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Introduction to TI1-92+ Geometry

Thefirgt hour that you use T1-92+ Geometry isthe most difficult! Persevere!l Once you reach a plateau of
kills, the more you use the software, the more you will understand its organization and operation. The purpose
of thislesson isto help you reach that first plateau and begin to fedd more comfortable with the tools and
operationsof TI-92+ Geometry. More importantly, the purpose of thisintroduction is to begin building your
pedagogica sKills as ateacher who can mode instructional methods that utilize current dynamic geometry
software in the mathematics classroom.
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Figure 1: TI-92+ keyboard with the important TI-92+ Geometry keys noted
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Multi-directional cursor control key: Thiskey isthe only tool used to movethe cursor and Pointer on
the drawing screen of T1-92+ Geometry. Thiskey will becdledthecursor key. In TI-92+
Geometry, this key moves the cursor in 8 directions asindicated in Figure 2. In dl the other TI-92+
Applications, this key moves the cursor in 4 directions only.

FI-82 Gepmeiry All Other TI-92 Applications

Figure 2: Cursor control operationsin TI-92+ Geometry and dl other TI-92+ Applications

ENTER| : Thiskey isusad to sdect items with any of the TI-92+ Geometry tools. All three of these keys
perform the same operation.

APPS| : Thiskey accessesamenu of different TI-92+ gpplications, including 8:Geometry on Tl-92+s
with “older” code or 1:FlashApps then ENTER on TI-92+swith “newer” code.

ESC | : Thiskey isused to get you "out" of nearly anything such asamenu or atool. The most frequent use

of thiskey in TI-92+ Geometry isto activate the Pointer arrow for dragging and sdlecting itemsin the
drawing.

2nd| : Usethiskey to access functions listed in yellow above the main keys of the TI-92+.

: Thisisnot a cursor control key; use this key as a destructive back-space when deding with text and
the delete key when a geometric object has been selected.

. Thisisnot acursor control key; thisisthe alphabetic shift key used to access capita |etters.

|Z| : Thisis cdled the green diamond key; use this key to access keyboard functions written in green. This

key aso shifts control of the cursor key from the screen cursor to the Comment, Label, or
Numerical Edit cursor.

through . These keys display the main tool menus or tool boxes for T1-92+ Geometry.

Figures 3 through 10 show the eight T1-92+ Geometry main menus.
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Figure5: F3: Geometric Figures menu

Figure 6: F4: Congtruction Tools menu
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Fgure7: F5: Transformations menu
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Fgure8: F6: Measurement menu
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Fgure9: F7: Display Tools menu
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Fgure 10: F8: File Operations menu
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Opening a New Geometry Session

1. On*“olde” TI-92+'s, pressthe | APPS| key to accessthe Applications menu and sdect

8:Geometry (seeFigure 11). A sub-menu gppears when you pressthe | 8 | key or when you move

the cursor down to the 8:Geometry option and pressENTER. On newer ones, press |Z|
APPS| followedby ENTER (see Figure 12) to access the same sub-menu.
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Figure 11: Geometry sub-menu (older verson) Figure 12: Geometry sub-menu (newer verson)

a) Current: Thisoption automaticaly opensthe current Geometry file (also referred to asafigure) in
the memory of the TI-92+; thisisthe last file you worked on; thereis dways a current or last fileto
work on unlessthisisthefirgt time you access Geometry on anew TI-92+ or the memory of your
machine has been reset.

b) Open: Thisoption dlowsyou to open an exising Geometry file saved in the memory of the TI-92+
other than the Current file

¢) New: Thisoption alowsyou to open anew Geometry file (or figure).

2. If you choose New, afile didogue box will appear as shown in Figure 13. Theword Variable seenin this
menu stands for the file name or name of the Geometry figure. Move your cursor down into the
window adjacent to the word Variable usng the cursor key and type aname for your new figure. The
name may be up to 8 characters, numbers may be used but not as the first character in the name; no
punctuation marks like periods, hyphens, or dashesmay be used in avdid name. PressENTER twice

to open the new geometry file (figure).
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Figure 13: Naming aNew Geometry file Figure 14: A New Geometry figure

Dr. Donad Porzio Page 4 13th Annual TA3



Figure 14 shows the drawing area of TI-92 Geometry with the cursor on the screen. Place your thumb
on the cursor key and "roll" it around. As the cursor moves around the screen, notice that the speed of the
cursor changes after the first few moments. When you firgt press the cur sor key, the cursor moves very
dowly for the firat few pixels. Then, the cursor begins to move quickly across the screen. Practice moving
the cursor around the screen.

To move the cursor in smal steps, you will need to learn to "bump” the cursor by tapping the cur sor key in
the direction you wish to go. Actudly, when you bump the cursor, you are repestedly activating the dow
moving portion of the cursor's motion agorithm.

Some Things to Know About TI-92+ Geometry:

1

Objects can only be moved based on where you have defined them. That meansthat if you create a point
on aline, it can only be dragged up and down that line. If you want to use the point to move the line from
gdeto Sde, then define the point first, and draw the line through it. (Note: If you hold down the hand key,
al the independent/movable points will flash.)

The ESC key isaquick way to get the pointer tool, used for selecting and dragging objects. When you
point a an object with the pointer tool and press ENTER, the object you selected will flash.

You can LABEL objects without using the 4:LABEL command from the F7 menu by smply typea
letter immediately after cregting apoint, ling, or circle.

Y ou can add or remove digits of precison in numerica vaues by sdecting the value using the pointer tool
and then usethe + or — keys.

Y ou can delete objects asfollows:

a.  Toundo thelast operation only, select D:UNDO from the F8 menu or press™ Z;

b. To deete one object, sdlect it with the pointer tool, and usethe | ~ key.

C. Todear the screen without saving, seect 8:Clear All from the F8 menu.

*Note: If you delete an object, any object or measurement that was dependent on the deleted object will
also disappear.

As the number of objects on your screen increases, the time it takes the TI-92+ to respond also increases.
Condder hiding some object usng 1:Hide/Show fromthe F7 Menu

If youuse™ ON to turn off the TI-92+ rather than 2nd ON, the T1-92+ will return to the same figure
(file) in TI-92+ Geometry when turned back on.

Activity: Right Triangles and Circles(!?)

Congtruct a ssgment (not too big, not too smdl) near the center of the screen. Then congtruct aray — sdlect
6:Ray from the F2 menu — that does not coincide with the segment but starts a one of its endpoints (See
Figure 15). Next, congtruct aline perpendicular to theray — sdect 1:Perpendicular Line fromthe
F4 menu — containing the segment’ s other endpoint (See Figure 16).
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Figure 15

L ocate the intersection point of the line and ray, hide
the line (but not the ray), and congtruct the "missing”
segment. Y ou now have congtructed aright triangle.
Sdect 2:Trace On/Off from the F7 menu and
highlight the vertex you just constructed. Now, drag
the ray around the screen (See Figure 17).

PROBLEM: What figure is being traced out
as you drag the ray across the screen? Why
do you think this is happening? Can you
explain this phenomenon using properties you
know about right triangles? about circles?

Figure 16
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This problem isatwigt on the theorem that an angle inscribed in asemicirdeisaright angle.

Additional “Exploration-Type” Problems

1. What are some other ways you can congtruct a paralelogram? Describe as many different ways as you
can think of using the different capabiilities of the caculator and indicate (discuss) any properties of

parale ograms you used for your congtruction.

Here sone possbility. Firdt, sdect 8:Clear All from the F8 menu to get afresh screen. Draw two
segments with a common endpoint. Now, sdect 8:Compass from the F4 menu to creste two

circle (see Figure 18).
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The center of each circle will be the noncommon endpoints and radius of each circleisthe length of the
segment for which the center is not an endpoint. Next, locate the points of intersection of the circles,
hide the circles and the “extra’ point of intersection (what quadrilatera is obtained by using this point as
the fourth vertex?), and congtruct the remaining two sides of the pardlelogram. Looks good, but are
we sureit isapardldogram? To check, open the F6 menu, sdect 8:Check Property followed

by 2:Parallel, then test the pairs of opposite sides (see Figure 19). What properties of a
pardlelogram were being used in the congtruction?)

Note: Thisactivity can be done with other specia quadrilaterals such as rhombi, trapezoids, and kites.
Work on these types of congtructions can lead to discussion of which constructions assure that you will
get aparticular quadrilateral and which may only obtain a specia case of that quadrilaterd (e.g., a
congtruction for arhombus that only produces squares). One other “bonus’ with this type of problem
isthat it can be used to investigate properties of specific quadrilatera OR it can beusedin an
asessment of students' understanding of the properties of specific quadrilaterals

2. Condruct aquadrilatera of your choice. Locate the midpoints of each side of the quadrilatera then
connect the midpoints of adjacent sdesto form anew quadrilatera (see Figure 20). Measure the lengths
of the Sdes and the sizes of the angles. What type of quadrilateral was formed? Continue this exploration
with severd examples of different quadrilateras and then answer the following.

a.  What type of quadrilatera isformed by connecting the midpoints of adjacent Sdes of asquare? a
rectangle? arhombus? a paralelogram? an isosceles trapezoid? a generd trapezoid? a kite? a generd
quadrilateral?

b.  Under what conditionswill the quadrilateral formed by connecting the midpoints of adjacent Sdesbe a
square? rectangle? rhombus? trapezoid? kite? parallel ogram?
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Figure 20 Figure 21

3. Condtruct each of the following quadrilaterals. Then congtruct the bisectors of the angles of each
quadrilateral. Figure 21 shows this congtruction for arectangle. Make alist of as many properties asyou
can for the points of intersection for each. Try to justify each property on your lists. Are there any
properties that are common to each of these quadrilateras. If so, write your conjecture (in if-then form)
and write ajudtification for it.

a square b. rectangle c. rhombus d. padldogram
e. kite f.  isoscelestrapezoid g trgpezoid h. generd quadrilatera
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Condiruct an equilaterd triangle and apoint on itsinterior. Determine the distance from this point to each
sde of thetriangle. Make a conjecture about the relationship between the sum of these measures and the
length of the dtitude of the triangle. Can you justify your conjecture?

Congruct atriangle. Locate the midpoints of two sdes of thetriangle. Choose an arbitrary point on the
remaining sSde and draw the segments from each midpoint to that point. Make a conjecture about the
relationship between the areas of the quadrilateral and two triangles created by this congtruction. Can you
justify your conjecture?

Congtruct asquare. Congtruct the midpoints of two consecutive Sides. Congtruct the point on one of the
remaining sides such that the distance from this point to the vertex of the square opposite the previoudy
chosen consecutive Sdes is one-fourth the length of the side of the square. Congruct the triangle whose
vertices are the three points just constructed. Make a conjecture about the relationship between the areas
of the square and triangle. Can you justify your conjecture?

An equ_ilic quajril_atergi isaquadrilatera with i I?r"”m?b N LT VY (]
one pair of opposite sides congruent such that if i——

these two sides were extended, they would meet F A

to form a60° angle. The two noncongruent s '

sides are called the bases. A sample eqilic Dat £ +
quedrilaterd is shown in Figure 22. Construct

your own equilic quadrilaterd. Write the

seguence of steps you used for this construction. A B

Then refer to the figure to answer each of the | FAAIH BEG AUTD FIINC

following. Figure 22

a. Can AB bepardld to CD ? If so, draw amodel; if not, explain.

b. Can AB becongruentto CD ? If so, draw amodd; if not, explain.

c. Can AB or CD becongruent to BC and AD? If so, draw amode!; if not, explain.

d. Candiagonds AC and BD be congruent? If so, draw amodd; if not, explain.

e.  Wha arethe sum of the measures of DA and DB?of BC and BDD?

f. CanBA or DB beright angles? Can both? If so, draw amodd; if not, explain.

g Condruct equilic quedrilatera ABCD with diagonds AC and BD . Construct the midpoints of AB

AC, CD and BD. What can you say about the relationship between these four midpoints?
between any three of these midpoints? (Hint: Y ou may wish to draw segments connecting these
midpoints.)

h.  Congruct equilic quadrilatera ABCD. Draw an equilaterd ?ABE such that point E is on the Sde of

—
AB oppositethat in which C and D lie. How are points C, D, and E related?

Activity: Macros and Centers of a Triangle

Every triangle has many, MANY different "centers” Four of the centers most commonly explored in geometry

are the circumcenter, the incenter, the orthocenter, and the centroid. Let’slook at the construction of these
centers and see how TI-92+ Cabri Geometry M acr os can be used to make it easy to do such constructions
over and over in different figures.
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The circumcenter is the center of the circumcircle of atriangle. It isthe intersection point of the perpendicular
bisectors of the sides of the triangle. Congtruct atriangle — sdlect 3:Circle from the F3 menu, and then
pressENTER to “place’ thefirst vertex of the triangle. Now move the pointer to another spot on the screen,
press ENTER to place the second vertex, move the pointer to yet another spot on the screen, and then press
ENTER to place the third vertex and complete the construction.

Fr FEFANX AT ARE | [ER LA AT

THIZ KADILE FOINT

FOIMT T THIS INTERZECTION
|

| FaFIN TEG AUTD FIINE Iz TEG AUTD FIINE

Figure 23 Figure 24
Next construct the perpendicular bisectors of any two of the Sdes of the triangle— sdlect
4:Perpendicular Bisector fromthe F4 menu, highlight one sde, then highlight a second sde. Sdect
3:Intersection Point from the F2 menu, to find the circumcenter (see Figure 23). Hidethe two lines
— sdect 1:Hide/Show fromthe F7 Menu. To congruct the circumcircle, seect 1:Circle fromthe F3
menu, move the pointer to the circumcenter (wait for the message THIS CENTER POINT), then press
ENTER to “place’ the center of the circle there. Next, move the pointer to one the vertices of the triangle
(wait for the message THIS RADIUS POINT), and then press ENTER to complete the construction (see
Figure 24).
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Figure 25 Figure 26

Now we are ready to create a macro for congtructing the circumcenter for any triangle. Select 6:Macro
Construction from the F4 menu, then sdlect 2:Initial Objects and highlight the triangle. Again select
6:Macro Construction from the F4 menu, but now sdect 2:Final Object and highlight the
circumcenter. Findly, sdect 6:Macro Construction from the F4 menu, followed by 4:Define
Macro. A screen likethe onein Figure 25 will appear. Type in a Name (a descriptive name like
circumcenter is helpful) and an Object name (circumcenter can be used here too) and pressENTER twice. A
new screen like the one in Figure 26 will appear.
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Aswith the case of aTI-92+ Geometry figure, the name may be up to 8 characters. You should again choose
adescriptive name, like circumct, to hep you remember what the macro does. After typing in aname,
pressENTER twice to complete the creation of your circumcenter macro. To test the macro, open anew
TI-92+ geometry figure and congtruct atriangle. Sdect 6:Macro Construction from the F4 menu,
then sdect 1:Execute Macro. A highlighted list should gppear (see Figure 27) that shows dl the different

meacros available. Choose the macro you wish to use (in this case circumcenter) and highlight the necessary
initid objects (in this case, the triangle). Voila, you now have the circumcenter of your triangle (see Figure 28)
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Figure 27 Figure 28

When usng the Execute Macro command, the list will only contain those macros created during that
session unless you open the specific macros you want. To do this, sdect 1:Open from the F8 menu. When

the diadlog box appears, select Macro asthe Type and then open any macros you want from those that are
avallable. Repest this process to open multiple macros. Also, amacro will not work unless the exact initid
objects specified during its definition are used. In the case of our circumcenter macro, it will not work if you just
have three points or three ssgments that form atriangle. A triangle has to be constructed on the screen to use
thismacro. Given this, you should choose your initid objectswisdly so that you can be flexible in your use of
macros with different figure. For example, we might have been better off creating our circumcenter macro from
three points rather than atriangle.

Additional “Macros and Centers of a Triangle” Problems

1. Construct the other three centers mentioned. Use your congtructions to creste macros for constructing
each of these centers.

2. Congtruct the circumcenter and incenter of atriangle. Create macros for each of these congtructions.
While you are & it, use what you learn from these congtructions to creste amacro for congtructing acircle
through 3 non-callinear points (include the center of the circle in your macro).

3. Condruct atriangle dong with the midpoints of itsthree Sdes. Use your macro to create a circle through
the three midpoints. Thisisthe Nine-Point Circle. Now try to figure out the other six specid points of the
Nine-Point Circle. One hint I'll give you to gart with isthat they comein two sets of three. More hints will
be given as necessary.

4. Congruct atriangle. Use your macros to congtruct the circumcircle and Nine-Point Circle for thistriangle.
What relationships can you find between these two circles?
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5. Condgruct atriangle. Use your macros to construct the circumcenter, incenter, orthocenter, and centroid of
the triangle. What relationships can you find between these four points. Next, use your macro to construct
the Nine-Point Circle for thistriangle. Hidethe circle, leaving just its center. Now what do you observe?

6. Congruct atriangle. Next, construct a point S on the interior of your triangle and reflect this point over
each Sde of the triangle. Congtruct the triangle with vertices at these three reflected points. Use your
Macros to congtruct the circumcenter of your origina triangle and the new "reflected” triangle. Now drag
point S around the interior of your origind triangle until the circumcircles coincide. What do you observe?

7. Thisactivity isavariation of Activity 5. Again, condruct atriangle. Use your macros to congruct the
circumcenter of thistriangle. Next, congtruct a point on the circumcircle and reflect this point over each
sde of thetriangle. What do you notice about these points? Does your conjecture hold as you move the
point on the circumcircle? Select 2: Trace On/Off from the F7 menu and highlight the three points.
What do you notice about where the three traces intersect?

8. Condruct atriangle. Congtruct lines containing the sides of the triangle. Use your macros to construct the
circumcenter and orthocenter of thistriangle. Construct segments connecting the orthocenter to a vertex of
thetriangle. Congtruct a segment from the circumcenter thet is perpendicular to the line containing the side
opposite the vertex you just connected to the orthocenter. What do you observe? Can you prove your
conjectures??

9. Congruct atriangle. Use your macros to congtruct the circumcircle and orthocenter of thistriangle. Next,
congtruct a point on the circumcircle, the segment connecting this point to the orthocenter, and the midpoint
of thissegment. Sdlect 2: Trace On/Off from the F7 menu and highlight the midpoint. What do you
notice about the figure traced out by this midpoint?

10. Condruct atriangle. Congtruct the three lines that contain the sides of the triangle. Use your macrosto
congtruct the circumcircle of the triangle. Place apoint P on the circumcircle. Congtruct the lines through P
perpendicular to the lines that contain the sides of the triangle. Congtruct the points where these
perpendicular lines intersect the corresponding lines that contain the sides of the triangle. What do you
observe about these points? Draw aline through them, then sdect 2: Trace On/Off from the F7
menu and highlight the line. What do you notice about the trace of this line as point P is moved around the
circumcircle?

Activity: Exploring Conics

Congruct acircle — sdect 1:Circle fromthe F3 menu, pressENTER to “place’ the center of the circle,

move the pointer in any direction to make the circle aslarge as you wish, and then pressENTER to complete
the congtruction. Labd thispoint C.

Next construct apoint in the interior of the circle, but not at the center (labdl it F), and apoint on the circle
(labd it A) — sdect 1:Point fromthe F2 menu. Findly, condruct a ssgment connecting points A and F and

the perpendicular bisector of segment AF — sdlect 4:Perpendicular Bisector from the F4 menu
and then highlight the segment (see Figure 29).
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Sdect 2: Trace On/Off from the F7 menu and highlight the line you just constructed. Next select
3:Animate from the F7 menu, sdect point A on thecircle, hold down the “hand” key in the upper left
corner while moving the pointer in a direction approximately tangent to your circleat point A. A “soring” will
appear as you move the pointer (see Figure 30).
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Figure 30 Figure 31

Let go of the“hand” key. Depending on the size of the circle and the position of your points, you should get an
image like the one shown in Figure 31. What figureis being traced out by al the different images of the
perpendicular bisector (called an envel ope of lines) as the point moves around the circle?

Next question: Can you think of away to prove your conjecture? To do this, we must first decide what point
on the perpendicular bisector of segment AF istracing out the dlipse (oops, gave away the answer) as point A
moves around the circle. One likely candidate is point of intersection of the perpendicular bisector and segment
CA, which isaradius of the circle (see Figure 32).
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Figure 32 Figure 33
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Pressthe Clear key to clear the locus of lines and construct segment CA. Then congtruct the point of
intersection of segment CA and the perpendicular bisector (label it X) — sdect 3:Intersection Point
from the F2 menu then move the point to the point of intersection (you will this the message “point & this
intersection”) — and the segment between this point and point F (see Figure 33).

Since point X ison the perpendicular bisector of segment AF, XF = XA. Thus, CX + XA =CX + XF. But
CX + XA = CA, theradius of the circle, 0 CX + XF dways has the same length as the radius no matter
where point X isas point A moves around the circle! By definition, the figure traced out by point X must be an
elipse (dnce CX + XA is congtant).

There are two ways to “see’ that point X actualy does trace out an dlipse as point A moves around the circle.
One way isto repeat the steps we used earlier for tracing the locus generated by the perpendicular bisector as
point A moved around the circle. Sdect 2: Trace On/Off from the F7 menu and sdect point X (also be

sure the perpendicular bisector is no longer highlighted). Then sdect 3: Animate from the F7 menu, select

point A onthe circle, hold down the “hand” key in the upper left corner, move the pointer “away” from point
A, and let go of the “hand” key (see Figure 34).
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Figure 34 Figure 35

The second method involvesthe Locus command. Once again pressthe Clear key to clear the locus that
was just generated. Next, sdlect 2:Trace On/Off from the F7 menu and sdlect point X so theimage of
this point will no longer be traced. Now sdlect 4:Locus from the F4 menu, sdlect point X, and findly sdlect

point A. The Locus command draws the locus of points generated by the point sdected first (point X) as the
point selected second (point A) moves adong its path (see Figure 35).

The results of these two activities lead to other interesting questions. For instance, how might one modify the
origina drawing (Figure 29) to have the envelope of linesform a different but related conic? How might one
create an entirely different drawing to congtruct an envelope of lines that depicts athird conic? For other
figures, are there waysto usethe Trace On/Off and Animate or Locus commands could be used to

produce the actua conics (asin the second part of the last activity) rather than envelopes of linesthat “trace out”
the conics?
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Activity: Ratios in Right Triangles

1

Usethe Ray tool to congtruct a horizonta ray with endpoint A. Use the Point tool to place point D on

the screen above and to the right end of theray and construct asecondray AD. Usethe Point on
Object tool to draw point C on thefirs ray. Usethe Perpendicular Line tool to condruct aline

perpendicular to E a C. Ussthe Intersection Point tool to mark the intersection of E) and the
perpendiculer linethrough C aspoint B. L

Usethe Segment tool todraw AB, AC, and BC. These segments represent the hypotenuse of the
right triangle and the adjacent Sde and opposite side of DA, respectively (see Figure 36). Usethe
Distance & Length tool to measurethesdesof DABC. Usethe Mark Angle and Angle
tools to mark and measure DPBAC. Use the Hide/Showv tool to hide the rays and perpendicular line,
but not point D (see Figure 37).

D o
/ B
B
Hypotenus
Opposite .04 o
Side
k.02 em
Z0.00 °
Adjacent C E97 om
Side A C
Figure 36: Right triangle nomenclature Figure 37: Congruct and measure DABC

Drag point C toward point A. What changes and what does not? Use the Calculate tool to compute
the ratio of the length of the opposite Ssde BCand the hypotenuse AB of the right triangle. Drag point C a
few more times. What seems to happen?

Change the measure of DBAC by moving point D. What happened to the ratio of the length of the sdes?
Drag point C again and explain what happens. Summarize what you have discovered about the ratio of the
length of the sde opposite D A and the length of the hypotenuse of the right triangle.

Choose other combinations representing any two sdes of the triangle in any order and compute their ratios.
What happens to the side lengths and ratios as point C is moved? What happens when DBAC changes?
Summarize your findings.

Cregte a table of measurements using the Collect Data tool. Enter the lengths of the sdes and the
ratiosin the table. Use the Data Viewv tool to see the table and the triangle on a split screen. Drag point
C and make severa more entriesin your table. How are the many different sized triangles related as point
C ismoved ? Explain.

What happens to the ratios in the triangle when D BAC approaches 0° or 90°7?

Make anew type of congtruction to investigate what happens when the measure of DBAC is between 90°
and 180°? Compare this to values between 0° and 90°. Explain your findings.
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