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Version 2.0a was created to fix a Turbo Pascal bug that causes a “Run-time error 200: Division by zero” on machines with a Pentium III processor. For more information about this bug, see http://www.borland.com/devsupport/pascal/ and http://www.pro-desk.com/inside/special/error200.htm. Version 20a may run more slowly than Version 2.0 on machines that run both.

USER INFORMATION

PoincaréDraw is a program allowing the user to make “compass and straightedge” constructions in the Poincaré disk model of the hyperbolic plane.  Constructions are dynamic and can be “dragged.”

PoincaréDraw is a DOS program, written in Turbo Pascal 7.0.  In Windows, it works best if run full-screen.

Most user input is done with the mouse.  Occasionally the user is prompted to enter something from the keyboard.  BOTH mouse buttons are used.  Typically, the left button is used for menu selection and creating objects.  The right button is used to “drag” objects around the hyperbolic plane.

The header bar at the top of the screen frequently contains information or directions for the user.  For example, if the user has selected the menu item to plot a line through two points, the header bar will prompt the user to select the points.

MENUS

Use the left mouse button to select menu items.  Arrow keys DO NOT move you in a menu.

Click on ‘Exit’ or press ESC (escape) to back up to previous menu.

If you click on ‘Quit’ on the main (green) menu, you will be asked (Y/N) if you want to exit the entire program.

Menu options remain active until another menu option is selected.

CREATING OBJECTS

Use the left mouse button to make new things: plot points, draw lines, etc, depending on the current menu choice.

Most constructions require some objects to exist.  For example, to draw a line through two points, the points must already exist.  The header bar at the top of the screen will prompt the user to select the points.  Similarly, if the user selects the menu item to drop a perpendicular from a point to a line, the user will be prompted (via the header bar) to select first the point and then the line.  Objects that can be selected change color when the cursor is close enough, and they are selected with the left mouse button.

Pressing ESC during a construction will cancel the construction or a portion of the construction.  For example, suppose you are constructing line passing through two points, and that you have selected the first point.  The header bar will be prompting you to select the second point.  If you press ESC, the first point will be canceled, and you will be prompted to select a new first point.

Many types of objects can be constructed in more than one way.  There are menu options for each type of construction.

EXAMPLES:

· Points can be simply plotted, or can be constructed as intersections of other appropriate objects (which must exist previously).

· Circles can be constructed in two ways, by specifying the center and a point on the circumference, or by specifying the center and the radius.  The radius can be specified in two ways, either numerically (in hyperbolic units of distance, of course!) or with the mouse.  Note that these are different items on the circle menu.

There are two cases in which a construction leads to TWO objects.

· Intersecting circles.

· Asymptotic parallels.  Given a line L and a point P not on the line, there are two lines through P that are asymptotically parallel to L.

In these cases both constructed objects appear on the screen and the user is prompted (via the header bar) to select one of them to keep or to keep both.

At this time, constructing the intersections of a line and a circle is not available.

PARENTS AND CHILDREN

An object that depends on previously existing objects is called a CHILD of the latter objects, and the latter are called PARENTS of the former.

EXAMPLES:

· If a line is defined to pass through points A and B, then the line is a child of A and B, and A and B are the line's parents.

· If a line L' is defined by dropping a perpendicular from point P to line L, then L' is a child of P and L, and P and L are the parents of L'.

· If a circle is defined to have point A as its center and point B on its circumference, then the line is a child of A and B, and A and B are the circle's parents.

· If a circle is defined by specifying its center and radius, then the circle has just one parent, namely its center.  

Some objects don't have parents, namely points and ideal points that are plotted directly with the mouse.

MOVING AND DRAGGING

Geometric objects can be moved in two ways, by dragging with the mouse or by using a transformation.

Dragging with the mouse.  The only objects that can be moved directly with the mouse are those that don't have parents, namely points and ideal points that are plotted directly with the mouse.  A point that is the intersection of two lines cannot be moved, for example, since that would violate the way it was defined.

To drag a point or ideal point, click on it with the RIGHT mouse button. Holding the button down, move the point to the desired location, and then release the button.  The points that can be moved this way change color when the mouse cursor is close enough to them.  

Dragging with the mouse is not allowed in some situations, for example, during some constructions.  If you can't drag something, try pressing ESC to back out of a construction or to back up one level in the menu.

When a point is moved this way, all descendants of the point "follow" the motion, preserving the way they were defined.

If a circle is defined by specifying its radius, either numerically or with the mouse, the radius can be changed by dragging with the mouse, using the right button.  As before, all descendants of the circle "follow" the motion.

Transformations.  The transformations are hyperbolic isometries.  They include translations (instant, gradual, and with the mouse), rotations (instant and gradual), and reflections.  Rotations and reflections do not require the existence (as a constructed object) of the point being rotated about or the line being reflected through.

Centering a point is an instant translation that moves a selected point to the center of the model.

A translation with the mouse is a dragging operation, and uses the right mouse button.  If the path of the mouse is not a hyperbolic line, then translation with the mouse is really a composition of infinitesimal translations, which is not generally a translation, unlike Euclidean geometry!

See below for a further discussion of transformations.

DELETING OBJECTS

Only objects without children can be deleted individually. The entire screen can be deleted.  The user is prompted to be sure this is really desired!

SAVING AND LOADING SKETCHES

Saving and loading sketches can be done in the File Operations menu.  Standard

DOS filenames must be used, and files are saved to and retrieved from the current directory, unless a path is given.  The extension .pdr is added if the user does not supply one.  When saving a sketch, if the file name entered already exists, the user is warned before overwriting.

MORE ON TRANSFORMATIONS

The transformations that are allowed in PoincaréDraw are the hyperbolic isometries.  These are the motions of the entire plane that preserve distances and angles.  They include translations, rotations, and reflections.  (Glide reflections, which are compositions of a translation and a reflection, are not implemented.)

Translations in the hyperbolic plane differ from those in the Euclidean plane. When the Euclidean plane undergoes a translation, the points all move the same distance, each point moves along a line, and the lines of motion are parallel. In hyperbolic space things are different.  If two points move along different lines at the same speed, the distance between them necessarily changes.  Therefore an isometry cannot displace every point the same distance and the motion of a given point need not be along a line!  It turns out that a hyperbolic translation has a “center,” which is a line.  Points on the center are all moved the same distance along the center.  Points off the center are moved farther, and not along lines.  Instead they are moved along curves that are equidistant from the center.

Here is how to think about how a translation moves points that aren't on its center.  Let L be the center of the translation and P a point not on L.  Let Q be the point on L closest to P, that is, PQ is perpendicular to L.  Let Q' be the image of Q under the translation, which is also on L.  Define P' to be the unique point on the line through Q' perpendicular to L such that P'Q' has the same length PQ and P' lies on the same side of L as P.  Then P' is the image of P under the translation.

When you select a gradual or instant translation in PoincaréDraw, you are prompted for the "displacement segment."  This segment defines the center of the translation, and the distance and direction that points on the center are moved.  

When you translate with the mouse, the motion of the mouse is interpreted as a sequence of short (ideally infinitesimal) line segments, which are in turn used as consecutive displacement segments.  The motion is the composition of the resulting translations.

Continuous translation with the mouse allows the user to experience holonomy, one of the more striking features of PoincaréDraw.

In Euclidean geometry, a composition of translations is a translation.  If such a composition leaves some point fixed, then all points are fixed, and the composition is the identity. For example, if you use the mouse in Geometer's Sketchpad (available from Key Curriculum Press) to drag selected objects in a continuous translation and you move the mouse in a loop, each object will move in a congruent loop returning to its original position.

In hyperbolic geometry this is not true -- a composition of translations can be a rotation.  (In the language of group theory, the hyperbolic translations do not form a subgroup of the group of hyperbolic isometries.  In fact, the hyperbolic translations generate the entire group of orientation-preserving isometries.)  

By the nature of hyperbolic translations, different objects move at different speeds and so will have different displacements.  If the mouse is moved in a loop, then the mouse cursor will have zero net displacement, but the other points in the plane will not!  Since distances are preserved, the result is a net rotation, which is called holonomy.  By the Gauss-Bonnet Theorem, the holonomic rotation in radians is proportional to the hyperbolic area enclosed by the loop, the constant of proportionality being -1.  The fact that this constant is negative means that the rotation due to holonomy is in the opposite direction of the rotation of the loop followed by the mouse.

FUTURE VERSIONS

This is still somewhat of a test version, although it is quite useable.  There are a number of options that are not available but are planned for the future.

The program occasionally crashes or locks-up.  It's certainly better than previous versions, but it still happens.  Programming in graphics and with the mouse is complicated and frustrating at times.  One of the most frustrating moments came after using PoincaréDraw at a workshop.  Someone found a situation in which the program would crash.  I carefully wrote down the steps that led to the crash, and made sure it happened every time we tried it.  When I returned home to work on it with my programmer, the same sequence of steps would not cause a crash on the machine we were using for programming!

Users are invited to send reactions and feedback about PoincaréDraw, especially instructors who are using the program in a class.  Please let me know options you would like to see, ways to make the program easier to use, and any other thoughts you may have.

Information about the program and future updates will be available from my home page http://persweb.wabash.edu/facstaff/footer/home.htm.

Robert L. Foote

Wabash College

Crawfordsville, IN  47933

(765) 361-6429

footer@wabash.edu

PoincaréDraw was designed by Robert Foote and programmed by Nathan Fouts.  Initial development took place during the summer of 1995.  Further work during the spring and summer of 1997 was funded by the National Science Foundation, Division of Undergraduate Education grant number DUE-9554636 as a follow-up to the conference “Exploring Undergraduate Algebra & Geometry with Technology” held at DePauw University, June 1996.  For more information about this conference, see http://www.depauw.edu/conf/nsfufe.htm.

