Solve aplet

About the Solve aplet

The Solve aplet solves an equation or an expression for its

unknown variable. Y ou define an equation or expression in
the symbolic view, then supply values for al the variables

except one in the numeric view.

Note the differences between an equation and an expression:

® Anequation contains an equals sign. Its solutionisa

value for the unknown variable that makes both sides
have the same value.

® An expression does not contain an equals sign. Its

solutionis arooat, that is, avalue for the unknown
variable that makes the expression have avalue of zero.

Y ou can use the Solve aplet to solve an equation for any one
of itsvariables.

Whenthe Solve aplet isstarted, it opensin the Solve symbolic
view.

® |n Symbolic view, you specify the expression or equation
to solve. You can define up to ten equations (or
expressions), named EO through E9. Each equation can
contain up to 27 real variables, named A through Z and 6.

® In Numeric view, you specify the values of the known

variables, highlight the variable that you want to solve
for, and press SOLVE.

Y ou can solve the equation as many times as you want, using
new values for the knowns and highlighting a different
unknown.

Note: It isnot possible to solve for more than one variable at
once. Smultaneous linear equations, for example, should be
solved using matrices or graphsin the Function aplet.
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Getting started with the Solve aplet

Open the
Solve aplet

Define the
equation

Define known

The following example demonstrates how to solve an
equation involving more than one variable. The problem to
solveinvolves velocity and distance, as follows:

Find the accel eration needed to increase the speed of acar
from 16.67 m/sec (60 kph) to 27.78 m/sec (100 kph) ina
distance of 100 m.

The equation to solveis asfollows:
2

v = u?+2ad
1. Openthe Solve aplet.
Select Sol ve

START

The Solve aplet startsin
the symbolic view.

Funct ion .
MY FUMC .EZKE ¥

REZET| SORT | SEND | RECW |

2. Definethe equation.

(AR V()
= () Ue)
E 20
(i) AR
(APriA) D (ENER)

OLYE £YMEOLIC VIEH
#ELtVE=l2+2x[xD

L
EDIT A CHEL = | | SHOM[EVAL |

3. Definethe known variablesin the numeric view.

Va”ables NUM OLVE NUMERIC YIE
ENTER YALUE OR PRESS SOLVE
JEMT [INFD [ |  [DEFH [SOLVE]
4. Enter the values for the known variables.
27()78 OLYE NUMERIC VIE
]
15618 67 (inTie) L
A:
o pysls]
100 ENTER YALUE OR PRESS SOLVE
JEMT [INFD [ |  [DEFH [SOLVE]
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Solve
unknown
variable

Plot the
equation

Solve for the unknown variable (A).

(v] (v) SOLVE ZOLVE WUMERIC WIEH

n:

EMTER VALLE OF PRE:: ZOLVE
JEDT[INFO] [ [DEFM [SOLVE]

Therefore, the acceleration needed to increase the speed
of acar from 16.67 m/sec (60 kph) to 27.78 m/sec (100

kph) in a distance of 100 m is 2.47 m/s%.

Because the variable A in the equation is linear once
values are substituted into V, U and D, we know that we
need not look for any other solutions.

The Plot view shows one graph for each member of the
selected equation. You can choose any of the variablesin
the Numeric view to be the independent variable.

The other variablestake on the values assigned to them in
the Numeric view. The current equation isvZ=U2+
2AD. With the variable A highlighted, the Plot view will
show two graphs.

One of theseis Y = V2, with V=27.78, or Y = 771.7284.
This graph will be a horizontal line. The other graph will
beY = U? + 2AD, with U=16.67 and D=100, or Y =
200A + 277.8889. Thisgraphisalso aline. The desired
solution is the value of A where these two lines intersect.

Plot the equation for variable A.
Select Aut o
Scal e
OK s
A il El:77l.7284 [EEM

. Trace along the graph representing the left member of the

equation until the cursor nears the intersection.
(»] ~20times

A 8.5 E1l:771. 7284 [EEA
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8.

Jump from the graph of the left member to the graph of
the right member.

K2

The Plot view providesa
convenient way to find

an approximation to a -
solution before using the
Numeric view Solve H:E.5 El:777.BEEY [EEET

option. See “Plotting to
find guesses” on page 7-89 for more information.

Solve for the unknown variable

The Numeric view ([Num]) in the Solve aplet is used to solve
for an unknown variable. Known variables are defined in the
numerical view to find an unknown variable. The Solve aplet
can find only one unknown variable at a time. All of the
variables must represent real values.

The unknown variable cannot be an index (as for a
summation), limit (as for an integral), variable of integration
or variable of differentiation.

1.

The Solve aplet starts in the Symbolic View, where you
can enter up to 10 expressions or equations for solving.
Note: You can use the = menu key to assist in the entry of
equations.

After you define and check one or more equations to
solve, presgNUM] to display the Numeric view. This
displays all the variables and their values, if any. For
each variable except the unknown, type a number and
pressok.

Move the highlight to the unknown’s field and press
SOLVE. The solution appears in the unknown’s field.

4. You can repeat steps 2 and 3, substituting different
values and selecting a different unknown each time.
Solve aplet’s
NUM view keys
Key Meaning
EDIT Copies the highlighted value to the
edit line for editing. Press OK when
done.
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Key Meaning

INFO Displays a message about the solutipn
(see “Interpreting Results,” next

page).

PAGE Displays other pages of variables, if
any.

DEFN Displays the symbolic definition of
the current expression. Press OK
when done.

SOLVE Finds a solution for the highlighted
variable, based on the current value

DEL Clears highlighted variable to zeoo
deletes current character in edit line, |if
edit line was active.

(SHIFT)CLEAR Resets all variable values to zero
clears the edit line, if cursor was in
edit line.

Use an initial guess

Number
format

Y ou can usualy obtain afaster and more accurate solution if
you supply an estimated value for the unknown variable
before pressing SOLVE. Solve starts looking for a solution at
theinitial guess.

Aninitial guessis especially important in the case of a curve

that could have more than one solution. In this case, only the
solution closest to theinitial guess is returned.

Before plotting, make sure the independent variableis

highlighted in the NUM view. Plot the equation to help you
select an initial guess when you don’t know the range in which
to look for the solution

You can change the number format for the Solve aplet in the
Numeric Setup view. The options are the same as in Home
MODES: Standard, Fixed, Scientific, and Engineering. For
the latter three, you also specify how many digits of accuracy
you want. See “Mode settings” on page 1-16 for more
information.

You might find it handy to set a different number format for
the Solve aplet if, for example, you define equations to solve
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for the value of money. A Number Format of Fixed 2 would
be appropriate in this case to handle monetary values.

Interpreting results

After Solvehasreturned asolution, pressINFO inthe Numeric
view for moreinformation. Y ou will see one of thefollowing
three messages. Press OK to clear the message.

M essage

Condition

Zero

Extremum

Sign Reversal

The Solve aplet found a point where
thevalue of the equation (or theroot of
the expression) is zero within the
calculator’'s 12-digit accuracy.

Solve found two points where the
value of the equation has opposite
signs, but it cannot find a point in
between where the value is zero. This
might be becausgther the two points
are neighbours (they differ by one in
the twelfth digit) or the equation is not
real-valued between the two points.
Solve returns the point where the value
is closer to zero. If the value of the
equation is a continuous real function
this point is Solve’s best
approximation of an actual root.

Solve found a point where the value of
the equation approximates a local
minimum (for positive values) or
maximum (for negative values). This
point may or may not be a ro@r:
Solve stopped searching at
9.99999999999E499, the largest
number the calculator can represent
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The Root-
Finder at work

If Solve could not find a solution, you will see one of the
following two messages.

M essage Condition

Bad Guess(es) No solution found. One or more of
theinitial guesseslie outside the
domain of the equation. Therefore,
the solution was not areal number or
it caused an error.

Constant? No solution found. The value of the
equation is the same at every point
sampled.

It isimportant to check the information relating to the solve

process. For example, for certain functions, the solution that

the Solve aplet finds is not a solution, but the closest that the
function gets to zero.

Y ou can watch the process of the root-finder calculating and
searching for aroot. Immediately after pressing SOLVE to start
the root-finder, press any key except (ON]. You will seetwo
intermedi ate guesses and, to theleft, the sign of the expression
evaluated at each guess. For example:

+ 2 2.219330555745
-121.31111111149

Y ou can watch astheroot-finder either findsasign reversal or
converges on aloca minimum/maximum or does not
converge at al. If there is no convergence in process, you
might want to cancel the operation (press (ON]) and start over
with adifferent initial guess.

Plotting to find guesses

The Plot view and the Plot Setup work as they do for the
Function aplet, except that the PLOT may vary according to
which variable is highlighted in the NUM view asthe
independent variable. The main reason for plotting in the
Solve apletisto help you findinitial guesses and solutionsfor
those equations that have difficult-to-find or multiple
solutions.
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Plotting the equation
A plot shows you graphically where the solution(s) must be:

To plot an
equation

Example

If you defined an expression, then the solution (root) is
where the graph intersects the x-axis.

If you defined an eguation, then there are two graphs, one
for each side of the equation. The solution is where the
two graphsintersect. (If one side of the equationis
constant, then one of the graphs will be ahorizontal line.)

Within the Solve aplet, define the equation to solve in the
Symbolic view ([(SYmMB]).

If the equation uses trigonometric functions, set the angle
measure in Symbolic Setup view ((SHIFT]MODES).

Enter the known variablesin the Numeric view ((NUM]).

Highlight the variable to solve for in the Numeric view.
The graph may vary according to which variableis
highlighted and used as the independent variable.

Press and select Aut o Scal e OK to plot the
equation(s). Auto scaling usually gives you the best plot
in Solve.

Consider the equation of motion for an accelerating body:

at’

X = Vot + —
L)

where x is distance, vg isinitial velocity, tistime, and ais
acceleration. Thisis actually two equations, y = x and

y:

Vot + (@t?) / 2.

Since this equation is quadratic for t, there can be both a
positive and a negative solution. However, we are concerned
only with positive solutions, since only positive distance
makes sense.

1

Select the Solve aplet and enter the equation.
Select Sol ve START

(ALPHAIX = OLVE SYMEDLIC VIEW
(ALPHA)V [¥][ALPHA]T PrsidTERETE 2
[0 (AP JA :
(ALPHAJT (x2] D] (/)2 : v
OK

EOIT [/ CHE] = | [SHOW[EVAL]
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Find the solution for T (time) when X=30, V=2, and
A=4. Enter thevaluesfor X, V, and A: then highlight the
independent variable, T.

ZOLYE MUMERIC YIE
30 "

2
4 :

EMTER VALLE OF PRE:: ZOLVE

(v](v] to highlight T [EnT [IMFD] | [OEFH [SOLVE]

Usethe Plot view to find an initial guessfor T. First set
appropriate X and Y rangesin the Plot Setup. Since we
have an equation, X=V*T+A* T?/2, the plot will produce
two graphs: onefor Y=X and onefor Y=V*T+A* T?/2.
Since we have set X=30 in this example, one of the
graphswill be Y=30. Therefore, make the YRNG -5 to 35.
Keep the XRNG default of -6.5 to 6.5.

SETUP-PLOT

SOLVE PLOT SETUP

CEE
35 HTICK: VTICK: 1

kEf: Dt ail
EMTEFR HORIZOMTAL TICK SPACING

Plot the graph.
(PLoT)

Move the cursor near the positive (right-side)
intersection. This cursor value will be an initial guessfor
T.

(»] to move cursor to T 7
the intersection.

The two points of
intersection show t_hat e g ERL
there are two solutions

for this equation. However, only positive values for x
make sense, so we want to find the solution for the
intersection on the right side of the y-axis.

Return to the Numeric view.

NUM SOLVE MUMERIC WIE

ENTER YALUE OF PRESZ ZOLVE
ENTJINFO[ | [DEFN [FOLVE]
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Note: the T-valueisfilled in with the position of the
cursor fromthe Plot view.

7. Ensurethat the T valueis highlighted, and solve the
equation.

SOLVE OLVE WUMERIC VIEM

LH
['H
T:
A

ENTER YALUE OF PREZS SOLME
ENTJINFD| | [DEFH [SOLVE]

8. Usethis equation to solve for another variable, such as
velocity. How fast must a body’s initial velocity be in
order for it to travel 50 m within 3 seconds? Assume the

same acceleration, 4 rA/teavethelast value of V asan

initial guess.

3 E] [B E] OLYE MWUMERIC VIEK

50 t
T:
]

SOLVE

ENTER WALUE OF PRES: SOLME
[EMT [INFO| | [DEFH [ZOLVE]

Using variables in equations

Home
variables

You can use any of the real variable names, A through Z and
0. Do not use variable names defined for other types, such as
M1 (a matrix variable).

All Home variables (other than those for aplet settings, like
Xmin and Ytick) areglobal, which means they ashared
throughout the different aplets of the calculaforalue that

is assigned to a Home variable anywhere remains with that
variable wherever its name is used.

Therefore, if you have defined a value for T (as in the above
example) in another aplet or even another Solve equation, that
value will show up in the Numeric view for this Solve
equation. When you then redefine the value for T in this Solve
equation, that value will apply to T in all other contexts (until

it is changed again).

This sharing allows you to work on the same problem in
different places (such as Home and Solve) without having to
update the value everywhere whenever it is recalculated.
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N Asthe Solve application uses any existing variable values, be
sure to check for existing variable values that may affect the
solve process. (Y ou can use (SHIFT]DEL to reset all valuesto
zero in the Solve NUM view if you wish.)

Aplet variables  Functionsdefinedin other aplets can also bereferenced in the
Solve aplet. For example, if, in the Function aplet, you define:
F1( X) =X2+10
In the Solve aplet, you can enter
F1( X) =50
to solve the equation X2+10=50.

Solve aplet 7-93



7-94 Solve aplet



