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Introduction

The HP 49G is the first calculator that features both an algebraic-entry interface and the RPN (Reverse Polish
Notation) interface so familiar to users of other HP calculators. With its powerful computer algebra system,
the HP 49G is the most advanced scientific calculator to-date. It does all of the following (and more):

- Allows easy retrieval of previous answers and entries;

- Displays algebraic expressions in textbook format;

» Generates tables (including a ZOOM feature);

= Does dimensional analysis with units;

= Works with functions, parametric and polar equations, conic sections and inequalities;
+ Solves equations;

= Does financial calculations;

- Computes and organizes statistical data;

- Does symbolic algebra and calculus;

» Operates with vectors, matrices, lists and complex numbers.

How to Use This Guide

This guide offers a quick beginning overview of the basic features of the HP 49G. It can also serve as a quick
reference guide in the future, after you're already comfortable with the basics.

Presentation

Unlike a reference manual, the contents here are ordered in a sequence most useful for getting acquainted
with the HP 49G; you'll learn the most basic (and most used) features of the calculator first. The first half of
the guide is designed to get you quickly up-to-speed on performing computations, entering formulas,
graphing functions and making tables. The second half introduces you to a variety of additional features:
parametric and polar equations, equation solving, complex numbers, lists, vectors, matrices and statistics.

Conventions

In this guide, many keystrokes are indicated by labelled keys: etc. For shifted key func-
tions—those appearing on the keyboard in blue or red—the notation here will include those shift keys:
(&IMTH), (PJICLEAR), (=)EVAL), etc. For alphabetic characters, keystrokes will usually show the necessary
keystroke, too. Keystrokes corresponding to menu items are indicated as such (e.g. IHil, ETHE3,
IITTE etc). To select a menu item, simply press the key directly beneath it (i.e. one of the keys (F1) - (F8)).
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Basic Information

Physical Features

Cover
When you're ready to use the HP 49G, its translucent cover slides down off the front of the calculator. The
easiest way to do this is to press with your thumbs gently on the center of the cover just under the HP logo,

sliding the cover downward as you press. Then slide the cover onto the back of the machine during use.
When you're done, replace the cover over the front of the keyboard for protection.

Batteries
The HP 49G uses three AAA batteries, located in the lower compartment in the back of the calculator. You
should get several months of service from a set of batteries. Even when you take the batteries out, the cal-

culator's memory will be maintained for a few minutes, allowing you to change the batteries without a loss
of stored information.

Ports

The upper end of the HP 49G contains its door to the outside world. It's a 10-prong serial port for connect-
ing your calculator to a computer, another calculator, or to an overhead device.

Contrast control

To lighten or darken the screen contrast, just hold down (ON) while pressing (5 or (), respectively.
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Keys and the Keyboard

The Key

The key (Lower left corner of the keyboard) not only powers up your HP 49G but also serves as a gen-
eral purpose key (note the label underneath). If you leave your calculator on for a few minutes
without pressing any keys, it will automatically shut off to save battery power (or you can turn it off your-
selfvia(@)OFF). When you press(ON) again, the screen should look just as it did when you left it; the mem-
ory of the calculator is continuously maintained, even when the calculator is off.

The shift keys

Right above are three shift keys. The blue left-shift key, (3], and the red right-shift key, (), activate
the operations or menus indicated by the correspondingly colored labels directly above each key. Notice
that when a shift key has been pressed so that the shift is in effect, the corresponding shift symbol appears
at the top of the screen. Notice, too, that these shift keys are simple toggle switches: if you accidentally
press one, just press it again to turn it off.

The third shift key is (ALPHA], which gives you access to the letters of the alphabet that appear on the lower
right of most keys. When has been pressed, an @ appears at the top of the screen, indicating that

all keys will now give their alphabetic charcaters, if any. This @ mode will turn off again after one character,
unless you press to lock it on so you can type several characters in a row. Then a third press
unlocks it. (Alternatively, when typing several letters in a row, you can just simply hold down as you

type.)

Use (ALPHA) and then (€3] to get lower-case letters. To type a b rather than E, for example, you would press
ALPHA[&]B). For Greek letters and other special symbols not on the keyboard, use the (JCHARS) menu.
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Menus

There are far more functions and operations on the HP 49G than one could ever hope to fit on the keyboard,
even with multiple shift keys. The HP 49G arranges many of these additional items into menus, accessed
by the six function keys (F1) - (F6) on the top row, just below the screen. These function keys refer to what-
ever menu labels you have displayed across the bottom of the screen at the time. *

Some menus contain submenus. For example, if you press IMODEJ, you'll see that some of the menu labels
have little folder tabs, each indicating another menu or screen, such as the submenu. (To get back

out of the IMODE] menu, just press (CANCEL))

When a menu has more than six labels—more than one “page™—you can get to the other pages via
and Pressing (or (5JPREV) repeatedly will eventually bring you back to the first page of

the menu.

Scroll-down menus

Menus may also appear on screen in a scroll-down format. To select an item from such a menu, you must
first highlight it by using ZaN or &, or by typing in the number of the item. (A partially shaded vertical
bar means that there are additional items in the menu that couldn't fit on the current “page.”) Once you
have selected an item, press or T to select it. If you change your mind and want to escape the

menu, simply press (CANCEL] or ilI48

Note that for long scroll-down menus, (/& or (GXE will move you an entire “page” at a time;
or (@RS will jump immediately to the top or bottom pages of the menu.

Other menus

The key brings up a catalog of all the commands (over 700 of them) on the HP 49G. Such a menu
might seem unmanageable, but it's arranged alphabetically and is (ALPHA}-sensitive. For example, if you
press (ALPHAJR), the highlight bar will jump to the commands beginning with the Letter R.

brings up a menu of all the application environments on the HP 49G. is organized by topic
areas. (If you already know the name of the command you are looking for, then may be the quickest
access route to it. Otherwise, may work best.)

*Often the menu line will remain visible even when you're not directly concerned with it—and it will continue to show the menu you
most recently requested, regardless whether you're still using that menu. This is normal—ijust ignore the menu line. (And when such
irrelevant menus appear on display screens in this Guide they may therefore show different contents from those your calculator.)

Basic Information 7



Two other big “menus of menus” on the HP 49G are and (&JMTH), offers menus of operations
for working with symbolic expressions, including algebraic, arithmetic, calculus, trigonometric, and expo-
nential and logarithmic expressions. (9IMTH] offers menus for working with a variety of mathematical
objects—vectors, matrices, and lists—as well as special functions for real and complex numbers, different
number bases, probability, fast Fourier transforms (FFT), and a directory of special mathematical constants.

Notice that, for convenience, some of the menus found in (APPS), (SYMB] and (€JMTH] have their own keys
for more direct access. For example, the (ARITH] and (CMPLX) menus can be accessed directly as the (&)
shifted and (2)-shifted versions of the (1] key.
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The History Screen

The history screen is the primary work area for the HP 49G. Think of it as your home base of operations. If
you're not already there, pressing once or twice will usually bring you to the history screen.

The Status Area

At the top of your history screen (above the horizontal line) is the status area, where indicators of the cal-
culator’s states and modes are displayed.”

kAL or DEG indicates that the calculator will assume Radians or Degrees for angular measure.

#v2 indicates that rectangular coordinates will be displayed for points in the Cartesian plane or space.
pec indicates the format in which binary integers will be displayed.

% indicates that the calculator is in Real mode (for computations that may give a complex number result).

= indicates that the calculator is in Exact mode, for computations dealing with integers,
as opposed to Approximate mode, indicated by ~, for computations dealing with non-integers.

*%* indicates that the current independent variable is # (instead of T or 8).
aLG indicates that the HP 49G is in Algebraic mode for computations.
HoHE indicates that you are in the HOME directory of the calculator.

Whenever a little hourglass annunciator, X, appears at the top of the screen, it means the HP 49G is busy
with a calculation. Pressing (CANCEL] will stop the computation in progress.

Another annunciator, ), appears when an appointment alarm comes due or when your batteries are low
(in which case the calculator will also give you aLow Bat t e~y message so that you know it's not an ap-
pointment alarm.). When the battery message appears, you should change the batteries within a few days.

Above all, just bear in mind that whenever you find yourself in an unfamiliar situation or are unsure how to
quit or exit, pressing (CANCELJ (more than once, if necessary) will bring you back to this history screen, the
main calculation area for the HP 49G.

*Don’t worry if your status area shows settings different than those mentioned here. Only a few are relevant for any given part in this
Guide, and you'll be advised which ones to adjust for each section or exercise.
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The Information Flow

Entering information

When you type, the characters appear on the Editline until you press

For example, to enter the number 2 you would type Eﬁgﬂgz DEC €= ‘¥ ALG

The display will show the command on the left, then
its result on the right, like this:*

lgﬁgngz DEC €= '}’ ALG o
aoTo | EDIT | +EEQG

To enter 2.5x10%%, press (EEX) (ENTER),

' 2.0E38

2. 3E38

ZERRC] GoTo | EDIT

Deleting and clearing

As you type, you'll see a flashing cursor arrow. (This is an insertion arrow on the history screen; it points to
where the next character you type will be inserted.) If you make a mistake, («) will erase the most recent
character typed. Or, if you use (2 and (4] to put the flashing cursor on top of a character, then press-
ing will erase that character. To delete the current Editline entirely, just press (CANCEL),

[PJCLEAR) clears the history screen of all previous entries and answers.

Retrieving and editing

The (2] ANS) key echoes a special variable, AHS €1 7, to the Editline. The value of this variable is the most
recent answer you obtained for an operation on the history screen. This lets you use a previous result in a
new computation without having to type it in again.

In fact, until you press (PICLEAR), a history of all your previous entries and answers is maintained on the
history screen. At any time you can copy a previous entry or answer onto the Editline. Simply use the direc-
tional arrow ¢ until you've highlighted the desired item, then press Then, to make any necessary
changes, use (4_) and (¥ to move the cursor where you want it.

“Again, a reminder: Throughout this Guide, in these illustrative displays, you may see irrelevant differences in the menu line and/or
status area. Don't worry about them.
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Any characters you type will be inserted where the cursor is pointing. (Or, pressing will delete the
character underneath the flashing cursor.) After you have made the changes you want, press

Clear your history stack now (press (2JCLEAR)), and try these examples:

RAD #YZ DEC L= 'H{° ALG
{HOMEZ

BIGIB should give you this resulting screen:
:5+1

[RAD RYZ DEC €= ‘X' ALG

LHONES SERRCG0To [ EDIT [ +EEG | +END |

i 9+1

' —ANS(1)
RAD WYZ DEC K= 'H{°* ALG
{HOHE>

Try some multiplication:
: 3

BAD HYZ DEC R= '3 ALG 12

e [+==RIF[ZRIFH +DEL | DEL+[NEL L[INZ u]

Now some division: (4)(=)

RAD 8Y¥2 DEC R= '’ ALG
{HOHE>
= =

Notice that this result is displayed in reduced fraction form.

To see the last answer as a decimal, press : +NUMANSILN
ZERRC] G070 [ EDIT | +EEG | +END |

)

Many of the computations you have entered are now out of view, but they are still on the history screen. To

move up the screen to see them, press ¢a to activate the highlight bar. Then you can move up and down
the home screen, using & and /.

For example, tq adfj two of the previous entries, use (A t'o FAD %YZ DEC R= ‘%’ aLG
move up and highlight 5+1, then press to send this [{HOMEZ

to the Editline. Next, press (4] to build the sum. Now press | - 2
to go back to the previous entries on the history screen, |* *NUMANS1Y) 5

and again use /&, this time to move up and highlight 2= 4. |= S5+1+3:4
Press (ENTER) again to echo that onto the Editline. Now, if you 18
press once more to do the addition, you'll see this: SEARCLG0To [ERTT [ +EEG [ +EnD [ InF
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Viewing an expression

Whenever you use /& and I to highlight a previous entry or answer on the History screen, there is an-
other active menu key you may find useful: displays the selected item fully—and always in text-
book format.

For example, suppose you do this calculation: Eﬂﬁn’égz DEC R= ' ALG
OUEEEGOPNEBREFPN@EHE
N
32+-r-’l2
You get a result all right, but the original expression isn’t en- -4.8
tirely within view, and you'd like to see it. ZERRC] GoTo [ EDIT [ +BEG | +END [ I0Fo |
:....l___“_E
Just press ZaNCAN to highlight the expression, then EFE 32 + 42
to see it displayed fully, in textbook format.
When finished viewing, simply press ITHE.

Storing objects into variables

To store a number (or any other object) into a variable name, you type in the number or object on the
Editline of the history screen, press (STOP), then type the name of the variable and press (ENTER

_ RAD XYZ DEC R= '¥' ALG
For example, to store the value 3 into the variable W, type ~ [tHOHEZ

(STO») (ALPHA] W) (ENTER),

That's all there is to it—the value is now stored. =] M|

[ZERRC]GnTo [ECIT

RAD ¥YZ DEC K= 'K’ ALG
LHOHEZ

Now, to recall the value, you can simply enter the variable
name: (ALPHAJW)(ENTER)

H A o
FERRC[a0To | EDIT RAD

Y2 DEC R= *'H{°' ALG
HEZ

You can also use the name in a symbolic expression, and the

stored value will be substituted: (ALPHA ENTER
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MODES

Press the (MODE| key and you'll see a screen with a title bar, caLcuLAToR HorEs. These are the settings that
control how the HP 49G interprets information and interacts with you—including how numbers and expres-
sions are displayed on the history screen. You can move about this screen using the arrow keys. When an

item is highlighted, the button will show you the choices you have to fill in the blank. Take a quick
tour of the area.

The CALCULATOR HODES Screen

Operating mode

The operating mode is by far the most important setting on the HP 49G. Unless it states otherwise, this
guide will assume that the HP 49G is always in Algebraic operating mode—uwhere you enter numbers and
expressions in algebraic format—since most users find this an easier format to work with. However, if you're
an experienced HP 48G user and value the efficiency of stack arithmetic, you may prefer the RPN operating
mode. (To set it, you'd press [, highlight RFH and press IETH®; or—a handy shortcut to toggle
among the choices—just press (#/=)) In RPN mode, the HP 49G behaves quite similarly to the HP 48G.

Number format

The HP 49G can display up to 12 significant digits in each number (and it carries 15 digits internally for com-
putation), but there are four formats you can from that may alter your view of the actual value:

$tandard format (5t4) shows up to 12 digits (but no trailing zeroes), with a floating decimal point. For exam-
ple, set st4 mode (press (MODE], I/ to the nunber Fornat field, then and highlight standard and

press T BITE), then type (1] 2)3)4)5)- 6] 7)8]9) Your result is simply 12245, 6789,
(This display mode is probably the most useful here in this Guide.)

Fixed format (Fix) provides a fixed number of decimal places—you specify—from O to 11. For example, to
specify 2 decimal places, press then Fixed for the number format and IETAM. Next,(»and
2 decimal places. Press EEIHM BITHM. The result: 12, 345.68

scientific format (s2i) uses exponential notation with one digit to the left of the decimal point and a spec-
ified number of places (0-11) to the right. For example, to specify scientific format with 2 decimal places now,

press (MODE]), sci for the number format and BT The result: 1.23E4

Engineering format Eng) is like scientific notation: the same number of significant digits, but the exponent
is always a multiple of 3, so more than one digit may be to the left of the decimal point. For example, to
specify engineering format with 2 decimal places now, press [ITH eng for the number format and
The result: 12.3E3
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FM (fraction mark)
Continuing the tour of the MODES screen, off to the right of the nunt2r Farnat field(s) you'll notice a field

called -F#, which offers you the option of using a comma for the decimal point—European notation. Just
use to check or uncheck this field as desired.

Angle measure

Next field down the screen: anatz Heasure. What units do you wish to use for specifying angles in, say, trig
calculations? There are three angle measure modes to choose from:

Dedrees There are 360 degrees in a full circle.
Fadians There are 21 radians in a full circle.
Grads There are 400 grads in a full circle.

To make a selection, highlight the Angle Measure field and use either or to select the desired
units. Now, when you press IITHM to confirm all your mode changes and then exit the MODES screen,
you'll see the appropriate annunciator #EG, EAD or GRB) up in the status area.

Coordinate system

Similarly, use the canrd zysten field to set the machine to rectangular, polar, or spherical coordinates for
complex numbers and other vectors. This mode, too, is displayed in the status area of the history screen:
Y2, RaZ Or Ras, respectively. (Use polar mode, k2, for 3-D cylindrical mode.)

To see the effect of this mode, try this: With the Angle Heasure set to kadians and the Coord Systen set to
kectangutar, press IEETAM to return to the history screen and type (] O)) (022 J 1) (ENTER). You should
get this result: ©H.s1.2.

Now, press (MODE) and change the ceerd susten to Felar. Press IEIM to return to the history screen and
see the polar form of the value, in radians: €1.,£1.57E7I632673) Note the status area: kAb ka2

Use again and change the fingle Heasure to begrees. Press HITHM to go to the history screen and
see the polar form of the value, this time in degrees: 1.5 £98.2 Again, note the status area: DEG ka2

(When you're finished, use to change back to Radians and Rectangular coordinates: kap %vz2)
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Making noise

Moving down the caLCuLATOR HobES screen, you'll find two check fields that control the calculator’s audio
properties. Putting a check (via ElITH) into the _Ezer field tells the HP 49G to beep when you make a syn-
tax mistake or attempt an illegal operation. Recommendation: Though at first this may seem like a good
idea—indeed, the default setting for _teep is checked (on)—do yourself and the rest of the human race an
enormous favor and uncheck it (turn it OFF). You'll still get plenty of visual feedback when you make errors.

Similarly, there’s a check field called -key ciick that tells your HP 49G to click at every keystroke. The
default setting is offF—for good reason. (Doubtful? Go ahead—turn it on and press IETAM to exit MODES.
Now try to use your calculator without sounding like a grocery clerk....)

Error recovery

The _Last stack check field activates the key, which allows you to undo the most recently per-
formed operation, restoring the history screen to its state immediately before that operation. This can some-
times be a handy feature for recovering from keyboard goofs or fumbles, but it does take up a little mem-
ory. If you're running very low on memory, you might want to turn this mode off.

The @XIHE Menu

That about covers the cALcULATOE HoDES screen itself. But notice the further resources you have for con-
trolling other modes and settings—on the menu line. For example, press to bring up a menu of over
70 flags that you can set or clear (i.e. check “on” or un-check “off").

To see how this works, scroll down to flag 27, which is system flag -27. (Remember that you can use
to move through a menu by pages.) Note how the description of the flag reflects its current status. If flag
-27is checked, you see *#+vxi' + 'Hev=i';if unchecked, you see *s+t=i* +* ¢, ¥3*. (This particular flag con-
trols how symbolic complex expressions are displayed.) As usual, you use to toggle the setting.

A descriptive list of all the system flags and what they control are included in the pocket guide that comes

with the HP 49G. Some of these flags reflect mode settings that you make in other ways. For the most part
you will probably not want to fool around much with this menu.

Press (CANCEL j to return to the main MODES screen without disturbing the flag settings.
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The Ciz HODES Screen

The key leads to the all-important cas HonES screen, where the main items of interest are the check
fields. (Don’t worry about the Indep var or Haduts fields) When performing a calculation where one of these
modes is currently inactive but must be active for the HP 49G to complete its work, it will prompt you to
change the mode, so it pays to understand these:

nuneric will substitute numerical values for special constants such as  or & in an algebraic expression.

approx will treat all numeric values as real numbers, regardless whether they have any fractional portions—
indicated by a little ~ in the status area. When fpprex is not checked, the status area shows a little =, indi-
cating Exact mode, and all values will be treated as integers; operations that would introduce non-integer
values will not proceed without a change to this mode.

conplex allows computations to produce, use and carry complex numbers in their results. When this mode
is checked, a little ¢ appears in the status area; when this mode is unchecked, the little & indicates that only
Real results are allowed.

step-step allows you to do differentiation step by step, via the (2JEVAL) key.
Incr Fou controls whether the terms of a polynomial are shown in order of increasing or decreasing powers.

Rigerousz controls how rigorously the calculator will demand absolute values (i.e. not assume positive val-
ues) for variables which may not have negative values.

The bIzFLAY HODEZ Screen

Back at the main MODES screen, pressing brings up the pIsFLAY HODES screen. These settings let
you choose the size and/or appearance of various tools and areas in the calculator. For example, you can
select a certain font size (6, 7 or 8 pixels high), and then specify whether, say, the stack or Equation Writer
use that size or a small (5-pixel size. You can also specify that expressions appear in textbook format rather
than as a line of characters. And you can specify the size of the header (status area), whether a clock appears
there, and in what form. Play around with these settings as you wish, using to exit MODES
and observe the resulting displays.

Restoring All Modes to Default Settings

Press (MODE] (=) CLEAR] to restore all the modes to default settings.
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Computational Examples

Here are some examples to demonstrate basic arithmetic and function operations of the HP 49G in
filgebraic notation and standard number format. Keystrokes are followed by a screen showing the results.

(For the sake of clarity, unless otherwise noted, the history screen has been cleared via(ICLEAR) after each
example.)

Arithmetic Operations

These examples assume that the CAS modes huneric, apprex, and conplex are all off—unchecked. (So,
among the other items, your status area should show k=.)

Addition RAD R®YZ DEC R= 'R’ ALG
LHONEZ
1 26+82
168.
(ZERRC] 0T [ EDIT [ +EEG [ +END
Subtraction RAD RYZ DEC R= 'H' ALG
LHOHEZ
(8)e) D (3I2) ENTER)
18632
o4 .
ZERRC] G0To | EDIT
Negation RAD Y2 DEC R= '%’ ALG
LHOHE?
ENTER
(Either (=) or (/=] can be used to obtain a negative sign in an
expression.) -2 o
ZERRC] GoTn [EDIT
Multiplication RAD ¥YZ DEC R= 'R’ ALG
ZHOHES

16245
2798,
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Division

EEHE0OJENTER)

(2J=NUM) (ENTER) Result = +NUM ¢AHS (133

Exponentiation

WG ENTER)

Square roots

(B )ETER)

4.23

Result * +MUM ¢ANS ¢1 33

Squares

(X7 (23] EnTER)

Reciprocals

4.472135955

Result & +MUM ¢ANS €137

Powers of 10

(10 (3) ENTER

18

1.176470858824E-2

#¥Z2 DEC R= 'R’ ALG
E}

RAD XYZ DEC K= 'H¥° ALG
LHOME >
: 425
138691232
SERRC] G0Ti [ EDIT | +EEG | +ERD | INFW |
RAD #YZ2 DEC K= 'H{° ALG
LHOHEZ
: 26
2.5
ZERRC] GuTo [ EDIT | +EEG | +ERD | INFW |
RAD XYZ2 DEC F= '¥* ALG
LTHOHE2
1 SR25)
625
(ZERRC] T [ EDTT | +£EG [ +ERD | InFo
RAD EYZ DEC R= *'¥° ALG
LHOMEZ
: INVI(ES) .
85
ZERRC] G0To [ EDIT [ +REG | +EOD | TFG)
RAD #YZ DEC kK= '¥{° ALG
{HOHE>
: ALOG(3)
16806
(ZERRC] 0T | EDTT [ +BEG | +END [ INF0 |
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Absolute value

Complex Results

ENTER) (If your HP 49G is not in CenpLex mode, it

will prompt you to set that mode now. Press INETIM)

Result = +MUM (AMS 1))
(B- ’2-)

nth roots

For example, to take the fifth root of -32:

Y EEDERRIENTER]

“What on earth is that?” It is an exponential form involving a
primitive complex fifth root of unity. (‘Ah, of course.”)

Try (To see it all press ¢a EFEE press
when you're done.)

This is still in complex form. Will unchecking cenptex mode
help? No, the HP 49G will simply prompt you to turn it back

on when you attempt the calculation again.

Instead, go to (MODE and check nuneric. Then press
TN to return to the history screen,

Now try it again: (21%%)(8)(2)) (312 ENTER)

Computational Examples

RAD BYZ DEC R= '¥' ALG
LHOHEZ

:1-5l -
[ZERRC] 0T [ ECDIT

RAD ¥YZ2 DEC C= '¥' ALG
LHOHEZ

: -4 2
'l
[ZERRC] Gt [ ECIT [ +EEG | +ERD [ INFi |

[RAD ¥Y2 DEC C= '%’ ALG
LHOHEZ

: 532 .
2-E><P[%
ZERRC] GirT0 | EOIT | +EEd | +END | IHFY |

(1.61203232875,1.1755705049553)

kPRl [ | | | oK |

RAD ®YZ DEC C= 'H°
LHOMEZ

ALG

:3]-32
ZEARC] GUT0 | ELTT | +HEG | +END
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Transcendental Functions

Trigonometric functions

With the angle measure set to bearees:

Result # +HUM CANS ¢1))

(&)Aacos)(0) (ENTER)

Result 2 +HUM CAHS 1))
9@,

With the angle measure set to kadians:

(Cog QM) ENTER)

(e)AaTAN) (1) (ENTER)

Natural exponentials
ENTER

Result 2 +HUM ¢AMS ¢13)
22026, 4657948

Note how function keys supply both parentheses for you.

20

#YZ DEC R= 'R’ ALG
EX

: COS(60)

COS(68)

[FERIF[ZRIF+H +EL | DEL+|DEL L] INE u]

DEG XYZ DEC R= '¥{° ALG
fHOHE>
: ACOS(8)

ACOS(E)
*SRIFIZRIF=| +LEL | DEL+ UEL L] IN: =
RAD #YZ2 DEC R= '¥* ALG
{HOHE2
el T
. cus[a]

2
“ZHIFIZRIP +DEL | DEL+ JUEL L] IN2 o
RAD XYZ DEC K= 'H’ ALG
{HONEZ
: ATAN(1)

o

)

[+ZRIF|ZHIF+H HEL | DEL+[DEL L] INE u)

RAD ®YZ DEC F= 'R’ ALG
{HOHEZ

tEXP(18)
ExP(18)
[+ZRIF{ZKIFH +0EL | DEL+[DEL L] INE u]
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Common (base 10) logarithms

(2)L0G) (2)(ENTER) Result :LOG (23

« 381829995664

Natural (base e) logarithms

Result $LM¢3)
.1.089261228867

Some Special Numbers

Certain names in the HP 49G are reserved for special mathematical constants:

[©)=NUM) (ENTER Result &
ALPHA] [ E) (2 J>NUMJ (ENTER] Result & &

Result ¢ i
‘::GI L] 1- )
(The machine will remind you to set complex mode here.)

Practice with these: What is ¢™+1? Which is larger: €™ or °? What is In(-1)?

Implied Multiplication

In Algebraic mode on the HP 49G, the juxtaposition of two numerical quantities (including single-character
variable names) usually implies multiplication. Watch how the machine inserts the multiplication symbols:

@WEOOHEROOERE)ENTER) Result e (14233
1088

ALPHA] ] C) (+) (2)JALPHA]]D) (ENTER]  Result : 4= c+2+d

d.c+z2-d
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Using Units

One of the truly unique capabilities of theHP 49G is its management of units. You can attach units of meas-
urement to numerical quantities by selecting the desired unit from the (JUNITS) menu, using the under-
score symbol ()2 as the syntax. Those units will then be automatically taken care of by the HP 49G in
subsequent calculations.

Press (JUNITS] now to see how the menu is organized into different submenus: Lenath, firea, Yo Lune, etc.
Use & to scroll down through the different categories. Highlight arza. . and press IETHM and another
menu box will appear with various units of area. Then press (CANCEL) and try a calculation example.

Add 2 feet + 3 inches: Press (2JUNITS), highlight [g
Length.. and press IETHM, highlight rt and press

then (5. Now highlight Lenath. . and
press IIEEHM, highlight in and press IE; then

AD HYZ DEC R= '¥°’ ALG
HOHEZ

™

2 l._ft+3:1._in ]
Notice that the result is expressed in the same units as the 27« _1in

cecond argument EULT | VIEW | KCL [ 210 [FURGE[CLERK

Of course, you can simply convert from one unit to another, too—use the COMYERT command.

For example, to convert the above answer to yards, you'd Eﬁgﬂgz DEC k= "&' ALG
press (PJUNITS), highlight Tests.. and press IEAM, high-
light converT and press BETHM. Now fill in the two arguments |8 2¢1 . _ft+3:1._in
(the units to be converted and an example of the desired new

1N
units—ang vluel IS DI T DIONTS) hen [ COMYERTIANS(1), 11 il
highlight Lenatn. ., T, highlight y4, EEETH, then CEDIT | VIEM | RCL | 2Tok [FURGE]CLEAR

Addition and subtraction require units of like dimensions, but [BAD #Y2 DEC R= “&* ALG
multiplication and division can be performed with any mix of R =T
units—compound units are formed automatically. . ﬂ‘l_ssl:¢

S
For example: (AN 3 (IS0 BIONTS), highlight 1.5.2d

Tine. ., IO, highlight =, BTN then (ENTER), EOIT | VIEM | RiL | 5Tk [FURGE|CLERF

Now convert this last result to miles per hour:

Eﬁgngz DEC R= ‘' ALG
(2JUNITS), highlight Teets.. and press HETHM, highlight| « 95 =
converT and press EHALEEE. 2] ()X 1.5_ ud
then highlight speed.., IETHM, highlight weh, |, =
BT (hen CUNVEET[HHS[ 1 ]é i gl.B__mn?gl?]
EIEIIEI[E:
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Variables

Use the (STO®) key to store values into variable names. Try a few examples:

(sTO») (ALPHAJ A) (ENTER)

(STO») (ALPHAB) (ENTER)

Simple commands, simple results.

(ALPHA]A) (ENTER)

Notice the use of implied multiplication between a constant
and a single-character variable name.

(ALPHA] A] (ALPHA]B) (ENTER)

As you can see, you can't use implied multiplication between
two single-character variable names; the HP 49G interprets
AE as a two-character variable name rather than A= E.

;Z DEC R= 'R’ ALG

RAD ¥
LHONE
:3MA

3
t4pB 4
(EC | E | A [ W [ Wi | Eg |

RAD HYZ DEC K= 'K’ ALG
LHONE
12A

4

A
485
(FEC | E | A | W [ Wi | E¢ |

RAD dYZ DEC K= '§°'
{HOHEZ

=

ALG

tAB
AB
(2EC | B [ n | W [ w1 | E¢ |

Notice, too, that since there is no value stored in the variable AE, its name is simply echoed back to you. It
won't simplify any further toward a numerical value; (]*NUM) would have no effect.

With the angle measure set to begrees, press (ALPHA
(QJ(ENTER). You should see this:

The explicit multiplication symbol makes clear the meaning
of the expression. But how did the machine know you didn't
mean ACOS(0)—the inverse cosine of 0?

DEG ®YZ DEC R= '¥' ALG
{HOHEZ

: ACOS(B)

3
(SEC| E [ f | W | Y1 ] E¢ |

Try the above keystrokes again and watch for the space that appears on the Editline when you press
immediately after typing (A). If you delete this space before pressing you'll get ACOS (B3, which
is F8. The fact that you left the space there told the machine that you meant to multiply the variable A by

COScas.
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The VAR Menu

All items that you name and store in the HP 49G will appear by name under the VAR menu. Press now
and you'll see some menu keys labeled INFEE, EEMM etc. Pressing IEEEE will type its name on the
Editline; then will show its contents.

Purging stored information from memory

Press to bring up the usual menu for the history screen. You'll see a menu key labeled A3, which
is the command you use to erase variables you've stored. For example, store the value 12 into the name
D: (1)2)(STO»JALPHAJW) (ENTER]. Notice how I appears on the far left of your VAR menu. Now erase
the variable [ from your memory: Press A3 (D (Note how a menu item can act
as a typing aid. You could instead have typed but this way you saved a keystroke) The TN
should now be gone from the VAR menu, and you get a HO%AL message to indicate that the name [} now
has no value stored in it

Symbolic Algebra

You can build symbolic expressions involving variables and then perform arithmetic with these expressions
just as you do with numbers.

When typing expressions involving variable names on the Editline, one very important key to remember is
the apostrophe key, (2], (ak.a the “tick” key). You saw it used above when you were specifying the name
‘D' for purging. To see its effect in general, try an example.

Enter the expression A+B: (ALPHAJA) (+) (ALPHAJB) (ENTER)... Since A and E both have values (3 and 4,
respectively), you get a numerical result immediately: 7

A¥Z DEC K= 'R’ ALG
EX

But now try it again, this time with “tick” marks around the ex-

pression: (2]*) (ALPHAJA) (+) (ALPHA[B] (ENTER)... See? |2 A+B

The tick marks suppresses evaluation of the expression. Now, |, , . [

square the expression: *'A+E A+B
LZEC | E [ a | W | w1 | EQ |

Want to expand this symbolic expression? OK—the HP 49G

has tools for symbolic algebra in the menu—-but first IEEEH}E{;Z DEC K= "# ALy

you have toPURGE ¢{'A'y 'B' 3. (You'll find TR in [* 1 maovas

the menu.) [FI+B]2
: EXPAND(ANS(1))

Then press highlight aLGEERA and Highlight H2+2'B'H+BE

exrand and T Now (€9) ANS) (ENTER EDIT [ WIEM | RCL | STob |FURGE]
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EXPAMD also collects like terms, cancels like factors in rational expressions, and does other simplifications.

Try one more example: (R[JEIXIPIRIHEO)(EX) Eﬁgugz DEC = "a' ALG
(OB ENTER), = =0 o

Now press (SYMB), highlight atgeeka and IETH, then high- |- EXPANDIANSCL)) S
light exrano, T, and then to see a sim-

2
plification of the expression. Eg“““m|

The Equation Writer

Now that you know how to key in symbolic expressions on the Editline—good for short and simple expres-
sions—here’s how to save yourself the trouble for bigger jobs: The Equation Writer uses the screen as a
blackboard to write expressions in textbook format.

The important key to remember in the Equation Writer is (. Use it whenever you want to proceed to the
next component of an expression. For example, you press () whenever you wish to leave an exponent, a

denominator or get outside a radical sign or an expression enclosed in parentheses.

Use the Equation Writer to enter this expression (and watch your screen as you do the keystrokes):

EOEWEOXBEODM
@A LRH1D o
coE s> w2_y

(EDIT | CURE | EXG m] EVAL [FRCTO[TERFH

Now press [ENTER] to send the expression to the Editline. Why use the tick marks? Because you wanted a
symbolic result—suppressing any evaluation in the event that # contained a value.

RAD XYZ DEC R= 'R’ ALG
LHOMEZ

Now again to put the result on the stack. Then press = 1A
and highlight aLceer, EETEE, highlight exeanp, [F EAPANDIANS(1))

Lok | to see this rational simplification: S-KZ—E'H+ IHE—I

»—1
| E | n [ W | W1 ]| E¢ |

You'll get lots more detail and practice on the Equation Writer in a later section. This was just an introduc-
tion to Llet you do basic symbolic calculations.
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Defining Your Own Functions

OF course, you can store any sort of object into a name—and it will appear on your VAR menu just like any
other name. Expressions are often very handy to store. For example, suppose you want to store the for-
mula for secant in the name SEC. @D (D (O (sTor](ALPHAJALPHAJSTE]C)
would store 1.C0OS X2 under the variable name SEC. Then pressing would return the
expression 1/C0% (X3 to the Editline.

Or, you can actually define a secant function that will operate just like the other trigonometric function keys
—accept an argument and evaluate immediately.

To do this, you define the formula as an equation, using the Eﬂgugz DEC k= "K' ALG
key, as follows:
1 1
OO ERAFASECAFRENE  |:DEF INE[ SECI=r5im |
OO EJ=)(1 () (CosIX) ENTER) HOVAL
| sEC | B [ A [ W | v ]| E¢ |
There’s still a key in the VAR menu, but now it's a function key, not an expression. Try it out:
RAD HYZ DEC R= 'H°* ALG
LHOMEZ

Set kadians mode, then (Q[0)(0)(ENTER

RAD ®YZ DEC K= 'R’ ALG : SEC(@)
CHOME

TSELTE] = ‘m“““ml

1 | R D ED 06 &
T

2 Result * +MUM ¢ANS (133

LEc | E | B | W [ W1 ] E¢ | 2

SEC is an example of a user-defined function, which actually operates like a small program. In other words,
pressing executes a program that takes a value off the ’R.HD wYZ? DEC K= 'R’ ALG
stack and return a function of that value—in this case, the E

secant. To see what the program looks like, recall its contents:
(TooL) HATH (-] ') (vAR) BEEM (ENTER), The & # denote
a program on the HP 49G. In this case, the program takes a |2 RCL({'SEC"Y

value off the stack (indicated by the arrow), calls it i, then £ + X '"1-CO05CRKY' »

evaluates and returns 1 #C0S (). | sEC | E | A [ W | Y1 | Eg¢ |

You can define the other two trig functions similarly:
(o) (2] ) O X (D ([)=) ()= ENX] [ENTER]
And (GJ0EF) () 1) (ALPHAJALPHA] CY O] TIALPHA) (GIO) X (D 23 (W&

Now you have all six trigonometric function keys for your HP 49G.
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Working with Functions

The (&3)shifted versions of the top six keys give you access to environments that work with formulas, graphs,
and tables on the HP 49G. You'll probably use these keys mostly for functions of a single variable.

is for entering formulas, such as functions of the form y = f(x).

is for defining a window for graphing purposes.

(2] GRAPH) creates a graph.

(62]2D/3D) allows you to set up the type of environment for plotting.

is for setting up a table.

(ITABLE) creates a table of values.

(NOTE: If you're experienced with other graphing calculators, you will observe that many of these corre-
spond to similarly labeled keys on other machines. But be aware that it is not an exact correspondence. For
example, on the HP 49G, you set some graphing modes via whereas those modes are often set

in the modes menu on other calculators.)

To get to most of the basic tools for working with functions, equations, and data, use ($3]20/3D) (so called
since it deals with two- and three-dimensional plotting environments). You'll see the FLOT SETUF screen.

Two-Dimensional Plot Types
Built into the HP 49G are 16 different plot types. The main two-dimensional plotting types are:
Function: For working with functions of the form y = f(x).
Faranetric: For working with parametric equations x(f), y().
Falar: For working with polar functions r(0).
cenic: For working with quadratic equations in two variables (so the graphs are conic sections).

Truth: For working with inequalities in two variables (so the graphs show shaded regions of the plane).
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Setting up a plot type

One of the plot types is always active, but it may not be the one you want. The default plot type is Function.
To select that type, highlight the Tupz field and press [, This will give a complete scrolling List of all
the possible plot types. Highlight Functien and press IR

Now press (6]Y=), where you should see the Lo - FuncTIon screen with a list of your function formulas.
IF there are no current functions activated, you'll see the message: Ho Equ.s Press ADD. Indeed,
IETTM is what to press when you want to add a function to the List of active formulas for graphing or tabu-
lating. Press it now....

You'll see Y1 €42 = appear in the Equation Writer. To enter, say, a sine function, press That
will send you back to the Y= menu, where you'll see the function you've just added to the list.

The Y= menu
The menu keys in the Y= menu are IE, IETTH, BETI8, (1T, and AT

A04 8 sends the highlighted function back to the Equation Writer where you can edit it. Press or
ENTER]J to enter the edited version; press (CANCEL] to restore the original.

T, as you've already seen, will send you to the Equation Writer and begin an entry using the next avail-
able numbered Y function.

deletes the highlighted function from the Y= list. Go ahead and delete Y2 {2 and Y3 ¢} 2 now...
NOTE: does NOT purge the function from your calculator's memory! It merely clears it from the Y=
list. The variable name and value (EEFUH, BEFH, or whatever) will still be in your VAR menu. To purge a
function, you must use PURGE €' ¥1' > or PURGE (' %2 ', etc. @M is on your (TOOL) menu.)

Pressing at the Y= menu is the same as using to erase all the functions. The HP 49G will
ask you if you really want toelete All (and offer and options for you to respond).

ETH3 and ETETH are what to press (one after the other) to see the graphs of the functions. (Press
to return to the Y= screen when you've finished viewing the graph.)
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Plotting graphs

(€2]2D/3D) brings you to the FuncTIon FLaT SETUF screen. To reset all the plot settings, press (©JCLEAR
This resets the plot so that the center of the screen is at the
origin, the coordinate axes are shown, each axis tick repre-
sents one unit, and each pixel is 0.1 unit. ﬂ

PaE o

Now press IITTE to see the graph of 1 S

Y1 CXO=5INCX) in the default viewing window: -
[ Fih [EOIT [CAnCL]

[ 2ivi [, W [TRACE]

Making tables for functions

(2[TBLSET) brings you to the TaELE sETUF screen. This is where you set up parameters for building a table
of values for a function:

start is the starting value for X.

step is the step value (increment) for ¥.

Zoati is the zoom factor for your table, to help you interpolate more finely between generated values.
sHall Fent lets you choose either a small or big font for the table display.

Tupe lets you MM either autenatic generation of values based on regular increments of 1, or Buitd Your
oun, in which case you have to enter all the #-values.

For this first example, reset all the table settings by pressing
This resets the table so that the starting value is [

0 and values are automatically incremented in steps of 0.1.

Pressing will then display this table of values for |¢
#®and¥1l:
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Working with Graphs

Setting Up a Graph

To set up the HP 49G for graphing, you first need to determine a window size—the viewing “domain” and
“range.” To do this, press (GJWIN) to see the FLOT WINKOW - FURCTION screen.

As usual with such screens, you use Za\ and I’ to highlight fields. To change a highlighted field, you
either BT the value on or off, or (if it's not a check-type field) type in the desired value, the cur-
rent contents of a field, or, when a choice of options is available, from the menu box of available
choices. Pressing resets the field to its default value. resets all the fields on that screen.
FLOT HINDOM - FUNCTION 388
H-vIEW This field specifies the left and right edges of your |H-%iew :ECFEEEEE €.5

viewing window (the viewing “domain”) }lng::"L;E inquu Lt High: 3[';.“ Lt
Step: DeFault _Fixels

¥-vIEW This field specifies the lower and upper edges of your
viewing window (the viewing “range”) Enter HiniHuH horizontal valug
(E0IT] | | WUTH [ERASE] DRAN |
Indep Lew and High These fields specify the graphing “domain,” which may extend beyond your specified
viewing “domain;” you can move your viewing window around on the larger graph if necessary.
(Usually, though, you'll leave the default setting here, which simply matches your H-vIEN setting.)

step This field specifies the increment or step value for the independent variable, . The default setting is
determined simply by dividing the K-¥IER length by the 131 pixels available horizontally on the screen.

Fixels IFthis is checked, the step size is expressed in pixels no matter what your H-¥IER happens to be.
For example, if the step is set at 2 and FixeLs is checked, then every second pixel will be plotted.

The other settings for your graph are all found under the (FLOT SETUF) screen.

F'L(IT SETUF

& You can set the angle mode here, as well as on the main T'JP'! %:Rad
CALCULATOR HoDES screen. (Be sure it's set for radians for [E®
the trigonometric function examples.)
Indep: ¥ _SiHult w Connect

H-Tick:10. ¥-Tick:10. Fixels
Chooze type of plot
L [CHoos]  [RHEZe|ERASE] DEAM |

Indep This field specifies the independent (horizontal axis)
variable. For functions, this is usually .

H-Tick This field specifies the spacing of the tick marks on the horizontal axis.

v-Tick This field specifies the spacing of the marks on the vertical axis.
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rixelz If this field is checked, then the tick spacing is expressed in pixels rather than in units.
For example, if the H-tick spacing is set at 10 and Fixz1= is checked, then a tick mark will appear
every ten pixels along the horizontal axis. (If Fixets is not checked, then a tick mark will appear every
10 units, which may be represented by an entirely different number of pixels, depending on your

settings in ([ WIN))

sIHULT If this field is checked, the machine will plot multiple functions simultaneously.
(If it's not checked, multiple functions are plotted sequentially, each on their own graph.)

connecT IF this field is checked, individual plotted points will be connected on the graph.

Function Graphing Examples

These examples will illustrate some of the tools available in (9] GRAPH). All the examples are for functions,
but many of the features are similar for other plot types, such as parametric, polar, and conic sections.

Press (€9]2D/3D) () CLEAR) and make sure that the Type field is set to Functien. Now go to and
check that it contains 'l CH3=STH (3.

To set the default viewing window, press (QIWIN) (=) CLEAR),
Then press [3iliFI3, to clear the graphics screen. (Otherwise, /,.-4—-\.,\

the new graph will be plotted on top of the previous graph.)

Bl

i U

‘\

Now press IEITiLH to see the graph of V1 (¥I=STH (X3, mM

The GRAPH menu
The () GRAPH) menu offers these items: IETLH, [FINE], (TN, WESTE, IE0EH and [N,

toggles the trace mode on and off. (This feature is on when a small square appears: HETIE). When

trace mode is on, () and ( P will move a small crosshairs to trace the graph of the function. When trace
mode is off WEAIMA), the crosshairs move freely off the function graph.

displays the coordinates of the crosshairs at the bottom of the screen. If your graph leaves the top
or bottom of the screen, the crosshairs will move along the edge of the screen, but the correct coordinates
of points on the graph will continue to be read out. Press (=] to remove both the coordinates and the menu

labels. Press (4] to re-activate the trace and coordinates. Press (=) (or any of the function keys) to get the
menu back again.
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FI RN

Using the same function example as before (i1 C:x= SIH () with default window settings), here are
several ways to rescale a function graph, both from inside and outside the graphics screen environment:

REEFLOT NINDOH - FURCTION S35685%
H-view : N 3.
Y=-Uigu:0.

1.
Press (CANCEL] (CANCEL) (JWIN). Set this viewing window: ~ [Imd2p LeH: DeFault High:DeFault
$tep: Default  _Fixels

Enter HiniHuH horizontal valug
HUTD [ERRZE] DFAN |

Now press T to see the graph shown here (Left).

20Ol | Y TRACE] FCO

Interactive zooming features

Press (CANCEL | to return to the FLOT WInDoW screen and
A to Reset ot T ﬁ

(200K [oi, [ TRACE] Fon [EDIT [CANCL]

£

Press to return to the first page of the screen, and re-
draw the graph: ETiE3 EITTE

Then use the IEEILH folder key to get the ZOOM submenu:

The key allows you to draw a box representing your [t
new viewing window. Move the crosshairs to the point 2,13
and press L. Look familiar? You effectively reset the |t
viewing window to [0,3] X [0,1]—without leaving the graph. |t

i, W3 [TRACE] FCn [EDIT [CARCL

lets you to set your horizontal and vertical zoom factors (default factor is ), and you can also check
an option to automatically recenter the screen at the location of the crosshairs.

BEEIH vill zoom in by the designated zoom factors.
will zoom out by the designated zoom factors.

will “square up” the viewing window—so that 1 pixel represents the same distance horizontally and
vertically—by adjusting the vertical viewing range.

sets the viewing window back to its default ranges: [-6.5,6.5] X [-3.1,3.2]
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Press for the second page of the ZOOM menu.

IEEEAT will horizontally zoom in by the current zoom factor.

[(FEL0TH will horizontally zoom out by the current zoom factor. |f

BEOUT

B will vertically zoom in by the current zoom factor.
will vertically zoom out by the current zoom factor.
(AiA will center the screen on the crosshairs. (The relative dimensions of the screen remain unchanged.)

will autoscale the vertical range by computing a sample of the values of the expression for the hor-
izontal range, then setting the vertical range to include the extreme function values. Press now.

Press for the third page of the ZOOM menu.

FUA%Y sets the tick marks along the x-axis to be one unit [f
apart. (Each pixel has a width of .1 units)) i +

(1A sets the tick marks along the x-axis to be ten units I
apart. (Each pixel has a width of 1 unit) 20ECTIZINTaleTRIaleLRaT LT FICT

FAI#4M sets the tick marks along the x-axis to be 7t units apart.
is the UNDO key for zooming. It will reset the viewing window to its most recent settings.

#1498 will return you to the top level of the interactive graphics menu.

Try a few of the zoom features.

"./f:—“:\'::"::.::"
] S

[200H [oi, v [TRACE] FCh [EDIT [ChnCL]

~

Press FHTI%i to get your original sine graph back.

Now move the crosshairs to the point ¢2,13 and press [EILH

1 + P

A FR— . | \H_j g
[ZinitM [ UK, {2 [TRHE] FCO ] EDIT [CANCL)
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Again, press BTN FTI to restore the original sine graph. !/\ — L —_—

Then press ZALTON

[ 2iuH [oi 0 [TRACE] FEn [EDTT [CANCL

Try the other zoom features for yourself.

More on Graphing Functions

Plotting two or more functions

To add a second function for plotting, press I (o see Y2 (2= appear in the Equation Writer.
Type ENTER

To add a third function, press IEITH to see '3 ¢ = appear in the Equation Writer.

Type QOX (DO 0 (X) ENTER)

2% FLOT - FUNCTION 3% e

Now EGTT one more function: Y 1(XK)=STIN(X)
""2[:’{]:?{?%&:":]

=t1(x)

You should now see this:

E[IIT [ ADD | DEL JCHO0S|ERASE] DFAM |

Before you move on, check out the following.
Highlight ¥4 ¥ and press to send this expression SIN(X)
back to the Equation Writer for editing. Press &/’ (2 to EEY
highlight just the %3 €¥3 on the right side of the equation.
Now press to see this:
CURS | EIG m| EVAL [FRCTOTERFA

Press (ENTER). There is now an important distinction between ‘'3 and ¥4. The formula for Y3 €37 is still
in terms of V1 C¥> and 2 {X2; if you were to edit the formula of either or both 1 and Y2, the defini-
tion of '3 would be changed also. However, the formula for Y4 no longer refers to any other named func-
tion in your list, so any changes to the other functions will NOT affect ‘4.

With that said, highlight ¥3 (2 now and delete it, using T3, (Reminder: This does not erase Y3 from
the memory—only PURGE can do that)
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Press and you'll see that your three functions are listed in the £¢ field. EG! is a reserved variable
name on the HP 49G. This variable contains the currently active function(s) or equation(s) for graphing,
tabulating, solving, etc. If sinutt is not checked, these three functions will be plotted sequentially in the
order they're listed in Eg.

So now you're ready to plot the sine, cosine, and tangent
functions together in the default viewing window.

Press (G WIN) (=) CLEAR) EHE KT to see the plot. Turn |
on and Use Za and I to switch the cross-
hairs from graph to graph.

Press (€2J2D/3D) and check sinutt. Press KIZTH again to see the same three functions graphed—
but this time simultaneously. When you're done, go back to (61]2D/3D) and uncheck sinutt.

Go back to press and notice the two menu items [EHI3 and These allow you to mani-
pulate the order of the functions for graphing.
Connected versus dot modes for graphing

Go back to (9)2D/3D). When cennect is unchecked, at most one pixel per column will be lit on a function
plot. When cennect is checked, then additional pixels are lit to give the graph a continuous appearance.

To contrast the two modes, try the following example. Start with the connect field unchecked.

-

Goto and delete all functions except for
V4 (K2=5TH (52 ~C0OS (12,

Press ETTTH to see the graph in dot mode:

(o0 [k, W [TRACE] Fn [ EDTT [CANCL]

To fillin the gaps, return to and check the connect
field.

Now graph the function again: EEH3 ITTTH / 1 /
1.
[ZoaM [, TRACE] Fon [EDTT

Notice how it appears that vertical asymptotes have been drawn in. This is not really the case—the HP 49G
has simply connected the graph across the asymptotes. (NOTE: If a vertical asymptote or other disconti-
nuity where the function is undefined falls exactly on the coordinate of a column of pixels, then the graph
will not connect over the discontinuity, even when the HP 49G is in connected mode.)
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The FCN menu for function graph analysis

When you graph a function, a folder appears on the graphics menu, offering several interactive tools
for working with functions directly in the graphics environment. Explore those tools with this example:

Graph ¥ 362 » ¥ with default settings. First, go to and the list. Now I
@@@@Bm Then B3 and L.

F'LOT - FUNCTION 3

=

Now, press to obtain the Function Menu (use to Leave the function folder and return to
the main interactive graphics menu), and look at each of the options available under the Function Menu,
using the above example.

E0IT| ADD | DEL [CHOOZ[ERASE] DRAN ]

Place the crosshairs at #=2. Ri43M snaps the crosshairs to the nearest root, displays its value, and records
it on the history screen with the label kzat. You should see keat: 3.44&410161514 at the bottom of the
graphics screen. (Press (=) or any menu key to get the menu labels back on screen.)

If you've plotted two functions together, EillI3il snaps the crosshairs to the nearest intersection point, dis-
plays its coordinates and records it on the stack, labelled Izect & . (4llAd doesn’t apply in this example.)

Move the crosshairs back to the origin. calculates the derivative of the function at the #-coordinate
of the crosshairs location, displays it, and records it on the stack with the label S1op=: . Press now
and the calculator will compute the slope at #=0. You should see stape: -2 at the bottom of the screen.
Press (=) or any menu key to get the menu labels back on screen.

Pressing IETAX marks the Lower limit of integration. Press it now and you'll see a small mark at the origin.
The second time you press it, it will compute the definite integral (numerically) of the function from the first
mark to the current crosshairs position, then display the value and record it on the stack with the label
Areat. Move the crosshairs back to #=2 and press IEIT¥il a second time. You should see area: -5.625 at
the bottom of the screen. Press (=) or any menu key to get the menu labels back on screen. (NOTE: IEEEi
computes a definite integral, so integrating from right to left between two points will yield the opposite
result from integrating from Left to right) To move the mark to a new lower limit of integration, press

snaps the crosshairs to the nearest extremum, displays its coordinates, and records it on the stack
with the label Ext t-m i . (The HP 49G uses its built-in root finder on the derivative of your function.) Move
the crosshairs near the point (-2,-2) and press IEHIA. You should see Extrn: (-2,2.66666666667) at the
bottom of the screen. Press (=] or any menu key to get the menu labels back on screen.
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Pressing shows IIEEE, which computes the function’s value at the crosshairs location, displays it, and
records it on the stack with the label F £3¢%. Move the crosshairs to #=-3 and press You should
seeF % : 1.5 at the bottom of the screen. Press(=) or any menu key to get the menu labels back on screen.
(NOTE: If you press while in the graphics environment, the coordinates of your crosshairs will be
recorded on the stack.)

EEE computes the function’s derivative symbolically, then |——s

graphs it, followed by the graph of the original function. f \ g
i Foh

[ 200K [, TRACE] FEn

If you press again, the second derivativeis plotted, fol-
lowed by the first derivative and the original function graph.

20K [ui, o [TRACE] FEN

If more than one function is entered into E@, then lets you cycle through the list. Press
repeatedly now and you should see that your list of functions includes the original function and its first and
second derivatives. (The function displayed at the bottom of the screen is the currently active one for the
purposes of the function folder.)

Plotting split-defined functions

A split-defined function is one whose formula depends

on the value of the input. Look at this example: fix) = x ifx<l,

1-x ifx>1

You can specify such a function on the HP 49G in two different ways.

A YECRI=CEM2 s CRELIHC1=KD - (K310

In this expression, the inequality operators take on values of either 1 or @ (for true or false), depending on
the value of . Since each part of the definition is multiplied by its respective inequality—and then the two
parts are added—this effectively eliminates (“zeroes out”) the nonapplicable portion. Very elegant.

(Try plotting this using the default viewing window. If the HP 49G is in connected mode, then the graph will
connect across the jump discontinuity.

B. ¥7 (HI=IFTECEL1 4 K 2y 15D

This expression uses the IF TE (“IF-THEN-ELSE") command, which interprets its arguments as follows:
“IF®<1, THEH evaluate #™2, otherwise ELSE) evaluate 1-%."
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Other Graph Types
Just to give you an idea of some of the other two-dimensional plot types available on the HP 49G, here are
some simple examples. You select any of these other plot types are via(69]2D/3D), using at the Type

field. The folder is inactive for these plot types, but the other interactive re-scaling and zoom fea-
tures all work.

cenic plots the solution to any quadratic relation in two variables.

Folar plots polar functions of the form r = £(8), where 6 measures the angle counterclockwise from the
positive x-axis, and r is the distance from the origin.

Faranetric plots parametrically defined curves, where the coordinates x(#) and y(f) are each functions of a
parameter ?,

Truth plots the solution set to any inequality in two variables.

(In all of the following examples, the screens assume that cennect mode is on.)

Polar Plotting

Press (€9)2D/3D) and set the Tup« field to Fetar. Change the independent variable to # by highlighting Indep
and typing (ALPHA] =] T) (ENTER). (If you didn’t know where to find the & character, you could instead press

[2ICHARS) and scroll through the List of characters until you find # and press ENTER]) Make sure
that the angle mode is set to kad.

Now press and clear all current equations (JCLEAR).
Then IETTM this equation: R (A >=3«SIN(Z2.5-82

Press () WIN] and set the Indep Low value to 0. Atthe Indep Hiah field, type (4J& ) (2)=NuM)

Set the step size to .1.

To plot this polar flower, press EIITE With the menu
labels removed (press (<)), this graph should appear:

(Keep in mind, too that you can press ((9]TBLSET) (=] CLEAR) (<9]TABLE) to see a table of values generat-
ed by this polar relation—see pages 43-44 for more about Tables.)
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Parametric Plotting

For parametric plotting, there is a system flag you need to uncheck (turn OFF). Press then
and &’ down to flag 27. Make sure it is unchecked (and therefore labelled *#+t=3 '+ ¢, %3 ). Press

Now begin the plot by pressing and setting the Typ field to Faranetric.
You want to plot x vs. y, where x(f) = tcos(#) and y(t) = tsin(?), for 0 < ¢ < 2T, so you need to change the

independent variable by highlighting the Indep field and typing (ALPHAJT) (ENTER]. Also, make sure that
the angle mode is set for kad.

Next, press and clear all the current equations (JCLEAR]), Press IETTM and complete #''1 (T 3=
by typing (ALPHAIT) (CoS) (ALPRAI D) (D (D (2)7) (ALPHA]T) (ENTER)

Now press (C]WIN] to enter the starting and ending values for the parameter T. Enter o for Indep Low; for

Indep High, type (2] ) (O-NUM). Enter .1 for the step size.

-

Erase the graphics screen (ITH3) and draw this spiral curve F}
(ETTD. With the menu labels removed (press (<)), the graph

should look like this: 4 /

(Keep in mind, too, that you can press (9] TBLSET) (=CLEAR] (&3] TABLE] to see a table of values generat-
ed by this parametric relation—see pages 43-44 for more about Tables.)

Conic Sections

Press (€9)2D/3D) (] CLEAR], and then set Typ« to Conic. Press and IETTM to put C1 <X, Y= inthe
Equation Writer. Now type 4:~2-3¥«'+¥"2—4. (Note: You must type a multiplication sign between
# and ¥ to distinguish this product from a single variable named ¥'.)

Now plot the ellipse at the default plot parameter settings:
EITTH.. With the menu labels| = .
removed (press (=), the graph should look like this: S / ] / )

£
[ZooH o] [ [EGIT[CARCL

Notice that the two branches are not connected to each other, so that at the extremes of the ellipse there
appear to be breaks.
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Inequality Plotting
Try using the Truth plot type to graph the inequality sin(xy) < 0.5.
Press and set Type to Truth. Set the Indep and bepnd fields to # and ¥, respectively.

Press and all the equations. Press IETId, which will take you to the Equation Writer and
offer T1 ¢y ¥ 2=, Type the following:

(SINX) (X) (ALPHATY) (3D (30 (ALPHAI)X) (- J5) (ENTER)

(You must type a multiplication sign between ¥ and ' to distinguish this product from a single variable

named ¥%'.)

Next, set the plotting parameters at their default values, by pressnng m [©JCLEAR]. Enter 1 for sup
and Ed4ild the Fixats field on. } -

Now press IITTE to see the shaded region. (This

takes several minutes to finish.) With the menu labels re-
moved, it should look like this:

Note that this tool offers you some interesting options for studying various functions or relations. For exam-
ple, if you have a complicated equation in two variables to plot, you might consider replacing the equals
sign (=) with an inequality sign (such as <) and then using the Truth plot type. The boundary of the result-
ing shaded region will give you some idea of the solution set to your original equation.

Cleaning Up

To set your top row tools back to Functisn, simply press (CANCEL) (¢5)2D/3D) and Functien for Typa.

Then press and (2JCLEAR], (G]WIN) (=]CLEAR), (ENTER)
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Working with Tables

These examples will briefly illustrate some of the tools available to help you tabulate and analyze data via
All the examples are for relations of type Functien, but many of the features are similar for
Faranetric and Felar types, too.

To begin, press [2ICLEAR], and then enter these four functions:

Y1 CRI=SINCRY
Y2 (K)=C05 (k2
Y3 (RI=SINRI-/COS (R
¥4 (RI=COS5 RI/SIH R

Press (69)TBLSET) to go to the ThELE SETUP screen. To reset all the numeric table settings, press (2JCLEAR
The starting value will now be 0, and values will be incremented in steps of 0.1. Press (€3] TABLE) now to see
a table of values for # and all four functions.

.2
.3
.4
.5
A .
(2oon| [ [ EIG[DEFR] |

Looking at the table, notice these things:

- The arrow keys, &, &/, () and (3, let you move from entry to entry of the table.

- When you are looking at a particular table entry (i.e. when it's highlighted), the full precision of that entry
is displayed at the bottom of the screen.

- Not all of the columns fit on one screen, but the display scrolls when you use (3 to move to the Y4
column.

- New table values are generated as you scroll either up or down with /AN and /.
- HEETH is a toggle key that lets you switch between a larger and smaller font size.
- EEdM is a toggle key that offers you a reminder of the definition of the currently highlighted column.

For example, when [[3M is on, you'll see the message Independent Yariable ¥ appear at the
bottom of the screen whenever you highlight the # column.
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The TABLE ZOOM Menu

When you're viewing a table via (€QITABLE], the menu key offers you some zoom options. For exam-
ple, In will zoom in by the designated zoom factor; and sut will zoom out by the designated zoom factor.
You can change the designated zoom factor by pressing and changing the value in the zeon
field. (The default zoom factor is 4.)

Try an example: Scroll down in the ¥ column, highlight the value .3, and press BN Select out and press

bt Y1 Y2 Y3

.q -.783327).628161_ |-1.26016
5 -.479426| .87 75826|- . 46302
.995004d|-. 100335
.4553365|. 3093362
.raYg42d|. 8422884
.H535961(1. 96476

‘i'

« 1
mird-
Lo
LN
rnuwn.g
nm

i i L1V
L= " ML LU

. -BYHEL
1.1 .B9180
.3

(2ood| | [ EIG JDEFN] |

See what happens? The table is recomputed. .2 is still highlighted, but now the step size is .4 instead of .1.

Notice, too, these other options you have when you IEILE
Decinal sets the start value to o and the step size to .1 units. (These are the default settings.)
Integer sets the start value to @ and the step size to 1 unit.

Trig sets the start value to 0 and the step size to (approximately) 7t/24 units. (If the angle measure mode
is degrees, then this step size is 7.5 degrees.)

tn-zoat is an UNDO key for zooming. It will reset the table to its most recent settings.
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The Equation Writer

The Equation Writer is a powerful screen oriented mathematical expression editor. Expressions can be
entered and/or edited while typeset as they typically appear in a textbook. Operations can be performed
on expressions or sub expressions while in the Equation Writer. At any time while an expression is being edit-
ed in the Equation Writer, it must be syntactically valid. At times, the calculator will insert an empty square
(@) as a place holder where an operand is expected. This can give hints about the proper form to use for
various calculator commands.

Quick Overview
Follow the keystrokes in this quick example to get an idea of what the Equation Writer can do. From the stack

screen, with the calculator in its default modes,” press to start the Equation Writer with a blank screen.
You'll enter the expression '\fo + 12x + 36 , simplify it, then recover your original expression.

Press X)) (H (1 2)X) (H (3]6). You should now :x:E+ 12:%+36

see this screen:

E0IT [ CURS [ ETG mf EVAL [FRETOJTELF A

Press (2 ®) to highlight the entire expression, then (XJ to
take its square root.

Now use & to highlight the expression under the radical.
You should see this screen:

TEWFH

Now press to factor it. Press Za to highlight the en-
tire expression, and then press to simplify.

ECIT [ CURE | ETG mf EVAL [FRCTO[TERFA

Last, press (©JUNDO] to recover the radical expression, press I to highlight the expression under the rad-
ical, then (2JALG) (1] (ENTER) to expand it.

“As with most areas of the HP 49G, the modes affect results significantly. This example won't work if the machine is set to approxi-
mate mode; it must be in exact mode.
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Starting the Equation Writer

The Equation Writer can be launched in several ways:

From either the default screen, or from within an edit line on the default screen by pressing (EQW). This
opens up a blank slate where a new expression can be entered. If the Equation Writer is started from
within an edit line, the expression created during the Equation Writer session is pasted into the cursor
position when the Equation Writer was started.

From the home screen by pressing either 3 or (TOOL) IZM with an expression or result in level 1, or
by pressing EA%48 with an expression or result highlighted during a visit to the history stack.

After selecting any item listed at the = screen, by pressing IETI,

From the home screen, by pressing (APPS) (6] (ENTER],

From applications where a symbolic expression is allowed to fill in the field on an input form or a cell
in a matrix. Press with the desired field highlighted.

From any edit line in an application—just press The expression entered in the Equation Writer
will be patched into the position on the edit line at which the Equation Writer was launched.

Exiting the Equation Writer

The session in the Equation Writer can be terminated in either of two ways:

46

Pressing (ENTER), which takes the expression to an edit line on the home screen. Pressing (ENTER) again
will cause the expression to be evaluated. If (2]*NUM)is pressed the second time instead of (ENTER),
the expression will be evaluated numerically (in approximate mode).

Pressing (or LCANCEL)) will abort the session, returning you to whatever state you were in when the
session began.
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Operating Modes in the Equation Writer

While in the Equation Writer, there are several modes. The cursor’s appearance indicates the current mode.

Entry mode

This is the default mode, which you use while entering a part of an expression. It's denoted by a cursor that
is a backwards facing arrow: 4 If you are in another mode, simply pressing a binary operator key, such as
E], orE], or the backspace key () puts you back into entry mode, where you will remain until you
either enter another mode (see below) or end the Equation Writer session.

In entry mode, as new terms are typed, they are added to the end of the expression. You can use ¢ 2 to
group terms and (4 to delete the previously entered character or function. Note that the Equation Writer
supplies the needed parentheses when a function is applied. Note also that the 49G understands implied
multiplication. It will insert a multiplication sign (small dot) for you whenever:

a variable follows a number; Example: Sk
a prefix function follows a number or variable; Examples: 25IH (X2 or'f I &,
a left parenthesis follows a number or right parenthesis; Examples: 2 C&2 or (3472 Gty D,

If you press ¢a while in entry mode, you'll go to selection mode with the current term highlighted. If you
press (), you'll go to selection mode with the previous two terms (or term and function) highlighted.

Selection Mode

Selection mode lets you operate on an expression or subexpression. In this mode, the expression appears
in reverse video (white text, black background). To go into selection mode, press ¢a or (¥ from entry
mode, or (ENTER) from term selection mode. To exit to entry mode, press a binary operator (or (#) at the end
of the highlighted expression). To enter term selection mode, highlight a single term and press /.

One use for selection mode is to delete portions of an expression. To delete only the highlighted text (and
go to entry mode), press Or, (IDEL) will delete the highlighted expression and the preceding
binary operator; (4] deletes the preceding unary function. (You can also use selection mode to Cut, Copy,
and Paste text, just as in word processor programs. See the examples in the section on Editing Operations.)

Another use for selection mode is to alter portions of an expression. For example, pressing a function key

(2JEVAL), etc) applies that function to the highlighted expression. Or, pressing a binary operator key
(=), (XJ, (=) makes the highlighted expression the Left operand, supplies parentheses if needed, inserts
the operator, and then allows you to enter the other operand.
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Moving around among terms within selection mode requires

that you think about the various “levels” of an expression. (In |,

fact, selection mode might also be called “level selection l [I:H +B:|2+ STH(H+ 1)]
Y +

mode.”) For example, consider the expression shown here:

3+hi+

The lowest level terms (those that will be evaluated first) are

E[lIT E“Elim- FﬂETil - wFH
A and B. At the same level as these are X and 1. The next

higher level (the terms that will be evaluated next) are {A+E> and its exponent, 2. After that, (A+E 32
and SIM(¥+17 are evaluated. At the next level are ¥ and (A+B32 +SIN (¥+1). Then comes 3, W,
and Y to its power. The last operation performed is, of course, the square root.

Within selection mode, pressing aN highlights more and more of the expression by moving you up to the
next higher level of the expression, until the entire expression is highlighted. Pressing &/ highlights less
and less of the expression, by moving you down to the next lower level, until only a single term is high-
lighted. Pressing 3 at that point takes you to term selection mode. (X)) and () move you among
terms at the same Level (or, if you're already all the way at the rightmost term at that level, ( ®) moves you
up to the next Level). Note also a couple of handy shortcuts in selection mode: Pressing ()& selects
the entire expression. And pressing (@]\Z takes you all the way down to a single term.

Practice by navigating in selection mode. First, enter the expression above: (EQW) (ALPHA[ Y]
(ALPHATA) B APHAIB) (DO PN @ (DB ENX B M X I (B (3) ) (ALPHAW), Now press
&\ to highlight the W, then () and (2 to move among the three lowest level addends. Next, highlight
just the 3 and press Ca\ to select the radicand. Use & once more to highlight the entire expression.
Press (& to go to term selection mode, then press () and (4) to move among all the terms.

In Selection Mode, with one or more terms in a sum (or factors in a product) highlighted, pressing
or applies the commutative property of addition (or multiplication) with the term (factor) to the
right or left, respectively. This is useful for rearranging terms (or factors) in a sum (or product). ()X D or
(@) highlights one more term (or factor) to the right or one term (or factor) fewer, respectively.

Try an example. Enter Y 2=-2"2+RK 2+2« 1Y

2 2.2
Press (EQW) (ALPHA YTYX(2) (0D (=) (ALPHA) (Z]9%)2) Y =2 +xX +eb3n

@>IE>]05 @0
& @ You should see this screen:
ELIT | CURE | EXG w] EVAL [FRCTO]T

Press ()3 to additionally highlight the ¥"2 term:

[ CURS [ ETGu] EVAL [FRETO[TERFH]
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Then press (€)4) (9) @) to move the highlighted term to
the left, shifting the other terms to the right.

Now press ([2J D to additionally highlight the Y2 term.

E0IT | CURE | BTG m] ENAL [FACTO[TERFA

Lt =2+ 20

Finally, press to Factor the first three terms, then (&Y
to factor the entire expression:

[ CURS [ ETG 8] EVAL [FRCTOTERFH

Term Selection Mode

In this mode, where the cursor appears as an outline box, you use () and () to navigate among terms
(as opposed to among levels) in an expression; any term can be selected and either replaced or operated
on. You can also cut, copy, and paste from this mode. To enter term selection mode from entry mode, press
3 and the last term entered is boxed in. From selection mode, press & with a variable or number high-
lighted, or press (©\&’. To exit term selection mode, you either: apply a function to the selected term
(which will then take you to selection mode with the new term selected); replace the selected term by typ-
ing a new term (which takes you to entry mode); or press a binary operator, which makes the selected term
the left operand, inserts the operator, and leaves you in entry mode to enter the right operand.

Cursor Mode

Screen Appearance: the cursor appears as a crosshairs; expressions are boxed.

How to Start: Press IHTE or (&) D

How to Stop: Press to select the boxed expression, or press to cancel.

What it Does: Cursor mode can be used to highlight subexpressions by moving a crosshairs around within
parts of the expression. Each term defines a rectangle in the expression. When the cursor is within the rec-
tangle defined by a term, that term is included in the selection.

Press (and optionally hold down) the arrow keys to move the crosshairs to a term or subexpression you're

interested in.  You can press and hold down an arrow key to move just the crosshairs without redrawing the
box it determines, which allows you to move around very quickly to a term or subexpression you want.

The Equation Writer 49



Editing Operations

Deleting

In entry mode, (#) erases the character or function to the left of the cursor. In selection mode, (2ICLEAR
permanently deletes the highlighted subexpression; (2JCUT] deletes but saves the selected subexpression
for later retrieval via (JPASTE]. No deletion is allowed at all in cursor mode.

In selection mode, (9JDEL) deletes the current term and the binary operator, if any, to its immediate left. To
delete a function, you have a couple of choices. First, highlight the function and its argument. Then you
can press (6QJDEL), which will delete the function, but leave the argument. Or, you can press IETHl, to bring
the highlighted expression to an edit line. Then use the arrow keys to position the edit cursor appropriate-

ly, then («), or to delete the function.

Try this. Enter and highlight the following expression in the
Equation Writer:

EaW) ¥ @I @D HENX )y

4" S THI)

EDIT | CURZ [EIGE] EVAL [FACTO[T

Now, suppose you want to delete the sine function. Press

/B, which will highlight SIN(X). Then press (€3[DEL
A, You should see this expression:

E0IT | CURS [EIGE] EVAL [FACTO[T

Inserting

To insert an operation and operand into an expression, just highlight the other operand and type the oper-
ation and operand you wish to insert. Similarly, if you want to apply a function to an expression, just high-
light the expression and press the function.  (Note that if you inadvertently apply a function to an expres-
sion, (JUNDOJ can come to your rescue—if the Last stack option is selected (checked) in the CALCULATOR

HoDES screen under the key.)
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Copying and Pasting

Expressions can be cut, copied, and pasted from within the Equation Writer, from an edit line, or from the
history stack. In selection mode or term selection mode, you simply highlight the term or expression to be

copied and press (2]COPY]. With a target expression or term selected, pressing (JPASTE) replaces the

highlighted expression or term with whatever was previously copied.

Undoing

You can recover the contents of the Equation Writer application before the last function was applied by
pressing the Note that (2JCOPY] can be used to save the current contents of the Equation Writer
application. First press E2Y&Nto highlight the entire expression (if it isn't highlighted already). Then press
You can now go on to do any number of operations within the Equation Writer, and go back to
screen that was copied by using (2)PASTE),

Step-by-Step Mode

If “step-by-step” mode (step-step) is selected (checked) on the Cas HoDES screen, then whenever you eval-
uate any command that can show step-by-step calculations, that evaluation step is copied to the stack auto-
matically. The commands that can show step-by-step evaluation are:

* Derivative

* Linear algebra problems involving row reduction, such as LINS0OLYE, RREF, rref , KEF
and IHY (of a matrix)

* Euclidean division (ID I%'2 for integers and D I%'2 for univariate polynomials)

* Symbolic integration with boundaries (in 2 steps)

Note that there are other commands that you can also use to show a step-by-step solving strategy, but these
require your explicit intervention:

* Apply commutativity law inside the Equation Writer

* Apply a command to a subexpression inside the Equation Writer, or converting to a form that
can be “solved” (e.g. by SOLVE or INTYX)

* IBP (integration by part)

* User change of variable inside an integral
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How Do | Do Calculus in the Equation Writer?

In this section, we'll cover the most common operations performed in a first year calculus course. In each
example, we'll assume that we're starting from a blank screen in the Equation Writer, with default modes set.
All the commands can be found in the CALC menu, or on the keyboard itself.

How Do | Take a Limit?

The limit command is found in the CALC menu:

IHI

(EQW) (G)CALC) (2) (ENTER) (2) (ENTER) (SIN[X] & /ay ' &
HXOOXEIE0O A il give the screen shown
here. Then will evaluate it.

You can also take limits at infinity and apply the limit com-
mand to an existing expression. Clear the Equation Writer

first by pressing then: DG
0B (2@ (GICALC) (2) (ENTER) (2) (ENTER)
X (=) (E=) (22X, You'll get the screen shown here.
Then will evaluate it.

EDIT | CURS | EIG u] EVAL [FRETOTERFH

Note: If the independent variable is the same in the limit expression as defined on the tas KoDES screen, you
need not enter an equation as the second argument to the limit command. Instead, you can just enter the
value. For example, if InbEF is defined as #, the command LIMIT CSIH €524y B3 will work.

How Do | Take a Derivative?

The command (23] on the keyboard can be used to take a derivative. If you select step-step on the cas
HopES screen, you'll see the derivative computed step-by-step. To differentiate #“"2¥LH (1-2#3, for

example: > X e (D). Now repeatedly.

<- This

'.i" L, |L- ~ 8" - eventuaug YRR I:—
_.ll K] _l Kl Ll.‘“ 1—1;'| 1 becomes .l‘“ 1_;'| R |+l’|

this. -->

E0IT | CURS | EIG m| EVAL [FACTO[T E0IT | CURE | ETG o] EVAL [FHCTO[TERF A
Note: The DERY# command in the first menu under ($9JCALC] can also be used to differentiate. It always

differentiates with respect to the current independent variable. To specify a different variable of differentia-
tion, use the DERIY command and specify that variable as the second argument.
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How Do | Evaluate a Definite Integral?

The command on the keyboard can be used to evalu-
ate an integral. Its result will be accurate to whatever number
of digits is specified in Number Format on the caLcuLAToR
HopES screen. For example, to evaluate this integral...

LEDIT | CURS [ ETG u] EVAL [FRCTO[T
...do this: EQWE] AW ODAPHAGE (D DEHX
@AY NY €L |
LEDIT [ CURE | BTG 8] EVAL [FACTOJTERFA
Note: +u and — can be used as a limit or integration. For example, try (EQW) (=] (D OO (Gl=) (D
OEXPZOX KA.

E0IT | CURS [ ETG ] EVAL [FACTOITERFH] FACTO|T

How Do | Find an Antiderivative?

There are three commands available to compute an antiderivative: IMT%3, for an antiderivative with

respect to the independent variable, IMT, which allows you to specify the independent variable (but which
you must type from the keyboard; it's not on a menu), and B I'SCH, which uses the Risch algorithm to com-
pute an antiderivative.

For example, to find an antiderivative for #¥¥C05 (Z¥ 3, with ¥ the independent variable: m
P P

(COsIB3)X) (2)2 (GICALC) (ENTER) (8) (ENTER).. W EuiL |

THTY AL =3

| CURE | ETG ] EVAL [FACTOTERFA ECIT [ CURE | EIG @] EVAL [FRCTO[T
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To find an antiderivative using the INT command, you need to type IMT first. For example, here’s how to
find an antiderivative for 1 (1+4T~23: (EQW) (ALPHAJACPHA] TINITYALPHA) (QIO) (D (H (1)
> ([2X&\. (The third argument to INT is the variable or

expression to substitute for the independent variable after the antidifferentiation.) Then E%d:I4 to calculate.

ECIT | CURS | ETG W EVAL JFRETOIT

Note: Instead of pressing to lock alpha mode on (then once more when you finish
typing multiple characters), you could instead press and hold down

How Do | Solve a Differential Equation?

The HP 49G can find general and specific solutions to differential equations but not from within the
Equation Writer. Use the home screen for this. (For more on this, see the section on the ($JCALC) menus)

How Do [ Find A Taylor Polynomial?

Within the Equation Writer, you can compute the 4th degree Taylor polynomial at x = O for a function. (To
compute other Taylor polynomials or series, you need to work from the home screen. For more on this, see

the section on the menus.)
For example, here’s how to find the Taylor polynomial for sin(x):

Eaw) SNIX) (212 (ICALS) (2) (ENTER) (4) ENTER) (D).

AYLORB[SIHE)]

EDIT | CURE | EIG ] EVAL [FRCTO[TERFA

E0IT [ CURE | EIG 8] EVAL [FRCTOTERFA
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How do | do Implicit Differentiation?

The HP 49G is fully capable of performing implicit differentiation and, by using the SUES Titute command,
even isolating the derivative term. Here are two examples, one easy, one more involved.

First, differentiate ¥ 2+« ¥« Y'=%'"2=4 as follows: ™o ALPHA] Y} (& O)

X (2k@ [ (ALPHATY) &> Y2
=) @)=Y Note that it is necessary to enter ' (X2
rather than simply ' so that the calculator will know that ' is
a function of ¥ when you differentiate. You should see this:

Now apply the derivative command to the equation:

R E)EIIPRIZANN EvAL

Note that the calculator names the derivative term d 1% €2,
Replace that expression with the variable [, using the substi-
tute command. (This is necessary because you need to iso-

late [d in the result; the calculator can't isolate d1% i)

(©JALG) (8) (ENTER) (ALPHA) (D) T ALPHAT Y] (G OIX]
OO (E)=) (ALPHAID) ()= IETM.

To isolate [* in this equation, first make a copy: (JCOPY

=

ECIT [ CURE | BTG m| EVAL [FRCTO[TERFA

T =2

B 2 T B

EDIT | CURS [ BTG wf ENAL [FACTO[TE

Then use to return to the stack, and (QJSSLV)
(2JENTER) (©)PASTE) (]+) (ALPHAJD) (ENTER). Then 3

will take the result back to the Equation Writer.

Here’s what it looks like:

Now, you could leave this equation as it is, but you might
want to change the ¥ (3 term to a usable variable so that
you can use the derivative in other calculator environments.
To do this, just use the substitute command to change ' £

to : (2JALGI 6 JENTER] (ALPHAL Y] (S[OIX) (D (2)=)
RSy EviLl

The Equation Writer

EDIT | CURS | EIG wf EVAL [FRETO[TERFH)
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One common calculator environment you may want to use, of course, is graphing. Now that you've made

the equation entirely usable, you can copy its right hand side and use the Fast-3D graphing utility to take a
look at it: & () (=] COPY) (CANCEL) (¢5)20/3D) [{ITH.

Use I as necessary to scroll down and find the Fast 3D selection. M to select it for the plot Tups,
then & to highlight the Eg field, and

Make sure the independent variable is ¥ and the dependent
variable is . Then press [ [IFiFH |

i -

In the Fast3D plot, the arrow keys can be used to move the
eye point around the figure.
[TEACE]
Notice how the axes in the lower left hand corner of the
screen rotate with the image to give an idea of the orientation.
TEHCE)
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Numerical Solving

In either ALG or EPH mode, pressing (2 NUMSLV] will bring EEDHHZ H i u+ - ALG
s LS QU] T
up a menu of 5 separate numerical solving features: 2.50Lue diff eq.. 5

F.50lug paly..
Y.5o0lug lin Fy=..

Any of these can be accessed by highlighting it and pressing 5.56lue Findnce..
1 [ ]  [cAncL ok |
Solve Equation

First, note that if you choose to type equations without using the Equation Writer, only ALG mode under-
stands implied multiplication between numbers and variables (but not between two variables); RPN mode
does not. Of course, a good way to enter any equation is the Equation Writer, which understands implied
multiplication in either mode—and the Equation Writer is accessible from within the salue 2quatisn tool.

First, select the solue equatisn tool (via (2 NUMSLV}s menu,
as shown above), and make sure the cursor is on the Eq field.
Then press and enter your equation.

(When finished, highlight the entire equation and copy it

(press (2 COPY)) for easier editing later.) EQIT | CURS | EIG o] ENAL [FACTOITESFA

% SOLVE EQUATION £33 3
Now press and the equation will appear in the proper Eq W=( —B+J (B 2-4*A*C..

form in the Eq field. Notice how the solver creates fields for |%: _ E:
each of the variables in the equation. (If these don't yet ap- |f: C:

pear and the eq field is still highlighted, press again.)

Enter valug ¢r press SOLVE

Now, you simply move to each known variable and enter its (13241 I I TR N FTTS

value. For the variable you want to solve for when all the others have known values, highlight it and press
EI®I3. The correct value will be returned into that variable slot—and will also be placed on the stack.

R 22 SOLVE EQUATION 588 R RAD XYZ HEY K= '§° ALG

Eq: ¥=(_B+I(B"2-4%A*C).. LHONES

i b -1

A c: —12

Enter walug or press SOLVE Kid.
(EOIT] |  [Wek: [ INFo [S0LVE| % [ c [ n | E [ wa]w]

To get the other quadratic solution, highlight £4, then go back to the Equation Writer (EQW)), paste in your
equation (press (2JPASTE), change the sign in the formula, then and repeat the solving process.
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Solve DifF EQ:

The salue diFF 2q tool will take you to the screen called soLvE ' (Ta=F (T, %), where you can calculate the
solution to a differential equation between initial and final values of the independent variable.

Example: Find the solution to %}Xc

The fields on the screen are as follows:

F The expression to be solved.

Indep: The name of the independent variable.

Init Gindep): The initial value of the independent variable.
Final Gndep): The final value of the independent variable.
Soln: The name of the variable to be solved for.
Init (setn):  The initial value of the solution variable.
Final (sotn): The final value of the solution variable.

For the above problem, therefore, the screen looks like this:
Note: You can't enter the expression if the variable(s) used in

it contain values; purge all such variables beforehand. For
example, you need to purge # in this case.

Now, with the highlight on the Finat (s2tn) field, press
and you get this:

Pressing will put the solution back on the stack and
give a full view of the number:

58

=x) fromx=1tox=3

e SOLVE ¥' (TI=F(T,¥)

F:

Indep: ¥ Init:@ Final 6.5
foln: Y Init:d Final
Tol: ., BEB]1 step: DFf 1t _5tifFs

Enter Function of INDEP and SOLN
LEDIT fcHons[ | |

SOLVE Y'(TI=F(T,¥)

F:

A2
Indep: ¥ Init:] Final 3
foln: Y Init:@ Final
Tol: , BAEA] step: DF 1t _StifFF

FPress SOLVE For Fandl s¢ln value

(EDIT] [ | JINIT+[Z0LVE)

B SOLVE Y' (T =F (T, §
R2

F:
Indep: ¥ Init:]

Final 3
Soln: Y Init:@ Fina L B
Tol: . BEOEA]1 step: DF 1t _StifF

Fress SOLVE fFor Findl soln walug

ECIT] | [ InIT+

IRAD RYZ HEX R= 'R’ ALG
LHOMEZ

Tolerance: .8881
Solut ion: 8. 66666666668

v 1 % | ¢ | 6 | E | V3|
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Solve Poly

In the polynomial solver (i.e. at the screen called s0LYE an-#~n+. . +a1-#+a0), you key in the polynomial in a
quick fashion, via a simple vector containing the coefficients of the terms, in descending order of degree.

D PR

For example, to solve #™2=¥~12=08, you would enter the polynomial in the ceerricients field as follows:

GO0 e L IS EVTER)

The cursor will move to the kusts field. Press and the roots will appear there.

SERRES SOLVE AN- ¥~N+..+Al - HeA0 335558 2 SOLYE AN-X*N+..+A1-B+A0 £
CogfFicigents [ an .. a1l a0 1: CoRfFFacaents [ an .. a1l ad 1:

[1-’_1-5—12-] [1-,—11’-1211
Roots: Roots:
Enter roots or press SOLVE Enter roots or press SOLVE
(EOIT] | | [SVHE [SuLNE] LEDIT] | |  [EVHE[S0LVE]

Note that will send the results to the stack, with the roots in factored form (or—if you've solved for
a polynomial rather than roots—the solution polynomial in conventional decreasing-degree order).

Try another. Find the roots of #™2+4=8, by filling in the et SOLVE AN-H™N+.+A1- Hend S
CoRfFFicignts [ an .. a1 a0 1:
[ 1 LI | El 5 4- ]

Roots:

Coefricients field as shown here. (Notice how the missing
degree in the polynomial must nevertheless be represented
with a zero coefficient) With the kaots field highlighted, press
EITHT3 .. voila. (Complex roots appear as ordered pairs.)

Enter roots or press SOLVE

LERIT] | | [ SWHE[0LVE]
Try one more. Suppose that you know the roots, say -2, 3 and 5, and you want to find the corresponding
polynomial. You just enter the roots... ..and for the polynomial.
s SOLVE AN- KN+, +Al- RenD S5 SRS SOLVE AN- KN+ +A1 - K+A0 SR
CogFFicignts [ an .. ai ad 1: CoRFFicignts [ an .. a1 a0 1:
[_21 ,3- ,5.] [_2153- ’5-]
Roots: Roots:

Enter roots or press SOLYVE

Enter roots or press SOLVE

(EDIT] | | [ SVHE[SOLVE] (ERIT] | | [ SYHE [S0LVE]
RAD ®YZ HEX K= 'R’ ALG
LHOHEZ
And the stack version looks pretty good when you send the
results there via (then (ENTER)): Roots:i[-1. 2.5]
(k+1.3(x=2.3)
(N I N O T PO
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Solve lin sys

In the linear systems solver (i.e. at the screen called s0LYE 5Y3TEM A-=E), you key in two matrices:

A
E:

The solver will return the solution (column) matrix, %.
For example, solve this system: 2a + 3b+c =2

—-a+4b+2c=1
3a-2b+2c=-5

A square matrix whose rows contain the coefficients of the respective equations in the system
A column matrix containing the constants of respective equations in the system.

3% SOLVE SYSTEN A-H=B

X Wm IR

Enter CoRFFicidnts HAtraixX A

With the cursor on the # field, press IA%48. This will take you to the Matrix Writer tool for easy data entry.
Make sure that appears on the menu line. (If not, press to change it) Then enter the values:
(2)enTeR) (3JENTER) (1JENTER) &) )X ). This establlshes it as a 3-column matrix and take gou

back to the first column; from now on, you won't need to re-

peat those keystrokes at the end of each row: (1J+/=JENTER
(4)ENTER) (2]ENTER) (3)ENTER) (2)*/=[ENTER) (2]ENTER)
ENTER). The matrix will now appearin a:

Use & to move to the & entry, then I, This time you
want to appear. (If necessary, press IFTIM) Then

enter the matrix values: (2JENTER) (1 JENTER) (5] +/-JENTER) gz

ENTER) This matrix will now appear in &:

Press &/ and the solutions will appear in decimal
form. To view the full values, press and move through
the matrix. Pressing while the #: is highlighted will re-
turn the solutions to the stack, as well.

Solve Finance

ey

a n: [

Enter cofffFicients Hatrix A

[ECIT oozl | | | |

%% SOLVE SYSTEN A-H=E

=cc2.ia.i1.1 [-1.54.

A
E
by

Enter constants or press SOLVE

EOIT JoHoos] | | [S0LVE]

AYZ HEX K= ' ALG
EX

RAD
{HON

« 157894 736E
Solutions:] 1.18526315¢
-1.63157894°

(The sowe Finance tool under (PINUMSLY] is exactly the same as pressing (QIFINANCE]. That section is

found elsewhere in this Guide.)
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Finance

The HP 49G allows you quickly to do calculations involving compound interest—also known as the Time
Value of Money. Just press (6JFINANCE] to go to the TIHE VALUE oF HOREY screen:

2 % TINE YALUE OF HONEY 353

n: ENIN IZVR: @

Fv: ©.088

PHT: . 08 PeyvR: 12

Fv: ©.08 End

Enter no. oF payuents or FOLVE

LELIT] [ [ [wHuk [ZuLvE]
n: The number of periods (and payments to be made) in the term of the loan.
I#YR: The annualized interest rate, as a percent.
'E The Present Value (total amount to be financed).
FHT: The periodic payment amount.
Fy: The Future Value (total amount still owing at the end of the loan).
FoYR: The number of periods (also payments) in a year.

End/Begin  The point in each period when the payment is made—either at the beginning or end.
You enter all necessary data, then highlight the item you want to solve for and press EIINI3,

Try an example. How much per month would it cost to take out a 3 year loan of $12,500 at 9.25%? To find
out, press (if you're not already there), then move the highlight to the n field and press:

(3)6) ETeR) RN TINE VALUE OF WOMET s
(91- 215 (ENTER) 2-.- ?gsaa - IR: 9,25
(1)2)5)0J o) (ENTER). PHT: .60 PoYR: 12
(1 past the uT field for now (since that's your unknown), |y A, 66 Erd
e Chooze When payHents are Hade

' I_m_-m-i

The payment mode should be EMD:. Adjust it if necessary (via BiIIHE), then use the arrow keys to return to
the PMT field. Press and you should get =295, 95. This will be the monthly payment amount.

Note: If you press (ON), you will find that this payment value was also returned to the first line of

the stack. (If you exit the TVM screen to see the stack, just press again to get back; the values
you have entered will still be there.)

Of course, the beauty of the TVM screen—like the other solver screens—is that you can easily change one

value and solve again. (And each time you solve for something, it will be left on the stack). Try another
example....
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Suppose you can afford to pay $975/month (principal and interest) for a mortgage payment. How much
money can you borrow? It depends on the mortgage interest rate. Use the Finance solver to test scenarios.

If you can get a 30 year (i.e. 360-month) mortgage at 8.5% APR, how large a mortgage can you afford?

Atthe TVM screen, key in the values as shown here. (The neg-
ative sign for the payment, FHT, indicates the direction cash is
flowing from your point of view: You received the loan, F¥, to
buy a house, so the F# amount is positive; you pay the pay-
ment amount, so it's negative.)

Now, highlight PV and press

Under these loan terms, you can afford a mortgage in the
range of $126,000 range.

Now that you've solved for the payment, you can also use

o
o

another tool, IELITA, to itemize your payments into principal
and interest. Press IELITA now, and it will bring you to this
screen:

You can specify any number of payments made during the
life of the loan. For the first year, for example, you can just

leave the 12 in the Fanents field. Now &/ down to high- gz

light the Principal field and IELITA... ynenu: ﬂEHOMIZE """"""""""
Frincipal: [i=l =

In the first year of your mortgage, you'd be paying a total of |Interest: —18741.42

12 * $975 in payments, but only $958.58 of that would re- |Batance:  125843.72

duceyour balance (and so you'd still owe $125,843.72). The

other $10,742.42 you paid would be interest. (EpIT] | |  [E-+Fu[aHok ]

n: 360

2% TINE YALUE OF HONEY £

PY: @.806
PHT: —975. 008 p-vi: TEN
F¥: B.806 End

Enter no. ofF payHents per Yedar
I@lm!l

Ievk: B, 5

n:
PY:

FayHents:
Frincipal:
Interest:
Balance:

% TINE YALUE OF MOREY 3%

PHT: —O75. 008 P-YR: 12
Fv: @.08 End

Enter present value or SOLVE

ERIT] | [ [AHOR[0LVE]

Enter no. ¢f payHents to gHort

So, how much would the house cost you out of pocket over
the full 30 years (360 months) of the mortgage? Find out:

PayHents:
Frincipal:

%55 ANORTIZE 33

- . . . Interest:
Just enter 368 in the Faynents field and.ﬂm again... That o 5 15E—6
$126,800 loan will cost about $351,000 in total payments.
(ECIT] | | |E-+FU]HHOR|

(Note: the balance of 5.15E-6 or: .00000515, is the calculator’s way of telling you that you owe nothing.
The payments and amounts are, due to rounding, off by a few hundred thousandths from zero.)
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Symbolic Solving

Pressing in either ALG or RPN mode will bring up a EEEH S.SLVMERM 2202000 N
symbolic solver menu with seven tools on it. (The seventh

, ! a.I50L
item, not shown here, is 2ZER03.) 2.LDEC
Y.LINSOLVE
5.50LVEVH
The mode you're using (ALG or RPN) affects the rules for use &.50LVE
and entry, so what follows are examples of each. T T T Tcanet] ok |

Algebraic Mode

DESOLVE

The pesaLvE tool will solve certain first-order differential equations with respect to the current variable. In
ALG mode, pesoLYE needs a list of two arguments: the differential equation and the variable to solve for.
(Be sure to purge all variables used in the equation first. For example here you might want to press (TOOL

EET (G0 (2] X (@) JsPS) (2] ) (ALPHAL Y) (ENTER))

Example: Find y(x) if y'x) = x%

Press (€9 SSVJENTER) (ALPHA ] DY TJALPHAI Y S O)X) (D (2)=)
) MaOX..

RAD HYZ HEX R= 'R' ALG
THOMEZ

This is what you should see:

WOLVYE CALIY CRI=R™2, Y CR4)
L0 [IMvR] FY | FHT [ FVR | FU |

RAD HYZ HEX R= 'H' ALG
LHOHE>

Press and you should get this result, which is the cor-

rect symbolic solution (including the constant, denoted here |2 DESUL'...‘E[d i '-,-'[::{]:::-::2 ,'T‘[:x:]]
asC8): i

fren=Lx oo

(EFAR] N [TdVR] FY | FHT | FVE |
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ISOL

The 150L tool will symbolically isolate a variable in a given expression. In ALG mode, you supply a list with
two arguments—the expression and the variable to be isolated.

Example: Isolate the variable C in the temperature conversion formula F = 2 C +32.

To get ISOL (F=(3-532*%C+32, CJ on the stack, press:

(QJsswv) (2) ENTER) (ALPHATF) (2)=) (IO =5) (OO
(X) (ALPHAYC) () (3] 2) ()] (ALPHA] C),

Your screen should look like this:

Press and you should get this result:

Try another example that yields a familiar result.:

Isolate  in the quadratic equation Y=A¥x"2+B*x+C

To do so, press: (€2]SSLV) (2) (ENTER) (ALPHALY) (=]=)
ALPHA ALPHA]B]X]X] (+) (ALPHA
(=0

Your screen should look like this:

Pressing (ENTER] gives you this:

5

RAD RYZ HEX K= 'R’ ALG
{HOMEZ

ISOLCF=C9-30%C+32,C#

RAD HYZ HEX K= '{°' ALG
LHONEZ

: 150L[F=§-D+32,rz]
c_SF-160

9
lﬁmnmmmﬂ‘

RAD HYZ HEX R~ 'H' ALG
LHOHMEZ

il CY=A%X24+BXX+C 4y K
L0 [IWR] FN [ FHT | FYR | FV |

RAD HYZ HEX K= 'H' ALG
THOMEZ

: 1S0L[Y=AK"+Ba+C )

{x= +lBZ-(4AC-4v.a)

[
A A=
ELIT | VIER] FEL ] 2T0k JFURGEELERR
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LDEC

The LpEC tool will solve a linear differential equation with constant coefficients or a first order differential
equation with variable coefficients. In ALG mode, you must supply it with a list of two arguments.

The first argument is the function forming the right hand side of the equation, if you're dealing with a sin-

gle equation. (For a system of equations, this argument would be an array of the terms not containing the
dependent variables.)

The second argument is the auxiliary polynomial for the single equation. (For a system of equations, it's
the matrix of coefficients of the dependent variables.)

Example: Solve the differential equation y"(x) = x + 3

EREHEEZ HEX R~ 'H° ALG

You need to put LDEC {X+3, X¥*22 onto the stack.

To do so, press (Q[SSV) BJENTER| X) ) 3) (2)*)

The screen should now look like this: LDECCRX+3, X 24
L n JIvR| FW | FHT | FYE [ FY |
RAD HYZ HEH R= '3®° ALG
LHOHEZ

Now press \ENTER) and your screen should display the solu- |z LDEC[H+3 _,::{2]

. . . . 3 2

tion, like this '%'H +%-H +C1H+CE
ECIT [ VIEW] RCL | STk [FURGE[CLEAF
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LINSOLVE

The LInsoLvE tool solves a system of linear equations. In ALG mode, you must supply it with a list con-
taining two vectors—the equations to be solved and the variables being used.

For example, suppose you want to solve this system of equations: x+y=2

You need to put LINSOLVE cLX+Y=24 K-%=81, [X, Y1 onto the stack.

To do so, press (9[SSLV) (4) ENTER) RAD XYZ HEX R= 'R’ ALG
GOXHAPAY) PE @) EHOHMES
XB @GP =P
(G (X (2] (ALPHA[Y) (ENTER).

: LINSOLVE(LR+Y=2 x=Y=81r
LR +Y=2 x=Y=8]1 [k Y1} Spek
_ECIT | WIEW| KCL | 2Tok [FURGE[CLEAR]

Your screen should look like this:

The result comes in three separate pieces—in a list that is usually too wide for the display. To view all of
this list, use (and ) and (D to scroll your view as needed.)

Hx+v=2 X-v=81[% Y1} Sp*

First you'll see the original system echoed back to you.

(TERT] | | [ | uk |

dSpecifici{Z2-22 1.} [K»

Then comes a list of the “specific” pivots.

i---_ml

=i {2 -2 2 1. } [¥=5 v=-31}

Last comes the solution vector.
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SOLVEX

The soLvEs tool solves a given equation specifically for the variable . (If given an expression rather than
an equation, it will equate the expression to zero and solve accordingly.) In ALG mode you simply enter the

equation (or expression) and invoke this solver.

Example: Solve x*> + 2x — 3 =5 for x.

First, enter SOLVER (A 2+2%%x-3=35) onto the stack:
(I SSWv) 5 JENTER] HEXEHEEEE)

The screen should look like this:

Now press and you'll see the solutions displayed as
a list, like this:

Example: Solve Ax + 2B =3C - 5 for x.

Enter SOLYER tA*X+2%¥B=3%C—-53 onto the stack:
(ISSWY] 5 ENTER) (ALPHAT ATX]X) =)
) . The screen should look like this:

Now press and you'll see the solutions displayed as

a list, like this, with the input on the left and the solution on
the right:

Symbolic Solving

RAD HYZ HEX R= 'R’
{HOHE>

ALG

SOLVEVR (K 2+2K—3=54
LEDIT [ VIEH | | 2T0k [FURGE|CLEAF]

RAD KYZ HEX R= 'H' ALG
{HOHEZ

: soLvEYR(E+2.—3=5])

=2 K=—43
LEDIT | WIEM [ KCL | STk [FURGE[CLEAF]

2 HEX R= '§{°' ALG

SOLVEVR(A*X+2B=3C-5>
LEDIT [ WIEW | RCL | Tik [FURGE|CLERR]

RAD RYZ HEX K= 'R’ ALG
{HOHEX

: SOLVEVRIAR+2B=3C-5)
H=—
[WIEW | Rl | Ti ]

2:B8-(3.C-9)
A




Example: Solve x* + 4 = 0 for x.

In this case, the solutions are complex numbers. The machine

can produce these solutions correctly, pro-

vided that complex mode is active. If not, you will get null results

To check on the status of complex mode, press (MODE), then
HEEH, (o see this screen:

Just for illustration, be sure that the _cenpLex field is inactive
(unchecked) and continue with the problem that way....

i fCAS WODES 5
Indep var
Hodulo: 3

~NuHeric _Approx —CoHplex
_Uerbose _StepsStep _Incr FoH
Y Rigorousy SiHp Non-Rational
Enter independent udridable ndaH?

| [cAncL] ok |

Press (ENTER)(ENTER] to return to the stack, then: (¢2)SSLV] 5 JENTER (No need to enter =

0 because the HP 49G will assume it if not told otherwise.)

Now pressing [ENTERJ should give this result—an empty list,
indicating no solutions (i.e. no real solutions):

RAD HYZ HEX E= 'R ALG
LHOHEY

: SDL'-.-'E'-.’K[H2+4] 3
LEOIT | WIEW [ KCL | 2Tok [FURGE[CLEAF

But now go back to the cas HODES screen (MODE), then
and activate Complex mode (i.e. check the _Canp tex
field). Also, un-check the _approx field, if it's checked:

3 £ CAS NODES &%
Indep var:¥

Hodula: 3
_NuHeric _ Approx

M Conp Lex
_VYerbosze _StepsStep _Incr FoH
¥ Rigorous ¢ SiHp Non-Rational
ALLOH COHpLl@X nuHbers?

EDIT[  [wCHE]  CARCL] 0K |

RAD KYZ HER €= '¥'
{HOMEZ

ALG

Now repeat the above solution keystrokes. Pressing (ENTER
should give you these results:

s soLveEvsl+a) _
R=—(2:i) R=2i}
'ENTT [ VIEW hiL | S0k JFURGETCLERH

RAD HYZ HEHd C~ 'H' ALG
HOHE>

Note: |f Approximate mode is on, a little tilde, ~, will have
replaced the = in the Annunciator area, and the results will
instead look like this:
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SOLVE

The soL¥E tool solves a given equation for the specified variable. (If given an expression rather than an
equation, it will equate the expression to zero and solve accordingly.) In ALG mode you enter a list of two
arguments—the equation or expression and the variable to be solved for.

Try an example. Solve for B in this equation: Ax + 2B =3C -5

To do this, type (€9JSSLV] 6 JENTER) (ALPHA] AYX)X) gngn
el BEEL]

#¥Z HEX €~ 'R’ ALG
EX

Your screen should now look Llike this:

SOLVEC(A*X+2B=3C-5,B>
LEDIT|WIEW ] RCL [ STk [FURGE[CLERF]

RAD HYZ HEX €= 'H' ALG
{HOHEZ
Pressing (ENTER] will yield the solution: s SOLVEIRY+2:B= 3 C-
B é £-5)

[i!lﬂ!
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ZEROS

The zeros tool will solve for the zeros of a single-variable function. That is, it will set to zero the given

expression and solve that equation for the variable specified.

In ALG mode, you must supply a list with two

arguments—the expression and the variable to be solved for.

Example: Find the zeros of x* + 2x — 3.

Press E]
)X

Your screen should now look like this:

Press (ENTER] to get this:

RAD HYZ HEX RK= ‘H' HLT_ALG
{HOMEZ> 02 07«N0Y:23

FEROSCR™Z2+2K -3 K4
[ w1 [ E¢ [ TRE | De | F [2FAF]

RAD HYZ HEX R= 'R’ ALG
LHOHEZ i0 35 nhoy:az

: 7EROS(%E +2.34—3 %) _—
FEOTT]VIEW] KCL | 210k JFURGETC Eoe

IF Complex mode is active (check the _cenpLex field on the chz HODEZ screen), ZERe$ can return complex

roots too. For example, find the zeros of x* + 2x + 3.

Press @SSV @R XTI2 D EREE
EDREE

Note: If Approximate mode is active (check the cas HoDES
screen or look for a tilde, ~, rather than a =, in the status area),
the results will instead look like this:

70

KAD BYZ HEX €= 'R’ ALG
LHOHEX i0:42 noy:23
: ZERDSIR +2%-3,%)

{1 -3

: ZEEDS[H2+2-K+3,H]
{-[1+id2) -[1-1.J2]}
LEDIT | WIEW| Rl | 5Tk [FURGE|CLERK]

RAD KYZ HEX C~ 'R’ ALG
{HOHEZ i0:45 nov:a3

: 7EROS3E +20042,3¢)
-(1+iJ2) -(1-i.J20}
=1, -1, 41421356257 -0

(—1.,1.41421356237) 2
+RIF[ZRIF+ HIEL | DEL+[DEL L] INS |
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S.Slv in RPN Mode:

The main difference between ALG and RPN modes is in the formatting and “timing” of the arguments you
provide: ALG mode looks for multiple arguments in a list that follows (and is a part of) the desired com-
mand; RPN mode expects to find its arguments already on the stack (one argument per level) when you
enter the command. The orderin which you enter the arguments is the same in either mode.

Other noticeable differences:

- In RPN, a command is not echoed on the stack. It is executed (assuming the stack is arranged correct-
ly) as soon as it is pressed. The arguments and commands then disappear; only the output remains.

- RPN does not understand implied multiplication between numbers and variables. You must provide
every operator explicitly.

- In RPN, you must enter variables and expressions between apostrophes, like this: ' %' . (The (Jkey is

the (2}-shifted version of (Eqw))

Here are examples of the use of each of the tools in RPN mode. For the sake of comparison these
are the same examples as given for ALG mode.

DESOLVE
Example: Find y(x) if y'(x) = X2

Keystrokes: (2 JALPHA] D] 1 JALPHAIY[[OIX) (D (@)= ENTER

That’s the first argument. Now enter the second one:

RAD HYZ HEX R= 'R’
PIIAPAVE0X GTE) T

=1
Your screen should look like this: g E

2t 'd1Y (=R

[y

YR !
J CAZIN|IOFARIHODULIRERLAIFERT

:

Now just execute the PESOLYE command: EEEHHE HEX R= '®'
() SSv] 1[ENTER] s

=H
(If you don't get the results shown, it's most likely a modes %E

1 —-— Fay 1
problem. Be sure that the machine is set to exact mode, not g Y(K)=1-3%x"3+L0
approximate mode) FF ik [FRIKI|CAZINTOF ARINADULIRERLA]
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ISOL

Example: Isolate the variable C in the temperature conversion formula F = % C + 32.

Keystrokes: EIAFAF B QUEEEORE fil 512 Hes k= &

(ALPHATC) () (3] 2) (BNTER) () ) (ALPHAJC) (ENTER)

You should see this:

'F=9/55C+32 ]

- | BT E

£l an an un mm 2

RAD HYZ HEX R= 'R’
E}

<THON
m
Now execute the ISOL command, (<[SSLV)2) (ENTER), gf
to get this: 2;
1: 'C=(5*%F-168>-9'

| FFAF |FRINI[CHEIN|IOF AR[HODUL

LDEC
Example: Solve the differential equation y"(x) = x + 3
RAD 8YZ HEX R= 'R’
Keystrokes: LHOHE
CORF 2 e o
Here’s what you should see: g .
2 'HK+3!
1 : 1 HAE ]
[FRINI[CAZIN]
RAD ®YZ2 HEX K= 'H°'
fHOHEZ
Now execute the LDEC command, (€9)[SSLV]3) (ENTER), =
and see this: % E
1: '1/6¥X"3+3-2%xK~2+C1
*X+CH '
FRIMIICAZIN|TIOFAR
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LINSOLVE:

Solve this system of equations: xX+y=2
x-y=38

Keystrokes: (1) (2] JX) (1) (ALPHAY] (2]=) @) (D (21X ) (ALPHATY) (2] =) (8) ENTER)

And: (G0 (2" )X} (D (2] (ALPHA] Y) (ENTER)

You should see this screen:

(Note: You may see different notation—i.e. without the “tick
marks™—if the Stack display is set to Texttesk notation in

MODE) I )

Now execute L IMSOLYE, (ENTER), to get this

screen:

SOLVEX
Example: Solve x* + 2x — 3 = 5 for x.

Keystrokes: (21" S8[=0)

Now press (ENTER]...

Now use SOLYEX, (GISSWV]5) (ENTER), to get this screen:

Symbolic Solving

Enn ¥YZ HEX R= '%°
HOME Y

=R

[ 'Rev=2) woveg) ]
¥ [FEINI]CHZINTOF HEMSCULTRE L

fiYZ HEX K= 'R’
E

3: {

[ '"Riy=2' 'K-¥=8' 1]
= Speg1fic: {2 -22
|

1 L}
: T [ '¥=5' 'y=-3' ]
[FFiF [FRINT]Ch TN IUF RENODULTE AL

RAD HYZ HEX R= 'R’ ALG
{HOHEZ

EY

3:

e

VAL DEN—F=5 '

HODUL[REAL K]

RAD HYZ HEX K= 'H°

L{HOMEZ>

=T

4 :

q:

=X

i:

FFI

RAD HYZ HEH K= 'H{°'

LHOHME>

mH

aH

3:

=

I: € 'H=p' 'H=-4' 3
FFARFEINIICAZINIIOFARHODULIREARLH




SOLVE
Solve for B in this equation: Ax + 2B=3C -5

Keystrokes: (2]) (2)X[ALPHAB)
=) )
Then: ()" JALPHA]B) (ENTER).

Now execute the SOLYE command: (<3]SSL] 6] (ENTER).

You should see this screen:

ZEROS
Example: Find the zeros of x? + 2x — 3.

Keystrokes: (2] IXJY*]2) S
And:

Now execute the ZEROS command, (6€9JSSLV]7) (ENTER),

and you should see this screen:

74

RAD KYZ HEX K= ‘'H°'
LHONEZ>

=Mk

'AER+25B=34C5.

4

5

1: 1B (CR#A-(33C-5) )/
FFAF; JF RIHI|ChS NI 0P AEJHALULIRERLA
EAD €YZ2 HEY EK= 'H°®

LHOHEZ

mH

a:

=H

2 ROZ+2ERLT!
FEAE |PRINIICAZINT0F ARHODULIREALA

RAD ®YZ HEX EK= 'H°'
THOMEX

=
el
3
2
1

{1-3 3
| FFAF [FEINT|CASIN|TOFARHODUL|REALA
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The (QJEXP&LN) Key

Just as the name implies, most of the commands contained in the (QIEXP&LN] menu deal with logarithmic,
exponential, or transcendental operations. Each of these commands takes a single expression as an argu-
ment and then returns the transformation of that expression.

1.

EXFLH transforms an expression of trig functions to an equivalent expression containing exponential
and logarithmic terms, using the Euler identities:

. ix _ p-ix ix -ix
sinx=¢—-¢" cosx=¢ te~
2i 2

E#FLH requres that Complex mode be active. (Use the cas HaBEZ screen to activate it.)

EXPHM returns e* - 1.

L IN linearizes expressions of exponential terms. For example, applyingLIH to EXF (3 *EXF (Y2
gives EXF {¥+% 2. LIN also linearizes trig functions, after converting them to complex exponentials.

LHCOLLECT simplifies an expression by collecting logarithmic terms, using properties of logarithm
functions: log(a) + log(b) = log(ab) and log(a) — log(b) = log(a/b). For example, if you apply
LHCOLLECT to LM CRa=LH K 22+LH C1/5737, you'll get LN €8 2%1-2"33. If you
then use ()JEVAL), the result is LH {14543,

TEXPAMD expands expressions involving transcendental functions. When applied to EXP (i+Y' 2,
TEXPAND returns EXF CXI*ERF 2. Applied to SIH CA+%'2, it returns COS €Y 23S TH (1)
+SIH Y IC0S K.

TSIMP tries to reduce the set of variables and/or expressions in an expression to a set of rationally
independent variables. (You'll seldom need to use this—try other commands first.)

Note that some of the above commands also appear on other menus. For example, TSIMF and TEX—

PAMD appear on the menu.

Note, too, that other commands not found in the ((9JEXP&LN] menu nevertheless perform transformations

that are closely related. For example, TL IM will linearize expressions with trigonometric terms. Applying
TLIH to SIH (G *COS CY2+C0S CRI*SIM (YD gives STH CK+Y ).

The Key 7
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The Key

The commands contained in the (2JALG) menu offer various ways to evaluate, manipulate or recombine
algebraic expression or equations.

1.

The Key

EXPAHD expands algebraic expressions. For example, EXFAMHD applied to (A+E 2“2 will give
A~2+2%B*A+B~2. And EXPAND applied to (R¥Y#Z35 gives 2°3¥Y"3%X"5.

FACTOR factors the argument. When FACTOR is applied to 24, it gives 2"3%3. When applied to
BBR"2+71K-12, it gives (2BX-3)% (3KX+4). Applied to R¥SIMN (XI+A*B*SIH (KX ~2, it
gives STH (X% (X+B*A*SIM (K1),

Note that FRCTOR'’s behavior is dependent on whether Complex mode is active (adjusted via the cas
HobES screen). For example, in Real mode, FACTOR C¥™2+4) does nothing; in Complex mode, it
returns ({+21 3% (R—-21 3.

LHCOLLECT is also on the (9EXP&LN] menu and is explained there.)
(L IH is also on the (JEXP&LN) menu and is explained there.)

SOLYE computes the value of a given argument that satisfies a given equation. If given two expres-
sions, it creates an equation by setting the first expression to zero, then returns the value(s) of the sec-
ond expression that satisfies that equation. For example, SOLYE (=5, 52 returns ¥=5. If the first
argument is already an equation, SOLVE simply returns the value(s) of the second argument that satis-

[P B Y
]

fies that equation. For example, SOLYE (i ™2—K=24 KJ returns LH=2 ¥=-12.

Note that SOLYE'’s behavior is dependent on whether Complex mode is active (adjusted via the cas
ones screen). For example, SOLYE G2+ 4 K returns £ in Real mode; in Complex mode it gives
{R=-1(21) H=2il.

Note also that SOLYE cannot be applied to an expression or equation in the Equation Writer, because
it might return a list of solutions. (The Equation Writer cannot handle lists.)

SUEBST replaces a variable with the specified expression. SUBST (x"2-5K—-14=8, B=LH (X1
returns LM ¢ "2=3LH {2 —14=0. You can also replace an expression, with another expression,
if the equation expression;=expression, has a trivial solution that could be found via the IS0L (iso-
late) command. For example, SUBST (SIH {sqrt (X2 23+C0OS (sqrt (Ki 1, sqrt (X)=A>
will return SIH CAY+COS (A,
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The (<9/CALC] Key

The menu is divided into three major groups: 1. Commands involving derivatives and integrals;
2. Commands involving limits and series; and 3. Commands involving differential equations. Note that, as
usual, the correct syntax to enter the argument(s) for a command depends on whether you're working in ALG
or RPN mode: In ALG mode, you invoke the command name and then list the arguments after it, separat-
ing multiple arguments with commas. In RPN mode, you enter the arguments onto the stack and then in-
voke the command name. In either mode, the order in which you type the arguments is the same.

11

1.2

1.3

1.4

1.5

1.6

Derivatives and Integrals

CURL computes the Curl of a 3-dimensional vector function, given two arguments: a 3-dimensional
vector function; and a vector listing those three variables. For example,
CURL CLR*2%Yy W 2%, VY 2#213 [Ey Y3 210 returns [LE2% (2% 3, B, Y¥ (22X -K"2].

DERIY computes the derivative of a specified function (the first argument) with respect to a specified
variable (the second argument). Note that you can also use the keyboard's () 3] for differentiation.

DER' computes the derivative of a given function (the only argument) with respect to the variable
currently indicated by %#. The content of ‘i (by default, ' ') can be changed at the Indep var field
on the cAs HOBES screen—or by storing the desired name into Wi (Notice that this status is indicated
in the Annunciator area, too.) For example, with ' setto ' &', DERVH C¥#LH CX™2-12 2 returns
LH (8 2=1 348 (28K 7 05" 2-10.

[ IY returns the divergence of a 3-dimensional vector function, given two arguments. a 3-dimensional
vector function; and a vector listing those three variables. For example,
DIV(LR2%Y, B 28, V2221, [EsYa 210 returns ¥ C2%x 0+ (K 2+ "2,

FOURIER evaluates the nth fourier coefficient of the specified function. It needs two arguments: an
expression representing a function, f{x); and », a natural number.

2n .
The result: A f(x)e™dx

HESS finds the Hessian matrix and gradient of an expression (the first argument) with respect to the
given variables (the second argument, a vector). The vector of variables is echoed as well. Example:
HESS (R#Y+Y*¥Z2+XK%27 2, [ Y2 £12 produces {08, 1,2%2]
[1,8,11
[2%2, 1,2%K]11,
[V 2Rty VHr¥E (28201,

Cra¥a 21X
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1.7

1.8

19

IEF performs antidifferentiation by parts—but in RPN mode only. (Note that IMT%# and INT will
also antidifferentiate by parts.) IEF lets you choose u and dv.

In other words, to evaluate Judv, you supply the following

stack arguments: £ u(x)v'(x) and get these stack results: 2
1: v(x) 1

u(x)v(x)

: -u'(x)v(x)
You then apply IMTY& to the level-1 result, then (1) to get the final answer.

Example: Calculate Jx cos(x)dx.

Arguments: 2:  'XK*¥COSCXY'  Now apply IBP and get: 20 'SINCGO#X!
1 1:

P 'SINGHD! '-SINCK)

Apply INTYH : 2
1

P OSINGRI*R Now apply (5 to get SIM (¥ X¥+C0S (%),
: COS Gxo
INTY# antidifferentiates the argument with respect to the current independent variable (which is indi-

cated in the Annunicator area and specified on the cas HopES screen). For example:
INTW® CaxC0S G2 2 returns COS CR+x*xSTH KD,

Note that the IMT command (which does not appear on a menu) allows you to specify the independ-
ent variable directly: IMT €SIH T2y Ty expression? gives —COS Cexpression?.

LAFL returns the Laplacian of a function (the first argument) with respect to a list of variables (the sec-
ond argument). Example: LAFPL t5™2+SIN Y 2+2, [, Ve 217 returns 2=STIH YD,

1.10 PREVAL evaluates an antiderivative (which you first compute via INT or IMT%?) between two limits

11

80

of integration. It takes three arguments: the antiderivative expression, then the two limits of integration.
Example: PREVAL (™25 1452 gives 24.

RISCH applies the Risch algorithm to evaluate the antiderivative of a given expression (the first argu-

ment) with respect to the specified variable (the second argument).
Example: RISCH CH C1+K5722 3 K2 returns 1 72%LH (X*2+1 3.
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22,

23.

24.

25,

Limits and Series

L INVPC divides two polynomials. As arguments it requres (in this order): the dividend polynomial; the
divisor polynomial; and the desired degree of the resulting polynomial. It then returns the quotient
polynomial (in ascending powers), up to the degree specified.

Example: DIYVPC CX™2-14¥+1, 1) returns 1+,

Example: DIVPC (1+¥, 1=Ky 40 returns 1+2¥X+2¥ 1 2+2X 1" 3+2¥R" G,
(This is the Taylor Polynomial for C1+X2~ C1=K¥2 of order 4.

LIMIT finds the limit of a given expression (the first argument) as the variable approaches a given value
(the second argument, an equation—or just a value if the variable is the default). Some examples:

LIMITCSIHNCRI#H, ®=8) givesl. LIMIT (x"dsaK,K=0) gives®,
LIMIT (¥~ dre™i, B=—ad givesw, LIMIT((LHE+HI-LH X 22H, H=82 gives 1 /K.

SERIES calculates a Taylor Series expansion for the given expression (the first argument) about a given
point (the second argument, an equation—or just the variable if the point is 0). The expansion can be
done at x = -. The third argument is the desired order of the expansion, a value between —2 and 20. If
you use a positive real value here, the expansion is done from the right; if negative, from the left; if a
binary integer (e.g. #5d), the expansion is bidirectional.

SERIES returns diagnostic information along with the expansion. First comes the bidirectional limit.
Then comes a list with the series expansion and the order of the remainder. Then you get A, in terms of
the original variable, so you can use SLEST to recover the expansion in terms of the original variable.

Example: The command SERIES (EXP (2K, ¥=1432 returns
{Lilimitie™2,Equivie™z,Expanst e 2+2%e 2¥h+2¥e™2h ™2

+3%2" 2 3R 3+2 %0 2350 4422 215505, Remain: "e2¥h ey h=k-1 5.
You can now press ¢a (] COPY) (CANCEL) (> ALG] 6 JENTER) (2 JPASTE) () ()&, Then press (P

seven times to move over to the right of the first curly brace, then (#] to delete it. Now press ENTER) to

do the substitution, then (9] ANS) (5] 1] 3) (ENTER) to extract the series from the list.

TAYLORA returns the Taylor Polynomial about O for the specified expression (the only argument),
expanded to the 4th degree term. (This can be applied in the Equation Writer, as well as from the stack.)

Example: TAYLORE CSIH X2 3 returns 1 /1 28% 5 53+=1 /6K 3+A,

TAYLE returns a Taylor Polynomial for the specified expression (the first argument) expanded in a
specified variable (the second argument) about O, to a given degree (the third argument). Example:
TAYLR (EXP (2 3 #2572 returns 1+8+1 72802+ 1 /6%0"3+1-24% 074+ 1 71 28%173.

(Note: You will probably want to activate the _Incr Few option on the Cas HODES screen, so that the
polynomial is displayed with increasing powers.)
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Differential Equations

31 DESOLVE can compute the general solution to a differential equation or find a specific solution, given

initial conditions. It requires two arguments. The first argument is either: an equation of the form
d1F €)= expression, where expression isin terms of i andF €3 and specifies the slope; or a vec-
tor whose first element is the slope equation and whose second element is an initial condition, specified
in the form F {(A2=B. The second argument for DESOLVYE is simply the name of the function to be
solved for, such asF Cx3J.

Example: DESOLVE (d1F CX>=C0S (), F (X2 returns {F (XI=SIN(X>+CB .

Example: DESOLVE CLA1F (o= C(X+10%F (X0, F (BI=11,F (X))
returns {F (RI=1% (EXP (RI*ERP (K27223 5.

32 ILAF takes an expression in the current independent variable and returns the inverse Laplace

Transform of the expression. Example: ILAP €1~ CX=12"3J returns 1 /2%x"2¥EXP ().

3.3 LAP takes an expression in the current independent variable and returns its Laplace Transform:

F(s) = _[) fx)e*dx

Example: LAF ¢SIH G223 returns 1.4 C1+5720.

3.4 LIEC can solve either a system of linear differential equation with constant coefficients, or a first order
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differential equation with variable coefficients.

LDEC takes two arguments. For a single equation, the first argument is the function on the right hand
side of the equation; for a system of equations, the first argument is a vector of the terms not contain-
ing dependent variables. The second argument is the auxiliary polynomial, in the case of a single equa-
tion; for a system of equations, it's a matrix of the coefficients of the dependent variables.

Example: LDEC (325 2K+1 D returns 8=4#x+X"2- (B-COY ¥EXP (-1-2%X).

Example: LDEC €ay #+k<m2 returns m*o-sk+— (m¥g—k *CAY 7k ¥EXP (- (k- /m*R2 ).
(This describes the velocity of a free falling body with air resistance taken into account.)
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Time and Alarms

The HP 49G has an internal calendar and clock, which it can display if you wish. It also allows you to set
alarms. These time features are independent of mode (RPN or ALG).

Time and Date

To display the time and date:

%5 DISFLAY NODES 00
Font:F£S_0: SYSTEM 8

” Edit: _SHall _Full Fage __Indent
MODE | fir%3;
Press and &’ down to the Header field and Stack:_ SHall _ Textbook

make sure it's set to 2 Then press ( »Jto check the [EeN: _ SHall _ SHall Stack Disp
—CLock field. Header: 2 MEclock —fAnales
Dizrplay ticking clock?

E0IT [ [CANCL

Press (ENTERJENTER] to return to the home screen.

% SET TINE AND DATE

Tine:  JH:25:44 PM

To set the time and date:

Press (@ TIME] 3 JENTER] Date: 11-16-99 MDY
This brings up the SET TIKE &ND DATE screen: Enter hour

EDIT |CHu0E

The cursor will start on the hour setting. Just type the correct hour of the day, then (ENTER). Next, type in
the minute, then (ENTER), then the seconds and etc. Notice that for the AM/PM setting, you can
a 24-hour (or military) time format, as well as AM or PM.

Do likewise for the date settings (pressing () or &/ to get to those fields): Enter the numbers of the
month, day and year at the appropriate fields. (Just the last two digits of the year are sufficient—yes the
HP 49G is Y2K compliant!)

The last field on the rata line lets you how the date is formatted for display—either Honth-Day-vear
or by, Honth, 'fear.

Press (ENTERJENTER] to return to the home screen.
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Alarms

B SET ALARH

Heszqae:
1:43:88 PH

TiHe:
Press (®TIME] 2JENTER] to get the SET ALARH screen: Date: 11 -18-99
kepeat: None

This is where you enter all the various alarm parameters. Enter “Hessqge" or « action *

ECIT] | [ [CARCL] 0K

In the first field, you can enter a text message that will appear onscreen when the alarm is triggered. Then
enter the exact time and date of the alarm.

To set an alarm:

R
Notice the final two fields (bottom line): You can opt to let the [H€=%
alarm kepeat (from O to 10 times) at a regular interval. You Tine

i

a

3
. Date u|
specify that interval (if the kepeat field is non-zero) in the |oo _
atark repeat unit field, to the right. 2

e

Ente

When you are done, hit ENTER] to return to the stack.

To acknowledge an alarm:

While an alarm is sounding—it will beep for about 15 seconds—the message (if any) will display. If you
acknowledge the alarm by pressing any key during this time, the beep will stop, the alarm annunciator, ¢?,
will turn off, and the message will be deleted.

If you don't acknowledge the alarm during this time, the message will disappear but not be deleted. And if
the alarm is non-repeating, the annunciator will stay on to indicate that you have an alarm that is now past
due. To view past due alarms, press (2TIME] and select Breuse atarns... (You'll need to delete a past due
alarm using QAT before the ¢ will turn off)
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Lists

Lists operate differently depending on the operating mode (RPN or Algebraic). This chapter is split into two
sections, one for RPN mode, one for Algebraic mode, with identical examples in each, for comparison.

A quick reminder on modes (press (MODE): The first field on the screen is the operating Hedz. For the next
3 pages, this mode must be krni; for the section following that, it should be atgebraic. To adjust this mode,
highlight that field with the cursor, press BT, select the desired mode, and or There’s
one other mode to check at this point, too (good for either section below). At the CALCULATOR HODES screen,
press The _nuneric field on this cas HebES screen should be checked. I it isn't, use the arrow keys
to highlight the blank and press Then (ENTER] and (ENTER) again, and you're ready.

Lists in RPN Mode

Entering and Storing Lists

In RPN, lists are enclosed by braces, £ 2, and the elements are separated by spaces or commas. For exam-
ple, suppose youwantedto put the list £ 1 2 2 4 S5 I onto the stack. You would press (]t} to get
a set of braces, then type the elements in order, separating them with spaces or commas—say, spaces here:

(1)XsPS)(2)sPC)(3)SPC)(4)SPC)(5). Then you'd just press

With the list now at level 1 of the stack, you can now store this list, if you wish. Suppose you want to store it
in a variable named L 1. Type: Both list and name will disappear from the stack, but
they're not lost: Press to see a menu of all your stored variables. There, on the left side, you should
now see a menu item, E®5. If you “press” this “key” (i.e. press the \Fl) key directly beneath it), this
invokes the name L1 and puts its value on the stack; you'll see thelist L 1 2 3 4 5 3 on levell.

You can also use the interactive stack to enter a list. Tryit: Press (2JENTER)(4JENTER] (6 JENTER) (8 JENTER]
Now press (aN‘aNAN/ANAN so that you're pointing to the line containing 2, the first ele-
ment in your soon-to-be list. Now press then and finally You'll now have a freshly-
made five-element list on level 1. Now store this list in a variable named L.2: (ALPHA (sTOR)

Editing a List

You can also edit a list in the interactive stack. For example, to edit your L2 list so that the final element is
18 rather than 9: Press to put a copy of the list back on the stack. Now use the Za key to start
the interactive stack, then pressEIIl. £ 2 4 6 § 9 7 will appear on the command line. Now you
can use () and (®) to move around and the (4] key to delete. Change the J to a 18, then to
end the edit. Don't forget to store this new version back into L2—at this point, it's only on the stack!
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Computational Examples with Lists in RPN Mode

To perform an arithmetic operation on two lists, they must be of the same length, because the operation is
performed between each pair of corresponding elements in the two lists, with a new list of the same length
as aresult. If you do an arithmetic operation on a list and a number, the result is a list obtained by distrib-
uting the operation of the number with each element of the list. These examples use the listsL.1 and L2
€1 234535 Yand?{ 2 4 & 8 18 ) from the previous page.

Subtraction

L2 -L1 2 | L1 (& {12245 3

12-1 ()0 {1. 3. 5. 7. 9.
Multiplication

(L1)(L2) {2818 32 58 >
(L2)(.5) £1. 2. 3. 4. 5. 2
Division

[2+L1 B T () £ 2. 2. 2. 2. 2. 3

12 +2 L2 [BE) £1. 2. 2. 4. 5. >
Exponentiation

(L1)2 £1. 4. 9. 16. 25. >
) £3. 9. 27. 81. 243,
LD £1. 4. 27. 256. 3125.
Addition

The () key works differently than you'd expect. It concatenates (joins) two lists into one longer list. To add
the respective elements of two lists, use the ADD command (under LIST in the (&2JMTH) menu, or simply
typed). Thus, either (&JMTHI3JENTER) (6 JENTER) or (ALPHAJALPHA[A] D] D]
willresultin 3 & 9 12 13 I
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Commands Applied to Lists in RPN Mode

Lists can be used as inputs for single-argument commands. The output of such a command will be a list
(with the same length as the input list) containing the outputs of the command as it is applied component-
wise to the input list. For instance, pressing then will result in a list containing the sine of each
of the elements of L 1.

Lists can also be used as inputs for multiple-argument commands. For instance, the command ADD is a
command requiring two arguments, and one or both of those arguments may be lists. For example,

(4)ENTER) (ALPHAJALPHAJA]D)D) (ENTER) will give you £ S5 6 7 8 9 3.

Of course, you can also define your own functions and commands that use lists as arguments (and
results)—they're very handy for many purposes. But be very careful with list arithmetic! Remember that
such arithmetic demands lists of matching sizes. And if you forget and use a + rather than AR, you will
get concatenation (or an error) instead of the addition you intended.

Special List Operations in RPN Mode

Some built-in commands are specifically made to work on lists. You'll find these collected as the third sub-
menu in the menu under the key. (In other words, press (€9JMTH[3)(ENTER]) This sub-menu offers
the following commands (and EETI appears here, too):

al IST gives the List of first differences. That is, it subtracts the first element from the second, the second
from the third, and so on—resulting in a list one element shorter than the original:

£ 4 16 36 64 1060 > OEEN gives{ 12 28 28 36 2.

d

ELIST sumsalllistelements: £ 12 28 22 2& > HEHEl gives 96.
TLIST multipliesall listelements: € 1 2 3 4 5 > [WE gives 128.

SORT arranges list elements inincreasingorder: £ 2 7 8 1 > Eildllgives{ 1 2 7 & .

REVLIST reverseslistelements: €1 2 ¢ 8 [{dI®igives{ & 7 2 1 7.
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Lists in Algebraic Mode

(A reminder here to revisit the CALCULATOR HODES screen, via (MODE), and make sure that the operating Hode
field is set to algetraic for the next 3 pages.)

Storing Lists

In Algebraic mode, lists are enclosed by braces, £ X, and elements are separated by commas. (You can't
use spaces to separate list elements in Algebraic mode because this will be taken as implied multiplication
instead.)

For example, to enter {14 25 35 45 53 at the stack, you would press(2]{l) to get a set of braces, then type
the elements, in order, separated by commas (=2]*)), then press [ENTER

To store this list in a variable named L 1, press the key then The calculator will dis-
play: AMS (1 3BL1. Now press

If you look at your variable menu (press (VAR)), which shows you all the variables you have created, you
should see a new item, IIEMM, on the far left. Press this menu “key,” (i.e. press the (F2) key directly
beneath it), then YourL1 list will be put onto the stack.

Now use the above procedure again to store the list £2y 45 &3 S5 9 into a variable named L 2:

Q[0 (9) ENTER) (STOMJALPHA[ L[ 2)

Editing a List

To edit a list in Algebraic mode, use the ¢a key to point to a list on the stack, then press IEEI. The list
will be copied to the command line. At this point, any keystrokes you make will be inserted on this line
(except that you may use (X and ( 33 to maneuver through the list, and (#) to delete characters).

Example: Change the final element in list L2 from @ to 18. Press II¥EM, /2 and Now (3 over

to the right of the 9 and (#) (1] 0)(ENTER). Now you have the corrected version on the stack, but it's not yet
stored into the variable name, L2—don't forget this important final step! (STO»JALPHA (ENTER)
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Computational Examples with Lists in Algebraic Mode

When you perform an arithmetic operation on two lists, they must be of the same length. The result is a list
of the component-wise results of the operation. An arithmetic operation on a list and a number results in a
list obtained by distributing the operation of the number to each element of the given list. You cannot per-
form these operations using only names; at least one list must be given on the command line or by AMS.
These examples use listsL.1 andL2 ({1,235 3544 352 and {2, 4,658, 183), stored previously:

Subtraction

12-1L1 N (ENTER) () IEWH (ENTER) £1,2,3:4,5%

L2—1 B@ {1-!3-!5-!?-’9-}
Multiplication

(L1)(L2) £2,8,18,22,503
(L2)(.5) I (ENTER) (X) (- ] 5) (ENTER) £1.52.58.54.,5. 3
Division

L2+L1 @ 2. 52- 52- 52- 52.}
L2’:_2 Ej {1-!2-!3-!4-!5-}
Exponentiation

(L1)? £1.44.:9.516.,25. 3
(3! £3.39.327.381.,243. 3
Lt £1.:4.:27.+256.,3125. %
Addition

The (1) key works differently than you may expect. It concatenates (joins) two lists into one longer list. To
add two lists together component-wise, use the ADD command (found under LIST via the key, or
simply typed). Thus (ENTER) (ALPHAJALPHAJ AJD)D)ALPHA) (G DO

will resultin €3. s6. 3 9.2 12. 5 15. ¥. ADD will not work on two list variable names.
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Commands Applied to Lists in Algebraic Mode

Explicitly stated lists (i.e. not just their names) can be used as inputs for single-argument commands in
Algebraic mode. The output of such a command will be a list (with the same length as the input list) con-
taining the outputs of the command applied component-wise to the input list.

For instance, pressing ENTER) (SIN] ] ANS] (ENTER) will result in a list containing the sine of each of

the elements of L 1.

Lists can also serve as inputs for multiple-argument commands. For instance, the ADD command requires
two arguments, one or both of which can be lists: (ENTER) (ALPHAJALPHA[ A] D] DJALPHA] (6] )
(GJANS) () 1) (4) (ENTER) gives €5. s 6. 5 7. 5 8. 3 9. 2.

Lists are handy, but be careful when building and applying your own user-defined functions to lists. For
example, if the function contains a +, you may get concatenation (or an error) instead of addition.

Special List Operations in Algebraic Mode

Some built-in commands are specifically made to work on lists. These are found as the third sub-menu in
the menu. (Press(EQMTH] 3JENTER]) This offers the following commands (and ADD also appears

in this menu):

alL IST gives the List of first differences. That is, it subtracts the first element from the second, the second
from the third, and so on—resulting in a list one element shorter than the original:

aLIST ({4, 16,36,64, 1082 ENTER) gives {12, 20, 28, 363,

ZLIST sums all list elements: ELIST ({12.,28.,28.,36. 3 gives 96,

TMLIST multiplies all list elements: TLIST ({1,253 3,4,52) gives 128,

SORT arranges list elements in increasing order: SORT ({2, 738,132 gives {1, 257483,

REVLIST reverses list elements: REVLIST (£{1,2,7,83) gives €85 752,112,
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Vectors and Matrices

You can enter vectors and matrices right at the stack in either RPN and Algebraic mode, but there’s also a
special application called the Matrix Writer that simplifies your data entry.

Entering Matrices using the Matrix Writer

To begin using the Matrix Writer, press You'll see a screen that looks something like a spread-
sheet. Press BEIZ3. Notice that this menu item is a toggle: one press will put you into vector mode (i.e.
becomes IAM); another press will take you out of it—back to matrix mode (i.e. becomes
IEEHED. For this example, you'll need to have the Matrix Writer in vector mode (so should show).

Next, you need to decide whether you want a row vector or a column vector. The two softkeys IfTEE and
determine the direction the cursor will move after you enter each element. Press IFTIRH, if neces-
sary to activate it (i.e. to change it to D).

Now you're ready to enter data. At this point, your screen
should look like this:

Now press (1JENTER) (3 JENTER) (3 JENTER)

Nothing to it, right? Notice that you can change the calculator display via and EHE. To make each
column wider (but see fewer of them), press IEEIId; to see more (narrower) columns, press EZEH®, The width
of the columns has no effect on the stored accuracy of the elements; it just allows more comfortable view-
ing for you.

What if you want to edit an existing vector or matrix? In the Matrix Writer, you just select an element by mov-
ing the highlight (using the arrow keys). For example, highlight row 1, column 2 (which should have a3) and
press IXHAE The command line appears, with the current value that you can now edit. And your editing
options aren't limited to just deleting and replacing individual values. Press to see the rest of the edit-
ing menu, with items that allow you to add or cut a row or column, or place a single element onto the stack.

When you finish entering or editing with the Matrix Writer, just press (ENTER] to put the vector or matrix on
the stack.

RPN and Algebraic Modes

Although they're entered similarly in either mode, vectors and matrices are manipulated quite differently in
RPN mode than in Algebraic mode. From here on, therefore, this chapter is split into two corresponding sec-
tions, with identical examples in each section.
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Vectors and Matrices in RPN Mode

First, you need to visit the modes screens to make sure that the machine’s operating mode is RPN and the
CAS mode is set to Numeric. Press If necessary, kPN for the operating Hede field. HETIE
that, then press and be sure that the _nuneric field on this screen is checked. (If not, highlight that
field and press ElTTA) Press and you're ready to go.

Entering and Storing Vectors and Matrices

A vector on the HP 49G is indicated by brackets (the left shifted version of the (X] key), with individual ele-
ments separated by commas or spaces.

For example, enter the vector [ 1 2 3 1: (QI1) (1)JSPC)(2)SPC)(3JENTER). Now store this vector into

a variable named ¥1 by pressing (2] ' JALPHA[ V] 1] Press and you'll have a menu item
called HEERH. If you press that menu key, your vector, L 1 2 3 1, will be put onto level 1 of the stack.

Try another. (You'll need these two vectors in later examples.) Use the same procedure to enter the vector
[ =1 2 1 andstoreitinto a variable named 2. (Reminder: In RPN, you type to get—1)

V1 and V2 are examples of row vectors. A matrix on the HP 49G is a row vector made up of row vectors.

For example, the matrix [ ; i ] isdenotedasLL1 21 [3 411].

Try entering this matrix by pressing EOE® EE®
Now store this matrix into a variable named 1 by pressing (2] ' JALPHA|M] 1) (STO®)

Of course, you can also enter a matrix using the MatrixWriter. Press ($3JMTRW] and be sure that the vector

, ] 2-1 : :
toggle is unchecked (ETAMM. Then enter the matrix [ 31 ] Store this into a variable named M2, (You
will use both M1 and M2 later.)

Editing a Vector or Matrix
Editing a vector or matrix on the interactive stack is easy. Simply press ¢a until you are pointing to the
entry you wish to edit, press IHEHl, use the arrow keys to navigate through the object. Any keystrokes will

be inserted at the cursor, and you can use the (¢ key to delete characters.

2 -1
Use this procedure now to change the matrix M2 to [ 21 ] (Don't forget to store it back into M2!)
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Computational Examples with Vectors and Matrices in RPN Mode

These examples use the vectors /1 and /2 and matrices 11 and M2 that you just stored.

Multiplication of a vector by a scalar

3(V1) [ 2691

Addition of two vectors or matrices (with same dimensions)

[369]+V1 T () [ 4812 1]
M1 + M2 P CEN (+) (L 211
[ 15 11

Matrix multiplication (with compatible dimensions)

(M1)(M2) B B (X) [ -2 1 1
[ -2 1 11
(M2)(M1) ECEE T (X) [[L -1 8 ]
[ 18 1]

Multiplication of a matrix and a vector (so long as the dimensions make it possible).

(M2)(V2) EEE EE [ -4 4 1
Matrix inversion
M1 B (/%) [C -2 11
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Special Vector and Matrix Commands in RPN Mode

The HP 49G offers a wide variety of commands for vectors and matrices—only a small sample are dis-
cussed here—which you can find by pressing or by simply typing the command names from the

keyboard. (In general, typing a command name on the command line followed by will result in that
command being performed on object(s) on the stack.)

For example, to find the magnitude of ¥1 (using the ABS command) you could press (SQ[MTH]
ENTER) (ENTER!}, or you could type IEEFH (ALPHAJALPHA] A]B]'S) (ENTER).

Dot product of two vectors

[4 5]+ V2 (S0)(4)sPO)(5) (ENTER) IEFEME (SIMTHIENTER) (2JENTER) 6.

Cross product of two vectors

[4 5]xV2 (Q)E)SPO)(E)ENTER BFEE (QMTHENTER)B)ENTER) [ @ @ 13, ]

The transpose of a matrix

M1 P (< MTH)] 2)ENTER) (ENTER) (3 ]ENTER) [

The determinant of a matrix

M2 BCFE (<)MTH 2)ENTER) (2)ENTER) (8)ENTER) a.
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Vectors and Matrices in Algebraic Mode

For this section (the next 3 pages), re-visit the cALCULATOR HOBES screen now (press (MODE)) and set the
operating Hode to Ataebraic. Then visit the cas Hapes screen (press IEER) and BT the _nuneric field
if it's not checked already. Then BETHN and you're ready to go.

Entering and Storing Vectors and Matrices

A vector on the HP 49G is indicated by brackets (43][1) with individual elements separated by commas.
Although the finished result will appear with spaces, you can't type spaces to separate vector or matrix ele-
ments in Algebraic mode, because they will be taken to mean implied multiplication instead.

For example, to enter the vector [1 2 31, press ()11 (1) (2)*)(22)](3) (ENTER). Now store this vec-
tor in a variable named %1 by pressing (STO®)(ALPHA[ V] 1) (ENTER]. You should now have a menu item la-
beled (press if necessary, to see your variables menu). If you press that menu key, then
[ENTER), you'll see the vector [1. 2. 3.1 appear on level 1 of the stack.

Repeat this procedure in order to store the vector [—1, 21 into a variable named ¥2. You will use both of
these vectors later.

Y1 and W2 are examples of row vectors. A matrix on the HP 49G is a row vector made up of row vectors.

For example, the matrix [ ; j ] is indicated on the HP 49G as [[1, 2] [3, 41].

Try entering that. Press FEDEDOROBEED Now store it in a vari-
able named M1: (STOP)(ALPHAM] 1) (ENTER)

OF course, you can also enter a matrix using the MatrixWriter. To do so, press (6QJMTRW] and first make sure
that the toggle is off (i.e. that it's not ).

Now enter the matrix [ § -: ] . Store this into a variable named M2—you’ll use it later.

Editing a Vector or Matrix

Editing a vector or matrix on the interactive stack is easy. Simply press /A until you're pointing to the
entry you wish to edit, and press B38:ll8 Then use the arrow keys to position the cursor; any keystrokes will
be inserted at the cursor (except (), which deletes characters). Use this procedure now to change the matrix

stored in 12 to [ ‘22-1 ] Then don't forget to store it back into M2!
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Computational Examples with Vectors/Matrices in Algebraic Mode

These examples use the vectors %1 and */2 and the matrices M1 and M2 that you just stored. Note that
you can't perform operations on two list names; at least one of the lists must be explicitly given on the com-
mand line—or implicitly stated by the AHS variable.

Multiplication of a vector by a scalar

3(V1) [Sl !6- !9-]

Addition of two vectors or matrices (with the same dimensions)

[3,6,9]1+V1  [3,6,91() EFHE ENTER) [4..58..12.1
MI1+M2 ECF (ENTER) (+) ECFERR (ENTER) [[3.51.1
[1- !5- ]]

Matrix multiplication (with compatible dimensions)

MDHM2)  EREE (ENTER) (X) BCEE (ENTER) [[-2.51.1
[-2.51.11

M2)(M1)  ECEE ENTER) (X) ICF (ENTER) [[-1.,8.1
[1- !EI ]]

Multiplication of a matrix and a vector (with compatible dimensions)

M2)(v2)  EGEE ENTER) (X) BEEE (ENTER) [-4.,4.1]
Matrix inversion
M1y [[-2.51.1

[1.5’_l5]]
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Special Vector and Matrix Commands in Algebraic Mode

The HP 49G offers a wide variety of commands for vectors and matrices, only a small sample of which are
discussed here. You'll find these commands via the key, or you can type them from the keyboard.
In general, a command name on the command line, followed by an explicit reference—or a reference via
the ANS variable—to a vector or matrix as the argument in parentheses, will produce the result of the com-
mand being performed on the given vector or matrix.)

For example, to find the magnitude of ¥1 (using the ABS command) you either
do this: (ENTER) (JMTH) (ENTERJENTER] (<9 ANS) (ENTER}
or this: (ENTER) (ALPHAJALPHAAJB] STI0)

Dot product of 2 vectors

DOT (L4 51, V2D BIER (ENTER) (GMTH[ENTER) (2)ENTER)
@ R0

o

Cross product of 2 vectors

CROSS (L4 S51,¥2) (ENTER) ((oJMTHJENTER] (3 JENTER)
GEOERDEOOELI(GANS)ENTER) [8. 48.,13.1]

Transpose of a matrix

TRH¢M1 ) B (ENTER) (GMTH) (2JENTER) (ENTER) [[1.52.1
(ENTER) () ANS) (ENTER) [2.,4.1]

Determinant of a matrix

DET ¢M23 BCE (ENTER) (JMTH) (2 ENTER) (2JENTER)
(ENTER) (9] ANS) (ENTER) a.
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Statistics

The HP 49G offers you three different groups of powerful statistical features: single-variable, two-variable,
and inferential.

Single-Variable Statistics

Press to bring up the statistics choose box. Select the single-uar.. option and press to go
to the SINGLE-VYARIAELE STATISTICS input screen. The first field on this screen, labeled £paT, is where you
enter the matrix of data to be analyzed. (All of the statistical routines work with the matrix named ZDAT.)
Highlight this field and press IXEll. This takes you to the Matrix Writer environment

As a first exercise, enter the planetary data from the table here. The P(e r:)d dhi'l::;o(l:;)
first data column contains the period of revolution of each of the nine J
planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn, Neptune, Uranus, 2‘1‘; 33;
and Pluto), measured in Earth years. The second column contains the 1 1
mean distance from each of the planets to the Sun, measured in astro- 1.881 1.574
nomical units. (1 au = the Earth’s mean distance from the Sun) 11.862 5203
29.458 9.539
84.013 19.183
For convenient entry, note that you can set either mode (to 164.794 30.058
enter the data by row) or mode (to enter by column). 248.430 39.519

After entering the last element, press once more to return to the SINGLE-VARIAELE STATISTICS input
screen. Now set the tat field to 1, so that the statistics will be computed for the first column of your data—
the periods of revolution. Next, set the Tup= field to Sample. (After all, your data are not complete; there
are other objects, such as asteroids and comets, that also orbit the sun.)

Now check @D all of the blanks for these statistics:

-Hean the arithmetic average of the data

_5td Deu the standard deviation of the sample or population
—Yariance the variance of the sample or population

-Tatal the sum of the data

~HaxiHuH the largest data value

~Hininun the smallest data value

Press to compute the statistics. On the stack, you'll find the values of all the statistics you request-
ed. (You may have to use Za\ to see them.) Now go back to the sInGLE-VARIAELE STATISTICS input screen
once more (ENTER), change the cs1 field to 2 and compute likewise all the same statistics for the
second column, the planets’ mean distances from the Sun.
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About E[AT

Press and notice the menu item EH. ZDAT is now stored in the current directory. ZDAT is a matrix
that you can manipulate just like any other (or store a copy of it, by putting its contents onto the stack and
storing them into another variable name). But the name ZD*AT is reserved—don't use it to store other types
of objects—as the HP 49G's statistical features always use the contents of ZDAT for statistical data.

One other note: You don't need the (2JSTAT) environment to enter data into Z*AT. You can also start the
Matrix Writer right from the stack, enter data, then store it into ZDAT yourself (i.e. ZDAT (ENTER)),

Frequencies

Sorting data into bins is another single-variable procedure. Press (2JSTAT), then select the Frequencizes. .
option (or press (2)), then (ENTER), This will take you to the FREQUERCIES input screen.

Notice that the zpaT field is again the first item, and it should still contain whatever data were there previ-
ously (in this case, the planet data)—no need to mess with it. Select the cst field to 2, if it's not already.
Then set the #-Hin field to 1, the kin Count field to 3, and theEin Hidth field to 18. These settings instruct
the calculator to sort the data in column 2 of ZDAT (the planets’ mean solar distances) into 3 bins with a
width of 10, starting with a value of 1. In other words, the bin intervals are [1,11), [11,21), and [21,31).

Now press to do the actual sorting. You'll find the results displayed on the stack in the form of a
matrix (on Llevel two) and a vector (on level one). In this case, the matrixis L[4+ JC01. 101, 117, indicat-
ing the frequencies of data in each of the bin intervals: 4 entries are in the interval [1,11),1entry in the inter-
val [11,21), and 1 entry in the interval [21,31). The vector [Z. s 1. 1 means that 2 of the entries are less
than the #-#in (1); and 1 entry is greater than or equal to the upper bound of the last interval (31).

Histograms

A graphical way to display single-variable data is by a histogram. Press to go to the PLOT SETUP
screen. Use to set the plot type to Histearan. Notice that the £0aT field still contains your now-famil-

iar planet data. Set the cat field to 2, and you're finished with this screen. Press which will store
these settings and send you back to the stack.

Now press (W), This brings up the FLOT HINDaK - HISTOGRAK screen, where you can now input the fol-

lowing horizontal and vertical view intervals and the bar width: ~ H-¥ieu: a 44
V-View: -1 I
Bar Hidth: 16

Once you've done that, just press TiE3 ITELH to generate the histogram. Notice that you can then press
and move the cursor around with the arrow keys to investigate this plot.
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Two-Variable Statistics

Statistics relating to one or both columns of data can be computed using summary statistics. Press (JSTAT
and select the zunnary stats.. option.

At the sUHHARY STATISTICS input screen, you'll see the £baT field, as usual (still containing your planetary
data). You'll also see fields for #-cat and ¥-cat. Set these to 1 and 2, respectively.

You can select (by checking, BT any combination of these six summary statistics:

] The sum of the data in the x-column

_EY The sum of the data in the y-column

-z42  The sum of the squares of each of the values in the x-column
-z¥2  The sum of the squares of each of the values in the y-column
-z#¢  The sum of the products of each x-y data pair

-nz  The number of data pairs

After you select the statistics you want, you just press I, and those statistics will be computed and dis-
played on the stack.

Fitting a Model to Data

Two-variable statistics allow for the investigation of relationships between variables. For example, with your
planetary data, you might ask: Is there any relationship between the period of revolution of each of the
planets, and its mean distance from the Sun?

Press and select the Fit data.. option. Atthe FIT paTh input screen, you'll find the usual fields:
£0ATA, %-Cat and ¥-Ce L. These latter two field values specify the column numbers of ZDATA that will serve
as the independent (-c«1) and dependent (¢~ 1) variables. In this case, they should be set to 1 and 2,
respectively.

The last field on this screen is Kadz L, which selects the mathematical model, to use as a fit for the data:

Linear Fit Returns the best-fitting expression of the form b+mux.
Logarithmic Fit Returns the best-fitting expression of the form b+aln(x).
Exponential Fit Returns the best-fitting expression of the form ce®+*,
FPower Fit Returns the best-fitting expression of the form ax’.
Best Fit Chooses the above option that fits the data the best.
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After you choose a model, there are two things you can do. If you press ITAM, % and ¥ fields will appear.
You can enter a value into one of these fields, highlight the other, then press I3, The calculator will then
compute the value of the highlighted field that is computed (by the selected model using the value in the
other field. If you press the HP 49G will display the best fitting expression of the model selected,
along with the Cart21 at ion and the Cowar i ance with respect to that model.

Aword about the Cort-elat ion value. With theL ineatr Fit model selected, the Carrelat ion
value is the linear correlation coefficient, a measure of how linear the data is, which is a real number rang-
ing from —1 to 1. A value of —1 indicates a perfect linear relationship with negative slope; 1 indicates a per-
fect linear relationship with positive slope; and 0 indicates a complete lack of any linear relationship. If the
model selected is not linear, the calculator then computes a correlation on the linear transformation of the
data, so that, again, the value of the Catrelat ion reported by the calculator indicates how well the
selected model type fits the data.

Try applying aFowetr Fit model to the planetary data.... Notice how close the correlationis to 1, and
look at the power fit expression itself. (You may have to & up to it and press to see the whole
thing.) Notice that the exponent is very close to 2/3. This is an illustration of Kepler's third law, which states
that the cube of the mean radius divided by the square of the period of revolution is a constant for all
objects in the solar system. This law was discovered around 1600!

Scatterplots

A scatterplot is a useful graph for analyzing two-variable data. Press to go to the FLOT SETUF
screen, highlight the Typz field, press BT, and select scatter. (The contents of the £oaTa field should
contain your planet data.)

You specify the independent and dependent variables in the ca s field. The first number identifies the col-
umn to plotted by the horizontal axis—the independent variable—set this to 1. Set the second number to
2, which will plot the second column of ZDAT by the vertical axis—the dependent variable. Make sure that
H-Tick and ¥-Tick are set to 18 pixels, then press to save all these settings.

Now press (9]WIN] and enter the following values to match the data: ~ H-vien: @ 2368
Y-Vieu: =3 48

Press LT to generate the scatterplot... Notice that one of the menu items beneath the scatter-
plot is M. Pressing this will superimpose a “perfect-fit” curve for the current model. All of the options
available in a function plot, such as tracing, root finding etc. can now be applied to this curve. (Bear in mind
that if you use any of these options, the plot type is actually changed to Furizt iorm, and the current
model expression is placed in EG.)

Press (CANCEL] to return to the FLOT HInDoH screen, then (CANCEL) again to get back to the stack.
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Inferential Statistics

The HP 49G offers two types of inferential statistics: confidence intervals and hypothesis testing. In either
case, you have the following six options:

Z-statistic, 1 u For inference about the mean of a population of known standard deviation (G,,,).
Z-statistic, p; — u, For inference comparing the means of two populations with known ©,,,,'s.
Z-statistic, 1 P For inference about a single population proportion.

Z-statistic, 1 P,—P,  Forinference comparing two population proportions.
T-statistic, 1 u For inference about the mean of a population of unknown G,,,,,.

T-statistic, 1, — 1, For inference comparing the means of two populations with unknown G,,,’s.

Hypothesis Testing
Suppose that you toss a coin 10,000 times and it comes up heads 5072 times. You suspect that the coin
may be biased toward landing on heads. Test this hypothesis at the o = 0.05 level. Press (2ISTAT) and

choose the Hypath. tests.. option.

Then, since you're testing a single proportion, select 2-te=t, 1 F. Input these settings:  H, = .5

x=5072
n = 10000
o =0.05

Press ITHM, this brings up the Alternative Hypothesis choose box. Select the n > .5 option and press
EETH The calculator will display the results of this test: Accept Hy, along with some details such as the z-
score associated with this proportion, the P-value of the test, the critical z-score, and the critical x-value that
marks the boundary of the reject region.

Press to see a graphical display of this test result with the reject region identified.

Press for a general description of this hypothesis testing procedure.
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Confidence Intervals

A manufacturer of laundry detergent packages the detergent in 5-pound boxes. To check the filling
machine, they took a sample of 1219 boxes and weighed them. The average weight of this sample was 5.05
pounds, and the sample standard deviation was 0.02 pounds. What is the 99% confidence interval for the
population mean weight of the boxes?

Press (@)STAT) and choose conf. Interuat. Then, since you want a confidence interval for a single popu-
lation mean, and you have only a sample standard deviation to work with, select the T-Int, 1 u option.

Now input these settings: ¥ =15.02
s, =.02
n=1219
C=.99

Press HEMM. The 99% confidence interval for the population mean will be displayed.
Press [T to see a graphical display of this confidence interval.

PressLil3%#l for a general description of this confidence interval procedure.
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