
A survey of mathematical applications using Maple 10
by Gilberto E. Urroz, July 2005

This document assumes that you have read the document entitled Getting started with
Maple 10 and that you know the basic operation of the Maple 10 interface and the use of
context menus for arithmetic, algebraic, and calculus operations and for graphs.   It is also
assumed that you know precalculus algebra, and have learned or are learning about
univariate (one-variable) differential and integral calculus.  We also present some
examples involving multivariate (more than one variable) calculus, linear algebra, plots,
data entry, differential equations, and some statistics.  We will also introduce some basic
operations in Maple related to manipulation of variables, data structures, etc.

Algebraic expressions
You may have noticed that most of the examples presented in the document entitled
Getting started with Maple 10 do not involve equations or assignment of values to
variables.  Since the intention of that document was to get the reader started in the new
point-and-click type of mathematics (by using context menus), we had no need to use
variable assignments.  There was only one case in which an equation was used and that
was to produce a two-dimensional implicit plot.  In this section we will describe how to
calculate expressions and apply operations to them, and how to write and use equations. 

To write algebraic expressions in Maple 10 make use of the Expression, Common
Symbols, and Greek palettes mainly.

Calculations with   Cntl =   and context menus  
An expression can be “calculated” (meaning, simplified) by clicking on the Math input
for the expression and using Cntl =.  For example, enter the expression

x3 K 3 x2yC 3 xy2Ky3

x2Ky2

Then, click anywhere in the expression, and type Cntl = .  This action produces the result:
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i.e., basically no simplification took place.  Next, click on the expression again and do a
right-click to produce an appropriate context menu.  From the context menu select the
option Factor.  The result is now:

Notice that Maple retained the earlier result pushing it to the right, and showing the
simplified expression in the middle of the line.  You can edit this result by highlighting
the last expression in the line above, together with the equal sign (=) attached to it, and
pressing [Delete].  This, of course, produces:

This is indeed a true mathematical statement.

Now, let's try other context menu operations on the original expression.  Click on the
expression, and do a right-click.  From the context menu select the operation Expand, to
obtain the following result:

In the context of the fraction contained within the root sign, Expand means distributing
the denominator on each term in the numerator.  

Let's try another context menu operation on the original expression (click on expression,
right click).  This time try Simplify.  You will notice that this operation has the same
effect as Factor.  

Try another context menu operation on the original expression (click on expression, right
click).  This time try Evaluate at a point.  This will produce a dialog box requesting
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values for the independent variables, try x=2 and y=-3, press [OK].  The Maple screen
looks now as follows:

The general trend on using context menus in this case is for any new operation to displace
the older ones to the right.  Also, while the equal signs apply to the previous results
(Factor, Expand, Simplfy), for the Evaluate at a point operation an arrow is used.
However, notice that the arrow contains no information regarding the operation
performed.  Thus, the user himself or herself must document the results from the
operations.

Documenting the calculations
How to accomplish this documentation of calculations:

1 – Make many copies of the expression to be operated upon, and perform one operation
per copy

2 – Insert text around the operation to document was performed

To make copies of a Maple input, simply select the input expression, then do a copy-and-
paste operation (Cntl+C, Cntl+V).  For example, repeating the operations performed
above, with separate outputs and documentation,  one can produce the Maple worksheet
shown in Figure 1.

Other operations that can be performed on the algebraic expression out of the context
menu include those under the option Constructions.  These operations are mostly for
editing purposes, i.e., to produce the required expressions for documentation.  Some of
these expressions are shown in Figure 2.

In order to put together a Constructions operation with its corresponding result, we need
to produce the output of the Construction operation, and then transform it into Maple
input format by using Cntl-drag, i.e., selecting the output and dragging it to a position
below in the worksheet while holding down the Cntl key.  An example is illustrated in
Figure 3.  In this case we take the case of the derivative with respect to x, and produce an
expression showing the calculation of such derivative.
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Figure 1 – Worksheet section documenting the context menu operations described
earlier.
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Figure 2 – Worksheet section documenting the Construction context menu operations on
a given expression.
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Figure 3 – Details on how to create an operation out of context menu outputs.

Graphics from context menus
Details on how to produce graphics out of algebraic expressions were presented in the
document entitled Getting Started with Maple 10.   Examples shown in the following
figure correspond to a surface graph (3-D plot), an implicit plot (similar to a contour
plot), and a density plot of the expression

sin0 x y
5 1

To produce the plots, click on the expression, obtain a context menu (right-click), and
perform the operations suggested in the Figure.
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Figure 4 – Graphs out of an expression f(x,y) using context menus.

Mathematics Survey Maple 10 – Page 7



Working with equations
An equation, within the Maple environment, consists of two algebraic expressions joined
by an equal sign.  For example, 

x3 C 2 x2 = xK2

Following, we show some of the context menu operations possible on this equation:

We can also use Solve and Solve Numerically to obtain the zeros of this polynomial
equation:
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The Solve operation produces all three zeros of the polynomial equation, one real, and
two complex.  The Solve Numerically operation shows the only real root, x = -2.6589...
A plot of the left-hand side of the equation after a Move to the Left operation confirms
that there is only one real root (i.e., the curve crosses the x axis only once):

Transcendental equations
These are equations involving so-called transcendental functions such as trigonometric,
exponential, logarithms, etc.  Some context menu operations with transcendental
equations are shown next.

The plot is shown next.  The scales in the x and y axes have been modified to -4 to 4, and
-50 to 50, respectively.  Notice that the graph shows more than one solution to this
transcendental equation.  The Solve Numerically operation produced only one of them.
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Using Maple 10 Tutors 
Maple 10 provides a number of Maplets for tutoring mathematics at various levels.  For
example, to produce a tutor for slopes in the Precalculus collection select  Tools >Tutors
>Precalculus >Slopes).   The tutor is shown below.

Figure 5 – Precalculus- Function Slope Tutor 

Mathematics Survey Maple 10 – Page 10



The default example given corresponds to the function f(x) = x2-1.  The tutor shows the
function definition, a table of values of the function, a plot of the function and several
secant lines, coordinates of a contact point, and the slope and equation of the tangent line.
It also has buttons to display the fixed plot, animate the drawing of secants, change the
plot options, and close the tutor.  At the very bottom of the tutor is the Maple command
corresponding to the plot shown.   Click on the [Animate] button to see an animation of
the secant lines going through the contact point.  The animation can be used to illustrate
how a secant line approximates the tangent line at a point.

To see a different function and point of tangency, try f(x) = sin(x), and use x = -1 as the
point of contact.  Click on the [Animate] button to see the animation of the secant lines
about the contact point.

Explore other Tutors of interest to you.  The option Tools>Tutors allows access to the
following subjects:

•      Precalculus  
• Compositions...
• Conics...
• Slopes...
• Limits...
• Linear Inequalities
• Lines...
• Polynomials...
• Rational Functions...
• Standard Functions...

•      Calculus – Single Variables  
• Antiderivatives...
• Approximate Integrals...
• Arc Lengths...
• Curve Analysis...
• Derivatives...
• Differentiation Methods...
• Function Average...
• Function Inverse...
• Integration Methods...
• Limit Methods...
• Mean Value Theorem...
• Newton's Method...
• Riemann Sums...

• Secants...
• Surface of Revolution...
• Tangents...
• Taylor Approximation...
• Volumes of Revolution...

•      Calculus – Multi-variable  
• Approximate Integration...
• Cross Sections...
• Directional Derivatives...
• Gradients...
• Taylor Series...

•      Linear Algebra  
• Eigenvalues...
• Eigenvalue Computation...
• Eigenvector Computation...
• Gauss-Jordan Elimination...
• Gaussian Elimination...
• Linear Systems...
• Linear Transforms...
• Matrix Inverse...
• Solving Linear Systems...

•      Vector Calculus  
• Space Curves...
• Vector Fields...
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Using Maple 10 Assistants
The option Tools > Assistants provides access to a number of Maplets for a variety of
purposes.  These Maplets are designed to provide a solution to a specific problem or
process.  The Asisstants available are:
• Curve Fitting...
• Data Analysis...
• Import Data...
• Installer Builder...
• Library Browser...
• Maplet Builder...

• Matrix Builder...
• ODE Analyzer...
• Optimization...
• Plot Builder...
• Unit Converter...

For example, the Unit Converter assistant is straigthforward to use as illustrated in the
following figure.

Figure 6 – An example of unit conversion using Maple's Unit Converter Assistant 

At this point, pressing [Insert] will inset the value 9312.567434 at the current cursor
location in your Maple worksheet, indicating that 2.75 inHg = 9312.567434 Pa.

The Import Data... Assistant is useful for reading data from files into Maple.  The Curve
Fitting and Data Analysis Assistants are applicable to statistical analysis.  The Installer
Builder Assistant can be used to create Maple toolboxes (collections of functions for a
specific purpose).  The Library Browser assistant allows access to Maple's library of
functions.  The Maplet Builder helps in putting together Maplets for specific applications.
The Matrix Builder Assistant can be used to put together matrices for linear algebra
problems.  The ODE Analyzer Assistant is helpful in solving Ordinary Differential
Equations.  The Optimization Assistant applies to problems of maximization or
minimization of objective functions subject to constraints.  The Plot Builder Assistant is
useful for creating plots (many examples of using the Plot Builder are given in the
document entitled Getting Started with Maple 10).  

Use of the Assistant is intuitive and they're provided with a [Help] button to explain their
operation.  The reader is invited to explore these Assistants on their own.
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Assigning values to variables
In an earlier section related to manipulation and solution of equations we used the equal
sign (=) to build an equation in Maple.  While in many computer programs the equal sign
is used to assign values to variables, in Maple the assignment symbol is the combination 
:= (colon-equal sign).  Thus, a statement such as:

Vel:=2.75

represents the assignment of the value 2.75 to the variable Vel.  

The following is an example of variable assignments used in calculating an expression.

Notes:
1. Press [Enter] after each assignment.  This produces an output with a label (e.g., (8.1),

(8.2), etc.) automatically assigned by Maple.

2. Use the Greek palette (see the document entitled Getting Started with Maple 10) to
enter Greek letters such as β.

3. In this example we used the trigonometric inverse function arccos(x) = cos-1(x).

Besides numerical values, variable names can be assigned expressions or equations.  The
following example shows operations on an expression using variables.

Mathematics Survey Maple 10 – Page 13



Notes:

1. Use * for multiplication.  It will show up as a dot in the input expression.
2. We used functions expand and solve that apply to algebraic expressions.
3. Variable sol contains the solutions to the equation exp12 = 0, i.e., x3-6x2-x+30=0.
4. Since there are three solutions, we extract them separately with the statements x1 =

sol1, etc. 
5. To enter sub-indices use Shift-underline (Shift _ ).
6. The summation and integral symbols were obtained from the Expression palette 

 

The following example shows how to use variable assignments with equations.
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Notes:

1. The function expand applies to equations expanding each side of the equation
separately.

2. Functions lhs and rhs extract the left-hand side and right-hand side of the equation,
respectively.

3. We show three different versions of the solve command.  The all provide the same
solutions, but the last version shows the independent variable name in the solution.

4. We also show three different versions of the fsolve command.  The fsolve command
provides numerical values for the solutions (i.e., floating-point values), whereas the
solve command shows symbolic solutions.
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To illustrate the location of the solutions for the equation, we plot the left-hand side of
eq3, in which the equation takes the form f(ξ) = 0, i.e., we would plot f(ξ) = ξ3-7ξ.  The
plot command and the resulting graph are shown next:

The plot command, in this case, includes 5 arguments:
1.  lhs(eq3) - The function to be plotted
2.  x = -5..5 - Range of the independent variable to be shown in the plot 
3.  -50..50 - Range of the dependent variable to be shown in the plot 
4.  labels = [“xi”, “f(xi)”] - The axes labels
5.  axes = normal - Type of axes shown 

Some of these arguments are optional, for example, you could omit the argument
axes=normal since this option is the default value for axes types (other values are boxed,
frame, and none).   As an exercise, try the following calls to the plot command:

• plot(lhs(eq3), ξ = -5 .. 5, -50 .. 50, labels = ["xi", "f(xi)"], axes = normal)
• plot(lhs(eq3), ξ = -5 .. 5)
• plot(lhs(eq3), ξ = -5 .. 5, labels = ["x", "y"], axes = boxed)
• plot(lhs(eq3), ξ = -4 .. 4, -30 .. 30, axes = framed)

Mathematics Survey Maple 10 – Page 16



Inline help request
To request help on a given command (if the command name is known), type the question
mark followed immediately by the command name.  In your Maple worksheet, for
example, try:

?plot

To get information on the plot command.  A worksheet with information on the command
will be shown in your Maple interface.

As an exercise, try requesting information about some of the commands presented in the
examples above (for sum and int, we actually used the palette expressions):

?expand
?solve
?fsolve
?lhs

?rhs
?sum
?int

Alternatively, you can use the option Help>Maple Help (or, Cntl+F1) to get a listing of
all Maple commands and obtain information on any of them.

Defining functions in Maple
The preferred way to define a function in Maple is by using the arrow operator (->).  The 
Expression palette includes several items related to function definitions.  These are listed
next (this table is also Table 4 in the document entitled Getting Started with Maple 10):

Table 1 - Palette expressions and Maple Input commands for function definition and
evaluation
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The right-hand side of the entries in Table 1 show the equivalent Maple Input command
corresponding to the function palette expressions from the Expression palette.  In Math
entry form, these expressions would be written simply as:

f(a)
f(a,b)
f:=x->y
f:=(x1,x2)->y
eval(f(x),x=a)
piecewise(x<0,-x,x>0,x)

The following examples show applications of the previous commands in Maple:

Notes:

1.  In Math input format, when you type the arrow operator -> it becomes →.
2. Pi is a representation of the constant π.
3.  The evaluation (11.3) produces a symbolic result.  The next line, evalf((11.3)),

produces the floating point equivalent.  In this case, we used the label (11.3) to refer to
the result.  
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NOTE ON LABELS: To enter a label use Cntl+l. This produces a dialog box where
the user can type the required label.  It is not necessary to type the parentheses around
the label.

The following examples show differentiation and integration of the function h(x) defined
above using the full commands (i.e., diff or int), and the palette symbols:

Composition of functions is illustrated with the following examples:
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Note: The functions exp and ln are inverse to each other, thus, we expect that exp(ln(x)) =
ln(exp(x)) = x.  However, when we attempt that composition in (11.17), we simply get 

ln(ex)

An attempt to simplify this expression with the command simplify produces no result [see
(11.18)], unless we add the particle assuming positive to the simplify command.  With
this addition Maple is informed that x is a positive quantity and the simplification is
achieved.  Annoter possibility is to use 

simplify((11.17)) assuming real

The assume command
In any operation Maple will assume that a symbol represents the most general type of
mathematical object.  For example, in a function, unless told otherwise, Maple assumes
that x could be, in the most general case, a complex number.  If we want to limit the range
of x to the real numbers we can use the command:

assume(x,real)

Any reference to x after this assume command is activated will show x followed by a
tilde, i.e., x~.  This is to remind the user that an assumption has been made about that
particular variable.  Here is an example:

To find out if an assumption has been made about a symbol, use the function
hasassumptions.  To find out which assumptions have been made about a symbol, use the
function getassumptions.  Examples are shown next:

Although the result of getassumptions in (11.23) is not as straightforward as x>0, the
expression x~::(RealRange(Open(0), )) contains basically the same information.  
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To find out more about the assume command, type:  

?assume

To remove an assumption on a variable, use, for example:

x:='x'

This statement simply indicates that the variable x has been redefined to the symbol x.
After having made an assumption on x, above, we redefine x and check for any
assumptions as follows:

Plots for univariate functions
The following examples show how to use the command plot to plot a given function:

Note the arguments style = point, symbol = cross which control the plot style.
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We can produce a plot of the two functions by using:

An alternative way to produce the combined plot would be to store the two individual
plots into variable names, and then use the command plots[display] to show the two plots
together.  To avoid showing the plots as we store them into variables, we'll end the
corresponding commands with a colon (:).  A colon at the end of a Maple command
suppresses the output of the command, even though the command does get executed.  The
commands and resulting plot are shown next:
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Multivariate functions
In this section we'll show some examples for bivariate (two-variable) functions. These are
extensions of the examples shown above for univariate (one-variable) functions.  First,
we show definitions and evaluations of bivariate functions:
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Notes:
1. The restart command clears out Maple's memory.  This command would be useful

after you have performed a large number of calculations and would like to reuse
variables in subsequent calculations.  Maple can also be re-started by pressing the
restart button in the toolbar, i.e.,

2. The evalf[10] command produces a floating-point result with 10 digits.  In general,
evalf[n] will produce a floating-point result with n digits, where n is an integer.

The following examples show derivatives and integrals, including double integrals, for
bivariate functions:

Notes:
1. The examples above show partial derivatives (12.6) through (12.10), single-variable

integration, both indefinite (12.11) and definite (12.12), and a double integral (12.13).
2. The result in (12.13) shows a mathematical constant (γ), and funcions ln and Ci.
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3. The constant γ (gamma) is Euler's constant, its value can be found in Maple by using:

4. The function ln is the well-known natural logarithm function, and the function Ci is
referred to as the cosine integral function.  To find out about this function we can use:

?Ci

Surface plots for bivariate functions
Function plot3d can be used to produce surface plots of functions of the form f(x,y).
Some examples are shown below, using the functions h(x,y) and g(x,y) defined above.
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In the following exercise, we produce two plots separately and then use the plots[display]
command to show the combined plot:

The plots package
In some of the plotting examples shown above we have used the command plots[display]
to display previously-created plots.  The command actually combines the name of a
package plots with the name of the function display.  An alternative way to activate the
function display is to load the entire plots package with the command with.  
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Notice that the output from the command with(plots) is a listing of command names, i.e.,
the names of the commands contained in the plots package.  [NOTE: If you don't want to
display the command list, end the with command with a colon, i.e., with(plots):]  One of
these commands is the display command that we used earlier.  By using with(plots) we
load all the commands in that package into Maple's active memory making them available
for use.  Thus, in the following example, we use the display command after loading the
plots package:

Here is another example using the function animate3d to see a three-dimensional surface
animation after loading plots with the command with:

Try this exercise in your own Maple worksheet to see the animation used.  

Contour plots and density plot functions
Other plot functions available in the plots package for displaying bivariate functions are
the functions contourplot and density plot.   Examples of applications of these functions
are shown next:
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Implicit plots
Implicit plots are x-y plots out of an equation of the form f(x,y) = 0.  For example,
consider an implicit plot out of a quadratic equation:
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An implicit plot is generated by varying the values of x and y in a grid on the xy plane.
You can adjust the grid argument to increase the number of points on the plot to produce
a smoother graph.   The following plots show the effect of changing the grid size: 
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Additional plots from the   plots   package   
To find out about additional plots in the plots package use ? followed by the command
name, e.g.,

?animate
?animate3d
?implicitplot3d

?logplot
?semilogplot
?loglogplot

As an exercise, try the following plots:

Notes:

1. The logplot command produces a logarithmic scale in the vertical axis

2. The semilogplot command produces a logarithmic scale in the horizontal axis

3. The loglogplot command produces logarithmic scales in both axes
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Defining multiple-defined functions in Maple 
Consider the function defined by

The Expression palette includes the following item for defining a multiple-defined
function of one variable with two options, i.e., 

The following example shows the definition of such function and a plot of the same:

Notes:

1. Use the buttons in the Expression palette to define the multiple-defined function 
2. Use f(x) [Enter] to see the definition of the function 
3. The plot shows a discontinuity at x=2 which is shown as a vertical line.
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To eliminate the discontinuity at x = 2 you can add the argument discont = true to the
plot command:

If the function requires more than two definitions simply type the piecewise command, as
illustrated in the following example:
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Using units in Maple calculations
In an earlier section we introduced the Unit Converter Assistant that allows the user to
convert units and place the conversion in a worksheet.  In this section we'll explore the
use of units within a Maple worksheet.

Maple includes two palettes, the Units(SI) and the Units(FPS) palettes, that allow the user
to attach units to numbers.  The contents of the two palettes are shown below:

Figure 7 – Unit palettes in Maple interface.

To attach one of the given units, simply type a number in your Maple worksheet and then
click on the appropriate unit.  The unit references are  included in stylized square
brackets, as shown in Figure 7.  The following is a listing of the units in the Units(SI)
palette:

• m - meter (length)
• s - second (time)
• N, - newton (force)
• kg - kilogram (mass)
• Pa - pascal (pressure)
• W - watt (power)
• J - joule (work, energy, heat)
• K, - kelvin (absolute temperature)
• T - tesla (magnetic flux density)
• A - ampere (electric current)
• V - volt (potential difference, or

voltage)
• C - coulomb (electric charge)

• Ω - ohm (electric resistance)
• F - faraday (electric capacitance)
• H - henry (electric inductance) 
• rad - radian (angular measure)
• sr - steradian (solid angle)
• mol - mole (amount of substance)
• USD – U.S. Dollar (money)
• lx - lux (illuminance) 
• lm - lumen (luminous flux) 
• S - siemens (electric conductance)
• Wb - weber (magnetic flux)
• Np - ??? (???)
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The following is a listing of the units available in the Units (FPS) palette:

• ft - foot, feet (length)
• s - second (time)
• poundal - poundal (force)
• lb - pound (mass) (*)
• poundforce/inch2 – psi (pressure)

• HP - horsepower (power)
• poundal ft - poundal feet (work, energy,)
• rad - radian (angular measure)
• sr - steradian (solid angle)

Both palettes (Units(SI) and Units(FPS)) inclued a [[unit]] option that allows the user to
type any valid combination of units.  The following examples show some calculations
using units:

Here is another example:
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NOTE: Make sure to not use unit names, e.g., m, s, J, as variables in your calculations
with units.

For additional information on the use of units with Maple, follow this procedure:

• Select Help > Maple Help (or Cntl+F1) to open the Maple help facility
• In the Search For: box, click on the Topic button, and type Units in the text field. Then

press [Search]
• There will be a listing of documents on the left-hand side of the Maple interface, click

on the document entitled units(Units).

This procedure will open a document entitled Using Units and Dimensions in Maple
Documents.  Try the exercises shown in that document to learn more in depth the use of
units in Maple 10.
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Maple data structures
In this section we present some of the most useful data structures in Maple.  These can be
used to manipulate data and apply, for example, statistical analysis to data sets.   Among
the most useful data structures in Maple we find sequences, sets, lists, vectors, and
matrices.

Sequences
A sequence in Maple is a collection of objects separated by commas, e.g.:

Sets
When a sequence is enclosed in braces it becomes a set.  These sets can be operated upon
following the rules of set theory.  Some examples are shown below:
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Lists
Lists are sequences enclosed in square brackets.   Many Maple commands operating on a
collection of numbers require that those numbers belong to a list.  Examples of lists
follow.
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Vectors
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Matrices
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For additional operations with vectors and matrices see the following help entries:

?LinearAlgebra
?VectorCalculus

Data Entry
Date can be entered into Maple by simply typing it into a Maple input, e.g.,

Data  can also be entered by reading from a file.   Suppose, for example, that the
following data is stored in a text file named Data1.txt:

 1   -2    4   -5
-3    2   -6    3
 8   -1   -7    4
 6   -5    4    2
 1    3   -6   -1

We can use the Import Data Assistant to read the data as a matrix into Maple.  To launch
the Assistant use: Tools > Assistants > Import Data.. This will open a dialog box where
the user can find the file to open, i.e., 
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Figure 8 – Dialog box for opening a data file (Data1.txt) using the 
Import Data... Assistant.

After pressing [Open], the following dialog box in Figure 9 is shown.  This box shows
the file in the View the file box, indicating that the Source format is Delimited (i.e., text in
columns), and that the data will be assigned to matrix N in Maple. 

After pressing [ OK ], Maple will return the following input at the current location of the
cursor within the worksheet:

After that, you can manipulate the data in the matrix for your own purposes, e.g., spliting
the data into columns or rows, calculating statistics, etc.
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Figure 9 – Import Data dialog box

Solving science and engineering equations
In this section we present some examples of solutions of science and engineering
equations, i.e., equations representing physical phenomena.  

Example 1 – Single equation
The position of a body in uniformly accelerated motion is given by the equation:

x = x0 + v (t-t0) + ½ a(t-to)2

Given the data x0 = 2.5 m, v = 1.25 m/s, t0 = 10.5 s, and a = 6.3 m/s2, determine the time t
required to reach a position x = 25.3 m.   We can use function solve to isolate t from the
equation, i.e.,
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Example 2 – System of equations
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Example 3 – Numerical solution to system of equations
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Example 4 – Systems of Linear Equations
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Some univariate calculus applications
The following are examples of univariate calculus applications.  Try the exercises on your
own.

Limits
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Derivatives as limits

Recall the definition of a derivative:

Here are a couple of examples of the derivative of functions using this definition as
calculated by Maple:

Note: In (17.2.1), the notation (D(f))(x) is equivalent to df/dx.
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Derivative rules
Maple can be used to display derivative rules as indicated in the following examples:

Notes: 
1. Result (17.3.1) is the rule for a power of x.
2. Result (17.3.2) is the “chain rule” for composite functions.
3. Result (17.3.3) is the rule for the derivative of the tangent.  Typically, it would be

given as sec2(x).
4. Result (17.3.4) is the rule for the derivative of a product.

L'Hopital's rule
L'Hopital's rule is used to evaluate limits of fractions when both numerator and
denominator vanish or grow without bound (approach infinity).  This exercise illustrates
an example of L'Hopital's rule:
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Determining extrema (maxima and minima) and points of inflection
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Taylor series expansions
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Simple solutions to ordinary differential equations
Function dsolve can be used to solve differential equations.  If a symbolic (closed-form)
solution is available, dsolve will provide it as the first option.  If no symbolic solution is
returned, the option numeric will allow for a numerical solution.   The function
odeadvisor is useful in classifying equations.
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