Calculus Toolkit

Version 2.2

Introduction

Because of the program’s size, you might have to wait a bit for the calculator to translate the BASIC programming for the first time.  Fortunately, the long wait only occurs the first time the program is activated.  After that, the calculator prepares the program much faster when you start it.  

Although most of the program is pretty self-explanatory and very user-friendly, I’ve created this document just in case anyone gets confused.  To understand this document better, it sometimes helps to use the program as you read this manuscript.  If you’re still confused, you can e-mail me at tisthammerw@hotmail.com.

When you start the program, the menu will pop up automatically.  The program has 3 menu “pages.”  When you want to use one of the program features, just press the corresponding “F” button.   

A few notes before moving on:  Whenever you press “Home” in the “F” menu in this program, that returns you to the first page of the main menu.  Whenever you press “Exit” in the “F” menu of this program, you exit the Calculus Toolkit program.

Tangent Line
What it does:  Finds the tangent line at a specific point for a given function.  The function can either be explicit or implicit.  This program is also useful if you just want to find the slope of a function at a given point for an implicit/explicit function (the “M” part of the line is the slope).

Before finding the tangent line of a function, first decide what sort of function you want to use.  There are two kinds of functions that the program can handle: explicit functions and implicit functions.  An explicit function is your traditional y = something in terms of x.  An example would be y = x2 +5x.  Implicit functions are those weird ones that can’t be done in those terms, like 3x2+5y3=y2.  If you’re doing implicit functions, just enter in the equation as you see it (just remember to do it in terms of x and y).  For example, you would enter in 3x2+5y3=y2 as 3x2+5y^3=y2.

Mistake to avoid:  Suppose you have this equation: xy  = x2 + y3. Whenever you multiply x and y, do NOT use xy, as the calculator will not know that you are multiplying x and y.  Instead, enter your equation like this: x*y = x2 + y^3.

Newton’s Method

What it does:  Uses Newton’s method to find a zero of a function or solve an equation.  If you’re here to find a zero, first input the function in terms of x.  If you’re here to solve an equation, input one side at a time (again, in terms of x).  (First you enter side 1, and then you enter side 2.)  Next you have the option of graphing the function before you make your guess.  This way you can make a more accurate guess and not waste as much time.  This graph menu is the same one used whenever you want to graph something in this program.

· ZOOM INTEGER—Each pixel is an integer in all directions.  For example, if you move up one pixel, the change in y is exactly 1.  This can be nice if you want to trace the function in whole number increments.

· ZOOM DECIMAL—Each pixel is 0.1 in all directions.  For example, if you move up one pixel, the change in y is exactly 0.1.  This can be nice if you want to trace in .1 increments.

· ZOOM COOL—My own creation.  Each pixel is 0.25 in all directions.  I like this one because it has several advantages over the standard window (even though it’s about the same size).

· If you move up/down one pixel, the change in y/x is exactly 0.25 (instead of some messy decimal).

· Because the increments are 0.25, you can easily move the cursor to get whole numbers (like 1,2,3, etc.).

· The window is a “square.”  In the standard window, shapes and slopes are distorted (squares look more like rectangles, circles look more like ovals, etc.), but that is not the case with this window.

· ZOOM CUSTOM—Create your own window by filling in the xMin, xMax, etc.  The tick marks are set to the nearest power of ten.  For example, if you set a standard window, the each tick would represent 1 unit.  In the zoom integer window, each tick would represent 10.  Below is a list of what the terms mean in case you aren’t familiar with the TI-86:

· xMin—The boundary on the left side of the screen on the x-axis.

· xMax—The boundary on the right side of the screen on the x-axis.

· yMin—The boundary on the upside of the screen on the y-axis.

· yMax—The boundary on the downside of the screen on the y-axis.

· Don’t Graph—If you don’t want to graph the function, just press F5 and you can move on to the next step.

After you have graphed the function (or skipped the option to graph it) you’re ready to input more things.  The first thing is the guess.  The better your guess, the quicker my program will zero in on the answer.  Next, you enter the maximum number of iterations you want the calculator goes through before it stops.  For example, if you enter the number 10, the calculator will go through (at most) 10 iterations before it quits.  It should be noted that the calculator will automatically quit if it finds the approximation before the maximum number of iterations (which is 10 in this example).  When this happens, the calculator will show you the approximation it found and will not do any more iterations.

Mistake to avoid:  Newton’s method does not always work.  If you see that the guesses aren’t zeroing in on the approximation, you can simply press the ON button to break (i.e. stop) the program.

Riemann Sums

What it does:  Approximates the area under a curve using Riemann sums.  It gives you left-hand sums, right-hand sums, and the results from the trapezoid, midpoint, and Simpson’s methods.  There is also the option to compute the actual number (though calculating that may take shorter/longer).

First you enter in the equation in terms of x.  Then you enter the lower limit (the left part of the curve) and the upper limit (the right part of the curve).  Finally, you enter the number of intervals.  More intervals means a more accurate approximation, but it also takes longer to calculate.  When that’s done, the first page will show you the left-hand sum, the right-hand sum, and the result from the trapezoid method.  If you press F2 you can change the upper/lower limits while still using the same function.  To do a different function altogether, press F3.  If you press F1, you go to the next page and you get the results from the midpoint and Simpson’s method.  On that page, you can compute the actual area by pressing F2.  Computing the actual area may take longer or shorter depending on the function and the upper/lower limits.

Differentiate a Rational Function

What it does:  Takes the derivative of a rational function.

In this feature of the program, you must enter the polynomial coefficients in lists.  For example, enter 2x2 + 5x +3 as {2,5,3}.  The program will likewise spit out its answer in this form.  First you enter the top polynomial, then the one on the bottom.  When it has finally been differentiated (which usually takes several seconds), it will first give you the top polynomial of the derivative.  If the polynomial is really big, you can use the arrow keys to scroll left and right.  Next, press ENTER to see the bottom part.  Again, if it’s really big, just use the arrow keys to scroll left and right.  Finally, press ENTER again to return to the main menu.

Polynomial Analyzer

What it does:  Once the polynomial is entered, you have the option of finding its critical points, integral, derivative, and zeros.  You can also graph the equation and do point analysis.

You enter the polynomial coefficients in a list as I showed in the Differentiate a Rational Function section of this document.  After you enter the polynomial, the first page gives you the option to find the critical points, derivative, and integral.

When you find the critical points, it will usually take several seconds seek out and find them all.  It’ll show them to you in this format: {(0,1) (5,2)).  In this example, the two critical points are at (0,1) and (5,2).  If the decimal is too long, you can scroll left or right using the arrow keys.  Next, press ENTER to go back to the “Things to Find” menu.

When you find the integral/derivative, you also have the option of scrolling to the right/left with the arrow keys if it’s too big.  Next, press ENTER and a menu will pop up.  From there, you can find the definite integral (if you have chosen to find the integral) or the instantaneous rate of change at a point (if you have chosen to find the derivative).  By pressing F2, you can return to the “Things to Find” menu.

On the second page it will list “More Things To Do.”  You now have the option of graphing the polynomial, finding all of its zeros, or do point analysis.  If the list of zeros is to long, you can once again scroll left/right with the arrow keys to see the answer.  Then press ENTER to return to the “Things to Find” menu.  The point analyzer for the polynomial analyzer is the same with any other function (for more information on the point analyzer, scroll down 1 page in this document).

Mistake to avoid: the polynomial analyzer can only do polynomials to the tenth degree.

Taylor Series

What it does:  Finds the Taylor series of a given function.  You can choose what order you want the polynomial to be, enter the center, and out pops your answer.

First, enter the function in terms of x.  Next, input the order you want the polynomial answer to be.  Finally, enter the center.  Once the answer pops out, just press ENTER and you have the option of entering a different function, order, or center.

Find Centroid

What it does: Finds the centroid of two given functions, along with M/ρ, Mx/ρ, and My/ρ.

You enter two functions, both in terms of x.  The first function (“y1”) must be greater than or equal to the second function (“y2”).  That is, the curve of the first function must be higher than the 2nd function’s curve in the interval you wish to find the centroid in.  Next you enter the lower and upper limits (which I defined in the “Riemann Sums” section).  After this is all done, it will typically take a while to process all the data and find the centroid.  If the coordinates of the centroid are too big, you can use the arrow keys to scroll left/right.  When you’re done with that, press ENTER, and you’ll be given the option to enter another function (F1), change the upper/lower limits (F2), go to the main menu (F4) or exit the program (F5).

Mistake to avoid: Make sure that the first function (“y1”) is greater than or equal to the second function (“y2”).

Point Analyzer

What it does:  Analyzes a point for a given function.  Once you plug in a number for x, you get the following information:

1. What y is;

2. What y’ is (first derivative);

3. What y’’ is (second derivative);

4. If it’s increasing/decreasing

5. If it’s concave up/down

6. If y’ = 0, it tells you if there’s a local min/max

7. If y’’ = 0, it tells you if there’s an inflection point.

8. What the tangent line is.

First, enter the function in terms of x, plug in a point, and the program will begin its analysis.  Page 1 of the analysis tells you 1-3 on the list above.  Page 2 tells you the info on list items 4-7.  “Tngnt” (F2) tells you what the tangent line is at that point.  “Plug in” (F3) gives you the option to plug in another x value for analysis.  “Back” (F4) gives you the full Point Analyzer menu.  From there, you can graph the function, plug in a point, or enter in a whole new function.  You can also return to the main menu or exit the program.

Mistake to avoid:  Not all derivatives are defined.  Some are undefined.  When that happens, the analysis will not work.

Limit Finder

What it does:  Finds the limit at a given point, using L’Hopital’s rule if the y value is indeterminate.

I’ve often found that a lot of functions to find limits are often in the form of f(x)/g(x).  If it’s not, just put in your function in f(x) and put 1 for g(x).  Once these two things are inputted, enter in the point and you’ll get the solution.  Once this is done, you can plug in another point (F1), enter in a new function (F2), or you can graph the equation (F3).  You can also return to the main menu (F4) or exit the program (F5).

Mistake to avoid:  If, in either f(x) or g(x) the number is undefined at that point, you will not get an answer.  For example, if you enter in x/x for f(x) and plug in zero, you’ll get an error message.  However, if you enter in 3x for f(x), and x for g(x), and plug in 0 for x, you’ll get the limit at that point because the indeterminacy was not actually inside f(x) or g(x).

If you have any questions, comments, etc. you can e-mail me at tisthammerw@hotmail.com
I hope you find Calculus Toolkit Version 2.1 useful!

—Wade A. Tisthammer 

Version History

Calculus Toolkit Version 1.0

It included a polynomial analyzer, Newton’s method, and the ability to differentiate rational functions.

Calculus Toolkit Version 2.0

A huge improvement from the first version.  I added a tangent line finder, Riemann sums, Taylor series, point analyzer, plus the ability to find centroids and limits.

Calculus Toolkit Version 2.1

A few bugs were fixed, but it’s otherwise identical to the 2.0 version.

Calculus Toolkit Version 2.1

The limit finder was fixed.

