 [ 

Input I Output 

( '3/2"24/S' J 
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v~NUM: Vector Evaluate to Number 

This command evaluates a vector into a numerica l res ult e lement-wise. 
V-.NUM is a s uperset of -.NUM, ex tended to support sy mbolic vectors. 

Entry Method(s) 

I,, vwm 

Input 

Example(s) 

Input Output 

{ '1+2' '2+3'} ~ I 3 s I 
{XYZ} ~ Sec Notc(s) 

Note(s) 

The result of th e second exa mple w ill depend on th e rn ntcnts of th e globa l va ri­
abl es X , Y , and Z. If none of them ex ist, the res ult will be { X Y Z}; o th erw ise , 
the result will vary. 
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VNEG: Vector Negate 

This comma nd changes the sign of a vector clement-w ise. VNEG is a s uperset 
of NEG, ex tended to support symboli c vectors. 

Entry Method(s) 

Input 
1 1, "'"II vwo~utput 

Example(s) 

Input Output 

[ 123 ]~ [ -1 -2-3 J 

{X Y } ~ { '-X' '-Y'} 
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Appendix A 

Warranty and Service 

Pocket Professional TM Support 

You ca n ge t answers to yo ur questions about using yo ur Pocket Profcssional T" 
Pac from Sparcom. Jf yo u don ' t find th e information in this manual or in th e HP 
48SX Owner's Manual, co ntact us in o ne of the following ways : 

0 E-Mail 

From Internet: s11ppo rt@sparco111.co111 
From Compuserve: >ln ternet :support@sparcom.com 
From FidoNet: To:support@s parcom.com 

@ Standard Mail 

Sparcom Corpora tio n 
897 NW Grant Av enue 
Corva llis , OR 97330 
Attn: Technical S upport De partment 

@) Telephone 

(503) 757--8416 
9 a.m . -- 5 p.m . Pac ifi c Standard Time 

6 FAX 

(503) 753--7821 
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Limited One-Year Warranty 

What is Covered 

A Pocket Professional '" Pac is warranted by Sparcom Corpora tion aga ins t de­
fects in material and workma nship for one year fro m th e dat e of original pur­
chase. If you sell your applicat ion ca rd or g ive it as a gi rt , th e wa rrant y is auto­
maticall y transfe rred to th e new owner and remains in effec t for th e orig inal 
one-year period . During th e warranty period , we w ill repair or replace (a t 11 0 

charge) a product tha t proves to be defective, prov ided yo u return th e product 
and proof of purchase, shipping prepaid, to Sparcom. 

What is Not Covered 

This warranty does not apply if the product ha s been dama ged by acc ident or 
misuse or as the result of serv ice or modifi ca ti on by any entit y o th er than Spar­
com Corporation. 

No other warranty is given . The repa ir or repl acement of a product is your ex­
clusive remedy . ANY OTHER IMPLIED WARRANTY OF MERCHANT­
ABILITY OR FITNESS JS LIMITED TO THE ONE-YEAR DURATION OF 
THIS WRITTEN WARRANTY . IN NO EVENT SHALL SPARCOM 
CORPORATION BE LIABLE FOR CONSEQUENTIAL DAMAGES. 
Products a re sold on th e basis of spec ifi ca ti ons applicable at th e time or manu­
facture . Sparcom s hall have no obligatio n to modify or upda te produ cts , once 
sold. 

If the Application Card Requires Service 

Sparcom will repa ir an applica tion card , o r replace it w ith th e sa me model or 
one of equal or better fu nc ti onalit y, whe the r it is unde r warra nt y or no t. 

Service Charge 

There is a fixed charge for standard out-of-warranty repairs . This cha rge is sub­
ject to th e cus tomer 's loca l sales o r va lue-a dd ed tax, w hereve r applicable. 
Application cards damaged by acc iden t or misuse arc not covered b y fixed 
cha rges. These charges arc indiv iduall y determined based on time and material. 
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Shipping Instructions 

If your application card requires service, ship it to the above address and: 

0 Include your return address and a description or the problem. 

@ Include a proof of purchase date if the warranty has not ex pired. 

~ Include a purchase order, along with a check or credit card number and ex­
piration date (VISA or MasterCard) , to cover the standard repair charge. 

6 Ship your application card, postage prepaid , in protective packag ing ade­
quate to prevent damage. Shipping damage is not covered by th e warranty, 
so insuring th e shipment is recomm ended . 

Application cards are usually serviced and re-shipped within five working days. 

Environmental Limits 

The reliability of an application card depends upon the following temperature 
and humidity limits: 

0 Operating Temperature: 0 to 45° C (32 to I 13° F). 

@ Storage T emperature: -20 to 60° C (-4 to 140° F). 

~ Operating and Storage Humidity: 90 % relative humidity at 40° C (104° F) 
maximum. 

A: Warranty and Service 205 



206 A: Warranty and Service 



Appendix B 

Piecewise Functions 

This appendix describes in detail the entry and syntax of piecewise functi ons . 
(For more information , see "Entering a Piecew ise Function " in Chapter 2.) 

What is a Piecewise Function? 

Piecewise functions are functions that take on different functional forms 
(expressions) over different regions of the independent variable (regions): 

f(x) = . 
{

expression 1 

expresswn 2 

region 1 

region 2 

The HP 48SX supports th ese types or functi ons by means or the IFTE rn111-
ma11d: 

f(x) = IFTE(region I , expression I, expression 2) 

(For more information about IFTE, see Chapter 26 of the HP 48SX Owner's 
Manual, "Tests and Conditional Structmcs.") 

The Calculus Pac enables you to easily enter piecewise functions by a sequence 
of intera ctive prompts. 

The input at each prompt defin es a s ingle term in the piecewise function and re­
quires two arguments: an expression and a region. The sequence or prompts is 
terminated by press ing @with a blank co111mand line , and the piecewise fun c­
tion is th en created. 

The result will be an equation describing the piecew ise function by means of 
nested IFTE COlllmands. If PWISE was executed from the interactive lllenus, 
the result will be displayed in a result screen ; otherwise, if PWISE was executed 
from the stack, the result will be ren1rned to level 1. 
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Entry Rules 

There are a few rules that must be followed to co rrec tly specify piecewise fun c­
tions: 

0 Use== in place of=. The HP 48SX uses the = operator onl y for ass igning 
variables, while the== command is used to check for equalit y. Therefore, 
the region x = 0 should be entered as 'X==O'. See Example l. 

~ To make a section of a piecewise fun ction und e fin ed, press I@] ~ to 
enter UNDEFINED as th e ex press ion for the term , along with th e corre­
sponding region. An UNDEFINED term will automaticall y be appended to 
complete all one-term piecewise function s. (Note: UNDEFINED is s illlpl y 
a global name that presumably does not exis t in user lll emory and will 
therefore relllain uneva luated when plolling .) See Example 2. 

@} Always specify tenns in the foncti on in order of increas ing reg ions . For ex­
ample, specify the te rm for the reg ion x < -3 before th e te rlll for th e reg ion 
x < 3. This is because the HP 48SX will not properl y eva luate expressions 
like '-3<X<3', so this reg ion must be entered as 'X<3'. However, this would 
incorrectly imply that the corresponding ex press ion should be used for all 
values of X less than 3, so you must have first entered a term for th e reg ion 
X s -3. Sec Example 3. 

6 For regions like x = 2,3 th e entry lllUSt be split into two separate terlll s be­
cause the HP 48SX will not recognize an ex press ion like 'X==2,3'. 
Therefore, enter the same expression twice, for two different reg ions, one 
'X==2' and one 'X==3'. Also, enter more spec ific tcrlll s (such 'X ==2') be­
fore less specific terms (s uch as 'X.,2 '). See Example 4 . 

© The region of th e final term is always ig nored, because it is assullled that 
the express ion of the fin al tcrlll gove rns all rcllla ining values or the inde­
pendent variable not specified by th e reg ions of a II prev ious tcrlll s. (No te in 
the generalized piecewise fun ction shown at the beg inning of this section 
that th e second reg ion is unnecessary and th erefore ignored in th e IFTE 
command.) For this reason, the region of the final terlll docs not have to be 
strictly correct, but it lllUSt s till be a va lid HP 48SX equation. For example, 
if th e first region is 'X==2' and th e second region is 'X==3', the third reg ion 
should be 'X.,2,3', but si nce th e HP 48SX w ill not recognize an ex press ion 
like that , it can he sa fel y entered as 'X.,2' because it w ill be ignored. Sec 
Example 4. 
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Examples 

{

sin(x)/ x x ,., 0 
Example 1: Define the piecewise function f (x) = 

1 x=O 
This will require two terms. 

The fi rs t term cons is ts o f the express ion 'SIN(X)/X ' and th e reg ion 'X ,.,Q'. Enter 
this in fo rma tion until your screen appea rs as fo ll ows : 

ALG PRG 
{ HOME SPARCOM CALCUD > 
Enter term or ENTER: 
• expression region 
< eqn eqn) 
1SINCX)/X 1 1 X;tB 1 IEBIIIIIFJIIIII ______ __ 

Press IENTERI to accept th e firs t term . You w ill be prompted fo r anoth er tenn. 

The second term cons ists of th e ex pression l and th e reg ion 'X= =O' . Ent er this 
info rm ation until your screen appea rs as fo ll ows. 

ALG PRG 
< HOME SPARCOM CALCUD > 
Enter term or ENTER: 
• expression region 
( eqn eqn ) 

1 1 X==B 1 IEBIIIIIFJIIIII ______ __ 

Press IEN!ERI to accept th e second te rm . You w ill he prompted for ano th e r term . 

A t this third prompt, press~ to terminate th e entry, and th e res ult w ill be 
calcula ted (di splay ass umes PW ISE was execut ed fro m th e interac ti ve m enus): 

Piecewise Function 
• 'IFTE(H;t O,S IM CH) I H, l )' 

The res ult ca n be v iew ed in th e Equ a ti on W rit er, copied to th e s tack, o r printed 
on an IR printer. When you have fi ni shed v iew ing th e result , press IIIDllll to re­
turn to th e Fun ction Libra ry menu , ~ to return to the Ma in menu , o r m!E] to 
quit th e Calculus Pac. 
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Example 2: Define the piecewise function f( x ) = . 
{

sin(x) / x x.-0 

undefin ed x = 0 

This will require either one or two terms, beca use if you ente r only a s ingl e 
term, the second, UNDEFINED term will automati ca lly be appended. 

The first term consists of the expression 'SIN(X)/X' and th e reg ion 'X.-0'. Enter 
this information until your screen appears as fo ll ows: 

ALG PRG 
{ HOME SPARCOM CALCUD > 
Enter terrn or ENTER: 
• expression region 
( eqn eqn) 
1 SIN(><)/X 1 1X#0 1 IEEllll'JII ______ __ 

Press ~NIERI to accept the first term . You will be prompted for another tcrlll . 

At this second prompts, you can e ither press f r-iffITT to tenninate th e entry, or ente r 
a second term, which will cons ist of the ex press ion UNDEFINED and th e reg ion 
'X==O'. If you choose to enter the second terlll , ente r this inforlllation until yo ur 
screen appears as follows: 

ALG PRG 
{ HOME SPARCOM CALCUD > 
Enter terrn or ENTER: 
• expression region 
( eqn eqn) 

UNDEFINED 1 X==B 1 IEEllll'JII ______ __ 

Press IENlERI to accept the second term . You will be prolllptcd for another tcrlll . 

At this third prompt ( or at th e second prom pt if yo u choose no t to enter th e sec­
ond te rm) , press ,NJER to terlllinate th e entry, and th e res ult w ill be ca lculated 
(display ass umes PWISE wa s executed frolll the interactive menus): 

Piecewise Function 
• 'IFTECX~O,SINCX)IX , UNDEFINED)' 

The result can be viewed in the Equation Writer, copied to th e sta ck, o r printed 
on an IR printer. When yo u have finished viewing the res ult , press IIJ1;II to re­
turn to th e Function Library lllenu , IM.:IEJ to return to the Ma in lll enu , o r l@EI to 
quit th e Calculus Pac. 
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Example 3: De fin e th e piecewise fun c ti on f (x) = j!:: ~ 
?x - 2 

This w ill require three terms. 

X < -3 

- 3 :S X S 2. 

X > 2 

The first term cons ists of the ex press ion '3*X+2' and the reg ion 'X<-3 '. Enter 
this in fo rm ati on until your screen appears as fo ll ows: 

ALG PRG 
< HDHE SPARCDH CALCUD ) 

Enter term or ENTER: 
• expression re9ion 
( eqn eqn) 

I 3*:X:+2 I I X<-3 I ------------
Press ~NIER! to accept the first term . You w ill be prompted for anoth er lenn . 

The second term consists of the ex press ion '2*X+ 7' and th e reg ion 'X:s2'. Enter 
this in fo rmati on until your screen appea rs as fo ll ows. 

ALG PRG 
< HDHE SPARCDH CALCUD ) 

Enter term or ENTER: 
• expression re9ion 
( eqn eqn ) 
12*:X:+7' I :X:£2 1 ------------

Press ~NIER! to accept th e second term. You wi ll be pro mpted for another term. 

The third term cons ists of th e ex pression '7 *X- 2' and the reg ion 'X>2'. Ent er 
this in fo rm ation until yo ur screen appea rs as fo ll ows. 

ALG PRG 
{ HDHE SPARCDH CALCUD ) 

Enter term or ENTER: 
• expression re9ion 
( eqn eqn ) 
I 7*:X:-2 I I :X:>2 I ------------

Press ~NlER! to accept th e third te rm . You w ill be prompted for anoth er term . 

Al this fourth prompt , press llliITE) lo terminat e the entry, and the result w ill be 
ca lculated (display assumes PWISE was executed from th e interactive menus): 

B: Piecewise Functions 211 



Piecewise Function 
• 'IFTE(X(-3, 3~X•l , IFTE(X:!:l , l~X•7 ,;., , 

The result ca n be viewed in the Equation Writer, copied to th e sta ck, or printed 
on an IR printer. When you have fini shed viewing the result , press llllffilll to re­
turn to the Function Library menu, IMilRl to return to the Main menu , or [@El to 
quit the Calculus Pac. 
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Example 4: De fin e th e piecewise function 

This will require three terms. 

! X f(x) = (x - 2)/x - 3) 
X _,. 2,3 

X = 2,3 

The first te rm cons ists of the ex press ion I and th e region 'X==2'. Enter thi s in ­
formation until your screen appears as follows: 

ALG PRG 
< HOME SPARCOM CALCUD } 

Enter term or ENTER: 
• expression region 
( e9n e9n) 

1 'X==2' EIIIIIIF.JIII ______ __ 

Press [NlERI to accept th e first term . You will be prompted for anoth er tenn . 

The second term consis ts of the express ion I and the region 'X==3'. Enter this 
in fo rmation until your screen appea rs as follows. 

ALG PRG 
< HDME SPARCDM CALCUD } 

Enter term or ENTER: 
• expression region 
( e9n e9n) 

1 1 X==3' EIIIIIIF.JIII ______ __ 

Press [NlERI to accept the second term. You will be prompted for another term. 

The third term cons is ts of the ex press ion 'X/((X-2)*(X- 3))' and th e reg ion 
'Xa<2'. Enter this information until yo ur screen appears as follows . 

ALG PRG 
< HOME SPARCDM CALCUD } 

Enter term or ENTER: 
• expression region 
( e9n e9n) 
,,,( (X-2)*(X-3))' 'X;i!2' EIIIIIIF.JIII ______ __ 

Press [NTERI to accept th e third te rm . You will be prompted fo r another term . 

At this fourth prompt, press Nl ER to terminate the entry, and th e result will be 
calculated (display assumes PWISE was executed from th e interact ive menus): 
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Piecewise Function 
-+ 'IF TE ( l(:: i!, 1, IF TE ( l(:: 3, 1, ll I ( ( ll-i!) l,,, 

The result can be viewed in the Equ ation Writer, copied to the stack, or printed 
on an IR printer. When you have fini shed v iew ing th e res ult , press 11.'1;11 to re­
turn to the Function Libra ry menu , ~ to return to th e Main menu , or lill1EJ to 
quit the Calculus Pac. 
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Index 

Special Characters 

+ 187 
- 188 
* 189 
/190 
D 191 
f 192 
2D Graphics Environment 104 

accessing 95 
centering th e graph 107 
coordinate display 107, 128 
function analysis operations 

108 
jumping to any value 107 
operations 105 
tagging the graph 109 
tra cing an equation 108 
using 104 
zoom opera lions 106 

3D Graphics Enviro1u11ent 126 
background 116 
controlling the resolution 117 
demonstrations 113 
display ranges 117 
display volume 117 
divide-by-depth method 117 
eye point 117 
bidden line removal 118 
multiple graphs 118 
operations 126 
tracing an equation 127 
using 126 
variable domains 117 

viewing box 128 
xy-plane proj ection 128 

A 

ABS 180 
ACOT 81 
ACOTH 82 
ACSC 81 
ACSCH 82 
alpha lock 21 
application ca rd 

environm en tal limits 205 
installing I 0 
removing 11 
service 204 
shipping 205 

ASEC 81 
ASECH 82 

C 

centering th e graph 107 
changing the font size 19 
changing units 56 
clearing the command line 35, 49 
COLCT 69 
Constant Library 55 

copying constants to stack 56 
operations 56 
printing constants 56 
using the search mode in 56 
viewing a constant 56 
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conventions 
manual 10 

coordinate display 107, 128 
coordinate modes 181 
Coords 181 
copying data from stack 22 
COT81 
COTH82 
CROSS 178 
cross product 178 
csc 81 
CSCH 82 
cubic splines 26, 80 
CURL 183 

D 

DEFIN 91 
definitions 

hyperbolic 61 
trigonometric 61 
vector 64 

DELTA 75 
delta functions 75 
demonstrations (3D) 113 
DIFEQ menu 

accessing 162 
operations 162 

differential equations 
Euler's Method 163,165,166 
Runge-Kuna Method 167 

directory 
CALCUD 13 
HOME 13 
SPARCOM 13, 90, 91 

DIV 182 
divergence 182 
DOT 179 
dot product 179 
DRAW3130 

E 

editing text 21 
ellipsis, meaning of 20 
EMID 165 
EMOD 166 
enhanced Plot menu 97 
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EQ 

accessing 95 
operations 97 

contents of 108,109,116 
storing equation I 37 
storing x-component 138 
storing y-component 139 
storing z-component 140 

ERASE 131 
erasing PICT 13 I 
EULER 163 
Euler's Method 

midpoint 165 
modified 166 
standard 163 

EVAL 196 
EXPAN 69 
eye point (3D) 132 
EYE3 132 

F 

fitting 
cubic splines 26, 80 
many poinL-; 27, 78 
one point/slope 25 , 79 
polynomial 27, 78 
two points/slopes 26, 80 

!lags 
system 13 
user 13 

font size 
changing 19 
flag controlling 13 

FUNC3 133 
function analysis menu 

operations 109 
Function Library 23 

menu items 24 
operations 24 

Function Toolkit 67 
DELTA 75 
hyperbolic functions 82 
LOGA 76 
operations 68 
PINTR 78 
PROOT 71 
PTSLP 79 



PWISE 73 
QPWR 74 
ROOTP 72 
SIMPL 69 
SPLIN80 
trigonometric functions 81 
TYLRA 70 

functions 

G 

analysis of 108 
delta 75 
drawing (3D) 130 
hyperbolic 61, 82 
limit analysis 50 
logarithm, any base 76 
piecewise 28, 73, 207, 208 
rational power 74 
slope field 168 
Taylor expansion 31, 70 
trigonometric 61, 8 1 

global variables 
Coords 181 
Lattice 168 
PICT, see PICT 
PPAR, see PPAR 
PPAR3 , see PPAR3 
USRINTEG 90, 91 

gradient 181 
Graphics environm ents 

2D see 2D Graphics 
Environment 

3D 126 
graphs, see pictures 
GRD 181 
Greek alphabet 59 
GRF2, see 2D Graphics 

Environment 
GRF3 , see 3D Graphics 

Environment 

H 

bidden line removal 118 
byperbolics 

defi nitions 61 
pict11res 62 

IFTE 207 
INDEF 90 
input screens 21 

clearing the command line 35, 
49 

installing an applica tion ca rd 10 
Integra l Tables 39 

choosing a section 4 I 
menu items 40 
opera tions 40 
solving an integra l 42 

definite or indefinite 42 
entering constants 43 
entering limits 43 
viewing the result 44 

storing user-defined integrals 
45,90,91 

using the sea rch mode in 41 
viewing in Equa lion Writer 41 

integration 
definite 91 
indefinite 90 
lower sum 34, 85 
midpoint sum 34, 87 
Simpson's Rule 34, 89 
trapezo idal method 34, 88 
upper sum 34, 86 

Integration Analysis 33, 36 
operations 34 
techniques 34 

Integra tion Toolkit 83 
DEFIN 91 
lNDEF 90 
LEFT 85 
MIDPT 87 
operations 84 
RIGHT 86 
SIMPS 89 
TRAPZ 88 

Interact ive Stack 22 
interpolating polynomial 27, 78 

J 

jumping lo any value 107 
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L 

LAPL 184 
Laplacian 184 
Lattice 168 
LETT 85 
left rectangles 34, 85 
Library Menu 12 

operations 12 
Limit Analysis 47 

Continuous Mode 49 
menu items 48 
of fun ctions 50 
of recursion relations 53 
of sequences 51 
of series 52 
operations 48 
Singl e-Step Mode 49 

loading data from stack 22 
LOGA 76 
logarithm, any base 76 
lower sum 85 

M 

Main Menu 17 
menu items 18 
operations 18 

manual conventions 10 
memory 

free 13 
requirements 13 

menus 
DIFEO, see DIFEO menu 
Enhanced Plot 97 
function analysis 108 
Function Library 24 
Integra l Tables 40 
Library 12 
Limit Analysis 48 
Main 18 
PLOTZ, see PLOT2 menu 
PLOT3 EON 121 
PLOT3 PTYPE 121 
PLOT3 RNG 123 
PLOT3 VAR 124 
PLOT3 , sec PLOT3 menu 
Refe rence Data 58 
zoom 106 
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midpoint rectangl es 34, 87 
midpoint sum 87 
MIDPT 87 
moving around the screen 19 
multiple 3D graphs 118 

N 

names, see g lobal variables 
NEG 199 
norm of a vector 180 
-.NUM 198 

p 

PCURV3 134 
PDlM 135 
PI CT 106 

as viewing plane 11 7 
copying to stack 127 
dimensioning 135 
erasing 13 1 

pictures 
hyperbolic 62 
trigonom etric 62 

piecewise fun ctions 28, 73 
definition of 207 
entry rules 208 
exa mples or 209 

PINTR 78 
PKEY 95 
plot type (3 D) 

FUNC3 133 
PCU RV3 134 
PSURF3 136 

PLOT2 menu 
accessing 95, 102 
operations I 03 
s tatus message 102 

PLOT3 menu 
accessing I 19 
EON menu 12 1 
operati ons 120 
PTYPE menu 121 
RNG menu 123 
status message 97, 1 19 
VAR menu 124 

Plolling Toolkit 93 



DRAW3 130 
EMID 165 
EMOD 166 
enhanced Plot menu , see en-

hanced Plot menu 
ERASE 131 
EULER 163 
EYE3 132 
FUNC3 133 
GRF2, see 2D Graphics 

Environment 
GRF3, see 3D Graphics 

Environment 
operations 94 
PCURV3 134 
PDIM 135 
PSURF3 136 
RK4 167 
SLPFD 168 
STEQ 137 
STOX 138 
STOY 139 
STOZ 140 
TDOM 141 
TRES 142 
TVAR 143 
UDOM 144 
URES 145 
UVAR 146 
VBOX 147 
VDOM 148 
VRES 149 
VVAR 150 
XDOM 151 
XRES 152 
XRNG3 153 
XVAR 154 
XYPRJ 155 
YDOM 156 
YRES 157 
YRNG3 158 
YVAR 159 
ZRNG3 160 

point-slope fitting 25, 26, 79, 80 
polynomials 

building 29, 72 
interpolating 27, 78 
so lv ing 30, 71 

PPAR 

contents of 110 
PPAR3 128 

. contents of 128 
PROOT 71 
PSURF3 136 
PTSLP 79 
PWJSE 73 

a 
-->Q 197 
QPWR 74 

R 

RAM, sec memory 
rational power functions 74 
recurrence relations 53 
Reference Data 57 

Greek alphabet 59 
menu items 58 
operations 58 
SI prefixes 60 
trig relations 63 
trig/hyp defi nitions 6 1 
trig/hyp pictures 62 
vector formulas 64 

relations 
trigonometric 63 
vec tor 64 

remov ing an application card 11 
Result Screen 

operations 32, 38, 44 
Riemann stuns 

lower 34, 85 
midpoint 34, 87 
upper 34, 86 

RIGHT 86 
right rectangles 34, 86 
RK4 167 
ROM card , sec application ca rd 
root-finding 30, 71 
ROOTP 72 
Runge-Kulla Method 167 

s 
Search Mode 20 
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SEC81 
SECH 82 
sequences 51 
series 52 
SI prefixes 60 
SIMPL 69, 176 
SIMPS 89 
Simpson's Rule 34, 89 
slope field 168 

lattice 168 
SLPFD 168 
Sparcom 

address 203 
FAX 203 
how to contact 203 
telephone 203 

SPUN 80 
splines, cubic 26, 80 
stack, loading data from 22 
STEQ 137 
storing an equa tion 137, 138, 139, 

140 
STOX 138 
STOY 139 
STOZ 140 
SV ----> 193 
---->SV2 194 
---->SV3 195 
symbolic simplificat ion 69, 176 
symbolic vectors 173 
system flags 13 

T 

tagging the graph I 09 
Taylor expansion 31, 70 
TDOM 141 
technical support 203 
text editing 21 

operations 21 
Toolkit 

Function 67 
Integration 83 
Plotting 93 
Vector 172 

tracing an equation 
2D 108 
3D 127 
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trapezoidal method 34, 88 
TRAPZ 88 
TRES 142 
trigonometry 

definitions 61 
pictures 62 
relations 63 

llllorial (3D) 113 
TVAR 143 
TYLRA 70 

u 
UDOM 144 
unit vectors 177 
units 

changing 56 
!lag controlling 13 

upper sum 86 
URES 145 
user flags 

flag 57 (font) 13 
llag 58 (hidden) 13, 118 
llag 6 I (units) I 3 

user-defined integrals 
storing 45 , 90, 91 

user-keys 
plotting 95 
vector 174 

USR1NTEG 90, 91 
UVAR 146 

V 

V----> 193 
V+ 1'2.7 
V- 188 
V * 189 
V/ I 90 
VIOP 185 
----> V2 194 
V2OP 186 
----> V3 195 
VASS 180 
variables, see global variables 
VBOX 147 
VCROS 178 
VDER 191 



VDOM 148 
VDOT 179 
Vector Toolkit 172 

CURL 183 
DIV 182 
GRD 181 
LAPL 184 
operations I 72 
SIMPL 176 
SY-> 193 
--->SV2 194 
--->SV3 195 
V+ 187 
V-188 
V * 189 
V/ 190 
VlOP 185 
V2OP 186 
VABS 180 
VCROS 178 
VDER 191 
VDOT 179 
VEVAL 196 
VINT 192 
VNEG 199 
V---->NUM 198 
V--->Q 197 
VUNJT 177 

vectors 
addition 187 
assembling 194, 195 
binary operation 186 
coordinate variables 181 
cross product l 78 
derivative 191 
disassembling 193 
division 190 
dot product 179 
evaluate to number 198 
evaluating I 96 
formulas 64 
integral I 92 
multiplication 189 
negating 199 
normalizing 177 
subtraction 188 
symbolic I 73 
to quotient 197 
unary operation 185 

unit vectors 177 
vector length 180 
vector norm 180 

VEVAL 196 
viewing box 128 
viewing it ems too wide for the dis-

play 20 
VINT 192 
VKEY 174 
VNEG 199 
V--->NUM 198 
V--->Q 197 
VRES 149 
VUNIT 177 
VVAR 150 

w 
warranty 204 

X 

x-axis display range (3D) 153 
XDOM 151 
XRES 152 
XRNG3 153 
XVAR 154 
xy-plane projection 128 
XYPRJ 155 

y 

y-axis display range (3D) 158 
YDOM 156 
YRES 157 
YRNG3 158 
YVAR 159 

z 
z-axis display range (3D) 160 
zoom menu 

operations 106 
zooming 106 
ZRNG3 160 
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Sparcom 

Sparcom Corporation 
897 NW Grant Avenue 
Corvallis, OR 97330 

To order any Sparcom product that your retailer does not carry, 
call: (503) 757-8416 or FAX (503) 753-7821 

Prir.ted in USA © 9/91 
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