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Functions

Explicit Functions

=

User Defined

Functions

You do not have to define
the function at this time,
as MathView will ask you
to define f the first time
you try to use it.

98

Function Notation

» Wildcard Variables to define functions
» Declaring Names and changing a declared name

» Using PreDefined functions

Functions take three forms in MathView: explicitly defined, User Defined, and
PreDefined. Y ou choose the form, depending on the scope of your problem.

Y ou create explicitly defined functions by typing or manipulating an equation into
functional form. For example, to graph the equation below, you isolate the
dependent variable from all independent variables. Y ou do this by selecting the
dependent variabley and choosing the 1solate command from the menu, clicking
on the Palette icon, or by moving y with the hand to the Prop icon.

(]-2x = xf-y +12
Y = w242y 419 Ilsiate <—— explicit function

MathView also allows you to create custom “User Defined” functions. Y ou input
these functions with Wildcard variables (page 64).

Y ou enter User Defined functions by using the function notation f(x), where the
independent variables are input as Wildcards. To input avariable as a Wildcard,
choose the |etter from the Wildcard palette or type a ? prior to typing the letter.

e Input: f(?x)=?x"2+3*?x- 33
Of(@)=a"+38-33

The function f isnow defined, but you cannot useit until you declare it asa
function.

» Declare f at thistime by choosing Clarify from the Notebook menu. The
dialog box below will open. Choose Function under the Pop-up menu and
click user Defined, or press the Return key ([=]).

Declare Name

& £ MathViewtries to guess
] the class of the name you
This name hasn’'t been declared yet. You need to declare .
it to continue. To do so, simply select one of the options choose. In this case,
below. (See manual for more info.) MathView guessed that you
Declare [FomoTanT wanted f to be a function,
Variable therefore the dialog
with be M-Linear Dperator i
D-Linear Operator defaulted to Function.

Function

There must be some mistake. ™
Cancel




Function Notation

A nice feature of
MathView is that you can
collapse cascades,
hiding intermediate
steps. In the example to
the right, select the final
conclusion (y=140) and
Notebook P Indent
Leftuntil itis all the way
to the left. Now
double-click on the
y=f(x) Prop icon. You
can now change the
X=5 Prop and see the
result without seeing the
intermediate steps.

Do not confuse the
function f(x) , which will
show up on the
Functions palette along
with the other defined
functions, with the large
f(X) which toggles back
and forth between the
Functions and Variable
palettes.

» Tousethe new function, input the equation y = f (x), thistime without
using Wildcard variables.

() f(m)=e+38 -33
Oy = flx)
* Input avaluefor x, substitute this equation intothe y = f(x) equation, and

Calculate the RHS for avalue.

(@) f(@)=2@"+33-33
= flx]

Substitute the X = 5 equation

D Y (o ; into the y = f(x) Prop
(.a'_\) y o= FlB) Bubstihute and
v =1 Calenlate Calculate the RHS.

MathView has dynamically linked the two equations, now that you have defined
the function and have made a substitution. Any change to the substitution equation
or to the function itself now changes the Conclusion. To demonstrate, change

x = 5 to x = 3, or change the function (the method below).

»  Change the function to the following. Notice how MathView displays a
hatching across the old conclusion as you change the function. This hatching
symbolizes that you are changing the Theory.

New Function
and
Result.

(@) (@) =2"+33"-33 +105
)

Oy =fix
&}r = f(B)  Swbstitute
&}r =140 Caloulate

Y ou can enter the function by itself without they =, creating an expression rather
than an equation. Select the expression and calculate. Since you have defined the
function before using it in this example, f(x) displays on the Functions palette,
allowing you to click on itsimage to input the Assumption.

* Input x below the x = 5 Prop, select x, and click f(x) on the palette.

Select X

Bk

and click on palette image

of f(x)
O fl]

Y ou can use more than one independent variable to create an equation to plot
three-dimensional objects or to study functions with severa variables. You

Select f(X) Prop and Calculate

() x =5
() Flx)
& Flx) =140 Calewlate
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PreDefined
Functions

You can create both
User Defined and
PreDefined functions by
first selecting Name
Decl. under the
Notebook P Insert
menu. See page 63.
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separate the parameters of the function with a comma.

Bel(@.g)=a’y’
Oz =glxy] -
&Z=g|:2,3:| Subatitute
&z:lg Calowlate

(Jx=2 ]
Oy =3

Substute into

MathView has approximately 47 pre-defined functions and 16 pre-defined names,
each with a behavior consistent with mathematical convention. The Function
palette in the standard notebook contains 16 of these functions. Each is available
at the click of the mouse.

Y ou use a PreDefined function by merely typing its name in your notebook.
MathViewwill ask you to declare it the first time you use it or when you Clarify
the notebook. For example, MathView has a predefined numeric function that
rounds a number to the nearest integer, called round . The following example
initiates the beclare Name dialog box, asking you to declare round. MathView
presumes that you want the function round, but allows you the option of declaring
it aUser Defined name. If you click on the default PreDefined button, the
function will act asyou would normally expect (see below). By using thisfunction
once in the Notebook, it will be available to you in subsequent manipulations and
the name round will show up on the Function Palette.

When you select the RHS and choose
Calculate...

[ = round (3.56)
&}r = Caladate

Declare Name

=S ——————| this dialog box
& round appears.

This name hasn’t been declared yet. You need to declare it to
continue. To do so, simply select one of the options below. (See
manual for more info.)

Declare it as a typical

User Defined Dariable «
with behavior defined by you.

= Declare it as a predefined name that
PreDefined behaves as Round to nearest integer.
There must be some mistake.

Y ou cannot useround to round anumber if you have previously defined the name
“round” as aUser Defined variable. If you have done this by mistake, select the
round definition nested inside the Declaration Prop (double-click on the first
Prop in your notebook) and change the declaration. Y ou do this by choosing the
appropriate definitions under the Pop-up menus. Change variable ¥ to

Function V¥, and defined by user ¥ t0 Numeric Funcs » Round to nearest
integer V.



Function Notation

@\Anamed round behaves as [ defined by user = |

Function

[5S

defined by user
Constants

Calculus Funcs
Trig Funcs
Hyperbolic Funcs
Polar Funcs
Matrix Funcs
Graph Bounds
Bessel Funcs

v wvwvyww b d

Round to nearest integer_
round Down to integer
round Up to integer
Modulus

Real part
Imaginary part
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Linear Functions

* Plotting pointsin aLinear Graph Theory
* Indexing variables

* Customizing line details

Linear functions are normally the first functions you study but, as you well know,
they become important components of more advanced subjects. An exampleisthe
linearization of curves. In this section, linear functions help introduce the dynamic
aspect of Graph Theories, the indexing of variables, and how you can plot single

points.

* Inputtheequationy = 3x+5initsown Prop.

»  With the cursor located anywhere inside the function, select Linear under the
Graph menu or click on the Palette image. MathViewwill assign adomain to
the plot and adjust the Viewport according to itsinternal rules.

[0y =3x+5
|

10+ Details open

e

MEE=T=

| |
; t
-2 x 0 2

~3...3-lotright
-4, 14 =bottom.. top  cropping [ Moderately « |

=]

Jn-Line at (3, ¥ )where x = left ... right with a line, colored

Gasie)

The standard Graph Theory Declarations and a Line Plot detail appear inside the
graph details area. The important item to note here is that the detail denotes the
lineas, Line at (x,y). Even though you have defined y outside the Graph Theory,
you can change the expression 3x + 5 and the plot will adjust accordingly.

Y ou can use MathViewto study the effect on the slope and y-intercept by giving
both variable names.

e Set up your Notebook in the following manner. To observe the effects of the
slope and y-intercept on the function, change the values given tom and b.

[@]y =mx+b
Z i
g Declare m
. EE  asa User Defined
54 H ‘
% variable.
A b is defined as a
constant, by default.
2 ¥ 0 2 =
we=3
%b =5 Change m and b.



Linear Functions

Slope

Notice that the
Point-Slope equation
only contains one
subscripted variable at
this time.

Remember to hold down
the Shift key to select

Given two points, you define the slope “m” of the line containing both as

rise _ Y2"%1

m = slope = .
run - X,—X;

Below isa Theory where you calculate the slope of the equation given the points
(2,3) and (5,8).

»  Using subscripted variables, define each point as shown below. Select the
RHS of the slope equation by clicking once on the fraction line, and
Calculate to obtain the value for m.

(Jx,=2 [Jy,=3
Dx;=5 D}‘_;:B Result

= wr = 1.6667 Caleulate
(Jm =L <! A
Fgay
To determine the equation for the line containing these points, solve the general
equation for alinein Point Slope form for y.

* Re-input the equation using only the first point. Substitute the values
determined in the conclusions above (x,, y;, and m) into the line equation,
and Isolate y. Expand the RHS of the resulting equation for the answer.

C] o= Y ory -@—— Equation in Point-slope form
e using the first point ( X1, Y1)

1BEET = Y.=3  Substimte
& x-2
Dy =1.B667(x-2)+3 Isdate
Dy =1.6667x-0.33333 Ewmd  Plot this equation

Y ou can now plot this equation along with the given points.

*  Select the last equation and generate alinear graph.

* Addtwo line plots and re-define their detailsas ( x, , y; ) and (X, Y, )
respectively. Choose a different color and pick heavy. Thiswill help make
the points show up. Y ou can change the values of the pointsin thefirst four
Props (the subscripted variables) and watch the whole Theory change,
including the graph.

/oy =1.8667x-0.33333

AIU

To obtain the same graph
change the Graph Bounds
to these values.

ST S Y

: o, @ 4 5 =
1. 6.4 =left..right Stretch to Fit | >

0.6...10.4 = bottomm,..top c:mpping| Moderately - |

--------- Details definin
Ap-Line at (x,y ) where x = left ... right with a line, colared 9

(Cight Gray ~ ] points
fp-Line at (X, ¥ () where ¥ = left ... right witha line, o\:lonei|

Fed - |
A Line at (¥ o where x = left .. right witha line, colored
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Factoring

Q

You can let MathView
do all the work by
selecting both Xs on the
LHS (Shift-click) and
choosing Isolate with
Auto Casing turned
on.

Completing the
Square

104

Quadratic Functions

* The Apply, Move Over, and Factor commands
* UnDo and UnCalculate

» Square Root Op
» Zooming in on a graph to find graph roots

This section demonstrates four methods of solving quadratic functions: Factoring,
Completing the Square, the Quadratic Formula, and Reading Roots off of agraph.

Use the following equation for the examplesin this section.

[()2x"+8x =6

Place the equation into standard form. Y ou do this by subtracting 6 from each
side (adding a negative 6). Use the Hand to move the 6 over to the LHS (left
hand side of the equation), or Apply (+ — 6) to each side.

Using Hand to Move Over Using Apply to add (-6) to each side

Dm—:ﬁ [()2x°+8x =6 1

* D Bx%48x =8 ==
[)2x%+8x =6 D22 48x) + (-8 = 6+(-8)
D24 Br-B=0 Mee Over 25248 —6=0 Sirurip

Select the LHS and Factor, using the method of your choice.

D 2" 48x-6=0 ~——— Factor the LHS
&2{X+ﬁ +2}(X—ﬁ+2} =[] CFactw

One at atime, select the xsin the result above and I1solate for the answers
(not shown).

Y ou can use the method of Completing the Square to solve the equation.

Follow the instructions on the right.

2x248x =B
D 5 Apply and divide by the
2 2548 _ g ity coefficient of x2.
?

& %{2x2+8x:} _ 9 Simpiiy  Simplify and Expand

the result.
&xh-’-lx =3 Epmd



Quadratic Functions

D

Alternatively, you can
select the X in the

equation (x+2)2 =7
and Isolate with Auto
Casing turned on.

Quadratic Formula

Another method you can
use is to select both Xs
in the original equation
with a shift-click and
Isolate with Auto
Casing turned on.

Reading Roots off
of a Graph

Notice that MathView
generates a new
Assumption Prop. This
result happens anytime
you change a
Conclusion.

Editing an Assumption,
on the other hand, does
not generate a new
Assumption.

» Using Apply asecond time, add the square of one half the coefficient of x to

both sides. simplify the result and Factor the LHS.
& ':XE + -“-lx;' + 22 =3+ 22 Apply Select the LHS and Factor.
&xﬂdx +d =T Sinplifi -«

Dy +2P=7T Faotor @

*  Apply the Square Root Op to each side and solve for x with Auto Casing

turned on.
&(x +2:|2 =T Factw
Dyfles2f =00 ety

Z+2° =7 dewiy

" Dl 427 =07 Aty
g&x:ﬁ_g Tl ate ’Q[&x:_ﬁ_g Tl ate

Apply the Square Root Op.

Isolate X with Auto Casing ON.

The roots of the Quadratic Equation ax2 + bx+c¢ = 0 aregiven by

—b+.b2-4ac

X = 2a

»  Enter the coefficients of the given equation in their own Props.
*  Substitute theseinto two Props set up with the Quadratic Formula.
*  Expand for the answer.

D 2218y _B=0 Define coefficients in separate Props.
O@=2 (OE=8 [)e==86 O&=2 (B=8 (=28
=B -0 e .
L . %.— . H % ......
&x:al 17 -8 Substihute &x=al(_.'112_8) Subetitete
&X=ﬁ—2 Expand &x:_ﬁ_z Expand

Y ou must plot the equation to use the built-in root finding facility. Since the given
equation is not in functional form you must first manipulate it.

» |solate the zero on the RHS and changeto y.
ﬁ%ﬁ&pﬁrn

D 0=2x218x -6 Isolate
[:] Vo= Ix?+8x—B ~——— New assumption generated.

Select O and type Y.
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MathView will
sometimes ask you to
to zoom-in closer, even
though only one
crossing is showing in
the Viewport.

Undo @ °

Place the cursor inside this new Assumption and generate a Linear Graph
Theory. Adjust the Viewport by changing the details to the following.

-9..5.2=1left..right | StretchtoFit « |

—-26... 36 = bottom...top  cropping | Moderately I

[o]y = 2x?+8x -8

] 3
204
B
oLl lN
...... k l
y Zooming in
R . . . , , on the
;3 ¥ ;3 -Ii I2 il '2 .'4 positive root.

Y ou must zoom in on each x-intercept to find the roots. Use the knife to do
the zoom on the positive crossing (see above).

Make sure only oneintercept isin view in the Graph Theory and choose Find
Graph Root under the Manipulate menu. MathView displays the root in its
own Case Theory just below the graph.

[o]y = 22 +8x -6

¥|

Zoom in close on an X-axis
crossing.

Select Find Graph Root
under the
Manipulate menu.

t t
05 0E 0.7 0.

Ol x = 0.64575 Root displayed in
C]?: 0 - Case Theory.

=
o

El_ =L

Before performing any other manipulation, choose undo under the Edit
menu. Y ou are now back to the graph’s original view.

Notice that the Case Theory remains intact and theroot isin decimal form

Select the number and choose uUncalculate (found in other under the
Manipulate menu) or click on the Palette icon found in the small hammer

sub-palette).
Perform the same operation on the other root.
Ol ) x = -4.6458 Ol x =0.64575
&x = _ﬁ_2 UnCalaulate &X :ﬁ_z Ul aleulate
(v =0 (v =0

Note two items here. Firgt, if there is more than one Graph Theory in the

Notebook, you will need to select the graph first, so MathViewwill know which

graph to use. Click on theicon in the upper left corner of the Graph (the whole
E graph will highlight).

Second, you must zoom in very close to the zero crossing to have MathViewfind
the precisevalue, y = 0. Many timesy will equal avery small number very close
to zero. Y ou can sometimes use UnCalculate toforce y = 0.
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Polynomial Functions

Remember to press the
space bar or type an * to
denote a multiplication
between the coefficients
and the variables.

i

If you want, you can
skip the substitution and
merely select and
graph the equation in
the first Prop. This
action generates the
same plot, but uses
different Working
Statements.

Polynomial Functions

» User Defined variables

» How to substitute more than one variable at atime into an eguation

The multiple coefficients in polynomial functions reinforce the flexibility
MathView provides by allowing you to control variables outside Graph Theories.

Set up a MathView notebook in the following manner to observe the effects of
changing the coefficients of a polynomial function. Use the following third degree
equation for this example.

(Jy =2x"-9x%-12x +35

»  Define each coefficient as a separate variable in four separate Props (A, B, C,
and D, respectively).

(¥ =Ax*+Bx*+Cx+D
(JA=2

D E =_9 Declare each coefficient a

D i =_12 User Defined Variable.

D =35

» Select al of thevariables by clicking on their equal signswhile holding down
the Shift key.

*  Substitute into the first Prop with the Hand.

» After MathViewdisplays the conclusion, generate a linear Graph Theory
using this equation. Make sure the cursor is somewhere inside the new
conclusion Prop before you select Graph B y=Ff(x) » Linear.

(v = Ax¥+Bx®+Cx+D
vy =2x%-0x%-12x +35 Subsirie ~@—— Plot this equation.

[(JA=2
- _ When requested, define the axes as
(B =-8
C] o= _12 X and Y, respectively.
(D =35
@su +
40 -+ it
an +
0 EH
a4
AN o=
-gju T | 1 1 1 1
R
-4.6... 7.4 = left. right Graph bounds of this plot

-72..72= bottorn,.top  cropping | Moderately -
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You may have adjust the
graph depending on the
coefficients you choose.

*  Change the values of each of the coefficients and observe the effects. Try
setting every coefficient equal to zero, and change one value to observe what
happens. Then, with thisone variabl e set to avalue which best showsitsform,

change each of the othersto observe their effects on the plot.
» Below isthe Theory showing the example you used in the previous section on
Quadratic Functions. See page 104.

(w =Ax* Bx®+Cx+D
ey =232 B F Substitute

(JA&=0
B =2
C =8
(D =-6

[4]

20+

[ O T e

Teacher’s Note

The example aboveis an excellent one to use to
introduce Taylor Polynomials. In alab setting with
groups of two or three, have the students add the
sinefunction to the Graph Theory. In addition, have
them add two more terms to the general equation.

(¥ = A+ Bxt4Cx®+ Dx*+Ex+F

Now, challenge them to change the coefficients so
that the polynomial fits the sine curve.

Another good use for this method is to study the
parabola using the general form,

y = ax2+bx+c, at!o.

Using the discriminant b2 —4ac , you can study the
equations for the x-axis and the y-coordinate. In
addition, you can use the general equation,

y = a(x— h)2 +k, to study trandations.

Set up a new notebook using the general equation
or use acase theory if morethan one graphisinthe
notebook.
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(v =alx-h)+k
[(Ja=1
)k =0
)k =0

Plot y and change the parameters.

Lastly, you may want to set up a Graph Theory
with the equation which generated the Plot hidden
S0 you can direct studentsto “guess’ the function.
Make the equation a daughter Prop (page 33) of the
graph that the equation generated. Then,
double-click on the Graph icon to hide the
equation, and choose Notebook » Lock
Proposition. This action locks the equation in a
collapsed, hidden, state.

Now create a new equation with a different
dependent variable and choose Graph » Additional
» Add Line Plot. Ask your studentsto mirror the
original plot by changing the RHS of this new
equation.



Rational Functions

Rational
Translations

To move the second
Case Theory from
below, where it will
originally display, to the
right of the first one,
select the Prop by
clicking on the circle
icon, and with the Hand,
move to the right of the
box outlining the Case
Theory. For help, see
page 33.

Rational Functions

» Animation
* The use of Case Theories to observe more than one plot

» Manualy defining Viewport details

Y ou write a Rational Function as a quotient of two polynomial functions.

t0 = 2 heeo

Analyzing the various translations of rational functions provides an excellent
opportunity to demonstrate the use of MathView's Case Theories. The example
that follows will show you how to set up a Theory in which multiple graphs can
use the same parameters to display more than one trandation at atime.

Y ou can find the asymptotes of rational functions easily by using MathViewto
factor or plot the denominator of the function. In the final subject in this section,
you will use asimilar method to decompose a complicated fraction into its parts.

Thevery simplefunction y = f(x) = 1 ox isthe basisfor the following rationa

function. Set up your notebook in the following manner. ChooseCase Theory in

the Insert sub-menu under Notebook to generate a Case Theory. The genera

equations you will use are

+D and y = C+ +D
X"+ B

y = C:xA+B

* Inside by side Case Theories, input the two equations.
O 1 O 1
y=C—4 4+ y=C—4 4+
U x*+B U —x*+E

*  Outside of the Case Theories described above, define the User Defined
variables, eachinitsown Prop. Y ou can locate these Props above or below the
Case Theories. They are outside of the Case Theories, so changes to their
values will affect variablesinside both Case Theories at the same time.

Ja=1

(JB =0 _ _

C] o=y Declare each a User Defined Variable.
(JD =0

»  Select each of the two main equations and generate a Linear Graph Theory.
Change the Viewport details of both graphs to the values shown below.

-11...11 =left.right | StretchtoFit « |

-6..11 = bottora.top  cropping | Moderately - I
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You do not have to
substitute the variables
into the equations. The
equations inside the
Case Theories “look
outside” to find values
when plotted.

You can use a
parameter outside the
Graph Theory as long
as you select the graph
along with the
parameter. Shift-click
the parameter and the
graph. Now Animate.

Finding
Asymptotes

110

Y our Notebook should now look like the following.

(sJa=1 Change these values
(«JB =0 and observe changes
(@C =1 in the Graph Theories.
(@)D =0
Olgy-c—1_+p ODgy=c—L D
O x*+E Oty -x*+B
= [ L4

(=] o

t t
[ LUV 5

|
A0, 5 5 =

Change the various parameters and watch the effects ripple through both Case
Theories.

Y ou can animate the parameters in the example above (one at atime). Below isthe
left graph, from above, with C selected and animated (with valuesfrom 0 to 10 at
1 frame per second). The screen shot below captured the fourth frame, in which
C=3.0.

O 1
v =C +D

© x*+B

4 S0
10 4~

t 1 } T
[ LU 10 5 10

Ardreate this graph for © = 0... 10in steps of 1 for a tatal of 10 frames
[inacyle « |at| | frames'second « |

You will find it easier to select a parameter inside one of the Case Theories to
animate. MathView can only animate one graph at atime, and will choose the first
graph in the notebook if you wish to animate the graph by selecting avariablein
the list outside of the Case Theory.

Many times you can find the asymptotes of simple rational functions by
inspection, but what happens when the function is complex?

y = —12x%_18x*+2784x +8712
w108 10022+ 2364 +4320

Use one of two MathViewtechniques to find asymptotes of more complicated
rational functions. The first techniqueis to Factor the denominator and set each
factor equal to zero. In the second, you pull out each expression, set it equal toy,
and plot the equation. Y ou then find the rootsin the Graph Theory. Thefirst
technique is below.



Rational Functions

Partial Fractions

»  Select the denominator by double-clicking on one of the operators ( + or —).
Choose Factor under the Manipulate menu, or click on the Palette icon for
the answer.

Oy = ~12x%-18x?+2784x +8712
¥ -105¢7-100x%+2360x +4320 Select denominator
A _ =12 18t T8 4 8712 i

(=9l {x + 8 —B)[x +5)[x +2)
The second technique requires you to create anew equation defining y equal to the
denominator.

*  Input the equation into anew Prop and plot. Zoom in on the five x-intercepts,
asyou did on page 106, to find the roots. Shown below is the plot along with
the first root.

(0)y =x"~105x?-100x2+2364x + 4320

L4
1+08 L
10+UZ T /\

If the degree of the denominator of arational polynomial function is greater than
the degree of the numerator, and if you can factor the denominator into
non-repeating linear factors, you can write the original fraction as the sum of
simpler fractions. This technique isimportant when studying integration where
the integrand is one of these functions. See page 177 for an example.

This operation is the reverse of finding a common denominator of several
fractions that you add together. Y ou can learn several methods by hand, but with

MathView at your command, you can use the power of the computer to automate
the procedure.

»  Enter the same function you used in the prior example, select the
denominator, and Factor.

Oy = -12x%-18x2+2784x +8712
x°-105x%-100x2+2364x +4320

Ny = —12x%-18x%+2784x +8712 5.
(e =) +8) - B)[x + 53 + 2)

»  Sdlect the RHS, by clicking on the fraction line, and Expand.

Ny = —12:%-18x2+ 2784 +8712 o,
(o =9I + 8l — Bl > + 8 + 2

=31 21 g1 .31 21 FEoemd
A% -89 x+8 x—8+ x+5Jr x+2 #

Y ou can also use asemi-manual method to demonstrate the mathematical concept.
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*  Firstinput the following new expression and Factor the denominator.

Bil+Bx -5
3 42x% Bx-§
Bl +Bx -5

Bx®+6x -6 Faci

0 +2x%-Bx-B - (x+3)(x-2)(x +1)
e Inanew Prop re-input as follows.

B2+ Bx -6

A B C

O e+ - +1) *+3 x-2 x+1

*  Manually take the denominator on the LHS times both sides (each term on
@‘ RHS) and simplify the results.

D( Bil+Bx -5

: (r+3lxr -2l +1) _
x+3 [x-2)x+1) 1 e
A (x+3][x—2](x+1)+ b (x+3)(x—2)(x+l]+ C (x+3x-2x+1)
x-2 1 x+1 1

("_\>8x2+6x—8 =l x+1)A+(x+3x +1)B +(x + 3 -2 C  Siwupddly

* MakeaProp giving avaueto x so that one of the factors on the RHS goesto
zero. Give x the value of — 1 so both A and B will go to zero.
*  Substitute and solve for the remaining variable (C in this case).

&6x2+6x—8 =l x+1)A+(x+3x +1)B +(x + 3 -2 C  Siwupddly

Dy—-B=-BC

Subsiticte

(/_\)C’ =1 lmiate

[(Jx=-1

»  Copy theresult to anew Prop and change x to make the other factors go to
zero and solve for A and B. Substitute these into the original equation for the

answer (shown below).
Bxl+B8x -6

-_3 2 1

O e + 3 x -2 x +1)

T x+3 x—2+x+1

Teacher’s Note

The example above, along with othersin this guide,
is reverse engineered. MathView makes this a very
easy task and can help you create examples and test
questions which serve your academic purposes.

Taking the first example under Partial Fractions,
first enter the desired result.
0 3 _ 2 6 .3 ., 2

¥-9 x+8 x-B x+5 x+2

Select the whole expression and select the Collect
manipulation. This creates avery large expression
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not shown here. Now Expand the numerator.

_ 12x%18x%4 2784 + 8712

= Expend

(=8 x +8)(x —B)(x +5)(x +2)

Finally, Expand the denominator to obtain the final
result.

_ -12x%-18x®+2784x + 8712
x°-108x%-100x%+ 2364 +4320

Ewpand




Exponents & L ogarithms

i

Positive Integer

Exponents

Exponents & Logarithms

 Auto Simplify and its effect on exponents
* How scientific notation worksin

* Subscripts and Superscripts

Before you can effectively use exponents and logarithms in MathView, you must
become familiar with their input. Y ou must also understand the effect that Auto
Simplify and Auto Casing have on manipulations containing exponents.

In MathView, you enter superscripted indexes by using either the pal ette shortcut
or by using the conventional ~ from the keyboard ([ ]-6). Complete by typing
the exponent. To come out of the exponent back to the baseline, press [].

With the judicious use of the Auto Simplify command, you can demonstrate the
various properties of exponents. For example, to generate the factors of x5, you
select the expression, turn off Auto Simplify, and perform a collect.

D .?C'S Turn OFF Auto Simplify,
select, and Collect.

&XEZXXXXX Coffent
To reverse the process, select the RHS of this new Prop and Simplify.

Y ou toggle Auto Simplify on or off by selecting Auto Simplify in Manipulation
Prefs, under the Manipulate menu.

When n isapositiveinteger, b" meansthat you have multiplied n factorsof b
together. Y ou use this definition to find an equivalent form for an expression like
(b4)(b8) = (b xb xb xb) x(b xb xb xb xb xb) = b10

Generalizing this statement presents the first Property of Exponents:
(bm)(bn) - bm +n

Table 2 below summarizes the Properties of Exponents using MathView. Noted on
the right side of each manipulation isthe state of Auto Simplify. A check mark
indicates whether Auto Simplify ison or off. In some cases, the manipulation will
work while MathViewisin either state. For the following manipulations to work
properly, declare each parameter aConstant.

Table 2: Propertiesof Exponents

Auto Auto
Property #, Selection, and Manipulation Simplify Simplify
ON OFF
m el
#1 D b™b L] L]
&bmbn :bm+n gl
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Table 2: Propertiesof Exponents

Auto Auto
Property #, Selection, and Manipulation Simplify Simplify
ON OFF
Dbm+n
&bm+n=bmbn Codlant D
0%
#2 b® " ]
(,.-"_\)b =hTMTR Sl
b?‘!
Dbm_i‘l
S BT o T Collest ]
&bm—nzme Sl i []
b?‘!
, 0P 0 0
# &5—,.'3:1 Sl iy
#4 D(ab] [] []
&[ab]mzambm Expand
?‘?‘EE:'?‘?‘E
O 0 0
Samb™ =(ab)™  Fector
5 Ol 0 0
D™ =T Simpti
Db?‘lm
&yimz{bn}m Coffant N
o)
w0 0 0
2" 2" pomd
‘B[b] b ¥

114



Exponents & L ogarithms

Negative Integer
Exponents

Table 3: Negative I nteger Exponents

When the exponent is a negative integer then b—" = 1 ",

Auto Auto
Property & Manipulation Simplify Simplify
ON OFF
D"
& h™h = L Simapiife [ D
b H

Rational Number

What meaning does the symbol b1 have? By definition, it isthe square root of
Exponents

the base b. According to Property #5, the following holds true.
(bl 02)2 = pA=R)2) = pl = p

So b1®2 jsasolutionto x2 = b, which meansthat b1 = ,/b. Thisexpression,
by convention, isthe Principal Square Root.

Table 4: Rational Number Exponents

Auto Auto
Property & Manipulation Simplify Simplify
ON OFF
1 2
Ol
172 11
&[55 =h2h2 Collet N
1 2
&(,52 — b Simpli [ O
1
2
L 0 O
A h2= ﬁ Simaplify
mre
1 0
&,dlr_ =h? Egpmd

MathView does not have an nt" root operator, so b= will not simplify to "/b.

115



Functions

Scientific Notation

You may also click on
the e on the Variables
palette in the area
containing the numbers
0to9.
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M anipulating numbers in scientific notation requires you to be familiar with the
definitions and properties of integral exponents. Although the symbolic capability
of MathView, for the most part, eliminates the need to use this notation, it does
allow you to input and manipulate numbersin scientific notation. Y ou do this by
controlling the notebook display precision. In addition, MathView displays some
numbers in scientific notation regardless of the precision setting, particularly in
Graph Theories when the labels become too large.

MathView gives you two methods of inputting numbersin scientific notation. The
first method requires you to type the non-zero coefficient, e.g., 2.34; to type * on
the keyboard (or pressing the space bar); and then to type 10 and its exponent (i.e.,
7), delimited with a~.

2.34 * 10 0 7 DEEQIDT
234107 . /4, 2.30107 = 23400000 Ewamd

An Expand will generate the number with al of its digits showing, regardless of
the Display Precision setting (up to amaximum of 9 digits or the notebook setting,
whichever is greater).

The second method isto type2. 34 e 7. Noticethat you do not need to create a
superscript to input the exponent. MathView automatically generates the times
sign (X), the 10, and an exponent place-holder.

Type: 2.34 e 7 —P DE.SQKIU?

Y ou choose the display precision by selecting Display Precision under the
Notebook menu. Since display precision isin the Notebook menu, it affects
everything in the notebook. Thus you cannot choose to display one Prop in
scientific notation and another in regular notation.

Y ou do not effect the internally maintained precision by setting the display
precision. MathView has a maximum display precision of 15 digits.

Y ou can show the steps of simple arithmetic using scientific notation by turning
Auto Simplify off. The example below demonstrates this concept by adding,
multiplying, and dividing two numbers (x andy), with Auto Simplify turned off.

(Jx= 1.1111x10* j— Substitute into Props below
[y =2.2222«10"

(Jx+y
Dyxevy =11111x10" 4 22222010 Subsiituts

T Display Precision
Dyx+y =3.333310°7 Sl

setto 5
Oxy
Oy ey =1.1111310'2.222210170  Subsinute Auto Simplify OFF
Dy = 2.0691x10%0  Simptity
x
O ¥
X panel?  supeste
& v 220224010
&f =05 Sompiy
¥
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Common
Logarithms

Logarithm to
base b

dp,

Natural Logarithm

Properties of
Logarithms

ENYE

The common logarithm, base 10, is aPreDefined Function in MathView. Y ou enter
it by typing | og(, or by clicking on the palette image log(x) . Y ou generate
numeric answers with a Calculate manipulation.

Enter a number, select it, and click on the palette function log(x).

(128 clickonlog(x) ——# () log 25!

" Typel 0g(25 > (log(28

[ log(25)
D log (28] = 103078 Coloulats

Y ou enter logs to other bases by using a subscript. Typel og, an underscore
(*J—[]), and the letter b. Then press [J and the left parentheses prior to
entering the number. Y ou can also typel og and click on the subscript icon on the
palette.

log _b [ (7 — [Jlog, (7
| og E[b b Y (7 —» [log, (7

Y ou enter the logarithm to the base e (page 118) as alog to the base b where
b = e, or you input it by using the PreDefined function In(x).
() log 17
& lOg e(ﬂ =185 Caloulak

[ In(?
& Inif =1.98  Caleulate

Y ou can generate the Properties of Logarithms symbolically by performing an
Expand With Auto Simplify turned ON.

(O log , (mn) () In(mn)
QIOgb(mn]=logb(MJ+10gb[n) Expand &ln[mn) =In(m)+In(n) Ewmd
D log i3 (%J C] " [%J
A 10&)(%) = log, [m)-log, (n) Ewmd P ln[%) =In(ml-In(n) Egmd
C]logb(m”) C]ln(m”)
&logb(m”)=nlogb(m] Epamd &lngm”)=”ln(m1 Bl
Ollog,(5%) Oboles)

1 = Epand
[log,(5%) = Bt B &
Y ou evaluate | ogarithms by isolating the unknown variable. In the first example
below, 1solate the exponent x with Auto Simplify turned off and Simplify the
results. In the second example, first apply the log function to both sides. Expand
theresult, Isolate the variable, and Calculate the RHS.

#1 Auto Simplify® Off #2 Auto Simplify® On
(2% =8 (Ja* =8
Oy = log (B Isddate £y log (2¢) = log (8 Awwiy
[x =3 Smeliiy Dy log Dy = logi8) Ewmd
= @ Leod e
O log (2)

&x =3 Caloulate
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The Exponential
Function and Its
Transformations

The Natural
Exponential
Function

118

Exponential & Logarithmic Functions

 Using Graph Theories to study Transformations

« e and the use of Tablesto analyze limits
* Parametric Plots

The exponential and logarithmic functions are very interesting functionsto
analyze because of their relationship to each other, their importance in the study of
calculus, and their connection to the scientific study of growth and decay.

In this section, you will use the same method described in the sections on Rational
and Polynomial functions to study the exponential function and its
transformations. Y ou will use both linear graphs and tables to analyze the
irrational number e. Finally, you will create Parametric Graph Theories by
plotting both the natural log and the natural exponential function in the same
graph, thereby demonstrating their inverse relationship.

In aNew Notebook, or in a separate Case Theory, input the general exponential
function b*, expanded to show its transformations. Use capital letters for the
transformation variables, so as to not conflict with any of MathView's pre-defined
variables. Choose a base of 2 and generate a Linear Graph Theory.

ma=1

(@3B =2

@C =0

®D=0

E] y = A B x+C _ D

|

10+

[

¥
0

I S R -
Change each parameter to observe its affect. Of particular interest isthe
comparison between B between zero and one, and B greater than one. Animate B
from 0 to 10 to see a very interesting process.

A particularly important function in the study of higher mathematicsisthat of the
natural exponential function. Based on the irrational number e » 2.7182818%, ,
this function isjust the regular exponential function using e as the base.

The following example shows you how plotting the function y = (1 + 1 ax)*

graphically displays arelationship which can help in the understanding of this
important number.

*  Input the function and generate a Linear Graph Theory. After the plot
generates, notice that for values of x approaching +¥ , the plot approachesthe
number e.
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» Addto this graph anew line plot and change they to the constant e in the
detail. The new detail and the resulting graph follows.

fp- Line at [x, ¢ Jwhere x = left ... right witha line, colored
[Ee)

2 ~(-4)
¥ o

3.5 4

3+

25 11

&4 i

o

O e

40, 5 5!’ 5 10

Y ou can approximate the value for e by using this same function and MathView's
Table generator.

»  Select the RHS of the equation above and choose Table » Generate... under
the Manipulate menu. Set the range for x from 0 to 10,000 and click oK.
Open the table by clicking once on the Detailsicon and scroll to the end to see
the value approach e.

)

abulate 2 with

Details icon
I [

| Barve || Load || Copy || Paste |
dorncir 0 100000
poinds: 64 inc: 1873
rarge: 1 27176
[ 1
1587.3 2.67667
31746 2.69718
4761.9 2.70415
£349.21 2.707686 | —
793651 2.70977
9523.81 271118
111111
1268
—

- 351 2.717587
96825 4 2.71758
984127 2.71758
166668 27178

The Logarithmic
Function

Theinverse of the Exponential Function is the Logarithmic Function.
* Todemonstrate this, input either the Common Log base b, or the Natural Log

function. Select the variable x and 1solate. Replace the x with ay and they

Q with an x.
(v =log,[x) Oy = In(x]
&x = h¥  lwlate &x = g¥ lxlate
=™ Oy =e*
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Both of the examples on
this page require you to
add two line plots. You do
this by selecting the
graph in question and
choosing Add Line
Plot from the Graph »
Additional menu,
twice. You add two line
details with parameters
identical to the original
plot. Change these
details to the functions
listed. Both examples
show the details open to
guide you.

(1), y = git) Parametric [
(1), y = g(t), z = h(t) Space Curve

Y ou can plot both in the same Graph Theory to demonstrate this relationship.

e Plot the Natural Log function.
* Addalineplot and changeits detail so that it equals the exponential function.
* Addathirdlinedefined as y = x. Use True Proportions.

@y =Inlx)
|

[ EE T

A ]
. P

o
|

~22..8.8- et right
-3..9.2=bottomn..top  cropping | Moderately = |

Ap-Line at (x, y ) where x = left ... right with a lins, colorsd
(-}

- Line at {6, € *Jwhere x = left ... right with a [ normel =
line, colored .

Ap- Line at (x, x)where x = left ... right witha line, colored

[Erc)

MathView has a Parametric graph which can also demonstrate thisrelationship. To
create a Parametric plot, you must select two equations of theform x = f(t) and
y = g(t) at the sametime before you plot. Y ou do this by selecting one equation
(click once on the equal sign), holding down the Shift key, and clicking on the
other. After you have selected both, choose other » x=f(t), y=g(t) Parametric
under the Graph menu. Define the axes asx and y, and the parameter ast.

Y ou can demonstrate the inverse relationship of the two functionsin the prior
example by plotting x asafunction of t in one Prop, andy as afunction of t in the
other. The resulting straight line verifies the inverse relationship.

* Input x = et and y = et, select both equations, and plot. Add two line plots
and definethemasy = t inoneand x = t intheother. These two additional
plots are the Log and Exponential functions, respectively.

[o]xc=¢ 4

(ey=e’

|

Animation
Generate EPS File...

Generate URML File...
Generate PICT File...

Redraw Now
+RAlways Redraw
Creation Prefs...
Drawing Prefs...

120

(1, yl = gix, y) Implicit

1
Bl
o
B

~15.. 21 =lef sigh
-2...22 = bottorn.top  cropping [ Moderately w |

A Line at (2, Jwhere ¢ = —3... 3with a[ norrmal = ] line, colored
(B ~)

dp- Line at (X, I‘)Whene t=-3. 3with a| normal - |1ine, color\ed| Fed - |

q,\,Li},e at (¢, ¥ )where £ = —3... 3with a[ normel « |line, colored [ Red « |




Trigonometric Functions

PreDefined Trig
Functions

Degrees vs.
Radians

Trigonometric Functions

« Using PreDefined functions
« Creating your own Transformation Rule

« Creating your own User Defined function
« Polar and Rectangular coordinates

MathView uses Transformation Rules to implement trigonometric identities. In
this section, you will learn how these ruleswork. Y ou will aso use the PreDefined
functions, ToPolar and FromPolar, to cresate an interesting graph.

For this section, use MathView' s distributed notebook called “ Trig Functions’.
You can find it in the Transcendental Functions Folder located inside the
Mathematics Folder which comes with the program CD. Alternatively, you can
copy the Trigonometric Declarations out of that notebook and paste them into
your working notebook. See page 29 for instruction.

MathView has twelve PreDefined trigonometric functions which include the six
normal functions and the six inverse functions. In addition, MathView has twelve
hyperbolic functions and six polar functions.

All of these PreDefined functions work in the normal manner of al MathView
functions. Y ou use them by either selecting an argument and clicking on the
function palette image or by typing the function name, an open parenthesis, and
the argument. Y ou plot a trigonometric function by creating a functional equation
and generating alinear Graph Theory.

Y ou can analyze trigonometric transformations by setting up your notebook in the
following manner using User Defined variables.

*  Set up the notebook with afunction in Sinusoidal form and add to the Theory
thevariables A, B, C, and D. Y ou can change, or animate each variable to
study its effects.

v = Asin(Bx-C1+D

(=]
¥ | .
F ;;g;'
(o) &
(=B

E]
1, Bk

Y ou can define the six basic trigonometric functions by using the ratio of the sides
of aright triangle. These relationships provide information about the associated
acute angle. Thisangleisin degrees which, in most cases, you must trandate into
radians.
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After you define
degrees, the degree
symbol will display on
the Variable palette.

The names given to
these two functions
are just suggestions.
You may choose any
name you want.
However, descriptive
names are best.

Trigonometric
Identities

122

MathView uses radians to represent al angle measurement, so to analyze angles

given in degrees, you must first trandlate degreesinto radians. Y ou can have

MathView transform a number from degrees to radians by using the PreDefined

Name, degrees. To invoke this name, you enter anumber representing degrees and

attach to it the degree symbol. Y ou do this by typing the number then ® (or onthe

M acintosh, [eeter]-0 OF [otion] - 8). Select the Prop and calculate. Theresult is

in radians. Below 45 degreesistrandated into radians.

* Enter45 © o (thisiso, not zero)

*  Pressthereturn key to accept the default, degrees, when the PreDefined
Name declaration appears.

*  Select and calculate.

)45°
&-ﬂﬁ" =0.78Rd Caloulat

To demonstrate the difference between degree and radians when you use them in
mani pulations, compare the sine of 45° to the sine of p 4 radians.

Sine of 45°

() sin(d5°]
Ay sin(d5°) = 070711 Celeulat

Sine of p/4 radians

e
Osin{3)
A sin(%} _ Q70711 Celeslate

Another way you can translate degrees into radians and also trandate radians into
degrees isto create two User Defined functions.

* Input the following User Defined functions. Remember, you must use
Wildcard variables, and you must declare each name a function.

0]}

(#] DegloRad l:@:I = il After you input, choose
180 Clarify and declare both
1807 User Defined functions.

() RadTeDeg I:EF} 2 S,
T

* To usethe respective functions, click on their imagesin the Function palette
where they will display after you declare them as functions.

(] DegToRad (48]

I DegToRad (48] = 0,7854  Caleulate
() RadToDeg (0.7854)

/Y RadToDeg (0.7854) = 45 Celeulate

Because cos(q) and sin(q) arethe x andy coordinates of a point on the unit
circle, the following identity holds true.

(cos(q))” + (sin(q))” = 1



Trigonometric Functions

Polar vs.
Rectangular
Coordinates

MathView uses the
function FromPolar

for polar plots, and will
ask that you PreDefine it
the first time you
generate that type of
plot.

Ay
0.1 tang = Oppositeside _sing
\P:(x,y) 9 = Adjacentside ~ cosq

Adjacentside _ cosq

y=sin 0 Oth=Oppositeside sing

9\r

Lx o>y sing
O x=cos (1,0) cscq = Hypotenuse _ 1
a= Oppositeside ~ sinq
secq = Hypotenuse _ 1

cosq Adjacentside ~ cosq
Thisrelationship leads to several more algebraic identities which you can use to
transform and simplify trigonometric equations. MathView has the basic
trigonometric functions defined internally, but leaves the user flexibility by
defining most trigonometric relationships as transformation rules.

The distributed Trig Functions notebook contains many of these, and allows you
to define as many others as you want. The example below uses arule found in the
“New Notebook”. In this case, asin many others, you have more than one choice.

* Input and select the expression below. Choose Transform from the
Manipulate menu, and click on one of the choices in the choice box.

[ sin(28]

Expression selected and a Transform
performed

= Please Choose =

sin (28)

This expression can transform into more than one possible result. Please
click on the desired result:

% To select one of the
e choices, just click on

2ees (8)sip (8) top of your choice.

cos ([2-118)sin (8]+ cos (8)sin (2-118)

[[ More... ]l [ Back... ] [ Cancel ]

(] sini28]
My sinl28) = Seos(8)sin(B] Trondom

Result

Y ou use two PreDefined functions, FromPolar(x) and ToPolar(x) , to trandate
polar into rectangular coordinates and rectangular into polar coordinates,
respectively. MathView does not define these functionsin a“New Notebook”, so
the first time you try to use one, the program will ask you to defineiit.

* Input the following two Assumptions and calculate. Click on the PreDefined
default button when asked to declare the functions. This will make them
available for the present operation and all future manipulationsin the
notebook.
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Dynamic Circle
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(| FromPolar(2, 2

M FromPolar(2 2 = (-0,83228,1.8186)  Caleulate
(] ToFeolari-0.83229,1.8186

A ToFeolari-0.83229,1. 8186 = (2 21 Caleulat

In similar fashion, three-vector conversion between rectangular and cylindrical
coordinates (r, q, z) , and rectangular and spherical coordinates (r, q,j ), are
available through the use of the Cylindrical and Spherical PreDefined functions.

The next example uses the functions just discussed and demonstrates the

tremendous flexibility of MathView.

The goal of this exampleisto create a Graph Theory which plots acircle with its

center at the origin. In addition, given aradius and an angle in degrees, have

MathView plot aline which represents the given ray. By changing the radius and

angle, the circle and ray will re-draw with the new dimensions.

* Intwo Props enter the magnitude, m = 1, and theangle, n = 45 (in
degrees), of theray.

* Givenapoint on the circlep in polar coordinates with the angle in degrees,
use the two functions discussed earlier to define the point. Definep asa
M-Linear Operator (amatrix definition).

(8]p = FromPolar(m, DegToRad[n])

Sincethe angleisgiven in degrees, we need DegToRad (n) to transform the angle
into radians, arequirement of the FromPolar function. The resulting point p is
now in rectangular coordinates.

*  Select the RHS and calculate.

(#]m =1
E] n =47 - Angle in degrees
E]p = FI‘DI’I’]PUI&I“IZ?’H, DEch,Rad[n]j Select RHS and
Oyp =0.70711,0.70711) Calsutass  C2O12E
»  Next you use a subscripted index to extract each coordinate from this last

conclusion (you enter subscripts by typing the variable then an underline
followed by the subscript).

B} i, < Select and Calculate
&P LD =0.70711 Calwulate
C]p 1,2 - Select and Calculate

&P i1 =0.70711 Calwulate

These two numbers define the point in x-y coordinates. Y ou can now use them to
define the ray by entering them into an equation for aline (Point Slope form).
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You can generate this
same graph by using an
implicit plot (under
Other »

f(x,y) = g(x.y)
Implicit). Plot the
circle X2+y2 = m
and add the line plot by
selecting the Prop with
the line equation and
choosing Add Line
Plot. You may have to
increase the resolution
of the plot to make a

Input the equation for the line in anew Prop (see below); substitute the
points into the equation and Isolate .

P
Oy-prga = =Py, )
(1,1
Sy =0.70711 = x-0.70711  Substihute
oy =x-1.1102101% Isiate <g——— line equation

Next, you create the Graph Theory which will plot thisline along with the
associated circle. Select the Prop containing the line equation above and
choose Linear under the Graph menu.

Add two line plots and define the first as the top half and the second as the
bottom half of acircle. Make the circle dynamic (meaning that the plot
re-draws the circle when you change the value of m) by changingthe 1 in
each equation to an m.

With the Knife or the Rocket Ship, adjust the Viewport to accommodate the
plot of the circle, and set the detailsto True Proportions . You can now
change the graph by giving new valuesto eitherm or n.

P
Uy-pgy= p—(l‘ﬁ(x‘p t1, 17
Syy -0.70711 = v _D.T0T1]  Substmute Move m and n, with

Ay = x-1110210718  Itats the Hand, to just above the
m=1 < Graph Theory.
n

45

L |
054 /
: =
Finr i
=]

1 1
1o 1

[KI(e)(e)
=

==

EF R —
-1.4...1.2 = bottorn...top  cropping [ Moderately - |

fp-Line at (x, ¥ ) where 3 = left ... right with a line, colored
(Fed~]

- Line at (x,f — 224 ) wihere x = left .. right with a [ normal « |
line, colored [ Black « |

- Line at (3, —f —%+ ) where x = left ... right with a[ normal ~ |
line, colored .
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See page 88 for further
instructions on how to
enter matrices.

Case Theory
#1
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Scatter Plots & Data Analysis

« Entering and plotting Matrix values
 Log and Scatter plots

« Matrix indexing

The curve-fitting example which follows demonstrates how you enter and plot
unequally spaced data points using MathView's matrix operator and Scatter-plot
Graph Theories. Using the same data, you will expand the scope of the problem,
giving you experience generating a Log-L og plot.

MathView's Table feature allows only equally spaced numbers for the x values
(domain). Y ou must create a matrix to plot a set of data points which have
unequally spaced input values. In the next example you analyze a set of data by
plotting the points in a scatter plot and then you determine an equation which fits
that data.

* Inside aCase Theory, input the datain the D= Prop below by creating an
equation with the RHS in the form of amatrix. Y ou can enter it by typing

D=1, .2893; 1.8, 5.6592 ; 2.6 , 36.363 ;

Notice how MathView automatically generates the parentheses and creates a new
row after each semi-colon.

»  The second method isto use the matrix palette button. Type D = and select a
two column matrix from the pop-up menu. Type the first number, a comma,
and then a semi-colon. Y ou can alternatively select a4 row by 2 column
matrix from the same pop-up palette. Y ou would then tab through, typing the
members until you get to the end of the fourth row. Type a semi-colon to add
additional rows. The Prop should look like the following when complete.

1 02893
1.8 B5.BB9Z
2.6 36363
(o] D = 3.4 14127
5 99308
5.8 2108
A 2500
e Clarify the notebook and declare D a M-Linear Operator (M means matrix).
e Select the equation, by clicking on the equal sign, and generate a scatter plot
by choosing Scatter » Linear under the Graph menu. Adjust the Graph

Theory to look similar to the following.

Ld|

+03 L &

1+03 £ -

(o =]

B3
=l




Scatter Plots & Data Analysis

= L

Case Theory
#2

=]

Case Theory
#3

The plot looks like it has the shape of an exponential curve. To verify that the
curveis exponential, you need to determine whether alinear relationship exists
between the log of the xs and the log of theys. Y ou can verify thisrelationship in
one of two ways.

First isto plot the datain alog-log plot by selecting the equation and
choosing Log-Log under Scatter in the Graph menu. Since you have already
generated one plot in the notebook, copy the equation and paste it into a new
Prop. Select the Prop and create a Case Theory to keep this Theory separate
from the other one. Select the equation again and generate the Log-L og plot.

)] 1 02893
J 1.5 56502
2.6 36,363
(o]0 = 354 égég; Graph » Scatter » Log-Log
5& 2108
2500
_,%.JM 1 Iﬁ
& @ g
10 —— m
¥ & @
' E
S S RN

The second method requires you to explicitly take the logarithms of the data.

Copy the matrix equation again and Paste into athird Case Theory. Select the
RHS by dragging the mouse through the data and perform a select In (click
on the palette icon or choose Edit » Select In).

Apply the Natural Log function by clicking on the image of In(x) on the
functions palette.

Select the RHS again and hold down the [=te] and [%] keys (Mac) or the
and keys (Win), while you calculate. This performs a calculation in
place. Select the equation and generate a new linear scatter plot.

Below, and on the next page, are the steps and the resulting plot.

O 1 02893

ég 3.6582 After you have selected the RHS and have
(D =| 34 14127 performed a Select In.
5.8

O Inlll  In[0.2893
In[l8 In[56502]
In[28  Inl26362] i

OD=| mBo moaen After you click on In(x).
In[8  In[993.96]
In[58  Inl2106
In (8] In [2500]

O 0 -12403
e

()D =| 12238 49507 After Calculated in place.
16094 69017

17670 76525

L7918 7.824
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Case Theory
#3

L4

Case Theory
#3

128

O 0 -1.2403
058779 17333
0,95551 25938
(o) I 1.2238 48507
16084 68017
17579 17,6525
17918 7.824
Lo
5 After Scatter
i Plot Generated.
-
i1 &
2 s
n
2 |
[ 1 15 2 ﬁ

Y ou can see that an exponential model will fit the data because both of the plots

above show alinear relationship. To verify, you must determine the equation for

the linear fit.

»  Create the following equation for the slope of that line inside the third Case
Theory.

Diaa-Pua

O -
Dan-Pap
& e =8.0889 Calodate

Slope of the line.

The reason you declare D an M-Linear Operator now becomes apparent. To

determine the slope, you must extract the values of two points. Y ou extract these

values by indexing the matrix as shown above. Use thefirst and last pointsfor this

operation.

* Input an equation for aline using one of the points (use the 7th point) to
determine b (y intercept). Substitute m into this equation and 1solate b.

[(17.824 = m(1.7918) + &
.82 = b +8.0643  Substitute
Sy b= -1.2403 Islate

»  Create another equation for aline, in general form, and substitute m and b
intoit. I1solate .

»  Select the Graph Theory and choose Add Line Plot from the Graph »
Additional menu.

(0] =mx+b
Dy =00088x -1.2403  Substiute
10+
s This plot verifies
[ that the In model
4+ is linear.
2+
n
A !
1, 05 1 15 =




Scatter Plots & Data Analysis

Y ou determine the equation that will fit the original data by using the values of m
and b to writey as an exponential function of x.

* InCase Theory #1, re-input the equations for m and b directly beneath the
existing graph.

* Input the equation In(y) = mIn(x)+b.

*  Substitute m and b into this equation.

. Isolate y.

*  Collect the RHSwith Auto Simplify OFF and Calculate.

(Jm =5.0589 |
(b =-12403
(n(y) =minlx]+b
Ay Infy) =5.0589In(x)-1,2403  Subetits
[y = 50889In(x)= 12408 1y, <@——— Collect with
Auto Simplify
OFF.

—— Re-input m and b just below the 1st Plot.

(/_\)y _ eE.DSSBln(x]E—l.EleS Collact
/o,y =2.718330589In(x) g 9893 Cateutats

» Addaline plot to the graph by selecting the last y Prop and choosing Add
Line Plot under Graph » Additional menu. The graph will look like the
following with the line fitting the data.

O 1 0.2593

1.5 5.5592

Case Theory E] o %.g ?g.lsgg
#1 5 09398
58 2106
& 2500

4]

+03 4

1o+ 4+

El__ R

ny 2 4 B

() =5.0088

[(]b =-1.2403

(nly]=min(x]+b

Sy In(v) =5.0589In(x)-1.2403 Substine
[yy = B080In ()= 12408 iy,

&y _ eS.DEEBln(x)e—I.MDB Colleat
/oy =2.71833-0589In(x).0 9893  Caloutas
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Sums and
Differences

Recall, to enter a
Wildcard variable, type a
? just prior to typing the
letter (X in this case), or
choose X

from the
Pop-up

menu.

Multiplication and
Division

130

Function Algebra & Composite
Functions

 Using Wildcard Variables to manipulate functions

* Turning off Auto Simplify to show steps

Y ou can automate the combining of functions by using functions entered in
Wildcard form. Once you have entered them in Wildcard form, you perform
simple mathematical manipulations with them.

Enter the following two functions in two separate Props using Wildcard
variables for the independent variable.

Offa) = rﬂ—;zn(ﬁ}

Osl@)=4

In athird and forth Prop, enter an addition and subtraction of the functions.
This time do not use Wildcard variables.

(O flx)+g(x)

(O flx)-glx]
Select both functions by clicking on their equal signs while holding down the
shift key. Substitute into each of the Props above. Turn Auto Simplify off so
you can see the steps that MathViewtakes to solve these operations. Select the
RHS of the results and Expand.

Ofa) =FM—+3:? 2)

Oefa)-2

# [JFflx]+glx)
5 flx)+glx)= %+§1 sin x] +’\E Substhite

Select these two equations and
Substitute into #1 and #2 below.

#2 [ flx)-glx]
i flx)-glx) = —%+§1M Subotitute

Y ou use the same method to multiply and divide functions. Use the same two
functions for this example.



Function Algebra & Composite Functions

Composite
Functions

Enter two new Props defining the multiplication and the division of the

functions.

Substitute the functions into the second and third Props shown below.

Dfl:ﬂ .,\{r_+511'1

Oeie)=
() flx)glx
Dy flxlg

il
oS
)
(

+'~'{_ Substitute

D gl = 11 41800 mpad

i) :
U2t
&% = -é(sm[x] 4
) g
‘L\’glix o

1,.|I"_ Expand

Composite functions play an important role in higher mathematics. Of particular
interest istheir usein differential calculus when studying the chain ruleand in
integral calculus when studying the substitution rule.

Not only can MathView help you solve these problems, it can help you visualize
the results graphically. The example below uses two simple functions to show
how; by looking at the graph of the two functions, and the composite, you can
determine the domain of the resulting function.

Input the two functions below along with the composite g(f (x)) .

®f(@)=a’-2

EJE( 3'= @

C]g Il
&g

Subslitede

2_2 Substitte

Y ou must first substitute g(x) then f(x) into that result to obtain the final result.

Create three equations defining the two initial functions and the composite
function. Use different dependent variables so you can plot al three in the
same Graph Theory. Y ou can use prime notation (see below), you can index
the dependent variables, or you can use entirely different User Defined
variables. Y ou merely need to distinguish the three equations for the Graph

Theory to work.
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(¥ = flx]
Oy =glx]
Oy =gflx]]
»  Select thefirst Prop above and generate a linear Graph Theory by choosing
IIJM y = f(x) » Linear under the Graph menu.
* Inorder, select each of the other equations by clicking somewhere inside its

Prop, and choose Add Line Plot under the Graph » Additional menu. Declare
each new variable User Defined.

After some adjustment, the Graph Theory will look something like the following
(the composite function is the heavy line).

v f(e)=a’-2
DEHCIENE)
O elfl=D
f_\;g(f[XD = g(x2—2) Substitute
&,gtf[l’]]=njx2—2 Subetifute
(0¥ =flx)
L4

2y 0 1 2

-2.1..2.d=1sft..right Stretch to Fit « |
-3.2... 3 2=bottor..top  cropping | Moderately - I

Gl EEE=]

i Line at (x, y ) where x = left ... right witha line, coloved
)

Ap-Line at [,y ) where x = left ... right with a[ normal = | line, colored
)

- Line at (x, ¥'' ) where x = left ... right with a[ heavy « | line, colored
[(Blue v}

@y =glx]

@y =g(flx])

The plot shows that the domain of g isall positive numbers, but the domain of the
compositeis g(f(x)) = (=¥, -/2] E[J/2,¥).
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Piecewise-Defined Functions

A
bz

i

The relational operators
default to ones different
from the stated problem.
To change, select each
by clicking once on the
Op and press .
Re-enter by using the
palette image inside the
a+b pop-up menu, or
by typing in the correct
one.

MathView interprets a
conditional from the top
down. If you change the
order of the entries, you
may get unexpected
results

Piecewise-Defined Functions

« Using the Conditional Op to plot piecewise functions

* Re-defining line details

Y ou enter piecewise-defined functions by using the Conditional Op.

e Input the following function by typing y = Condi ti onal (To input the
relations, start by creating atwo column matrix (click on the palette image for
this). Tab through the matrix to input the expressions below.

Y ou can also enter the Conditional Op by clicking on the palette image. This
inputs atwo-relation Op which you can then tab through to place your inputs.

* Toadd athird row, type a semi-colon at the end of the second row.

g % % (x=0)
C]:r‘={ g o @y =9 Ix] (x=4
£ gH -x+8(x =4

e Select the equation by clicking on the equal sign and generate a Linear Graph
Theory.

x4 (x=0)
[o]y =9 |x| (x=4
—x+8(x =4
4
4_
&
&
i]
T T S S S

-2.6...10.8 =left.. right Stretchto Fit « |
-1.6...6.6=hottor..top  cropping | Moderately = |

A second method works as well, but takes somewhat longer to input.

Use these bounds.

e Deletethelast example and input the first conditional equation y = x4 inits
own Prop. Plot it by generating alinear graph. Add two line plots and redefine
their details as follows. MathView generates the same plot.

fp-Line at (x, ¥ ) where x = left .., Owith a line, colored

[Eea -]
{p- Line at (x, | x D where x = 0., dwith a line, colored Add
i
' two
fp-Line at (x, — x +8) where 3 = 4., right with a[ normal « | lines

line, colored .
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Functions of Two Variables

* 3-D Plots
 Contour Plots

 Adding surface plotsto an existing 3-D graph
» Adding a 2-D planeto a 3-D Graph Theory

With the exception of time, we live in athree-dimensional world. Y ou can use
functions of two variables to mathematically describe this world and MathView
has the tools you need. The process of describing these functions and
manipulating them is very similar to the two-dimensional functions introduced
earlier.

Y ou can enter functions of two variablesin explicit form or as User Defined
functions. Use the following function for the next example.

_ Xy(x2—y?)
Z_—.———————
X2+y2

Enter the equation in explicit form and as a User Defined function in separate
Props. Inathird Prop, enter z = f(x, y).

Target Prop #1 C] == M
X+
3 a?_ i
C] fliﬂ’y} = y(z ? )
£ +37
Target Prop #2 D T o= f(-x', }rj

[(Jx=3

v =2
Add two Props defining valuesfor x and y (see above). Substitute x andy into
each of the two target Props by clicking on their equal signs while holding
down the Shift key. With the Hand move to the target Props #1 and #2.

The first substitution generates z in fractional form. The second leavesz asa
function.

Calculate the RHS of each result for adecimal answer. In#2, you could also
Substitute the function (Wildcard form) into the z = (3, 2) Prop. This
method givesthe sameintermediate fraction asin#1. calculate that result for
the decimal answer.

#1 #2

A aoplai gl

D=-2) Erey)-22E Y
&z=% Sulbsthete C]z=f[x,}f]

& =2 3077 Caleulate (,.-"_'\,) o= fl:S, N Substitute
’ ’ & » =2 3077 Calalate



Functions of Two Variables

Color and
lluminated 3-D
Plots

The difference between
Illum. 3D and Color
3D graphs is merely the
color and lighting.
Ilum. 3D graphs will
appear to be

illuminated by a light
source over your left
shoulder.

To generate a contour
plot by itself, select the
Z equation and choose
Graph » z=f(x,y) »
Contour 2D.

You may want to remove
the grid-lines in the
contour plot so you can
see the contours better.
Open the graph details,
select the gridline detail
inside the Declarations,

and press [gok=1e].

Plot the function by selecting either equation and choosing z = f(x,y) » Color
3D under the Graph menu (the graphic below uses the first equation and has
an illuminated surface). Rotate the plot to an orientation similar to the Graph
Theory below or merely copy the details. Increase the number of points by
clicking on the mesh icon. Open the Declarations and remove the axes by
selecting their leading icons and press [dki).

@z =2y

X2+y2

[ad
Add Points by

/ clicking here.
=
£ |

Change the detalils.

= /
-3 ... 3="west. cast True Proportions « |

—-3..3=south.north cropped | Moderately Wide w |
—3.6... 3=bottorn..top  assesn througha | Norroal « |lens

[ Surface at (x, v, z)where x = west ... east and ¥ = south ... north;

(Turngied < Jsurtoce as[oesh =] and b shade using [ S50 <

coloring:
Light Gray w |is the solid color,

Examples of graphs which plot more than one variable in two dimensions are
topographical and weather maps. The Graph Theory below shows an interesting

variation on the last example by generating the contours associated with the 3-D
graph.

Select the function again and choose Add Contour Plot under the Graph »
Additional sub-menu. The following Graph Theory displays the results.

B

[ R =]

]
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Traces and Partial Y ou can plot a surface of intersection by adding a second plot and describing it as
Derivative aplane. This method can help you visualize partial derivatives.

Functions «  Inanew notebook, enter the following equation and generate a 3-D graph.
The choice of colors and detail is up to you.

z = sin(x)+cos{y 9
5 :

Orentate the graph so
it looks like this.

e To createthe plane, select with blank slots under the Graph » Additional
menu. This selection will place a check mark to the left of with blank slots.

e Add aSurface Plot by choosing Graph » Additional » Add Surface Plot.
Since you havewith blank slots turned on, the added surface plot will have
its parameters blank.

e Change(?, ?,?) to (2, y, z) and change the two ranges to y=south...north
and z=bottom...top . The number 2 was choosen for the location of the
plane, but you can choose any number as long as it is within the range of the
Viewport.

[ Surface at (2, y, z)where ¥ = south ... north and z = bottom ... top
H surface has and is shaded using coloring:
iz the =olid color,

The resulting Graph Theory looks like the following after you add more points by
clicking on the mesh icon.

E] T = sjn[_:() +cos l:}r 2} More Points

The curve of intersection of the two surfaces graphically shows the partia
derivative function with respect tox. Y ou can also graphically study the partial
derivative function with respect toy.
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Functions of Two Variables

B
-

Make sure you choose
the correct variables for
your graphs when the
dialog appears.

Generate two new equations defining the points, x = 2 and y = 0. Surround

each in a Case Theory.

C]z:sin[x]+ms(y2} -

OlOgx=2 |/
———— Substitute each into

Ol[:]}f =0 | — |

e

Substitute the x and y Props into the z function (see above) to generate the

derived conclusions.

[z =sin{x)+cos (2

Olx=2

/™ z = cos ':}f 2]' +5in(?)  Substhete

OOy =0

& == sin(_x-j+1 Sebelihete

Select each function and generate a 3-D plot.

Select each function and
generate both a 3-D and
a Linear Plot.

-«

S R—

Select the functions again and

generate aLinear plot. Move them side by side, to fit on the page, like this.

[#] = = sin(x)+cos (v

ODx=2 OOy =0

X] +1  Substhute

/&, z = cos (v +sinle)  Sebstitute Jay 2 =sin(

E=E]

(o

=
=l
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Parametrized Curves and Polar
Coordinates

* Plotting and animating Parametric plots
« Plotting and animating Space curves

« Plotting and animating Polar plots

Y ou can describe and visualize the motion of particles using parametric plots.
Using polar coordinates for some relations can add simplicity and insight whichis
difficult using cartesian coordinates. MathView allows you to do both, using two
powerful graphing facilities.

Parametric Plots Y ou can graph circlesin MathView by using a Linear Graph Theory, Graph »
y = f(x) » Linear, where you plot the two equations defining the halves of the
given circle in the same Theory. Y ou can also use the Implicit Graph Theory,
Graph » Other » f(x,y) = g(x,y) Implicit, where you plot the circle using one
equation.

When you want to describe the location of a particle on acircle given the central
angle, a better method to use is the Parametric Graph Theory, Graph » Other »
x = f(t), y = g(t) Parametric. The example below plots a circle with aradius of
one using this method.

»  Enter the two equations below. Select both, by clicking on their equal signs
while holding down the shift key, and choose the Parametric Graph Theory
under the Graph » Other menu. Declare t asavariable and, to better show

the plot, change the domain of t from t = -3%3 to t = 0% 2p and the
Viewport toTrue Proportions

[#)5 = cos (2] Select both equations and choose

(o) y =sin(z] Graph P Other b
Q x = f(t), y = g(t) Parametric.

14

054

i

it
=
E

0.5+

¥

Change the domain.
14

|
1 T
B S ] 0 05 1

-1.25... 1.2 =left..right Trus Proportions |

-1.25...1.15 = bottom..tap  cropping | Moderately « |
Declarations '

- Line at (o, ) where + =0, 21 with a [ normal « |line, colared

(ERe)

Y ou can obtain additional insight by animating a Parametric plot.
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Parametrized Curves and Polar Coordinates

Declare all variables
User Defined.

In anew notebook, or inside a Case Theory within the notebook you just
used, enter the equations for a cycloid. Select both equations and plot using
the same method used in the prior example. The parameter a defines the
location of the center of the circle above the x-axis. Enter a equal to1ina
third Prop. Change the domainto t = 0% 40.

[8]x =at-—asin()

[#]¥ =a—acos(t]

[oja=1
Z|

EE==]

[ 10 20 30 40 E
-2, 42 = left. right Stretch to Fit « |

-0.65... 2.3 =bottor..top  cropping | Moderately « |

fp-Line at (x,y Jwhers ¢ = 0... 40with a[ normal = | line, colored
(B}

By keeping the proportions Stretch to Fit  as you animate, you can observe a
very interesting animation.

Add two equations m = 0 and n = 40 right beneaththe a = 1 Prop. Open
the graph details and change the domainto t = m¥%n . Choosethe n = 40
equation and animate (Graph » Animation P Start). The default animation
range is short, so changeitto n = 0% 40 after you have stopped the
animation.
Restart the animation.

[o]ce =1

[o]m =0
(mr=4 - Animate on N.

il

Click to Ardrmate (click again to stop)
b Y ‘[ V Change N.

¥ Change t.

1o, 10 | e | a0 40 [
Arimate this graph for 1 = 0., d0in steps of 4 for a total of 10frames

inacycle - Iat 6 frames/sscond - |

-2, 42 =1eft. right [ StretchtoFit =]
-0.65... 2.3 = bottomn..top  cropping [ Moderately « |

i Line at (6, y ) where ¢ = m .. ke with a[_normal = |line, colored

[BRa)
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Space Curves

Polar Plots

For this plot, define the
X-axis as r and the

y-axis as Q.

140

Y ou can expand the previous exampl e to show how MathView plots Space Curves.
Y ou do this by adding a third equation which defines the third dimension.

* Inanew Prop inside a Case Theory or in a new notebook, input the same
equations found in the last example. Add the equation z = t. Select all three
equations and choose Graph » Other » x = f(t), y = g(t), z = h(t), Space
Curve. Accept the default graph variables or change to match the equation
variables and click ok. Change the details to match the ones below.

* Aninteresting addition to this graph isto animate on the a variable. Select
the a = 2 Prop and Animate.

[8)x =at-asin(t)

8]y = a—acos(t) ———————— Select these 3 equations to Plot.
(Mz=t |

(ola=2 -uf Animate on a.

?” lnih-x 20 30 ﬁ

Animate this graph for ¢ = 0... 19in steps of g for a total of 20 fraroes

inacywle - |at 4 frames'second I

0... 40 = west. .east Streteh to Fit » |
0..40=south.. north  cropped | Moderately «

0.. 20 = bottora..top  asseen througha lens

ijp- Line at {x,v, z)where + =0... 20witha line, colored

)

MathView automatically declares the ToPolar function when you ask it to graph
Polar Plots. The following example again shows the interesting and powerful
animation feature of MathView.

»  Enter the equations below and change the values of A, B, and C (declare each
variable User Defined).

(8r =Afsin(B8] -~————— Declare g a User Defined variable.

(o)A =3 Select and choose
%g =f Graph » y = f(x) » Polar.
2|




Parametrized Curves and Polar Coordinates

» Selectthe B = 6 Prop and Animate. Change the animation detailsto
generate even increments of the variable from2 to 22. The screen shot below
caught theanimationat B = 10.

ag

Change so B = 2....22
in steps of 2.

d

Anirrate this graph for B = 2., 22in steps of 2for a total of 10 frames
| inacwle - |at| f frames'second - |.

Saving an If you are using the Macintosh version of MathView, you can save any animation

Animation you create by choosing Save... under Animation in the Graph menu.

(Mac only) «  Click on the animation to be saved and choose Graph » Animation »
Save.... The program will go through the animation one time, saving each
frameto afile.

*  Whenall frames have been saved, adialog box will open where you can name
the animation and save it to afile of your choice. Name the animation Polar
Animation and click on the save button or press the Return/Enter key.

Thefile placed on your disk isaQuickTime file which you can then usein various
programs compatible with QuickTime. If you do not have QuickTime installed on
your machine, saved animations use the PICT format. The images saved are
bitmapped images with the same “depth” (number of bits per pixel) as your
computer screen. If you are using more than one monitor, the screen with the
deepest pixel depth determines the depth of the saved images.
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Remember that if you
have two expressions
equivalent to y, then the
two expressions are
equal to each other.

Assign the value z to
this new equation so
that MathView knows
what to graph.
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Solving Equations Graphically

» Solving simultaneous equations using a Linear Graph Theory

* Solving simultaneous equations using Implicit Plots

MathView provides you several ways to solve eguations. In the section on
Matrices (page 88) you solved a simple system of egquations using algebraic
mani pulation, and you solved a more complicated system of equations using
matrices. In this section you will learn how to use MathView's Graph Theories to
solve equations.

Given the following two equations, solve forx and y.

* Intwo separate Props enter the following two equations.
[Jx+sin(x)+y =3
[y =sin(x]+2

The first method to solve two equations graphically isto create a single equation
by substitution.

e Substitute the second equation into the first.

[(Jx+sin(x]+y =3
D 2sinlx)+x+2=3 Substitute

* Movethe LHS over to the RHS.
D 2sin(x)+x+2=3 Substiute
S 0=-2sin(x)-x+1 MoeCver
e Select the zero in this new Conclusion and type a z.
[z =-2sin(x]-x+1

e Plot thisfunction in a Linear Graph Theory, zoom in on the root and select
Find Graph Root under the Manipulate menu.

(8)z =-2sin(x]-x+1

¥y A
4+

02 1

0 EH

Y
0% -

02 - 0 \al.s\

9@;(:0.33?58
[(]=z=0




Solving Equations Graphically

All you need do now is Substitute the x Prop into one of the original equations
and solvefory.

Ol x =0.33758

[(Jz=0

vy =sinl0.337081+2  Substiute
&}’ =2.5312 Coleuiat

A second method uses MathView's Implicit Plot facility. Thisfacility is
specifically designed for two equations and two variables. In fact, you must use

An explicit equation has  thjs method when expressing an equation explicitly isimpossible.

only a single variable on

the LHS: »  Enter both equations, select the first, and generate an Implicit Plot by

y = dinfx)+2 choosing f(x,y)=g(x,y) Implicit under the Graph » Other menu. Increase the
resolution and adjust the Viewport to look something like the following.

(Ja+sin(x)+y =3
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(v =sinfx)+2
»  Select the second equation and choose Add Implicit Plot from the Graph »
Additional menu.

(2 O T

[(Jx+sin(x)+y =3

=y
4\
S :
:5’:::| 1 1
3, 0 > 4

[y =sin(x]+2
e Zoom in on the plot where the curves cross and choose Find Graph Root
under the Manipulate menu to obtain a numerical solution.

(Jx+sin{x)+y =3
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Ol x =0.33758
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(¥ =sin(x)+2
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