Chapter 5

Working with expressions
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Introduction

This chapter explains how to use the main features of the HP 49G’s
computer algebra system to work with expressions.

It describes how to:
e factorize, expand, and simplify expressions
¢ use the calculus functions to perform differentiations and integrations

e perform a differentiation in step-by-step mode.

You can use either Equation Writer or the command line to create and edit
expressions. The examples in this chapter do not explain how to create
the expressions. See chapter 2, “Basic operation”, and chapter 3, “Creating
and editing expressions”, for information on how to do this.

Configuring the CAS

The HP 49G has powerful symbolic capabilities. It can return numeric or
symbolic solutions to problems involving algebraic objects. You use the
CAS Modes input form to set the way that the HP 49G deals with
calculations, and how it performs symbolic manipulation.

To configure the CAS:

1. Press (MODE) to display the Calculator
Modes input form, then press cAS. The Indep var [

CAS Modes input form is displayed. —_DuHEric _Apprex  _Conplex
_Warbose _Stepestap _Iner Fod

¥ Rigerous ¢ Sinp hon-Ratienal

Enter independent uaridble ndHe

A% HWODEZ

2. Use the arrow keys to navigate around the
options.
¢ For those options that require a value,
enter the value and press OK to apply it to the option.

e For the other options, select or de-select them by pressing CHK.

3. When you have configured the CAS modes, press OK twice to return to
the default screen.

On the CAS Modes input form, two key settings determine how the
HP 49G handles symbolic solutions. These are the Numeric option and the
Approx option.
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Numeric option

When the Numeric option is set, the calculator returns only numeric
solutions to calculations. Otherwise, the calculator returns symbolic
solutions.

With the numeric option set, any variables that a calculation contains
must exist in the current path, and contain a numeric value. If this is not
the case, the calculator returns an error. Any constants with an
approximate numeric value, such as T, are evaluated and the approximate
value substituted into the calculation.

For example, consider the calculation SI N( 2* 17" X + 3* 1t* X)

e If the Numeric option is set, and a numeric value for X is stored in the
current path, the calculator returns the approximate answer, accurate
to 12 decimal places. That is, it substitutes the numeric value for X and
the approximate value for 1tinto the equation.
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e If the Numeric option is set and there is no numeric value for X stored
in the current path, the calculator returns an error.

e [f the Numeric option is clear, and no value for X is stored in the
current path, the calculator simplifies the expression and returns
SIN(5. X. ).

Approx option

The Approx option setting determines how the HP 49G expresses answers
to calculations:

e  When the Approx option is clear, the HP 49G finds exact solutions to
calculations where possible. That is, it expresses the solution as an
irreducible expression containing exact terms.

e  When the Approx option is set, the HP 49G expresses solutions to
12-digit accuracy.

Note that you can change the setting of the Approx option by using the

CAS Modes input form or by pressing simultaneously () and (ENTER).

e [f the calculator is in exact mode, pressing () ENTER) changes to
approximate mode.

e [Ifthe calculator is in approximate mode, pressing (CJ(ENTER) changes the
setting to exact mode.
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For example, consider the expression sin(x” + 2x).

If the value for variable X is defined as /2 in the current path:

When the Approx option is set, evaluating the expression returns
—-.586176193022

When Approximate mode is clear, evaluating the expression returns
SIN(4 /2).

Other options

In addition to the above options, the CAS Modes input form is used to set
the following parameters:

Independent variable

The independent variable is the default variable that the calculator
uses for operations such as differentiation and integration. The default
value is X.

Modulo

Enter the modulus that you want to use in modulo arithmetic
operations. The default value is 3.

Complex

Check this option if you want to work with complex numbers. If you
do not need to use complex numbers, de-select this option. Some
transformations behave differently in complex mode.

If complex mode is not set and a calculation returns only a complex
solution for most calculations, the calculator prompts for a switch to
complex mode.

Verbose

Check this option to display messages that indicate progress as the
calculator performs the operations that you specify.

Step/step

Check this option to perform linear algebra operations, integrations,
and differentiations in step-by-step mode. See “Differentiating an
expression step-by-step” on page 5-19.

Incr Pow

Check this option to display polynomial expressions with the terms in
increasing power order, for example x+ x> + x°. The default is to
display polynomials with the terms in decreasing order.
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e Rigorous
Check this option to specify that you do not want lx| terms simplified
to x.

¢ Simp Non-Rational

Check this option to specify that non-rational expressions are
simplified.

Using the computer algebra system

The HP 49G computer algebra system consists of a collection of
commands and functions that you apply to expressions. Commands and
functions appear in the same way on the menus, but they differ in the way
that they operate.
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Commands have the following properties:
¢ They produce one result.

¢ They cannot be included in an algebraic object.

Functions have the following properties:
¢ They can produce more than one result.
e They can be a part of an algebraic expression.

¢ Youneed to evaluate functions in order to get results. That is, once you
apply a function to an object, you need to press EVAD, or use the EVAL
command, in order to get a result.

See the Advanced User’s Guide or the Pocket Guide for details of whether
an operation is a function or a command.

Ay
OY- In this chapter, commands and functions are referred to

& collectively as commands.
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The following is a list of the categories and how you access commands in
each category. Within each category, commands are displayed in a choose
list.

ALG Displays the algebraic commands, for performing
0 operations such as factorizing or expanding.
(=]
% ARITH Displays the complex, the integer, and polynomial
;._ arithmetic commands.
()
£ CALC Displays the calculus commands for performing
; operations such as integrating and differentiating. This
-£ category also includes commands for working with limits
33 and series, and for dealing with Taylor polynomials.
CMPLX Displays the commands relating to complex numbers.
EXP&IN Displays the commands for manipulating exponential and

logarithmic expressions.

MATRICES Displays the commands for working with matrices.

S Displays the commands you use to solve an equation
symbolically.

TRIG Displays the commands for manipulating trigonometric
expressions.

For example, if you want to simplify a trigonometric expression, you
press to display the trigonometric commands.

You can use the computer algebra system to manipulate expressions both
from the command line and from within Equation Writer.

¢ From the command line, you place the expression between the
command’s parentheses.

e Within Equation Writer, you select the expression, or part of the
expression, then select a command from the menu.
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Working from the command line

1. Use one of the listed key combinations to display the choose list
containing the command that you want.

2. Use the arrow keys to highlight the command to use, and press (ENTER) to
place it on the command line. The command appears with a set of
parentheses after it.

3. Ensure that the cursor is between the command’s parentheses and
insert the expression to operate on, and any other arguments the
command needs. Separate each argument with a comma ().

4. Press (ENTER) to apply the command.
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Inserting an expression onto the command line

There are three ways to insert an expression onto the command line:

e Use the command line editor to enter the expression directly onto the
command line.

e Use Equation Writer:
a. Place the cursor where you want to insert the expression.
a. Press to open Equation Writer.
b. Create the expression.
C

. Press (ENTER) to exit Equation Writer and place the expression on the
command line at the cursor position.

¢ Retrieve an expression stored in memory or from the history. See
Chapter 2, “Basic operation”, and chapter 7, “Storing objects”, for
details.
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Command line example

This example uses the LIN command to linearize a trigonometric
expression, and the EXPAND command to simplify the result. The
expression to linearize is:

ui sin(Te)
=}
%8 Before you start, ensure that the CAS Modes input form is set to the
:Q- default setting. See “Configuring the CAS” on page 5-2 for details.
(]
£ 1. Open the EXP&LN menu and select the CAD 2 NEH B r P
= LIN command. £HOHES
£ BR3) (v) () (ENTER
<)
= LIMCY
[EDITJWIEH | KCL | ZTik [FURGE[CLEAR]
2. Enter the expression inside the RAD HVE HER Bo 'l e
command’s brackets. EHONEY
LIHCSTHCm#R40
[EDITJWIEH | KCL | ZTik [FURGE[CLEAR]
3. Apply the command to the expression. RAD HVE HER Bo 'l e
EHOHE? - _
ENTER CoHplax Hodg ont
[vEs ]
no
LIMCSIHCm#R2 )
1 | | JCANCL] 0K |
4. Since the linearization returns a complex PP — "
THOHEY

result, the calculator prompts to switch to
complex mode. Accept the switch to

FLIMISTHIm =1

complex mode, and linearize the —[%-EHF‘[i-H-n]]+%-EHP[—[i-xr
expression. [EOTT | ¥1EW| KL [ TRk [FURGE|CLERR]
ENTER

5. Open the Algebra menu and place the SR o
EXPAND command on the command line. |:HHE:

(ENTER) PLIMCSIMOTE)
cus [ Exprism|rLEspi
EXPANDC )
E01T ] PTEN ] RLL | STOP [P LRGETCLERE]

6. Retrieve the result from history. FAD BV HER €= a aLa
LHOHEZ

ENTER H L.]. ML= LML A0) .
[ Enprisemp L ERP-tim

ExPAMHDC—C 1 25ERP 1 £K%.,
HERPC—Ci¥pETiId4
[EDITIWIEM | KL | Tok [FURGE[CLEAR]
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7. Apply the command to simplify the result.
ENTER

Working in Equation Writer

RAD WYZ HEW = 'H' ALG
LHONEY

2 EXPAND|~| SERPUHm[+5F

ZERPLL
[ECIT [ VIEH | RCL | :Tok |PURGE|CLERFE)

In Equation Writer, you can apply a computer algebra command to the
entire expression, or you can select a part of the expression to apply a
command to. See chapter 3, “Creating and editing expressions”, for details

on how to use Equation Writer.

Ay

~ 4

“O- In Equation Writer, you can use only those commands that
& require one argument, and you cannot use commands that return

more than one result.

The following example demonstrates how to use Equation Writer to
evaluate the integral of an expression between two indefinite limits, and
factorize a part of the result. The expression to evaluate is:

2t 2
J’ (X~ + 3x)dx
t

1. Open Equation Writer and enter the
expression.

2. Select the expression.

@@

3. Evaluate the expression
EVAL

2T 5
wotSede
T

E0IT | CUR: | ETG ml EVAL [FRCTOITERF A

EOIT] CURS | BTG m] EVAL FACTO[TEFA)

Working with expressions
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4. Select the numerator component of the
expression.

@

5. Factorize the numerator.
FACTO

Performing substitutions

[ ECIT | CURS | BTG a] EVAL [FRCTOITERFH]

Use the SUBST command in the algebraic command list ((2)@LG) to

perform substitutions.

The following example substitutes the value 2 for x in

In(x* + 1) + atan(x)

1. From the Algebra menu, select the SUBST
command and place it on the command
line.

6(ENTER

2. Use the command line editor to place the
arguments between the command’s
parentheses.

CWXPER2HIPEEENX®)
CU®EE2

3. Apply the command.
ENTER

4. Because the calculator is in exact mode,
the command produces the following
exact result. Obtain an approximate result.

ENTER

RAD HYZ HEH L= 'H' AL
LHOMEZ

FUBST ()

[EDIT ] WIEM| KL | =Tok [FURGE[CLEAR]
RAD HYZ HEH L= 'H' AL
LHOMEZ

SUBSTCLNCH~2+1) +ATAN Ciid 4 =24
[EDIT ] WIEM| KL | =Tok [FURGE[CLEAR]

EAD BYZ2 HEW L= 'H' ALG
1HONEY

rsuesTiLml s lramanc, ¥
LrlzZ4 1 ] +aT ARG
[EDIT ] WIEM| KL | =Tok [FURGE[CLEAR]

RAD HY2 HEW C= 'H' ALG
LHOHEY

1 sUESTILMEE+ 1 l+ATAMGO, >

LilzZ4 1 AT ARG
¢ FHUMEAMST i)
Z.7icEsecz0ons

LECITIVIER | FEL | Tob [FURGE[CLERE]
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You can also use the SUBST command to substitute expressions. For
example, to substitute the expression y+2 for x in the previous example:

1. Retrieve the original command from

A e RAD HYZ HEW C= "§' ALG
history and edit it to replace the EHOHES "
. . . L
SubStltuthH Value. H SUBST[LN[}{ +21 ]+F|TF|N|:}U_.. A
] Lul=Z4+1]+ATAMIE
HSD (a) .. ENTER) . . (@(«)(«)APHYH2 PEMUMIANSAN cscezazs
SUEST LN~ 2+13 +ATAN CHD , BV +4)
[EDIT [ WIEH | REL | 5Tk [FURGE[CLEAFR]
2. Apply the command. b 2 HEK € i aLa

ENTER Lul==+1]+ATAME
T SRUMORMETL 3
2. TIECSEETAEE

: SUBST[LN[XE+ i ]+F|TF|NIIX:I_.Z’.

LN[(Y+2)E+1]+FITF|NIZ‘T'+E:I
ELIT]VIER | RCL [ STok JFURGE[CLERR]
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Expanding and factorizing

The HP 49G can expand and factorize most algebraic expressions. The
commands that perform these functions are in the algebraic category. If
the expression that you are working on contains exponential or
trigonometric functions, you may need to simplify the expression before
using EXPAND or FACTOR. See “Exponential and trigonometric
expressions” on page 5-14.

Expanding expressions

You use the EXPAND command to expand and simplify an expression.
The following example expands the expression:

(x+1)(2x=5)(x-7)

1. Open the Algebra command list and select  [pn uvz wen ge a aLE
EXPAND to place it on the command line.
ENTER
EXPANDI 4
[FEALA[HODUL[ oHH_[EnaIn] Z0AT [ ZFAK |

2. With the cursor between the parentheses,

A R FAD HYZ HEW F= 'H' ALG
open Equation Writer and create the EHOHE
expression. When you have created it,
press (ENTER) to place it on the command
; A1 150 ZER=S 1R [ H=T 1]
line between the parentheses. A R T Tl R

... (ENTER
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3. Press (ENTER) to expand the expression.
ENTER

Expanding a part of the expression

RAD WYZ HEW K= 'H* ALG
LHOHER

EXPAMDIE+ L (2 -0 T

E-HS— 1 ?-HE+ 16.5+55
e AL lnoouL [ onn JenGIn] ot [ cFak]

To expand parts of the expression, you must work from within Equation
Writer. For example, to expand the first two components of the
expression in the previous example, perform the following.

1. Open Equation Writer and create the
expression.

2. Use either Cursor mode or Selection
mode to select the first two component
expressions only. For example, if the
cursor is positioned on the first term in
the expression, X, use the following
keystrokes.

WAE®

3. Open the Algebra command list and select

EXPAND to expand the selected
components.

ENTER

(b 1B =S =T

[ECIT | CURS JETG m EVAL JFACTO[TERFA)

EDIT | CURS | BTG ] EVAL JFACTOTERFA]

(R .=

[EOTT [ CURS BTG [ EVAL [FACTOTERPA]

Page 5-12
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Factorizing expressions

You use the FACTOR command to factorize an expression. As with
EXPAND, you can factorize an entire expression, or components of the
expression.

Example gi
z
This example factorizes the following cubic polynomial expression: L§
3 2 5
22" + ba”—8x—-20 2
o
1. Open the Algebra command list and select  [kap svz HEx B= 50 ALG 2
FACTOR. EHIRES §.
(@) @ALE) (v) ENTER @
FRCTORL 1
[REALA[HODUL] oHA_[EnGIn s0AT [EPAK |
2. With the cursor positioned between the P aLG

LHOHEZ

parentheses, open Equation Writer, create
the expression, and press (ENTER) to place it
on the command line between the

A DEN O B ER RSN =2 )

parentheses. REALAINACULY OHA-JERGTH] £0AT | EFA |
... (ENTER

3. Press (ENTER) to factorize the expression.
ENTER

2 HEX R= '®' ALG

a3
E
=
=

iz
A

FHI:TI:IF![E o = KE—S = EE-'
(2002 SN (-2

[FEALAJNopUL] oK JEnGIn] EnaT ] EFak]
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Exponential and trigonometric expressions

When working with expressions involving exponential and trigonometric
functions, you often need to simplify them before you use FACTOR or
EXPAND. The following commands, from the exponential and
linearization category, simplify trigonometric and exponential
expressions. At the beginning of each description, the keys you use to
access the command list are displayed.

EXPLN

HALFTAN

LIN

LNCOLLECT

SINCOS

Exp and Lin command list—(<) @®&N):
Applies Euler identity. The

. KAD #Y2 HEW €= 'H' ALG
example at the right shows LHOHEZ
the reSUIt Of applylng the R EXFLMHIS IR 1
command to sin(x). EXP L0 Erprr s
=1k
[EOIT [ VIEH | REL [ STOR [PURGEICLERR]

Trigonometry command

list—()

Replaces sin(x), cos(x), and tan(x) terms with terms that
use tang

Exp and Lin command list—(©)

Performs Euler identities, then linearizes expressions by
applying the following substitutions:

X X+y e
e e BAD 442 WEH €= '3 HLG
Xy N nx
() -e
ILIMISIMHIED
The example at the right [Pt ERR -
shows the result of applying | B KRNI GTEHE R

the command to sin(x).
Exp and Lin command list—(©)

Simplifies an expression by collecting terms involving
natural logarithms.

Trigonometry command list—()

Converts exponential and natural logarithmic
expressions to trigonometric expressions.

Page 5-14
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TAN2SC Trigonometry command list—{)
Applies the following substitution:

sin (x)
tan(x) - os(2) @)
TAN2SC2 Trigonometry command list—() QE
z
Applies the following substitutions: é
sin(2x) :?'
tan(x) - 1+ cos(2x) 3
(2]
2.
@

tan () - 1—cos(2x)

sin(2x)

TEXPAND Trigonometry command list—()

Expands expressions of the form Exp(nx), sin(nx), and
cos(nx), where n is an integer. It applies the following
substitutions:

X+ Y X Y
etV L eve?

In(xy) - In(x) + In(y)

sin(x + y) - sin(x)cos(y) + sin(y)cos(x)

cos(x + y) - cos(x)cos(y)—sin(x)sin(y)
TLIN Trigonometry command list— ()

Applies the following substitution:
sin(x)sin(y) = %(COS(.%‘ —y)—cos(x +y))

TRIG Trigonometry command list— ()

Simplifies expressions by applying the following
substitution:

Si n2(x) +cosz(x) =1
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TRIGCOS Trigonometry command list—()
Applies the following substitution, and returns cosine
terms if possible:
Si n2(x) - l—cosz(x)

TRIGSIN Trigonometry command list—()
Applies the following substitution, and returns sine terms
if possible:
cosz(x) - 1-—si n2(x)

Example

This example uses TLIN, in conjunction with EXPAND, to simplify the
following trigonometric expression, and deduce its value:

i

%%3()5 IEE[]

1. Open the Trig command list, and select
TLIN.

C@RI@W B @A @)@ @R

2. With the cursor positioned between the
parentheses, open Equation Writer and
create the expression. Then press to
place it on the command line between the
parentheses.

... (ENTER

3. Press (ENTER) to simplify the expression.
ENTER

4. Open the Algebra command list, and
select EXPAND.

ENTER

2 HEX R= '®' ALG

=
=

iz
A

TLIHKI 1
[FERIF[SRIF 4 +DEL [ DEL+[DEL LI TS uf

KERD WYZ HER K= '§' ALG
<HOHEY

TLIHICOS( mr1202]
[+5RIPISRIPH +EL [ DEL+]OEL L[ TN ]

RAD WYZ HEW K= 'H* ALG
LHOHER

[eosfz) ]
tTLIN n:ns[?] .
T
2":':'3[2' 1z ]*2
[+SKIF[SKIF+ HOEL | DEL+|DEL L] INZ uf

Page 5-16
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5. Retrieve the result of step 3 from history.  [wun wiz nes g2 o aLE

I IR |
1

1 coz[zlr) L

E%ﬁﬂND[if?*CDS[E*[i*n%
[+RIF|ZRIFH AEL | DEL+|DEL L] IN: m|
6. Press (ENTER) to expand the expression. RAD HYZ HEW B Hf e =
THOMEZ <]
ENTER 12l E | e
. i I 3
s ExPAND| Sons 22T |+ 2 S
245 =
o) 0
[+zRIF]zkIr ] +DEL | DEL+JoEL L] Th: =[S 2
Calculus commands !
wn
@,
Use the following commands from the Calculus choose list to differentiate g

and integrate expressions.

DERVX Calculus command list—(©) DERIV. & INTEG

Differentiates an expression with respect to the default
independent variable. The default independent variable is
X.

DERIV Calculus command list—() DERIV. & INTEG

Differentiates an expression with respect to the variable
you specify as a parameter after the expression.

INTVX Calculus command list—() DERIV. & INTEG
Integrates an expression with respect to the default
independent variable.

RISCH Calculus command list—() DERIV. & INTEG

Integrates an expression with respect to the variable you
specify as a parameter after the expression.
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Example

This example illustrates how to use the DERVX command to differentiate
an expression and to use the EXPAND command to simplify the result.

1. Open Equation Writer and create the

expression.
EWEWEW®EI20@1 Lkl ]

EDIT]cUR: | BTG u] EVAL JPRCTO[TE:FA|

2. Select the expression.

WA@®
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bl Lkl a1 ]

EDIT | CURS | BTG ] EVAL JFACTOJTERFA|

3. Open the Calculus command list, select

DERIY. & INTEG. HENU
DERIV & INTEG and highlight the DERVX T
command. i:i:”
GCOEB®® 5-FulkIE
LT T T TJewnci] o |

4. Apply the command to the selection. Note
that as DERVX is a function, it does not
differentiate the expression immediately.

ENTER

5. Differentiate the expression.

6. Use the EXPAND command from the
Algebra choose list to simplify the result.
Note that, as EXPAND is a command, it
expands the expression immediately.

ENTER [E0IT | CUk: | 1 ol 9L JFCTolTEF o
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Differentiating an expression step-by-step

You can use the HP 49G to differentiate expressions in step-by-step mode.
The computer algebra system displays the results of each stage of the
differentiation process. The results of each step of the operation are
written to History.

Setting step-by-step mode

You use the CAS Modes input form to set step-by-step mode.

1. Press (MODE).
The Calculator Modes input form is displayed.
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2. Press CAS.
The CAS Modes input form is displayed.

3. Press (V)(¥)(¥) to move the cursor to the
Step/Step field and press CHK.

CRE HODE

Hodulo: 2

_MuHeric _ Approx _ CoHpLex
A check mark appears next to the mode “herbose Ftiepsttep " Incr Pou
Setting_ ? Rigersus ¢ SiHp Nen-Ratisnal

FarFord opratiens 4gp by tap?

4. Press (ENTER) twice to return to the default L0 N T T8 AT
screen.

Performing step-by-step operations

You can perform step-by-step operations from within Equation Writer.
1. Use the above method to set step-by-step mode.

2. Access Equation Writer and either create or import the expression that
you want to work on.

3. Use the arrow keys to select the expression.
4. Press to perform the first step in the operation.
The result of the first step is displayed.

5. Press to perform the next step in the operation. Each time you
press (EVAD, the calculator performs the next step in the process, and
displays the result.
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Step-by-step example

This example differentiates the following expression in step-by-step
mode.

. 2
3sinx + 4cos’x

n

‘g 1. Use the method described in the previous section to ensure that step-

4 by-step mode is set.

_::'5 2. Press to open Equation Writer.

"i 3. Create the expression

£ 3EN@EH4C@ 20

33 @ fﬁ[a.smmjm.msmjz]
[E0IT] cuks [ ELu o] EVaL [FacTolTESF Al

4. Select the expression.

@@

TH 143 S0

EDIT]CUR: ] EIG a] EVAL JFACTOITERF A

5. Evaluate the first step.

6. Evaluate the next step.

7. Evaluate the next step.

8. Evaluate the last step. This returns the
final result of the derivation.

EDIT | CURS | BTG ] EVAL JFACTOJTERFA|
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