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INTRODUCTION

There is something odd about the way we teach mathematics in
our schools. We make little or no provision for students to play
an active and generative role in learning mathematics and we
teach mathematics as if we expected that students will never have
occasion to invent new mathematics.

We don't teach language that way. If we did, we would never
require students to write an original piece of prose or poetry.
We would simply require them to recognize, appreciate, and
memorize the great pieces of language of the past, literary
equivalents of the Pythagorean Theorem and the Law of Cosines.

Most mathematics instruction is a kind of satire on the
nature of mathematical thinking and the process of creating new
mathematics. When a teacher assigns a theorem to prove, students
assume that the theorem is true and that a proof can be found.
The central activity of creating new mathematics--the making and
the testing of conjectures--is absent from the classroom.

Making conjectures in geometry requires exploring the
relationships that do or do not hold among geometrical "objects."
And this exploration is made much easier if one can construct and
manipulate these "objects." In the normal course of events,
however, it is not feasible to ask students (or anyone else) to
do a great deal of construction. Accurate constructions are
difficult to make, and because of that difficulty, it is not
reasonable to expect people to repeat constructions over and over
again in order to generate a repertoire of cases on which to base
a conjecture.

THE GEOMETRIC SUPPOSER is a series of programs designed to
overcome these obstacles and thereby help the student become a
potent and nimble conjecture-maker. Each program focuses on a
broad section of the geometry curriculum. This program, the
second in the series, is concerned primarily with the geometry of
quadrilaterals.

THE GEOMETRIC SUPPOSER allows students to make any
construction they wish on any quadrilateral. The program records
that construction as a procedure that can then be executed with
any other quadrilateral. As a result, the user can explore
whether the consequences of a given construction on a given
quadrilateral are dependent on some particular property of that
quadrilateral, or if the result can be generalized.

Needless to say, neither possibility nor plausibility
constitutes proof. Proof remains critical to both the creating
and the learning of mathematics. But with the aid of THE
GEOMETRIC SUPPOSER as intellectual amplifier, conjecture can
assume its proper role as a key activity in the learning and
teaching of geometry.

-1-



The fact that the SUPPOSER makes it possible to make
constructions easily and quickly does not mean that the student
should never be asked to use a straightedge and compass to bisect
angles or to erect perpendiculars. Making constructions with
tangible straightedges and compasses is essential. Direct
experience with these tools makes the power of the SUPPOSER
apparent.

What is THE GEOMETRIC SUPPOSER?

THE GEOMETRIC SUPPOSER is a microcomputer program that allows
the user to carry out with ease constructions that are possible
using straightedge and compass. These include the construction
of quadrilaterals as well as the drawing of segments, parallels,
perpendiculars, angle bisectors, and inscribed and circumscribed
circles. In addition, the user can measure lengths, angles,
areas, and distances as well as arithmetic combinations of these
measures, such as the sum of two angles, the product of two
lengths, the ratio of two areas, and the square of a segment
length.

Such a program is useful in the learning of geometry in that
it allows constructions to be made accurately and easily. The
real power of THE GEOMETRIC SUPPOSER, however, lies in another
feature--its ability to remember and to repeat constructions.

Any construction on a quadrilateral that a user makes with the
SUPPOSER may be repeated on a new quadrilateral of the user's
construction, a previously used quadrilateral, a parallelogram
(including rhombus, rectangle, or square), a trapezoid (including
isosceles or right angle), or kite.

Using this feature, beginning geometry students can discover
properties that appear to be true of particular constructions in
particular quadrilaterals and properties that seem to be true
when repeated on quadrilaterals of all shapes and sizes. Having
established the plausibility of a conjecture, they can then
devise a proof with conviction, growing out of some direct
experience.

In so doing, students are coming to understand that
mathematics is a lively and open-ended enterprise, and one that,
with the right tools, is accessible.



How has THE GEOMETRIC SUPPOSER been used?

The SUPPOSER was designed originally for use in high school
geometry classes. At the time of this writing, however, several
middle school classes, as well as a dozen or so high school
classes, both public and private, are using the program. In
addition, at least one group of students in a vocational-
technical high school is using THE GEOMETRIC SUPPOSER.

At the middle school level, students working with the
SUPPOSER are exploring geometric ideas that are not part of the
standard curriculum. The high school geometry classes are using
the SUPPOSER in new ways to approach the traditional content of
geometry courses. Some constitute rather modest departures from
usual instruction, while others are truly revolutionary in the
manner in which they draw mathematics out of the students. In
the vocational setting, students are working with THE GEOMETRIC
SUPPOSER to augment their studies in drafting and design and to
strengthen their spatial reasoning skills.

In some cases, the SUPPOSER is being used in computer
laboratories. In other cases, schools are using the program in
classrooms with only one microcomputer. Needless to say, the
availability of hardware dictates in part how the SUPPOSER is
used, but teachers have demonstrated that the SUPPOSER can be
used productively regardless of hardware constraints.

(For a more detailed discussion of using THE GEOMETRIC
SUPPOSER in the classroom, see Section III of this manual.)

How was THE GEOMETRIC SUPPOSER developed?

The first version of THE GEOMETRIC SUPPOSER was developed
during the 1981-82 school year. The program was first tried with
students in the tenth grade at Commonwealth School in Boston in
October 1982. Those early trials were exciting, challenging and
frustrating. Although we believed deeply that we were engaged in
an important endeavor in mathematics education, we were impatient
with our own inability to clarify issues and define things as
crisply as we would have liked.

In the Spring of 1983, the math faculty of the Weston
(Massachusetts) High School and the administration of the Weston
system asked us if we would consider using Weston as a site for
pursuing further development of the SUPPOSER. With the
collaboration of some remarkable teachers, we implemented THE
GEOMETRIC SUPPOSER on the Weston School's minicomputer.

The 1983-84 school year saw the use of the SUPPOSER by
Richard Houde and two of his geometry classes at Weston. From
his classes, we learned a good deal about both the content and



the teaching of geometry. As a result of that experience,
conceptual issues were clarified and the operation of the program
was simplified. The final version of the SUPPOSER reflects what
we have learned from students and teachers.

During the 1984-85 school year, about fifteen teachers
from Boston area schools have been using the SUPPOSER in a
variety of settings. As a pilot users group, they have been
meeting on a monthly basis to share their experiences and
exchange ideas about the use of the program in the classroom.

An Afterword

We believe that THE GEOMETRIC SUPPOSER offers the mathematics
teacher a new way to approach the teaching of geometry. More
broadly, we believe that students can be active participants in
the learning of mathematics and even make their own mathematics,
and that microcomputers can help them to do so, thereby changing
the way mathematics is learned and taught at all levels.

After more than three years of living with an intellectual
undertaking that one nurtures and develops, it is difficult to
say it is finished; but it is. However, the beliefs that led us
to undertake development of the SUPPOSER can be articulated

in other domains of mathematics. We turn eagerly now to that
task.

Judah L. Schwartz
Michal Yerushalmy



I.1 HOW DO I GET STARTED?

Put THE GEOMETRIC SUPPOSER: Quadrilaterals disk into the disk
drive, close the door of the drive, and turn on the computer and
the monitor. While the program is loading, the Sunburst logo and
the title screen will be displayed.

After the program has been loaded into memory, the screen will
Took like this:

4 )

Press H to begin

N HMeasure

1 S Scale change

© E Repeat

H Her shape [ ]

. _J

The screen of the SUPPOSER is divided into three sections: the
data column on the left side, the construction pad on the right
side, and a window for menus and prompts at the bottom, below the
horizontal line.

The message at the bottom of the screen is:

1 Draw M Measure
2 Label S Scale change
3 Erase R Repeat

N New shape

This is the MAIN MENU of the program and the one to which you
will be returning over and over again. As indicated on the
screen, you must press N for New Shape in order to proceed. At
this point, the SUPPOSER will not respond to any other key.



1.2 HOW DO I MAKE A QUADRILATERAL?

After you press N, the message at the bottom of the screen
will change to:

1 Parallelogram 4 Quads/Circles
2 Trapezoid 5 Your Own
3 Kite
New Shape PARALELLOGRAM

1 Parallelogram

If you choose 1 Parallelogram, the message at the bottom of
the screen will read:

1 Random
2 Rectangle
3 Rhombus
4 Square

From this menu, you can select a parallelogram or subclass of
parallelogram. :

Suppose you wish to display a rhombus. After
entering 1 for Parallelogram, enter the number 3 for
Rhombus and the SUPPOSER will display a rhombus,
label it ABCD, and return you to the MAIN MENU. You
now carry out constructions or measurements on your
quadrilateral.

Here, for example, is a rhombus:

can

-

o i

~

Drauw N Heasure
Label S Scale change
Erase R Repeat

|
2
3
N Her shape -4)




New Shape TRAPEZOID
2 Trapezoid

If you choose 2 Trapezoid, the message at the bottom of the
screen will read:

1 Random
2 Isosceles
3 Right angle

From this menu, you can select a trapezoid or subclass of
trapezoid.

Suppose you wish to display an isosceles trapezoid.
After entering 2 for Trapezoid, enter the number 2 for
Isosceles and the SUPPOSER will display an isosceles
trapezoid, label it ABCD, and return you to the MAIN
MENU. You can now carry out constructions or
measurements on your quadrilateral.

Here, for example, is an isosceles trapezoid:

4 R

E H
(N O
W Heasure
EggZI g gcaletchange
epea
Erase N Hez shape ]




New Shape KITE
3 Kite

If you choose 3 Kite, the SUPPOSER will generate a kite,
label it ABCD, and return you to the MAIN MENU. (A kite is a

quadrilateral that has reflection symmetry about one of its
diagonals.)

Here is a kite:

f "

0

Dras H Heasure

Label S Scale change

Erase R Repeat

N Hem shape [ ]
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New Shape QUADS/CIRCLES
4 Quads/Circles

If you choose 4 Quads/Circles, the message at the bottom of
the screen will read:

Quadrilateral can:
1 contain an Inscribed circle
2 be Circumscribed by a circle

Not every quadrilateral can contain an inscribed circle, i.e., a
circle that is tangent to all four sides of the quadrilateral.
Similarly, not every quadrilateral can be circumscribed by a
circle, i.e., a circle that passes through all four vertices of
the quadrilateral.

This choice allows you to generate a random quadrilateral that
can have a circle inscribed within it or a quadrilateral that can
be circumscribed by a circle.

Please note that while the options to create these classes of
quadrilaterals are built into the SUPPOSER, you should consider
asking your students at the appropriate time to construct such
quadrilaterals without the use of these options.

Suppose you want to generate a quadrilateral that can
contain an inscribed circle. After entering 4 for
Quads/Circles, enter 1 (can contain an Inscribed
circle), and the SUPPOSER will generate a
quadrilateral that can contain an inscribed circle,
label it ABCD, and return you to the MAIN MENU.



New Shape

QUADS/CIRCLES
Here is: . _
--a quadrilateral that can contain an inscribed circle
. A
A &
o

C
T Draw W Heasure
2 Label S Scale change
3 Erase R Repeat

N Nem shape n

y

--the sam2 quadrilateral with the circle constructed

&
E
D

c
1 Draw Aﬂ—ﬁea
2 Label Scale change
3 Erase R Repe

\‘ N Neus shape B

_/

--a quadrilateral that cannot contain an inscribed circle

( )

H_ﬂeas

1 Scale change

e R Repe

HNHewn shape »
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New Shape QUADS/CIRCLES

Suppose you want to generate a quadrilateral that can

be circumscribed by a circle. After entering 4 for
Quads/Circles, enter 2 (Circumscribed by a circle) and
the SUPPOSER will generate a quadrilateral that can be
circumscribed by a circle, label it ABCD, and return you
to the MAIN MENU.

Here is:
--a quadrilateral that can be --the same quadrilateral with
circumscribed by a circle the circle constructed
)
c
“
13
T Dram — N Heasure

Ipes B Beale, thanoe s k28 E Roaigeonanee
3 Erase R Ngseshape -L/ N Nem shape

--a quadrilateral that cannot be circumscribed by a circle

1 Uraw H Heasure
2 Label S Scale change
Erase R Repeat
e shape A:)

-11-



New Shape YOUR OWN
5 Your Own

If you choose 5 Your Own, the message at the bottom of the
screen will read:

Quadrilaterals constructed by:
1 Sides & Angles
2 Diagonals

These are two methods for defining a quadrilateral. 1 Sides &
Angles allows you to specify the lengths of the sides and sizes
of the angles necessary to construct a quadrilateral. 2 Diagonals
allows you to specify the angles between the diagonals, the ratio
of the lengths of the diagonals, and the point at which the
diagonals intersect.

Choose one by entering the corresponding number and the
prompts for specifying your quadrilateral will appear at
the bottom of the screen.

If you choose 1 Sides & Angles under Your Own, the SUPPOSER will
ask you to specify quantities for two angles and two sides of the
quadrilateral and then ask for a fifth quantity, the size of the
third angle or the length of one of the two remaining sides.

A unit length will be drawn in the upper right-hand corner

of the screen, labeled with the letter u. This length is the
standard unit of length to be used for all constructions. (We
suggest using sides with lengths less than about 9 units in order
to be sure that your quadrilateral will fit on the screen.) If
your quadrilateral turns out to be too small, you can use

the rescale option (see Scale Change, pp. 84.)

In defining the lengths of sides and the sizes of angles, you
may enter values to two decimal places.

Suppose you want to construct an isosceles trapezoid
with one base that is 9 units long and two equal base
angles of 70 degrees. After entering 1 for Sides &
Ang;es, the message at the bottom of the screen will
rea

Angle DAB =
Side
Angle
Side

asking you to specify the size of angle DAB. Enter 70
and press RETURN. The SUPPOSER will construct an angle
of 70 degrees at vertex A and ask for the length of side

AB. Enter 9 for the length of AB and press RETURN. The

-12-



New Shape YOUR OWN

SUPPOSER will mark off a distance of 9 units along base
AB and ask for the measure of angle ABC. Enter 70 for
angle ABC and press RETURN. The SUPPOSER will construct
an angle of 70 degrees at vertex B and ask for the
length of BC. Since BC is not uniquely defined by the
problem that we posed, say BC is 5 units long. Enter 5
and press RETURN. The SUPPOSER will mark off a distance
of 5 units along BC and the message on the screen will

now read
Angle DAB = 70 1 Angle BCD
Side AB =9 2 Side AD
Angle ABC = 70 3 Side CD
Side BC =5

giving three choices for completing the specification of
the quadrilateral.

Given the quantities specified so far, there are two ways to
complete the construction of this isosceles trapezoid: specify
that angle BCD measures 110 degrees (DAB + BCD = 180) or specify
that AD is 5 units in length (BC=AD). In this case, let's assume
we decide to specify the measure of angle BCD.

Press 1 to specify angle BCD and then enter 110 and
press RETURN. The SUPPOSER will draw CD and the message
will now read:

R - Reenter RETURN

R - Reenter allows you to start over and will return you to the
menu for specifying your own quadrilateral by sides and angles.

RETURN will erase the construction rays and arcs, will draw the
quadrilateral you have just defined, and will return you to the
MAIN MENU. You are now ready to carry out constructions or
measurements on your quadrilateral.

If a shape cannot be drawn from the quantities that you specify,
the message on the screen will read

R - Reenter

and after pressing R, the menu for specifying your shape by sides
and angles will appear.

-13-



New Shape

Here is the construction of an isosceles trapezoid having one
base that is 9 units long and two equal base angles of 70

degrees:

YOUR OWN

ﬁhgle Dng ;0

873s"
k J
4 )
u—
nngle Dlgfgﬂ
fingle négi;o
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New Shape YOUR OWN

\\
!
...... y
\
MB=7O
e S
- J

R—Reenter RETURNR

N (
_J

(™ O
E 2]
T Drawm Aﬂ—ﬁeas
2 Label Scale change
3 Erase R Repeat
\ N Newm shape [ ] )
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New Shape YOUR OWN

If you choose 2 Diagonals under Your Own, the SUPPOSER
will ask you to specify the angle between the diagonals in the
quadrilateral, the ratio of the overall lengths of the two
diagonals, and the ratio of each diagonal as it is cut by the
other diagonal.

The idea that underlies this choice for constructing your own
quadrilateral is as follows:

Suppose you have two sticks and you place them on the
table so that they cross one another. With the sticks in
any position, you can join their endpoints with a string
and form a quadrilateral. Moreover, if you fix the
angles between the sticks, you can still create a large
number of different quadrilaterals by sliding the sticks
along each other.

Here is an example:

Suppose you want- to construct a quadrilateral with

the following properties: The lengths of the

diagonals are in the ratio 4:6 one of the angles
between the diagonals is 90 degrees, and the ratios of
the diagonals--defined by the point where they
intersect--are 4:4 and 3:9 (a kite).

After entering 2 for Diagonals, the‘message on the
screen will read

Angle between diagonals =

asking you to define one of the angles between the
diagonals. Enter 90 and press RETURN. The SUPPOSER will
draw two provisional diagonals, labeled AC and BD, at
an angle of 90 degrees to one another. The message will
will now read

Angle between diagonals = 90
Length AC:Length BD =

asking you to define the ratio of the overall lengths of
diagonals AC and BD. Enter 4 and press RETURN; then
enter 6 and press RETURN. The SUPPOSER will draw the two
diagonals in the ratio that you have specified and the
message at the bottom of the screen will read:

<AEB =90
AC:BD = 4:6
Arrows to move intersection point

Note that we could draw segments AB, BC, CD, and DA now and we
would have a quadrilateral with an angle of 90 degrees between
its diagonals and the ratio of the lengths of its diagonals 4:6.

-16-



New Shape YOUR OWN

There is, however, another variable which can be considered in
the construction of the quadrilateral, i.e., the ratio of the
parts of each diagonal defined by where it intersects the other
diagonal. We can slide each diagonal parallel to itself and
still have a quadrilateral with diagonals in a ratio of 4:6 and
with an angle between the diagonals of 90 degrees.

You can slide the diagonals over one another using the
following keys:

APPLE IIe or Ilc APPLE II+
LEFT left arrow left arrow
RIGHT right arrow right arrow
up up arrow CTRL K
DOWN down arrow CTRL J

As you use the keys indicated above to move the

point where the two diagonals intersect, the SUPPOSER
will display the changing values of the ratios of each
diagonal (AE:EC and BE:ED, where E is the point of
intersection), indicating where along their lengths the
two diagonals cut one another:

<AEB =90 AE:EC=4:4
AC:BD=4:6 DE:EB=11:13

D-Draw R-Reenter

When the diagonals are in the ratios you want--in this
case: :

<AEB =90 AE:EC=4:4
AC:BD=4:6 DE:EB=3:9

D-Draw R-Reenter

press D (for Draw) and the SUPPOSER will draw the
quadrilateral that you have specified and return
you to the Main Menu to carry out constructions or
measurements on your quadrilateral.

If you press R (for Reenter), the SUPPOSER will return

you to the menu for specifying your own quadrilateral by
diagonals and you can start over.

-17-



New Shape YOUR OWN “N

Here is the construction of a quadrilateral with the angles
between the diagonals being 60 degrees, the overall lengths of
the diagonals in the ratio 5:7, and the ratios of the diagonals
where they intersect, 5:5 and 5:9:

C
/ C
E E O
E a] /
/ _.___________..ﬁ
- AC:BD=5:7

Egg;ghbsgfefgngéﬁggggas=bU Arroms to move intersection point. 45

<REB =60 : =9

AC:BD=5:7 DE:EB=9:19

\ D—-DRAM R—REENTE?
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New Shape

YOUR OWN

.

<AEB =60 : =D:
AC : BD=5: DE:EB=7:7
D—-DRAK R—REENTET)
<AEB =60 T =5 ¢
AC:BD=5:7 DE:EB=5:9
D-DRAM R-REENTER
[
E
O
a
T Drawu W Heasure
2 Label S Scale change
3 Erase R Repeat

N Nem shape [ ]

\_
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New Shape YOUR OWN N
The following descriptions and figures provide the specifications
by diagonals for different kinds of quadrilaterals.
If the angle between the diagonals is a right angle (90 degrees),
the two diagonals are of equal length, and both diagonals are
bisected, the quadrilateral is a SQUARE.
g A
c
E D
A
=s=—————————
zﬁes—ssu—“—‘JEE§§§§§§§§§$§§§§%§§§§E§§§§
AC:BD=5:5 E:EB=35:5
D-Dram R-Reenter
\. J
-~
If the angle between the diagonals is a right angle (90 degrees), a
the diagonals are not equal, and both diagonals are bisected, the
quadrilateral is a RHOMBUS.
4 )
[
E o
A
IREE =90 "EC=8:
AC:BD=8:5 DE:EB=5:5
D-Drae R-Reenter
\§
f
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New Shape YOUR OWN

If the angle between the diagonals is not a right angle (90
degrees), the diagonals are equal, and both diagonals are
bisected, the quadrilateral is a RECTANGLE.

4 )
==
=

/ C
E /E L
A
IAEE =75 "EC=6:
AC:BD=6:6 DE:EB=6:6
D-Draw R—Reenter
\§

If the angle between the diagonals is not a right angle (90
degrees), the diagonals are not equal, and both diagonals are
bisected, the quadrilateral is a PARALLELOGRAM.
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New Shape YOUR OWN

If diagonals intersect so that the ratios of the segments are
equal, the quadrilateral is a TRAPEZOID.
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I.3 THE GEOMETRIC SUPPOSER--AN OVERVIEW OF THE MAIN MENU

The MAIN MENU displays across the bottom of the screen as
follows:

1 Draw M Measure
2 Label S Scale change
3 Erase R Repeat

N New shape

To choose one of these options, enter the corresponding
number or letter and you will be presented with the
appropriate submenu.

In this section, each of these options will be described briefly
to give you an overview of THE GEOMETRIC SUPPOSER. In the next
section of the manual, each of the options and the suboptions
will be described in much greater detail.

Pressing ESC returns you to the previous menu.
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1 Draw

If you choose option 1 in the MAIN MENU, Draw, the message at the
bottom of the screen changes to:

1 Segment 4 Angle Bisect
2 Circle 5 Parallel
3 Extension 6 Perpendicular

These are the possible constructions that you may draw.
To make any one of these constructions, enter the
appropriate number and the submenu for that construction
will appear on the screen.

The operation of each of these choices is explained in detail in
the next section of the manual.

Pressing ESC returns you to the previous menu.
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2 Label

If you choose option 2 in the MAIN MENU, Label, the message at
the bottom of the screen changes to:

1 Intersection

2 Subdivide segment
3 Reflection

4 Random Point

This option allows you to label intersections, subdivide line
segments, reflect portions of a figure in a line, and generate a
random point.

To carry out one of these operations, enter the
appropriate number and the submenu will appear on the
screen,

The operation of each of these choices will be explained in
detail in the next section of the manual.

Pressing ESC returns you to the previous menu.
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3 Erase

If you choose option 3 in the MAIN MENU, Erase, the message at
the bottom of the screen changes to:

1 Erase segment:
2 Erase label(s):

This option allows you to clear a segment(s) from the screen and
to unclutter a construction by erasing a label(s) on the screen.
Although segments and labels will not appear on the screen once
erased, they remain in the memory and can be used to carry out
constructions and to take measurements.

The operation of each of these choices is explained in detail
in the next section of the manual.

Pressing ESC returns you to the previous menu.
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M Measure

If you choose option M on the MAIN MENU, Measure, the message at
the bottom of the screen changes to:

1 Length 4 Angle
2 Perimeter 5 Distance Point-Line
3 Area 6 Distance Line-Line

This option allows you to measure lengths, perimeters, areas, and
angles; and the distances between points and lines, and between
lines and lines. You can also measure the sum, difference,
product, or ratio of two lengths, perimeters, areas, angles, or
distances. You can square the measure of a length, perimeter,
area, angle, or distance as well. The values of the measured
quantities are printed in the Data Column on the left-hand side
of the screen.

To make one of these measurements, enter the appropriate
number and the submenu will appear on the screen.

The operation of each of these choices is explained in detail in
the next section of the manual.

Pressing ESC returns you to the previous menu,
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S Scale Change

There are two sizes available for each image. If you choose
option S in the MAIN MENU, Scale Change, the image on the screen
is redrawn in the other of the two possible sizes.

This option has another function as well. If a construction
cannot be fully displayed on the screen and the beep sounds, try
using the Scale Change option. This option, in addition to
changing the scale of the quadrilateral, checks the placement of
the quadrilateral on the screen. In most cases, the program can
relocate the quadrilateral so that the construction can be
displayed.

To carry out a scale change, enter the letter S and
the SUPPOSER will rescale the quadrilateral.

Pressing ESC returns you to the previous menu.
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R Repeat

If you choose this option in the MAIN MENU, the message across
the bottom of the screen will change to:

Repeat construction:
1 on new shape
2 on previous shape

You may now repeat the construction you have just made on a new
quadrilateral or on any one of your three most recent
quadrilaterals.

The operation of each of these options is explained in detail
in the next section of the manual.

Pressing ESC returns you to the previous menu.
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N New Shape

If you choose this option in the MAIN MENU (by pressing N), then
you will be returned to the menu of possible guadrilaterals
described in Section 1.2 (HOW DO I MAKE A QUADRILATERAL?).

Pressing ESC returns you to the previous menu.
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II. USING THE GEOMETRIC SUPPOSER--THE SUBMENUS

The heart of using THE GEOMETRIC SUPPOSER lies in its
submenus. This section of the manual describes each choice in
each submenu of the MAIN MENU.

At this point we suggest that you refer to the reference card
included with the program; it provides a chart of the various
submenus and essential information about the operation of the
SUPPOSER.
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DRAW

After you have created a quadrilateral, you can make
constructions on that quadrilateral by using the Draw option.
Selecting Draw will result in the following submenu screen:

4 D)

Seoment 4 Anale bisect
Elrcle S Parallel
x

tension 6 Perpendicular | ]

1
5
- _/
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r Draw SE GME NT

1 Segment

Choice 1 under Draw is Segment. If you choose this
option, the SUPPOSER WiT1 ask what segment you want to draw.
You may connect any two labeled points on the screen.

After entering the number 1, the message at the bottom
of the screen will read

Segment name:

asking you to identify the names of the two points you
want to connect with a segment. Enter the name of the
segment and the SUPPOSER will draw the segment and
return you to the MAIN MENU.

For example, here is a right angle trapezoid ABCD and the same
quadrilateral with its diagonals, AC and BD, drawn using this
option:

C
C/—n

H Heasure
1 Uraw W Heasure é E;g:l S Scale change
§ k2821 g goaly chanee 3 Erase R ReEe2tare
3 Erase N Neu shape "
L J
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Draw CIRCLE
2 Circle

Choice 2 under Draw is Circle. If you choose this option,
the SUPPOSER will ask whether you want to draw a circumscribed
or inscribed circle, or to define your own circle by specifying
the center of the circle and the length of the radius. By
entering three letters, the circle will be drawn in relation to a
triangle defined by three labelled points on the screen. By
entering four letters, the circle will be drawn in relation to a
quadrilateral defined by four labelled points on the screen.
After entering the number 2, the message on the screen will read:

1 Circumscribes shape:
2 Inscribed in shape:
3 Other

A circle that circumscribes a polygon passes through all the
vertices of the polygon.

Suppose you want to circumscribe square ABCD. After
entering 1 for Circumscribes, enter the name of the
quadrilateral which you would like the circle to
circumscribe (e.g., ABCD) and press RETURN. The
SUPPOSER will draw the circle, label its center (E), and
return you to the MAIN MENU.

Here is a circle that circumscribes square ABCD:

4 )

cC -~ D
L L)
v E i
y !
“ e
B ~___- A
1 Draw ~H Heasure
2 Label S Scale change
3 Erase R Repeat
N Nem shape ]
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Draw CIRCLE

Not all quadrilaterals, however, can be circumscribed by a
circle. 1If you choose such a quadrilateral, the SUPPOSER will
circumscribe the triangle defined by the first three letters of
the quadrilateral, label the center and return you to the MAIN
MENU.

Here is what happens when you try to circumscribe a quadrilateral
that cannot be circumscribed:

s R

H Heasure
?l_’ E';g'é'l g gcalgtchange
epe
3 Erase H Hes shape n
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Draw

CIRCLE

Suppose you want to circumscribe triangle BEC created by
drawing a perpendicular through vertex B in isosceles
trapezoid ABCD. After entering 1 for Circumscribes,
enter the name of the triangle which you would Tike the
circle to circumscribe (BEC) and press RETURN. The
SUPPOSER will draw the circle, label its center (F), and
return you to the MAIN MENU.

Here is a circle that circumscribes triangle BEC in trapezoid

ABCD:
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1 Uraw H Heasure
2 Label S Scale chanage
3 Erase R Repeat

H Her shape [ ]
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Draw

A circle that is inscribed in a polygon is tangent to all
sides of the polygon.

Suppose you want to inscribe a circle in square

ABCD. After entering 2 for Inscribed, enter the name

CIRCLE

of the quadrilateral in which you would like the circle

to be inscribed (e.g., ABCD) and press RETURN.

SUPPOSER will draw the circle, label its center (E), and

return you to the MAIN MENU.

Here is a circle inscribed in square ABCD:
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Draw CIRCLE

Not all quadrilaterals, however, can be inscribed by a circle. If
you choose such a quadrilateral, the SUPPOSER will inscribe a
circle tangent to as many line segments as possible, label the
center, and return you to the MAIN MENU.

Here is what happens when you try to inscribe a circle in
a quadrilateral when it can't be done:

-

Drau H Heasure

Label S Scale change

Erase R Repeat

H Nem shape | ]
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Draw CIRCLE

Suppose you want to draw an inscribed circle in
triangle BEC created by drawing a perpendicular through
vertex B in isosceles trapezoid ABCD. After entering 2
for Inscribed, enter the name of the triangle in which
you wouTld Tike to inscribe the circle (BEC) and press
RETURN. The SUPPOSER will draw the circle, label its
center (F), and return you to the MAIN MENU.

Here is a circle inscribed in a triangle in an isosceles
trapezoid:

4 B

D
(<]
H Heasure
% E;g:l S Sgale change
3 Erase R Repeat
N NHen shape n
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Draw CIRCLE

Choice 3, Other, allows you to draw a circle with any labeled
point on the screen as its center and with a radius of your
selection.

For example, suppose you wish to construct a circle on
isosceles trapezoid ABCD with point A serving as its
center, and with a radius equal to side AD.

After entering the number 3, the following message will
appear on the screen:

Circle's center:

Now enter the name of the point that will serve as the
center of the circle (A).

Any labeled point on the screen may serve as the center of the
circle. If the point that you wish to be the center of your
circle has no label, you may place a point there and label it.
See the options in the Label menu.

After you identify the center of your circle (in this
case, A), you must specify the length of the
radius of your circle.

You can specify the radius in terms of 1) some constant multiple
of the length of any segment depicted on the screen, or 2) some
multiple of the unit length u which appears in the upper right-
hand corner of the screen.

The message on the screen will now read:

Circle's center: A

Radius =(segment or unit) * constant
= *

To construct a circle with a radius equal to the length
of AD, enter AD for segment or unit. The message will
now read:

Circle's center: A
Radius =(segment or unit) * constant
= AD *

Now for constant, enter 1, press RETURN, and the

SUPPOSER will draw the circle you have defined and
return you to the MAIN MENU.
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Draw CIRCLE

If instead you want to define the radius in terms of
some multiple of the unit length, u, enter u for
segment or unit and then for constant, enter the
multiplier that you want to use. Press RETURN and the
SUPPOSER will draw the circle.

To illustrate the distinction between these two ways of
specifying a radius, consider the following example and figures.
Quadrilateral ABCD is an isosceles trapezoid with side lengths
AD = BC = 8. Suppose we draw a circle centered on B with a radius
of AD * .5, and a circle of radius 4 centered on A.

The radius of the circle centered on B is defined in terms of the
length of the segment AD. The radius of the circle centered on A
is defined in terms of a certain number of screen units. Even
though the two radii have the same numerical value, when we
repeat the construction on a different quadrilateral or if we
rescale the drawing, the two circles will behave differently.

If the construction of the two circles is repeated on another
quadrilateral, the radius of the circle centered on B remains one
half of the length of the segment AD, while the radius of the
circle centered on C is still 4 units.

Here are the circles constructed on isosceles trapezoid ABCD:
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Draw CIRCLE

In this figure, the construction of the circles has been repeated
on a square, Note the difference in the size of the circle
centered on B (with its radius defined in terms of AD) when the
construction is repeated.

-

1 Drau H Heasure
2 Label S Scale change
3 Erase R Repeat
NH Heum shape n
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Draw EXTENSION

3 Extension

Choice 3 under Draw is Extension. This option allows you to
extend a line segment from either end. The SUPPOSER will ask you
to specify which line segment you wish to extend and from which
end you wish to extend it. You will then be asked to specify
the length of the extension you wish to draw in terms of 1) a

segment or the unit length, or 2) to intersect segments on the
screen.

Suppose you want to extend side AD from point D, with
the extension equal in length to side BC. After
entering the number 3, the message on the

screen will read:

Extend segment:

Enter the name of the segment you want to extend (BC)
and the message will now read:

Extend segment: AD
From point:

Enter the name of the point from which you want
the segment to extend (D) and the message will change
to:

Length defined:
1 by (segment or unit) * constant
2 to intersect segment(s)

Enter the number 1 to define the length of the extension
by a length equal to segment BC. Now enter BC for
segment or unit length. The message will now read:

Length defined:
(segment or unit) * constant =
BC *

Now enter 1 for the constant and press RETURN. The
SUPPOSER will extend the segment and label it.

If instead you want to define the length of the
extension in terms of some multiple of the unit
length u, enter u for segment length and then for
constant, enter the multiplier that you want to use.
Press RETURN and the SUPPOSER will draw the extension
and label it.

-43-



Draw EXTENSION

To illustrate the distinction between these two ways of
specifying the length of an extension of a line segment, consider
the following example and figures. Quadrilateral ABCD is a
rhombus whose sides measure 3.5 and in which angle DAB = 60
degrees and angle ABC = 120 degrees. Suppose we extend side BC
from point B by a length defined by AB * 1, and we also extend
side CD from point D by a length of 3.5 units.

The length of the extension from B is defined in terms of the
length of the segment AB. The length of the extension from

D is defined in terms of a certain number of screen units. Even
though the two extensions have the same numerical value, when we
repeat the construction on a different quadrilateral or if we
rescale the drawing, the two extensions will behave differently.

If the construction of the two extensions is repeated on another
quadrilateral, the length of the extension from vertex B will
remain equal to the length of the segment AB, while the length of
the extension from vertex D is still 3.5 units.

Here are the extensions constructed on rhombus ABCD:
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Draw EXTENSION

In this figure, the constructions have been repeated on a
random trapezoid. Note the difference in the 1ength of the
extension drawn from B (with its length def1ned in terms of AB)
when the construction is repeated.

Hl !_EFIJELETE u—
BF=1.81 _
DE~EF=1 .33
HE=1.51 _
EF=1.21 C E
HRE-BF=1
H Heasure
é Egg:l S Scale change
3 Erase R Repeat
H Her shape B

\ ' _/

The second way to specify the length of an extension, to
intersect segment(s), allows you to draw the extension
until 1t intersects the segment or segments you name.
When the message reads

Length defined by:
1 (segment or unit) * constant
2 to intersect segment(s)

enter the number 2 and then the name of the segment that
you want the extension to intersect. Press RETURN and
the SUPPOSER will draw the extension to intersect

that segment. If you want the extension to intersect two
segments, enter the name of the first segment, then the
name of the second segment. The SUPPOSER will draw

the extension to intersect the segments that you have
named.
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Draw ANGLE BISECTOR

4 Angle bisector

Choice 4 under Draw is Angle bisector. Choosing this option
allows you to draw the bisector of any angle. The SUPPOSER will
ask for the name of the angle to be bisected. You will then be
asked to specify the length of the angle bisector 1) in terms of
a segment length or the unit length, or 2) to intersect segments
on the screen.

Suppose you want to bisect angle ABC in quadrilateral
ABCD with a bisector equal in length to AD. After
entering the number 4, the message will read

Bisect angle:

asking you to enter the name of the angle you wish to
bisect (ABC). Now the message will change to:

Length defined:
1 by (segment or unit) * constant
2 to intersect segment(s)

Enter the number 1 to define the length of the bisector
by a length equal to segment AD. Now enter AD for
segment or unit length. The message will now read:

Length defined:
(segment or unit) * constant =
AD *

Now enter 1 for the constant and press RETURN. The
SUPPOSER will extend the segment, label its
endpoints, and return you to the MAIN MENU.

If instead you want to define the length of the
bisector in terms of some multiple of the unit

length u, enter u for segment length and then for
constant, enter the multiplier that you want to use.
Press RETURN and the SUPPOSER will draw the extension
and label it.
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Draw ANGLE BISECTOR

To illustrate the distinction between these two ways of
specifying the length of an angle bisector, consider

the following example and figures. Quadrilateral ABCD is an
isosceles trapezoid with side lengths AD = BC = 8. Suppose we
draw the angle bisector of ABC and define its length as AD * .5,
and we also draw the angle bisector of DAB with its length
defined as 4 units.

The length of the bisector through angle ABC is defined in terms
of the length of the segment AD. The length of the bisector
through DAB is defined in terms of a certain number of screen
units. Even though the two bisectors have the same numerical
value, when we repeat the construction on a different
quadrilateral or if we rescale the drawing, the two bisectors
will behave differently.

If the construction of the two bisectors is repeated on another
quadrilateral, the length of the bisector through angle ABC will
remain one half of the length of the segment AD, while the length
of the bisector through angle DAB is still 4 units.

Here are two bisectors constructed on isosceles trapezoid ABCD:
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Draw ANGLE BISECTOR

In this figure, the constructions have been repeated on a kite.
Note the difference in the length of the bisector through angle
ABC (with its length defined in terms of AD) when the
construction is repeated.

e e TE u
Aab=4 .43
EF-".QD= -s
EF=2.21
GH=4
EF-GH= .55
I Drau H Heasur
2 Label S Sca?g ghange
3 Erase R Repeat
N Nemu shape n

The second way to specify the length of an angle
bisector, to intersect segment(s), allows you to draw
the extension until it intersects the segment or
segments you name. When the message reads

Length defined by:
1 (segment or unit) * constant
2 to intersect segment(s)

enter the number 2 and then the name of the segment that
you want the bisector to intersect. Press  RETURN and

the SUPPOSER will draw the extension to intersect

that segment. If you want the bisector to intersect two
segments, enter the name of the first segment, then the
name of the second segment. The SUPPOSER will draw

the bisector to intersect the segments that you have
named.
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Draw PARALLEL
5 Parallel

Choice 5 under Draw is Parallel. Choosing this option allows
you to draw a line parallel to any line segment on the screen.
The SUPPOSER will first ask through what point the parallel is to
be drawn. It will then ask which segment it will parallel. You
will then be asked to specify the length of the parallel 1) in
terms of some segment or the unit length, or 2) to intersect a
segment on the screen.

Suppose you want to draw a parallel through point E,
parallel to AB, equal in length to AB, where E is the
intersection of the diagonals AC and BD in parallelogram
ABCD. After entering the number 5, Parallel, the message
on the screen will read:

Parallel through point:

Enter the name of the point through which you want the
parallel to pass (E). The message will now read:

Parallel through point: E
Parallel to line:

Enter the name of the segment that you want to parallel
(AB). The message on the screen will read:

Length defined:
1 by (segment or unit) * constant
2 to intersect segment(s)

Enter 1 to define the length of the parallel by
a segment or unit length. The message will now read:

Length defined:
(segment or unit) * constant

To construct a parallel with a length equal to segment
AB, enter AB for segment or unit. The message will
now read:

Length defined:
(segment or unit) * constant =
AB *

Now enter 1 for the constant and press RETURN. The

SUPPOSER will draw the parallel, label the
endpoints FG, and return you to the MAIN MENU.
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Draw PARALLEL

If instead you want to define the parallel in terms of
some multiple of the unit length u, enter u for
segment or unit and then for constant, enter the
multiplier that you want to use. Press RETURN and the
SUPPOSER will draw and label the parallel.

To illustrate the distinction between these two ways of
specifying the length of a parallel, consider the following
example and figures. Quadrilateral ABCD is a parallelogram with
side lengths AD = BC = 6, with diagonals intersecting at point E.
Suppose we draw a parallel through E, parallel to AB. Let the
length of this parallel be AD * 1. Suppose, in addition, we draw
another parallel through E, parallel to AD. Let the length of
this parallel be 6 units long.

The length of the parallel drawn through E parallel to AB is
defined in terms of the length of the segment AD. The length of
the parallel drawn through E parallel to AD is defined in terms
of a certain number of screen units. Even though the lengths

of the two parallels have the same numerical value, when we
repeat the construction on a different quadrilateral, or if we
rescale the drawing, the two parallels will behave differently.

Here are the parallels drawn on parallelogram ABCD:
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Draw

PARALLEL

In this figure, the constructions have been repeated on a square.

Note the

difference in length of the parallel drawn through point

E (defined in terms of segment AD) when the construction is

repeated.
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The second way to specify the length of the parallel,
to intersect segment(s), allows you to extend a parallel
untiT 7t intersects the line segment or segments you
name. When the message on the screen reads

Length defined:
1 by (segment or unit) *
2 to intersect segment(s)

constant

enter 2, then the name of the segment you want the
parallel to intersect. Press RETURN and the SUPPOSER
will draw the parallel to intersect that segment. If
you wish to draw the parallel to intersect two segments,
enter the name of the first segment, then enter the
name of the second segment, and the SUPPOSER will draw
the parallel to intersect the two segments that you
have named and label the intersections.
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Draw

PERPENDICULAR

6 Perpendicular

Choice 6 under Draw is Perpendicular. Choosing this option

allows you to draw a line perpendicular to any line segment. The
SUPPOSER will first ask through what point the perpendicular is
to be drawn and then to which segment it will be perpendicular.
You will then be asked to specify the length of the perpendicular
1) in terms of some segment or the unit length, or 2) to
intersect segment(s) on the screen.

Suppose you want to draw a perpendicular through point
E, perpendicular to side AB, with a length equal to side
AB, where is E is the intersection -of the two diagonals
in rectangle ABCD whose sides are 5 and 8 units long.
After entering 6, Perpendicular, the message on the
screen will read:

Perpendicular through point:

Enter the name of the point through which you want the
perpendicular to pass (E). The message will now read:

Perpendicular through point: E
Perpendicular to line:

Enter the name of the segment to which it will be
perpendicular (AB). The message on the screen will now
read:

Length defined:
1 by (segment or unit) * constant
2 to intersect segment(s)

Select option 1 to define the length of the
perpendicular by a segment or the unit length. To
construct a perpendicular with a length equal to segment
AB, enter AB for segment or unit. The message will

now read:

Length defined:
(segment or unit) * constant =
AB *

Now enter 1 for the constant and press RETURN. The
SUPPOSER will draw the perpendicular, label the
endpoints, and return you to the MAIN MENU.

If instead you want to define the perpendicular in terms
of some multiple of the unit length u, enter u

for segment or unit and then for constant, enter the
multiplier that you want to use. Press RETURN and the
SUPPOSER will draw the perpendicular, label it, and
return you to the MAIN MENU.
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Draw PERPENDICULAR

To illustrate the distinction between these two ways of
specifying the length of a perpendicular, consider the following
example and figures. Quadrilateral ABCD is a rhombus with side
lengths equal to 6.5.

Suppose we draw a perpendicular through D, perpendicular to AB.
Let the length of this perpendicular be AB * .5. Suppose, in
addition, we draw another perpendicular through B, this one
perpendicular to CD. Let the length of this perpendicular be
3.25 units long.

The length of the perpendicular drawn through D is defined in
terms of the length of the segment AB. The length of the
perpendicular drawn through B is defined in terms of a certain
number of screen units. Even though the lengths of the two
perpendiculars have the same numerical value, when we repeat the
construction on a different quadrilateral, or if we rescale the
drawing, the two perpendiculars will behave differently.

Here are the perpendiculars constructed on rhombus ABCD:
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Draw PERPENDICULAR

In this figure, the same constructions have been repeated on an
jsosceles trapezoid. Note the difference in length of the
perpendicular drawn through D perpendicular to AB (defined in
terms of the length of AB) when the construction is repeated.
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The second way to specify the length of the
perpendicular, to intersect segment(s), allows you to
extend a perpendicular untiT it intersects the line

segment or segments you name. When the message on the
screen reads

Length defined:

1 by (segment or unit) * constant
2 to intersect segment(s)

enter 2, then the name of the segment<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>