Calc & Pres 1

Calculating and Presentating 3D-objects with the T1-89/92
Josef Bohm, nojo.boehm@pgv.at

With the T1-89/92 we have a wonderful tool to perform many calculations which have been preserved for the PC
only for a long time. As there is also a powerful programming and graphing tool available it is a challenge to
combine the calculating and graphing abilities using a program (package).

(You are invited to ask for the package)

We will see that it is very easy to not only calculate 3D-problems from intersections of lines and planes through
differential geometry in space but also to illustrate the results by attractivegraphic representations.

We will start with some introductory exercises to get accustomed with my program pr es() .

Settings: Set your device in Angle mode RADIAN and Exact/Approx AUTO, Switch OFF Axes and Grid in the
GRAPH-Window and take care that plots declared in the Y= - Editor might get lost.

Introduction

(1) Represent the system of coordinates given by the origin O and three points on the axes with a

distance of 10 units from O.

[reaislobioetz|WindowlPraiect ionFTat Start pr es() and you will face a newly created menu

bar. The Home Screen is not cleared by the program,

because sometimes you might be glad to refer to your

calculations done earlier on the Home Screen.

As you can see on the screen shot, | entered the four

:[FEI"E'E'EIO Bleo : [10 8 8]+ xu : [8 m':":‘;f points which define the axes. This way is recommended
@ o 1oy for later working with the points using variables.

pres () For representation purpose only you could enter the data

S FALEEL TR B points from within the program using F2 Cbj ect s.

We have to choose F2 Obj ect s to create an object, built up by the four points.
Mindawl™ - Now we have to decide how to build the axes: as a 3D-polygon (a sort of space
"curve" or as a list of edges. Let’s choose 2: Pol ygon and see what will happen.

Fer
HObjects

2iFolggon
tEdge-Mode

4iSpacecurue

SiSurface

i ™ & ™
Hame of chject: [axes | Hurber of points?:
Enter=0k ESC=CHAMCEL Enter=0k ESC=CAMCEL
SRS M Iul] PIFE=TT Lot

You are asked for an object name: take axes (or any other one of your choice). Then you are asked for
the number of points which are necessary to produce axes. Answer with 4.

You are asked to enter the four points. You can enter either the variable names of the points (having
them defined earlier in the Home Screen) or the coordinates as a vector (between brackets):

& ™ il ™
Foint#1 [ . ., 13 o 1] Foint#2 [ . . 1@ [[18,0,0]
Enter=0K ESC=CAHCEL Enter=0K ESC=CAHCEL
2EETT ] 2FEETT at

Enter also point#3 and point#4 (yu and zu). Note the order of entering the points, because later you have
to address the points by their numbers. Unfortunately it is not possible to form a list of vectors on the
TI, so | had to overcome this obstacle with a trick. At the other hand this is a good opportunity to train
the students” 3D-imagination. Find a closed way passing all given points to describe the axes:

[From point#1 to point#2, back to point#1 and to point#4,.....]. So we enter the vector [1,2,1,4,1,3].

fl \

Enter pointlist as wector E - N J
Humbers onlus [...1: [, 1,4,1,51 rew object tysmor L]
Enter=0K ESC=CHMCEL Ent.er=0kK ESC=CHHCEL
! n PrE=TT ot
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Calc & Pres 2

As we don’t want to create a new object at the moment we answer with "n". The most important step is
done. We have to choose a projection, adjust the WINDOW-settings and then Pl ot the object axes.
Press F4: Pr oj ect i ons and plenty of projections are offered: Projection SRR
tEronbe e
For the first example lets choose Cbl i que vi ew. We know that oblique Sioiden]
view representation needs two parameters: dilatation of one axis and the angle : t

between the projection of this axis and the horizontal direction.

1

flsometric Pr..
t0imetric Pr.
iMilitary Pr.
iCavalier Pr.
fHxonometric Pr.
tCentral Persp.
ther

We take dilatation 0.5 and angle 30°.

£ it e T e L
1) Fer F3r Fur [ Far
Dilatation: [0S ] T{f_ AlgebralCalc|0ther |Prgmld|Clean UE
Argle: [30 | Wirdon Sotti .
A (Enter=0K ESC=CANCEL aMin @ 1ol
Florf M2a 2T A FAl % 2 TR 1 whMax f E
. . uMin = [F
Before plotting we have to set appropriate WINDOW- wpf uMax = L] he
values. It is important to keep in mind the ratio of the " d| {Enter=0K ESC=CAHCEL 1;1;]
o ; ) T
graphic window’s lengths: Sresty
FEEZENT FRD EXACT FUHC z/Z0

If you want to have an undistorted plot then set your values in such a way that
(xMax-xM n): (yMax — yM n)=7: 3. Don’t forget to fix all answers by pressing ENTER.

Press F5 Pl ot and choose option 3: Pol ygon (because the axes are built as a polygon), and then
enter the name of the object.

i
:,jectinnm s "y
AL T e LN of chject: B |
N Ent.er=0K ESC=CAMCEL
t Edge—Tlode
SiSpacecurye IR Har
& Surface

Now the great moment is very near. After the last ENTER you should find the axes in oblique view.
If we had more objects to represent, then we could add them now.

Fiv T 5 T F= 1"“‘?hv Fow
HnolsﬂbjectswindanrDJectionklut ]

FRESENT KAD EXACT FUNC

We immediately proceed with
(2) Add a rectangle standing vertically on the x-y-plane. Define the rectangle as an edge model.
Let the quadrilateral be defined by ABCD [(2,3,0), (4,-3,0), (4,-3,6), (2,3,6)].

Press F2 (bj ect s and then 3: Edge- Mbdel , Name of object: Rect, Nunber of
poi nts: 4. Enter points A through D, point by point:

a N 4 b
Point#d [, , 11 [[£,3.6] Edgettd [, 13 [[4:1] |
Enter=0ok ESC=CANCEL Enter=0k ESC=CHHLEL

Nunber of edges: 4, Then define the 4 edges by the points (addressed by their numbers as
vectors in brackets): Edge#1: [1,2], Edge#2: [2,3], Edge#3: [3,4] and Edge#4: [4,1], and finally
new object: n.
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F5 Pl ot, 4:Edge- Mbdel ,
You should see the following figure:

Nane of object:

FiT T FE™ ]’ FZ T_r-.v FEw
[TDDIS Objects(Window|Projection|Plot ]

FRESEMT FRD ERACT FUMC

In the next example CAS will enter the stage.

Calc & Pres 3
rect.

Choose another projection and represent the same
figures. It might be necessary to adapt the Window-
values. Change Pr oj ect i on via F4 and repeat the
F5- Pl ot -procedure.

F1 Tools, 1:C ear Screen will clear the

screen.
The figure below shows a perspective view.

Fiv ]’ 5 T F= T_FHT Fow
[Tn:n:rls Objects |Window Pr‘n:\,jec,t,ioanln:t- ]

FRESENT KAD EXACT FUNC

(3) Represent one diagonal of the rectangle by 5 equidistant points. Show the rectangle together with the
points in isometric representation. We take diagonal AC.

Leave pres() byFl Tools, 2:Quit.

rfi T Fev TrgvTruvT FE T T~ T]
- E Algebra|Calc|Other|PrgmI0|Clean Up

Dore
-3 i8]

" pres()
a[2 F B]+a:[4 -F Elic [4
ma+tifc-al|lt=1-43ptl

[S-2 32 3-2]
Ba+t(c-al|t=2s43pt2 [3 @ 3]
Ba+t(c-a)l|t=343pt3

[Fr2 -3<2 9-2]

presC)

FREZEMT FAD AUTO FUMC 7430

Nunber of points:

Then F4 Proj ecti ons,
Pointlist: diago

You should see the 5 points, then add the rectangle r ect via F5, 4,

axes)

FiT T FE™ ]’ FZ T_r-.v FEw
[TDDIS Objects(Window|Projection|Plot ]

FRESEMT FAD AUTO FUMC

5:1sonetricandF5 Pl ot,

Switch to the home screen and perform the calculation,
store the points as ptl, pt2 and pt3.

Load pres().Choose F2 Obj ects

1: Pointlist.

Name of object: di ago (not diag, because this is an
implemented function)

' ™

[diag |

ESC=CAHCEL » )

Hame of aobject:

|, LEnter=0k

5, As Point#1 through Point#5 enter a, ptl, pt2, pt3 and c.

1:discr. Points,

rect and the axes (F5, 3,

FiT T FE™ ]’ FZ T_r-.v FEw
[TDDIS Objects(Window|Projection|Plot ]

B

FAD AUTO

FRESEMT FUMC

Clear the screen and quit pr es() . Switch to the Home Screen and be ready for example (4).

(4) Create and represent a pyramid in a chosen projection. The pyramid is given by its base ABCD
[(3,0,0), (5,5,0), (0,7,0), (0,0,0)] and by its top S (3,3,8). We need this solid for an extended problem in

the main part of this workshop.
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Calc & Pres 4

Enter points A through S in the Home Screen. Load pr es( ), define object "pyr a" as a polygon or as
list of edges and then you shold find out a nice representation of you pyramid. (eg axonometric proj.).

Axonermsbee

#—Dilatation: 7S
y-Dilatation: [5

z-Dilatation: [ 8

Angle x-=z: [120

Angle y—=z: [133

Enter=0K ESC=CAMHCEL
FREZEMT FAD AUTD FUMLC

Fiv ]’ 5 T F= T_FHT Fow
[Tn:n:rls Objects |Window Pr‘n:\,jec,t,ioanln:t- ]

FRESENT KAD AUTO FUNC

(5) The first example of a space curve: Plot a circle with one side of the rectangle as diameter.

One possible solution : m =% *(c + d), r = |d — c|[/2 with C(4,-3,6) and D(2,3,6).

The parameter form of the circle is [3 + r*cos(u), r*sin(u), 6] with r = v10 and parameter u (0 < u < 2m).

Load pres(), F5 Plot,

[Fld=inius, &1

Farform or named

Parameter: [u

FParameter—start: [@

Parameter—ende: [6.4

Farameter -incr: [

narmal ~thick~<dot: |k

tEnter=0K_> {ESC=CAHCEL:
FREZENT FiAD AUTD FUNL

5: Spacecurve

Fiv Fev B Fu FEr
Tools|Objects|lindow|Projection|Plot

-

FRESEMT EAD AUTO FUNC

You see the circle together with the rectangle and the points from (2) and (3).

(6) Present the plane : (2,2,4) + t,(3,0,-4) + t,(0,1,0) and add a 1 x 1 grid.

Save this plane as parpl, because we will need it in the future.

Choose any projection, define the Window-values and then F5 Pl ot, 6: Surface

rfi T Fev TrgvTruvT FE T T~ T]
- E Algebra|Calc|Other|PrgmI0|Clean Up

[3-t

PR i M.
[3-L1

5

norml[3E o -4
—_—+2 t2+2 4-

42 41+ t1[3 8 -4]1+t2[0 1 O]*parpl

1+2 +2+2 4-4-11]

++2- [0 1 @]+ parpl
4-t,1]
3

presC)

FREZEMT FAD AUTO

FUMC 2430

Fer Fz

FEr Fa* JF7

1 &
- E Zoan|Trace [Regraph|Math (0w (-

Z2.Parm-incr:

2.Parm:  [LZ
Z.Parm-start: [3
2.Parm-ende: [E

[1

Entetr=0K ESC=CAHCEL
FREZEMT FAD AUTD FUMLC

Farametertorn: arpl

1.Farameter: [t1
1.Parm—start: [@
1.Parm—ende: [5
1.Parm—incr:  [1]

Ent.er=0k ESC=CAHCEL
FREZENT AN AUTO FIONEC

Fir Fer Fx Fi=r FEr
|TDC|15 Objects(Window|Projection|Plot

FREZEMT FAD AUTO FUMC

The picture above is in dimetric projection with adjusted Window-values.

Josef Bohm T2 AUSTRIA



Calc & Pres 5

Attention: Don"t use parameter t to define surfaces!
(7) Present the cylinder with a circle as base together with a helix. M(2,0,0); r = 2; height 8 units. The
cylinder should be divided by the x-y-plane in two equal parts.

Fuyr
D,jectinhm
cyl = [2 + 2*cos(u), 2*sin(u), vl withOu< 2 -4<v<4 Ligiscr, Points
helix = [2+2*cos(u), 2*sin(u), 0.25u] with -16 < u < 16. FiFalugon

43 Edge—Hodel
4 E:Eurgace

|‘F1 T Fer T FEr T Fi T FE T FE™ m
- E Algebra|Calc|Other|PrgmI0|Clean Up ! I
I_ 5 ¥ 12+ 4= 5
" pres Dohe 1w Fer Far 1_Fuv FE FE™
B[22+ 2 -cosfu) 2-sinfu) W]+ cyl
[Z-cosiu)+2 Z-sinfu) W] Faramform or name:: |[helix u
-[2+2--;-:.5(u:1 2 sin(u) ﬂ]-}helix Paraneter: |u T]
4 w | Parameter—start: [F16 ak
[2 ccoslul + 2 2 -sinfu) %] g Parameter—ende:  [16 el
ores Ol u | Paraneter -incr: L2
FRESENT FAD ALTO FUNE_&750 normalsthicksdot: |n  Jjing
® gl (Enter=0k ESC=CANCEL » bre
prestd
FREZENT FAD ADTO FONL 8750
1 Fer FEr . Fa™ FE FE™ 1 Fex | F% & FEx | _F&™ |Fr
- ;;[I — * = = = * ) - E Zoom|Trace |Regraph|Math|Draw| - i
np| Paranform oF name:: £ 2
g 2.Parm: [
1.Parameter: |u A 2.Parm—start: [-4
wp| 1.Parm—start: [ Z.Parm—ende: [
1.Farn-ends: [Zn Z.Parm—incr: [0
up| L:Parmminer: g ’ Enter=0oF ESC=CANCEL
Enter=0K ESC=CAMCEL Y K g
s 2
pres<y {“‘—*’}I
FREZENT FAD ADTD FONL 12750 FRESENT FAD ADTO FONL

In oblique view together with the axes:

Fi=r Fer Fx Fur FEr
Tools|Objects|Window|Prad ectinhlPlnt

FRESEMT EAD AUTO FUNC

2 Advanced Workshop

(8) Intersect pyramid pyra from (4) with a plane given by three points [XE(10,0,0), YE(0,12,0),
ZE(0,0,8)].

You can easily follow the script. Axes and pyra have been defined in the first part of this workshop.
So you can skip repeating this.

:Script for intersection pyra - plane

:Enter the given points
C[3,0,0]»a:[5,5,0]»b:[0,7,0]»c:[0,0,0]»d:[3, 3, 8]»s
C.[10,0,0] »xe: [0, 12, 0] »ye: [ O, O, 8] »ze

;The axes:
C [0,0,0]»0:[12,0,0] »xu:[0,12,0] »yu:[0,0,12] »zu

- cal | pres(), define the pyramd (pyra - pointlist), the plane and the
axes.

C pres()

Josef Bohm T2 AUSTRIA



:Intersection edges - plane

s pl+t*(p2-pl)»lin(pl, p2)
pl+u*(p2- pl) +v*(p3- pl) »pl a(pl, p2, p3)

00.. ..

> a+t *(s-a) =xe+u*(ye-xe) +tv*(ze- xe)
:or

»1in(a, s)=pl a(xe, ye, ze)

't = 14/25

Calc & Pres 6

Fir T Fz T F= T
[TDD].E Objekte|lindow|Praoj

Fyr FEr
ekt ion|Zeichhen ]

AR

rref([0,210,210,27; 3,212, 0, 0; 8, 0,28, 0] )

DREID FRD AUTO

FUHC

;mjth the TI-92PLUS & 89 it works directly

»at+t*(s-a)|t=14/ 25»al
.lin(a,s)|t=14/25
- 1in(b, s)=pl a(xe, ye, ze)

b+t *(s- b) =xe+u*(ye- xe) +v*(ze- xe)
-rref([2,210,210,25;2,12,0,5;8,0,28,0])

000..0..0.. ..

»1in(b,s)|t=5/38»bl
b+t *(s-b)|t=5/38»bl

.00

;do the sane with SC

»1in(c,s)=pla(xe, ye, ze)
. C+t *(s-c) =xe+u*(ye- xe) +v*(ze- xe)
.rref([3,10,10,10;4,12,0,7;8,0,28,0])

.000..

;cl doesn't work, systemvariable! ccl
»lin(c,s)|t=25/58»ccl

. c+t*(s-c)|t=25/58»ccl

:1in(d, s)=pl a(xe, ye, ze)
. d+t *(s-d) =xe+u*(ye- xe) +v*(ze- xe)
-rref([3, 10,10, 10; 3,212,0,0;8,0,28,0])

-1in(d,s)|t=20/31»d1
- d+t * (s-d) | t =20/ 31»d1

LO00..000..00..

- define Iist

- pres()

[al, bl, ccl,dl,al] and present

. sol ve(3=210*u-10*v+10 and 3*t=12*u and 8*t=8*v, {t, u, v})

1;_51 I:I:|_|'-:-I ‘.I‘llll"ilﬁi.'l

[ I L
Projeit ion|[fel chnen |

/ o
I Iy 3 H"'\.
Fooal s s .,
i '.5: ! "u,
j;.-'"'_i_“_—-l--—"— -
FLE T e

1;_51 I:I:|_|'-:-I ‘.I‘lJJI"i‘D-l.‘lP"‘ﬂ-_l’l"t"‘. i :'nEI i I'.’I::I'l'n |

[ELF

Fre

Tosle I:I:|_|'-:-I ‘.I‘llll"ilﬁi.'l

it

Fiv T Fz T F= T Fa T FEw
[TDD].E Objektellindow|Projektion|feichnen ]

DREID Eab AUTO

FUHC

Josef Bohm T2 AUSTRIA



Calc & Pres 7

(9) Produce an elliptic and a parabolic intersection of a cone.
Follow the script below:

:Definition of the cone
:Wndow. 24 cex 10, 23 ey 3

C: [ (3u-3)*cos(Vv), (3u-3)*sin(v), 4u] »cone

:0cio2 » doubl e cone; Oocaicd » cone
cintersect.pts plane 2 axes

FEr Far F7

T Fev
—_ ath|Oraw| -

- f—|Z0on

B ]
Trace|Rearaph|M

C.[5,0,0]»el:[0,5,0]»e2:[0,0, 3] »e3
;define pl anel

1{1, 2,3, 1}»pl al

DEEID

C: e3+t 1* (el- e3) +t 2* (e2- e3) »pl al
C: pl al=cone

C;[[5*t1:3*(u-1)*cos(v),5*t2:3*(u-1)*sin(v),a3*t1-3*t2+3:4*u]]
C: expand(ans(1))

- sol ve for t1,t2 and u
‘with the PLUS we sol ve the systemin one step:

C;solve(5*t1:3*(u-1)*cos(v) and 5*t2=3*(u-1)*sin(v) and 23*t1-
3*t2+3=4*u, {t1,t2, u})

;[[5*t1=3*u*cos(v)—3*cos(v),5*t2=3*u*sin(v)—3*sin(v),33*t1—
3%t 2+3=4*u] ]

;Put the equations in the right order and read off the coefficients:
C;rref([5,O,aSCos(v),aSCos(v);0,5,335in(v),aSSin(v);3,3,4,3])»el|
Cell ™4,3]

C;cone|u=ans(1)»ellipse

Cfellipse

:present (bjects cone, plal, ax and ellipse in any projection
:create a parabolic intersection

;me shift the cone's base center to
:[4,4,0] » cone

C;[(3u—3)*cos(v)+4,(3u—3)*sin(v)+4,4u]»cone

;plane passes [2,2,4] and has direction vectors [3,0,24] and
[0,1,0]:

C.[2, 2, 4]+t 1%[3,0,24] +t 2*[ 0, 1, 0] »pl a2
:0.20¢ 104 step 0.2; @l 2cestep 1 or use parpl from (6)
:graph. representation of the plane
C;crossp([3,0,34],[0,1,0])

C;dotp([x,y,z],ans(l))=dotp([2,2,4],ans(1))
intersections with the axes:

Josef Bohm T2 AUSTRIA



Calc & Pres 8

C.[0,0, 20/ 3] »zs:[5, 0, 0] »xs
C;pIaZ:cone

Crref([3,0,23*cos(v), 2-3*cos(v);0,1,23*sin(v),2- 3*sin(v);
a4,0,24,24] ) »para

C. para™4, 3]

C. cone| u=ans( 1) »par abe

or

C;solve(ans(l)[l,l] and ans(1)[1,2] and ans(1)[1,3],{u,t1,t2})
C. cone| u=(3cos(v) +1)/ (3*(cos(Vv) +1)) »par abe

C;zeros(getNun(parabeI[1,3]),v)
C. approx(ans(1))

;take 21.91 and 1.91 as paraneter boundaries

:hyperbolic intersection !'!?

1o _Fer FE¥ T FE*

1 Fzw Fx FEw FE* s
- E Zoom|Trace Regr*aph [Mat.l |0 2w |- .Cf'?

- §—|Zoom Tr*ac,e Regr*aph [Mat.l |0 2w |-

OREID OREID

The next screen shot shows another way to introduce the various conics. Take any circle and
create its central projections. Choose appropriate eye points to obtain ellipse, parabola and
hyperbola as projections of a circle (= intersection cone - projection plane).

The given circle lies horizontal and osculates the projection plane.

|’F T Fer T Fz ] FE* |_FE™ EF
- f—|Zoom|Trace Regraph Math|Draw|- 55?

DEEID EAD AUTO FUHC
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Calc & Pres 9

(10) Intersect a cylinder and a sphere to obtain the ""Hippopede™ or the ""Window of Viviani*. Present
the space curve together with the tangents in its double point. Find the parameter form of the
surface of tangents and show the surface.

In this example we can combine differential geometry with graphic representation. Here also we meet
bulky expressions as before, but CAS does the nasty calculation work for us. The script can be followed
easily:

: The cyl i nder
C. [[2*cos(u)+2, 2*sin(u), v]] »cyl
: The sphere
C[[4*cos(u)*cos(Vv), 4*cos(u)*sin(v),4*sin(u)]]

:sphere in Cartesian coordinates
C x"2+y"2+z72=16| x=cyl [ 1, 1] and y=cyl[1,2] and z=v
C:sol ve(ans(1),v)
C cyl|v=2*§(22(cos(u)-1))
C.ans(1) ]| u=2v
C. ans(1)»viv
C:. t Expand(vi v)
[[4*(cos(v))"2,4*sin(v)*cos(v), d*abs(sin(v))]]

C: [[4*(cos(Vv))"2,4*sin(v)*cos(Vv),4*sin(v)]]»viv
C: tColl ect(viv)»viv

spres()
: Tangents in double point (t=0,t=@

G [4,0,0] +t*[0, 4,24] /nor ([0, 4, 24] ) »t ang2
cpres()

Surface of tangents
. L -LCOsLw ) G-S1ALVI-COSLW) G- S1RLV |
. : toollectiuiu) + uiy
C: f(viv, V) - . .
. ! . . [2-c0s(2-w1+2 Z2-=2inlZ2-w) 4 -=inui]
C viv+u*(viv,v)/norm(f(viv,v))»tsurf nuiu|u=0 [4 0 @]
C.tCollect(tsurf) »tsurf 4
“pres() l—(uiu:||'u=El [0 4 4]
Ly U=t
C: d{u1u ui =i
Cil4,0 ,Ii’I]+t. # [, 4,4 1snorml [0, 4,4 ]12+tanal
Parameters: FREZEMT RAD AUTD FUNE |
Cylinder: O<sus<2m-4<v<d Y TR =
. v f—|Z 0o Tr*av:e ReGPaph Math|Oraw|-
Sphere: O<su<2mO0<sv<sT
Space curve viv: O<sv<2m Uivianisch
Kugel 1wVl anlsches
Tangents: -5<t<5 Fenster
geschhitten '..,Iln
Surface of tangents: 0O<sv<2m0<suc<4 , ,
mit Zulinder
DREID KAl EHACT FUHC
* e * 17 _Fer FEr T _FEr
[chélshjbjré ktelb]i:'?dnw Prodj ekt ion[Zeichnen ] ~ f—|Zcam Trace Eegr‘aph Math|Oaw |-

OEEID FAD EBACT FLHE FREZENT ERD ALUTO FLHC
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