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1. DEFINITIONS AND TERMS

The use of microcomputers in the classrcom 1s an area
that is growing quite rapidly. Thia thesias will consider the
application of the microcomputer to graph conic sections from
different entry points. Theae will include: conics in
atandard position, conics with a translation of axia, conica
with a rotation of axis, a general program to graph conics,

and a program to investigate the eccentricity of conics.

The following definitiona will be used to establish equationa

in the latter chaptera.

DEFINITION 1.1 The set of pointa P equidistant from a fixed

point F and a line 1 is called a parabola. See FIG. 1.1.

FIG. 1.1

P
7
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The line 1 is called the directrix of the parabola and the
point F is called the focua. The line through F which is
perpendicular to 1 is called the axies of the parabola. The
point at which the axis intersecta the parabola is called the

vertex.

DEFINITION 1.2 The set of all pointa P auch that
d(P,F1) 4+ d(P,F2) = k

ia called an ellipse, where fixed pointa F1 and F2o

and called foci. See FIG. 1.2.

FIG. 1.2

|
50

DEFINITION 1.3 The set of pointas P asuch that
Id(P,F1)»—d(P,F2)1 = k
is called a hyperbola, where fixed pointa Fq and Fgz

are called the foci. See FIG. 1.3.
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FIG. 1.3
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2. PARABOLAS

To graph any conic on the microcomputer you must
determine certain parameters that define the conic and then
convert the informatien to BASIC. In the case of the
parabola, by using the definition and making the restriction
that the vertex 1is at the origin the resulting equation can

be developed.

d(P,F)=d(P,1)
d(P,F>2%2+(y-c)2, and d(P,1)=ly+cl
\53—:?;:E?§ = |ly+cl
x2 +(y—c)2 =(y+c)2

x2 +y2 -2cy + c? =y2 + 2cy + c?

EQ. 2.1.1 x2 =4cy {See FIG. 2.1.1.2
FIG. 2.1.1
J-[.\ y
".1. ' .r"
5 .
Ef(X.y) /
T4 (0,¢) /
S~ / X
l:y=-c
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From FIG. 2.1.1 we see that for the equation x2=4cy
the graph ie a parabola with vertex at the origin and focus
(0,c). If the vertex remaine at the origin and the focus iea
placed at (¢,0) the equation takes the form of

EQ. 2.1.2 y2=4cx (See FIG. 2.1.2.)

FIG. 2.1.2

In BASIC EQ. 2.1.1 becomes:

Y = X"2/(4=0)

and EQ. 2.1.2 becomesa:

Y1 2#SQAR(CHX)

Y2 = -¥1

If a translation of axis is needed, then new equationa

are used to represent the parabola:

EQ. 2.2.1 (x—-x0)>2 do(y—yQO) See FIG. 2.2.1

it

E@a. 2.2.2 (y—y0)>2 do(x—-x0Q) See FIG. 2.2.2
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FIG. 2.2.1 FIG. 2.2.2
I\ y
. N A
k I .'.‘ .
L —
: . | '_.' ’_4—--
B NP v
¥0,y0), 7 >l _ __ |[(xo,yok/
; : = - X
’ I - [t N
! _-—-‘__"-“—_
i
In BASIC theae become:
Y = (X-X0)~2/(4uC)+YO for EQ. 2.2.1,
and Y1 = 2#SQR(C# (X-XO))>+YO
Y2 =—2#SQR(C*# (X—-X0O)>))»+YO for EQ. 2.2.2.

Finally, to rotate a parabola a given angle© conaider

FIG. 2.3.1.

FIG. 2.3.1

z)

N
>
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From the figure cos® = x/r and siné&é = y/r. Thus

x=rcoss and y=raino .

Coneider now a rectangular coordinate eyastem Oxy. If we

rotate thise asystem € degrees about the origin, we obtain a

new coordinate aystem OXY {3. pp. 9432-433]. See FIG. 2.3.2,

FIG. 2.3.2

o)

Y
>

A point will now have two pair of rectangular
coordinates:
{x,y) in the Oxy system and (X,¥Y) in the OXY ayatem.
inveatigate the relationship between (x,y> and (X,Y)

in FIG. 2.3.3.
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FIG. 2.3.3
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X = rcoa (6 ), y = rain(e +8 )
and
X = rcos( B ), Y = rein(g ).
Since coa( ©+8 ) = coa g coaf - sine sing,

ainte+ 58 ) alne& coapB + cosa® asing .,

we have x rcoa(®+2)

(cos & drcoal — (aing Yrain

rain(e+8 )

Y (aine drcoa B + (cos G Yraings

and therefore

EQ. 2.3.1 X = coa@d X - sino ¥
and

EQ. 2.3.2 vy = sineé X + cose Y.

Using EQ. 2.2.1 and EQ. 2.3.1 we can now consider

graphing parabolas with a rotation of & degrees. Since
(X,Y) are the ordered pairas before a rotation, the new

ordered pailrs in BASIC would be:
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XP = COSC(TH)#X-SINC(TH) Y

YP = SIN(TH)#X-COS(TH)*Y

The following ia a complete liasting of PROG. 2.1 to graph

parabolaas given the following inputa: C,XO,YO, and, TH.
PROG. 2.1

100 REM PROGRAM TO GRAPH PARABOLAS

110 TEXT

120 HOME

130 REM

140 REM ACCEPT TYPE OF PARABOLA

150 REM

160 PRINT "INPUT TYPE OF PARABOLA*

170 PRINT

180 PRINT *“ <1l> (X-X0)"2 = q4C(Y-YO)

190 PRINT

200 PRINT " €2> «(¥Y-YO0)»*2 = 4C(X-~-XO0)

210 PRINT

220 INPUT "“ENTER THE NUMBER OF YQUR CHOICE *":CC
230 PRINT

240 INPUT "INPUT THE VALUE OF C»>»>>":C

250 INPUT "INPUT THE VALUE OF XO0>>":XO

260 INPUT "INPUT THE VALUE OF YO>>":YO

270 INPUT "“INPUT THE ROTATION IN DEGREES ";TH
280 TT = TH

290 TH = TH / ©57.2958: REM CONVERT TO RADIANS

300 ON CC GOTO 330,360

310 PRINT "“BAD RESPONSE"™: FOR J = 1 TO 1000: NEXT J

320 GOTO 120

330 DEF FN Y1(X) = SIN (THY #» X + COS (TH) » (X ~ 2 7 (4
#* Ch)

340 DEF FN X1(X) = COS (TH)Y » X - SIN (TH) # (X ~ 2 / (4
* CH)

350 GOTO 3490

360 DEF FN Y1<(X) = SIN (TH> # X + C0OS (TH) # (2 »* SQR (
C # X))

370 DEF FN Y2(X) = SIN (TH) #« X + COS (TH) = ( - 2 = SQ
R (C » X))

380 DEF FN X1(X)> = COS (TH> # X - SIN (THY » (2 = SQR (
C »* XM
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EPROG. 2.1 CONT.

390 DEF FN X2(X) = COS (TH) # X - SIN (TH) # ( - 2 % 30
'R (C = X))

400 REM

410 REM GRAPHING ROUTINE

E420 REM

430 REM ASSIGN SCREEN LIMITS

440 HL = 279

450 VL = 159

460 VS = B0

}470 HS = 140

t 480 REM

[ 490 REM ACCEPT VALUES FOR XMIN, XMAX, YMIN, YMAX
800 REM

510 INPUT *“USE DEFAULT VALUES FOR X AND Y RANGES?";:ANSS
§20 IF LEFTS (ANSS,1) = "N THEN 550

830 X1 = - 100:X2 = 100:Y1 = - 100:Y2 = 100

f 840 GOTO 590

| 550 INPUT “XMIN = ";X1

S60 INPUT “XMAX = ";X2

' 570 INPUT “YMIN = ;Y1
E 580 INPUT “YMAX = ";Y2

} 590 REM

L 600 REM ASSIGN RANGE MULTIPLIERS AND DELTA X
610 REM

620 XM = 1

. 630 YM = - .85

640 DX = 1

650 REM

660 REM DRAW COORDINATE AXIS

670 REM

680 HGR

690 HCOLOR= &

- 700 HPLOT 140,0 TO 140,159

. 710 HPLOT 0,80 TO 279,80

. 720 REM

730 REM PLOTTING LOOP

740 REM

750 HCOLOR= 3

760 FOR X = X1 TO X2 STEP DX

770 IF CC = 2 AND C # X < 0 THEN 890

¥
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PROG. 2.1 CONT.

780
3 790
& 800
810
820
- 830
L. 840
t  BS0
. 860
L 870
e 8480
8390
900

XP = XM # FN X1(X)
YP = YM * FN Y1(X)
IF XP > HL OR XP <
IF YP > VL OR YP <
HPLOT XP,YP
IF CC = 1 THEN 890
YN = YM # FN Y2¢X)
XN = XM # FN X2(X)
IF YN > VL OR YN <
IF XN > HL OR XN <
HPLOT XN, YN
NEXT X
END

OO0 + +

o0+ +

HS + XoO
VS - YO
THEN 830
THEN 830

VS - YO
HS + XoO
THEN 8§90
THEN 890
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3. ELLIPSES

The next conic to be coneidered is the ellipse. Using

:“FINITIUN 1.2 and setting k = 2a with the restriction the

goci are placed along the x—axis at equal distanceas from the
;rigin (See FIG. 3.1.) the resulting equation can be
;:veloped.

i(P.Fl) + d(p,F2) = 2a

?ﬁx+c)2 + v2 +\kx-c)2 + y2 = 2a

[ Vix+c)2 + y2 = 2a - \f(x-c)2 + y2

(x+c) 24y2=da2-6aV(x—c) 2+y2+ (x-c) 2+y2

xc = 422 - da V(x-cr2 + y2

~xc/a + a2 = \/(1'.'--1:.')2 + y2
22-2xc+(x2c2) /a2=x2 - 2xc + c? + y2
22 - c? = x2 (a2 - cZ /a2 + y2

;1 = x2/a2 + y2/(aZ2 - c2)

élet b =\/a2 - &2

fEa. 3.1 1 = x2/a2 + y2/p2

FIG. 3.1
~
Yy
P X0.b)
/_.-’ \ \ ‘
/ Ji - > X
(-a,O) \ Fl F2 (a.D)

i I g
' (0,-b)
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In a similar manner EQ@. 3.2 can be derived where the
ffoci are on the y axia.

b E@. 3.2 1 = x2/b2 + y2/a2

ﬁIn BASIC EQ. 3.1 becomes

Y1

B#SAR(1-X~2/(A~2)»)
Y2 = -Y1

E'and EQ. 3.2 becomes

Y1 A#SQR# (1-X"2/(B~2))>

Y2 = -Y1

If a tranalation of axia ia desired, then using EQ. 3.1

the new equation would be

EQ, 3.2.1 = ==————o b =1

and uaing EQ. 3.2

EQ. 3.2.2 = ——--—- P -1

In BASIC EQ. 3.2.1 takes the form of
Y1 = B#SQR(1-(X-X0)"2/(A"2)>+YO
Y2 =—B#SQR(1-(X-XO)>"2/(A~2))+YO

and EQ. 3.2.2 would be

Y1l = A#SQR(1-(X-XO)>~2/(B"~2>>+Y0

Y2 =—A#S5QR(1-(X-X0)"*2/(B"2))>+Y0
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Finally to achieve a rotation of @ degrees about a

ffixed point (X0,YO) we would asimply reuse EQ. 2.3.1 and EQ.

£2.3.2 with the equationa for the ellipse.

 The following is a complete listing of PROG. 3.1 which will

Egraph ellipaes given inputs of A4,B,X0,Y0, and, TH.

 PROG. 3.1

i 100 REM PROGRAM TO GRAPH ELLIPSES

f 110 TEXT

i 120 HOME

. 130 REM

| 140 REM ACCEPT TYPE OF ELLIPSE

j 150 REM

f 160 PRINT "INPUT TYPE OF ELLIPSE"

i 170 PRINT

F 180 PRINT * (X-X0)Y*2  (Y-YO)~2"

' 190 PRINT * <1> ~——————- + ———— = 1"

. 200 PRINT * A~2 B~2"

' 220 PRINT * (X~X0)~2 (Y-Y0)*~2"

. 230 PRINT " <¢2> ———————= 4+ ——————— = 1"

L 240 PRINT " B~2 A~2"

f 250 PRINT

- 260 INPUT “ENTER THE NUMBER OF YOUR CHOICE ";CC
270 PRINT

280 INPUT “INPUT THE VALUE OF A>>>";A

290 INPUT “INPUT THE VALUE OF B>>>":B

300 INPUT "INPUT THE VALUE OF XO0>>";X0O

310 INPUT "INPUT THE VALUE OF Y0>»>";YO

320 INPUT "INPUT THE ROTATION IN DEGREES *“;TH
330 TT = TH

340 TH = TH / 57.2958: REM CONVERT TO RADIANS
350 ON CC GOTO 380,430

360 PRINT "BAD RESPONSE": FOR J
370 GOTO 120

380 DEF FN Y1(X)
1 - (X7 A ~ 2))
390 DEF FN Y2(X) = SIN (TH) # X + COS (TH) # ¢ ~ B # SQ
R (1 - (X /7 A) ~ 2))

1 TO 1000: NEXT J

SIN (TH) # X + COS (TH) = (B # 35SQR (
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JPROG. 3.1 CONT.

¢ 400
I 410
F R (1
i 420
F 430
E 1 -
' 440
R <1
450
1_
460
R (1
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800

DEF FN X1(X) = COS (TH) # X SIN (TH) # (B SQR ¢
(X 7 &) ~ 2))

DEF FN X2¢X) = COS (TH) # X SIN (TH) # ¢ * SQ
- (X /7 A ~ 20

GOTO 470

DEF FN Y1¢(X) = SIN (TH) # X COS (TH) » (A SQR ¢
(X 7 BY ~ 2))

DEF FN Y2¢(X) = SIN (TH) # X COS (TH> # ( % SQ
- (X 7/ B) ~ 2N

DEF FN X1(X) = COS (TH) # X SIN (TH) = (A SQR (
(X 7 BY ~ 20

DEF FN X2(X) = COS (TH) » X SIN (TH) * ¢ »  SQ
- (X /7 BY ~ 2))

REM

REM GRAPHING ROUTINE

REM

REM ASSIGN SCREEN LIMITS
HL = 279
VL = 159
VS = 80
HS = 140

REM

REM ACCEPT VALUES FOR XMIN, XMAX, YMIN, YMAX

REM

INPUT “USE DEFAULT VALUES FOR X AND Y RANGES?";ANSE

IF LEFT® (ANS&,1) = “N" THEN 620
X1 = - 100:X2 = 100:¥1 = - 100:Y2 = 100

GOTO 660

INPUT "XMIN = “;X1

INPUT "XMAX = *;X2

INPUT “YMIN = ";V¥1

INPUT “YMAX = ";Y2

REM

REM  ASSIGN RANGE MULTIPLIERS AND DELTA X

REM
XM = 1
YM = - .85
DX = 1

REM

REM DRAW COORDINATE AXIS

REM

HGR

HCOLOR= &

HPLOT 140,0 TO 140,159

KPLOT 0,80 TO 279,80

REM

REM PLOTTING LOOP
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IPROG. 3.1 CONT.

E 810
820
E 830
E 840
£ 850
' 86O
E 870
. 880
E 890
¥ 900
f 920
i 930
i 940
1 950
F 960
{ 970

REM
HCOLOR= 3
FOR X = X1 TO X2 STEP DX
IF CC = 1 AND 1 — (X /7 A)>
IF CC = 2 AND 1 - (X /7 B)
XP = XM » FN X1<(X)> + HS +
YP = Y  FN Y1¢(X> 4+ vS -
IF XP > HL OR XP < O THEN
IF YP » VL OR YP ¢ 0O THEN
HPLOT XpP,YP
YN = ¥YM = FN Y2(X) + VS -
XN = XM = FN X2(X) + HS +
IF YN > VL OR YN < O THEN
IF XN > HL OR XN < O THEN

HPLOT XN,YN
NEXT X
END

~

XO
YO
260
910

2 <
2«

Yo
X0
2960
960
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¥ a, HYPERBOLAS

The final conlc to be considered is the hyperbola.

;Uaing DEFINITION 1.3 and again setting k=2a with the
ﬁreatriction the focl are placed along the x—axie at equal
}distance from the origin (See FIG. 4.1.) the resulting

iequation can be developed:

d(P,F1)» - d(P,F2) = 2a
then in 2 similiar manner as with the ellipsae,

X2  y2
EQ. 4.1.1 - = =-— =1

and when the focil are placed along the y—-axia at equal

diatance from the origin (See FIG. 4.2.) the equation ia:

EQ. 4.1.2 - = == =1

FIG., 4.1

:
-
:
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The next topic to conaider is a tranalation of axia for

. the hyperbola. Using EQ. 4.1.1 with center (x0,y0) the

resulting equation becomes:
Ed. 4.2.1 = —-—r— - —m———— = 1
and EQ., 4.1.2 would be

EQ. 4-2.2 ______ - mm———— = -

In BASIC EQ, 4.2.1 becomes
¥1 = B#SQR(1+(X-XO0)"2/(A"2))+YO0O
¥2 =-B#SQR(1+(X-XO0)"2/(A"2))+YO
and E@. 4.2.2 would be
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Y1l = A#3QR(1+(X-XO)"2/(B"2))}+YOQ

Y2 =—A#S5SQR(1+(X-XO)"2/(B"2)>+Y0

Finally to achlieve a rotation of @ degrees about a fixed

i point (X0,Y0) we would in a similar manner aa with the
fellipae reuse EQ. 2,.3.1 and EQ. 2.3.2 with the equationa for

éthe hyperbola.

The following 1as a complete listing of PROG. 4.1 which

}uill graph hyperbolaa given inpute of A,B,X0,Y0, and, TH.

k PROG. 4.1

f 100 REM PROGRAM TO GRAPH HYPERBOLAS

110 TEXT

j 120 HOME

i 130 REM

. 140 REM ACCEPT TYPE OF HYPERBOLA

150 REM

160 PRINT "INPUT TYPE OF HYPERBOLA™

170 PRINT

180 PRINT * (X-X0>~2  (Y-YO)~2"

190 PRINT " «¢1>  —==—===- - m——————— = 1"
200 PRINT " A~2 B~2"

210 PRINT

220 PRINT “ (X-X0)~2  (Y=-YO)~2"

230 PRINT * <2>  ———===—= - ———————= = 1"
240 PRINT " B~2 An2"

250 PRINT

260 INPUT “ENTER THE NUMBER OF YOUR CHOICE ";CC
270 PRINT

280 INPUT “INPUT THE VALUE OF A>>>";A

290 INPUT "INPUT THE VALUE OF B>>>":B

300 INPUT "INPUT THE VALUE OF XO>>";XO

310 INPUT "INPUT THE VALUE OF YO0>>";YO

320 INPUT “INPUT THE ROTATION IN DEGREES ";TH
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PROG. 4.1 CONT.

TT = TH
TH = TH / $7.2958: REM CONVERT TO RADIANS
ON CC GOTO 380,430

PRINT “BAD RESPONSE”: FOR J
GOTO 120

DEF FN Y1(X)
AY ~ 2 - 1))
DEF FN Y2(X)
(X 7/ A ~ 2 - 1
$400 DEF FN X1(X) = COS (TH) # X — SIN (TH) # (B * SQR ¢
E(X 7 A ~ 2 - 1))
410 DEF FN X2(X) = COS (TH)Y # X — SIN (TH) # ( — B # SQ
ER ((X 7 AY ~ 2 - 1)
i 420 GOTO 390
430 DEF FN Y1 (X)
F(X /7B ~ 2 - 1)
¥ 440 DEF FN Y2(X)
PR ((X /7 B)Y ~ 2 — 1)

il

1 TO 1000: NEXT J

SIN (TH) # X + COS (TH) # (B # SQR (

SIN (THY # X + COS (THY # ( — B % 5Q

SIN (TH)Y = X + C0OS (TH) # (A » SQR ¢

]

SIN (TH)> = X + COS (TH) » ( - A % SQ

f 450 DEF FN X1(X) = COS (TH) # X - SIN (TH> # (A % SQR (
L (X /7 B) ~ 2 - 1)
t 460 DEF FN X2(X> = COS (TH> # X - SIN (TH> # ( - A » 3Q
LR ((X /7 BY ~ 2 - 1»
§ 470 REM
£ 480 REM GRAPHING ROUTINE
i 490 REM
. 500 REM ASSIGN SCREEN LIMITS
E S10 HL = 279
i 520 VL = 159
' 630 VS = 80
540 HS = 140

¥ S50 REM
. 560 REM ACCEPT VALUES FOR XMIN, XMAX, YMIN, YMAX

570 REM
§80 INPUT "USE DEFAULT VALUES FOR X AND Y RANGES?";:ANSs

590 IF LEFT® (ANSS,1) = "“N'" THEN 620

600 X1 = - 100:X2 = 100:Y¥1 = - 100:Y2 = 100
610 GOTO 6&0

620 INPUT "“XMIN = ".X1

630 INPUT "“XMAX = ":X2

640 INPUT “YMIN = ;Y1

650 INPUT "YMAX = *“,;¥Y2

660 REM

670 REM ASSIGN RANGE MULTIPLIERS AND DELTA X
680 REM
690 XM =
700 YM = -~ .85
710 DX =
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bpROG. 4.1 CONT.

REM

REM DRAW COORDINATE AXIS

REM

HGR

HCOLOR= &

HPLOT 140,00 TO 140,159

HPLOT 0,80 TO 279,80

RENM

REM PLOTTING LOOP

REN

HCOLOR= 3

FOR X = X1 TO Xz STEP DX

IF ¢C = 1 AND (X / AY ~ 2 - 1 <€ O THEN 960
IF CC = 2 AND (X /s BY ~ 2 - 1 < O THEN 960
XP = XM » FN X1<(X) + H3S + XO
YP = YM # FN Y1(¥X) + V5 - YO
IF XP » HL OR XP < O THEN 960
IF YP » VYL OR YP < O THEN 910
HPLOT XP,YP

YN = YM # FN Y2(X) + V5 ~- YO
XN = XM # FN X2(X) + HS + XO
IF YN » VL OR YN < O THEN 960
IF XN » HL OR XN < 0 THEN 980

HPLOT XN,YN
NEXT X
END
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GENERAL EQUATION

The equation of any conic aection can be expressed aa a
:‘ond degree equation:

ﬁ} 5.1  AxZ+Bxy+CyZ+Dx+Ey+F=0 4,B,.C not all O.

t‘nider the following 3 caseas that evolve from the
chrinant of EQ. S.1.

Case 1. If B2 - 4AC ¢ O then the graph is an

jliipase, a circle, a point, or empty.

Case 2. If B2 - 4AC = O then the graph is a

?rabola. a line, a pair of lines, or empty.

Case 3, If B2 - 4AC > O then the graph is a

}perbola or a palr of intersecting lines.

Grapha 5.1.1 to 5.3.4 at the end of the chapter
Ellustrate examples of the above casea.

The following i1a the algebraiec work that waas involved
ho tranaform EQ. 5.1 to BASIC:

Ax2 + Bxy + Cy2 + Dx + Ey + F = 0

CyZ2 + Bxy + Ey = -AxZ - Dx - F
Bx + E
Cly2 4+ ——=—m- y> = -Ax2 - Dx - F
o4
Bx + E (Bx + E>2 (Bx + E»2
Cly2 + —————- y + ——————- 1] = -AxZ2 - Dx = F + —=-wema-
C qc2 aCc
Bx + E (Bx + EY2 Ax2 4+ Dx + F
(y + —=———m 12 = e —
2C qc? C



Bx + E \[ (Bx + E)2 Ax2 + Dx + F

gxl = SQR((B#X+E> "2/ (4#C 2)—(A#X 24D#X+F) /CI—((B#X+E) 7/ (2%#C)))
IY2 =—SQR( (B#X+E)> "2/ (A#C 2) —(A#X"2+4D*X+F) /CI) = ((B#X+E) /(2%C)))

The following is a complete listing of PROG. 5.1 which

Fwill graph conic sections with inputs A,B,C,D,E, and F.

| PROG. 5.1

i 100 REM GENERAL EQUATION PROGRAM

. 110 REM

120 TEXT

130 HOME

140 REM

150 REM ACCEPT VALUES FOR THE COEFFICIENTS

160 REM

170 HOME

180 INPUT "DO YOU WISH TO USE THE DEFAULT VALUES FOR THE
COEFFICIENTS? " ;ANSH

190 IF LEFTS (ANS5s%,1) “N'" THEN 220

200 A = 1:B = 0:C = 1:D 100:E = - 80:F = 4100
210 GOTO 340

220 PRINT

230 PRINT *“ AX*2+BXY+CY“2+DX+EY+F=0"

240 PRINT
250 INPUT "A
260 INPUT "B
270 INPUT ™“C
280 INPUT "D
290 INPUT "E
300 INPUT “F
310 REM

320 REM DEFINE FUNCTION

MTMNMoOoDOaw>»
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EPROG

E 330
340
E- 2 +
£ 350
F 360
j 370
E 380
F 390
E 400
: 410
L 420
E 430
. 440
E 450

« 5.1 CONT.

DEF FN D(X) = (B ## X + E) »~ 2 / (4 » C ~ 2) — (A » X =~

D»» X+ F) 7 C

REM

REM GRAPHING ROUTINE
REM

REM

REM ASSIGN SCREEN LIMITS
REM

HL = 279
VL = 1S9
VS = 80

HS = 140

REM

i 460 REM ACCEPT VALUES FOR XMIN, XMAX, YMIN, YMAX
£ 470 REM

480 INPUT “USE DEFAULT VALUES FOR X AND Y RANGES?";ANSS

490 IF LEFTS (ANSS,1) = “N" THEN 520

500 X1 = — 100:X2 = 100:Y1 = - 100:Y2 = 100

510 GOTO S60

520 INPUT “XMIN = ":X1

530 INPUT “XMAX = ";X2

540 INPUT “YMIN = ";Y1

S50 INPUT “YMAX = “";Y2

560 REM

§70 REM ASSIGN MULTIPLIERS AND DELTA X

580 REM

590 XM = 1

600 YM = - .85

610 DX = 1

620 INPUT “HARD COPY?";Q%

630 IF @3 < > “" THEN PR# 3

640 PRINT * “A;UXA2 + “YB;"XY + ";C:"Y¥Y*2 + “;D;"X + “E;"

Y “F" =0"

650 REM

660 REM DRAW COORDINATE AXIS

670 REM

680 HGR

690 HCOLOR= 6

700 HPLOT 140,0 TO 140,159

710 HPLOT 0,80 TO 279,80
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bRO0G. 5.1 CONT.

D(X>) + ¢B # X + EY / (2 # C) + VS
FN D(X)) + (B # X + E) /7 (2 # CY + V

O THEN 860
O THEN 840

O THEN 860

REM

REM PLOTTING LOOP

REM

HCOLOR= 3

FOR X = X1 TD X2 STEP DX
Xp = XM « X + HS

IF FN D(X> < O THEN 860
¥P = YM » SQR ( FN
YN = - Y # SQR (

IF XP » HL OR XP <

IF YP » VL OR YP <

HPLOT XP,YP

IF YN > VL OR YN <

HPLOT XP, YN

NEXT X

END

page 2%



 GRAPH S5.1.1 ———ELLIPSE——-

| EQUATION: 4X2+0XY+1YZ240X+0Y-4000=0

-,
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|
e

™,

e

GRAPH 5.1.2 -—--CIRCLE-—

EQUATION: 1X<2+0XY+1Y2+100X-80Y+3800=0
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} GRAPH 5.1.3 -~-POINT---

} EQUATION: 1X2+0XY+1Y2+100X-80Y+4100=0

GRAPH 5.1.4 --—-EMPTY——-

EQUATION: 1XZ242XY+YZ240X4+0Y+49=0
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GRAPH 5.2.1

f EQUATION:

EQUATION:

1X24+0XY-1Y2-20X -

1X2+0XY-1Y2-20X~

———HYPERBOLA-——

20Y-100=0
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t GRAPH 5.3.1 —-—--PARABOLA---

} EQUATION: 1X2+2XY+1Y2+100X-80Y+3000=0

GRAPH 5.3.2 ——-LINE-—-

EQUATION: 1XZ2+2XY+1YZ2+0X+0Y+0=0
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! GRAPH 5.3.3 ---PARALLEL LINES---

} EQUATION: 1XZ2+42XY+1Y240X+0Y-100=0
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GRAPH S5.3.4 ——-EMPTY———

EQUATION: 1XZ24+0XY+1Y2+100X-80Y+4500=0
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6. TRANSITIONS

The next topic to conasider 1a a closer look at the 3
casea of the general equation that were introduced in the
last chapter. This chapter will inveatigate what happen as
the diacrimant of EQ. 5.1 approaches ¢. To accompliash thia
in the firat program, let B = 0, € =1, D = 20, E =
0,F=-500, and let A range from -1 to 1 in atepa of .25. As
A aproach O the conica change from a hyperbola, when A > O,
to a parabola when A = 0, to an ellipse when A € 0. Grapha
6.1.1 through 6.1.9 i{lluatrate the transition. Graph 6.1.10

ils an overlay of this transition.

EQ. 5.1-——— Ax2+Bxy+Cy<2+Dx+Ey+F=0

GRAPH 6.1.1 A

Il
I
-
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EQ. S.1-——— Ax2+Bxy+CyZ2+Dx+Ey+F=0

f GRAPH 6.1.2 A = -.75

GRAPH 6.1.3 A = -.50
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EQ. S5.1-—-- AxZ2+Bxy+CyZ+Dx+Ey+F=0

GRAPH 6.1.4 A = —.25

Sy

GRAPH 6.1.S A =0
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EQ. S.1-—-—— AxZ2+Bxy+Cy2+Dx+Ey+F=0

| GRAPH 6.1.6 A = .25

GRAPH 6.1.7 A = .50
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EQ. 5.1-—-— AXZ2+Bxy+Cy2+Dx+Ey+F=0

 GRAPH 6.1.8 A= .75
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GRAPH 6.1.9 A =1
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EQ. 5.1---A%x2+Bxy+Cy2Z+Dx+Ey+F=0

GRAPH £.1.10 COMPOSITE GRAPH AS A RANGES FROM -1 TO 1 STEP .25
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The next program will let A=1,B=0,D=0,E=20,F=-500, and

}et C range from -1 to 1. Grapha 6.2.1 to 6.2.5 ahow the
'kransition of the conica. Graph 6.2.6 is an overlay of the
:Previous graphs.

AxZ24+Bxy+Cy2+Dx+Ey+F=0

fGRApH 6.2.1 c = -1
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 GRAPH 6.2.2 C = -.50
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AXZ+BRy+Cy2+Dx+Ey+F=0

 GRAPH 6.2.3 ¢ =0
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GRAPH &.2.4 C = .50
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AKZ+Bxy+Cy2+4Dx+Ey+F=0

| GrAPH 6.2.5 c =1

|
|
1
\
e
) e .,
- _/‘:
SR
|
% GRAPH 6.2.6 COMPOSITE GRAPH AS C RANGES FROM -1 TO 1 STEP .25

page 39


http:1-.......�

The final progam in this chapter investigates the

Eraphs of the general equation as B is allowed to range from

_F3.5 to 3.5 in steps of .,50. The other coefficients are
fheld constant with values of: A=1,C=1,D=20,E=20,and F=-500.
;Eraphs 6.3.1 to 6.3.15 illustrate the transition from conic
i!'-1:.0 conic. Graph 6.3.16 is a composite of the B range.
Ax2+Bxy+Cy2+Dr+Ey+F=0

} GRAPH 6.3.1 B = -3.5

GRAPH 6.3.2 B

f
!
)

rm—————————— —

e e o  m— ——
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=0

Ax2+Bxy+Cy2+4Dx+Ey+F
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GRAPH 6.3.4

e e e e -
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AX24Bxy+Cy2+Dx+Ey+F=0

| GRAPH 6.3.5 B = -1.5

P —— )

GRAPH 6.3.6 B = -1

e i e e e e

———— e et
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AX2+Bxy+Cy2+Dx+Ey+F=0

| GRAPH 6.3.7 B = -.5

GRAPH 6.3.8 B =20
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AXZ2+Bxy+Cy2+Dx+Ey+F=0

GRAPH ©6.3.9 B = .5

]
H

GRAPH 6.3.10 B
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AxX2+Bxy+Cy2+Dx+Ey+F=0

. GRAPH &6.3.11 B = 1.5
I
i
.
A-AJI'.
P
GRAPH 6.3.12 B = 2
Lt
o
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Ax2+Bxy+Cy2+4Dx+Ey+F=0

GRAPH 6.3.13 B = 2.5

T et LTI I LI LL LA

GRAPH 6.3.14 B = 3
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Ax24Bxy+Cy2+Dx+Ey+F=0

GRAPH &6.3.15 B = 3.5

[ ——

GRAPH 6.3.16 COMPOSITE GRAPH AS B RANGES FROM -3.5 TO 3.5 STEP

« 25

page 47



R,

The following 3 programs are the complete listings of

the programes that created the 3 aets of graphs.

PROG.

100

6.1

REM BURST---A

110 REM ASSIGN SCREEN LIMITS

120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
F)
360
~ 2
370
380
390
xﬁt
400
410
420
430
440

H

X

B

X

L = 279:VL = 159:VS = 80:HS =

140

REM SET DEFAULT VALUE FOR XMIN,
1l = - 120:X2 = 135:Y1 = - 100:Y2

REM ASSIGN COEFFICIENTS

XMAX, VMIN,

= Q0:C = 1:D = 20:E = 0:F = - 500

REM ASSIGN MULTIPLIERS AND DELTA X

M=1

YM = - .85
DX = 1

X

/
Y
+

Y

REM DRAW COORDINATE AXIS

HGR

HCOLOR= S

HPLOT 141,0 TO 141,159

HPLOT 0,80 TO 279,80

REM PLOTTING LOOP

FOR A = -1 TO 1 STEP .25

IF A € O THEN CL 6

IF A = 0 THEN CL 2

IF A > O THEN CL 7

HCOLOR= CL

FOR X X1 TO X2 STEP DX

P = XM » X + HS

IF XP > HL OR XP < O THEN 420
IF (B X + E> ~ 2 / (4 « C »
C < 0 THEN 420

P =YM » ( SAR ((B # X + E) *

[

nu

2)

2 /7 (4 =

= 100

(A » X ~

AND VHMAX

2 + D« X +

cC ~2) — (A » X

D* X+ F) /7 Cy — ((B» X+ E) / (2% C))) + VS5

IF YP > VL OR YP ¢ O THEN 390
HPLOT XP,YP

N =YM* ( - SQAR ((B # X + E)

”~

2/ (4 » C

2+ D # X +F) /C) — ((B#» X + BE)

IF YN > VL OR YN < O THEN 420
HPLOT XP, YN

NEXT X

NEXT A

END
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PROG. 6.2

100 REM BURST---B

110 REM ASSIGN SCREEN LIMITS

120 HL = 279:VYL = 159:VS = 80:HS = 140

130 REM SET DEFAULT VALUE FOR XMIN, XMAX, VMIN, AND VMAX

140 X1 = - 120:X2 = 135:Y1 = - 100:Y2 = 100
150 REM ASSIGN COEFFICIENTS

160 A = 1:C = 1:D = 20:E = 20:F = - 500

170 REM ASSIGN MULTIPLIERS AND DELTA X

180 XM = 1

190 YN = - .85

200 DX = 1

210 REM DRAW COORDINATE AXIS

220 HGR

230 HCOLOR= 5

290 HPLOT 141,0 TO 141,159

250 HPLOT 0,80 TD 279,80

260 REM PLOTTING LOOP

270 FOR B - 3.5 TO 3.5 STEP .25

280 FOR X X1 TO X2 STEP DX

290 XP = XM # X + HS

300 IF XP » HL OR XP < O THEN 380

310 IF (B # X +E> ~ 2/ (4 %C ~ 2= (Ax*X"2+D=x» X+
F> » C < 0O THEN 380

320 YP = YM # ( SQOR ((B » X + E) ~ 2 / (4 « C ~ 2) - (A & X
~ 24+ D#»*» X+ F) / C) — ((B#* X + E) /7 (2% C))) 4+ VS

330 IF YP » VL OR YP < O THEN 35S0

340 HPLOT XP,YP

350 YN = YM # ( — SQR ((B » X + E) ~ 2 / (4 « C *~ 2) - (A #
X~ 24+ D#*» X+ F) /7 CY — («(B» X + E) /7 (2 % C))) + VS
360 IF YN » VL OR YN < O THEN 380

370 HPLOT XP,¥YN

380 NEXT X

390 NEXT B

400 END
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PROG. 6.3

100 REM BURST---C

110 REM ASSIGN SCREEN LIMITS

120 HL = 279:VL = 159:V¥S = 80:HS = 140

130 REM SET DEFAULT VALUE FOR XMIN, XMAX, VMIN, AND VMAX

140 X1 = ~ 120:X2 = 135:Y1 = - 100:Y2 = 100
150 REM ASSIGN COEFFICIENTS

160 A = 1:B = 0:D = 0:E = 20:F = - 500

170 REM ASSIGN MULTIPLIERS AND DELTA X

180 XM = 1

1950 YM = - .85

200 DX = 1

210 REM DRAW COORDINATE AXIS

220 HGR

230 HCOLOR= S

240 HPLOT 141,0 TO 141,159
250 HPLOT 0,80 TO 279,80
260 REM PLOTTING LOOP

270 FOR C = -1 TO 1 STEP .25
280 FOR X = X1 TO X2 STEP DX
290 IF C = O THEN C = .001

300 XP = XM # X + HS

310 IF XP > HL OR XP < O THEN 390

320 IF (B # X + EY ~ 2 / (4 » C * 2) — (A # X =~ 2+ D # X +
F> 7/ € € O THEN 390

330 YP = YM # ( SAR ((B # X + E) =~ 2 / (4 = C ~ 2) - (A » X
~ 2+ D» X+ F) /C) - ((B#» X + E) / (2% C))) + VS

340 IF YP > VL OR YP < O THEN 360

350 HPLOT XP,YP

360 YN = YM # ( — SQR ((B # X + EY =~ 2 / (4 # C = 2) — (A *»
X~ 2+ D#» X +F) /7 C) — ((B #» X + EY /7 (2 # C))) + VS

370 1IF YN > VL OR YN < O THEN 390

380 HPLOT XP,YN

390 NEXT X

400 NEXT C

410 END
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7. ECCENTRICITY

Another point of view to inveatigate conlc aectiona is
to define the conic in termas of itas eccentricity. Conaider

the following definition of a conic section:

DEFINITION 7.1 Let e?>0 be a fixed number, let D be a
fixed line, and O be a fixed point not on the line D. Let
IPRlI denote the diatance of the point P(x,y}) from the line
D. Finally let G be the collection of all pointa P auch
that

10Pt

-———— =@

IRPI
Then it can be shown G 1ls a conic section. I1If e=1 then G is
a parabola. If 0<e<l, then G 1a an ellipse. If e>l then
then G is a hyperbola (1. p.3301,

A useful application now is to uase this definition to
write an equation for the conic in polar coordinates. 1In
order to obtain a simple result we put the focus F at the
origin and we let the directrix be a verticsal line d unita
(d>0) to the left of the focua, as shown in FIG. 7.1. Let
P(r, &) be any point on the conic to the right of the
directrix and on the terminal side of ¢ , and draw
perpendiculara PQ and PR to the principal axia and the
directrix, restectively. By DEFINITION 7.1, the point P is

on the conic if and only if (0PI = elRP! EQ. 7.1.
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FIG. 7.1

R | Pir,o)

Since P ia to the right of the directrix, RP>0 and so
IRPI=RP. 10PI=r because r>Q since P is on the terminal side
ocf & . So from EQ. 7.1 we have r=e(RP> EQ. 7.2.

However RP=DQ=D0+0Q=d+rcos & . Subatituting this expreasion
for RP in EQ 7.2 we obtain

EQ.7.3 ¥ = mmmm—me—
l-ecos &

In a similar manner we may derive an equation of a conic if
the directrix corresponding to the focus at the pole is to

the right of the focua and we obtain

EQ. 7.4 r ¥ rm—————— [2. pp. 562-5631
l+ecoa G

page 52



Using the equations 2.3.1 and 2.3.2 with EQ. 7.3 we now
can convert the polar equations to carteaian coordinates and
then to BASIC. Thie becomes:

A=(E#D/C(1+E#COS(TH) ) ) #COS(TH)

Y=(E#D/(1+E#COS(TH)))#SIN(TH)

Graphe 7.1 to 7.10 illustrate the affect the

eccentricity has EQ., 7.3.

GRAPH 7.1 D=10, E=.2%
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GRAPH 7.2 D=10, E=.50

GRAPH 7.3 D=1i0, E=.75

A ——
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GRAPH 7.4 D=10, E=1

GRAPH 7.5 D=10, E=1.25
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E=1.50

GRAPH 7.6 D=10,

E=2

D=10,

GRAPH 7.7
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E=%

D=10,

GRAPH 7.8

PR S ———E e D

E=6&

=10,

GRAPH 7.9 D

e e e S T . S e

et e ——
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GRAPH 7.10 D=10, E=8

U S
et ————.

The following is a complete liating of PROG. 7.1 that

generated the eccentricity grapha.

PROG. 7.1

100 REM ECCENTRICITY PROGRAM

110 REM

120 TEXT

130 HOME

140 REM

150 REM ACCEPT INPUTS FOR THE PARAMETERS
160 REM

170 HOME

180 PRINT

190 PRINT ” 2ED"™

200 PRINT ™ R= - "
210 PRINT * 1-ECOS(TH>»"

220 PRINT
230 INPUT "ENTER VALUE FOR D *":D
290 REM
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PROG. 7.1 CONT.

250 REM DEFINE FUNCTION

260 REM

270 DEF FN X(TH) = (2 « E # D 7 (1 - E # COS (TH))) =
S ¢(TH)

280 DEF FN Y(TH) = (2 » E # D /7 (1 -~ E # COS (TH))) »
N ¢(TH)

290 REM

300 REM GRAPHING ROUTINE

310 REM

320 REM

330 REM ASSIGN SCREEN LIMITS

340 REM

350 HL = 279

360 VL = 159

370 VS = 80

380 HS = 140

390 REM

400 REM ACCEPT VALUES FOR THMIN, THMAX
410 REM

420 INPUT "USE DEFAULT VALUES FOR X AND Y RANGES?";ANSS
430 IF LEFTS (ANSS,1) = "N THEN 470
440 T1 = 0:T2 = 6.28

450 REM

460 REM ASSIGN MULTIPLIERS AND DELTA THEATA
470 REM

480 XM = 1

490 YM = - .85

500 DT = .05

S10 FOR E = .25 TO 1 STEP .25

S20 PR# 3

S30 PRINT "D = ";D;" E = “;E

S40 REM

550 REM DRAW COORDINATE AXIS

S60 REM

570 HGR

580 HCOLOR= 6

590 HPLOT 140,0 TO 140,159

600 HPLOT 0,80 TO 279,80

610 REM

620 REM PLOTTING LOOP

630 RENM

640 HCOLOR= 3
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PROG. 7.1 CONT.

&S50
660
670
680
6390
700
710
720
730
740

+
+
0
0

HS
V5
THEN 720
THEN 720

FOrR TH = T1 TO T2 STEP DT
IF TH = 0 THEN 720
XP = XM # FN X(THS

¥YP = ¥YM # FN Y(TH»

IF XP > HL OR XP <

IF YP » VL OR YP <«

HPLOT XP,YP

NEXT TH

NEXT E

END

page &0



8. SUMMARY

Thia theaias waa an attempt to provide some uaeful ideaa
in graphing conic aectiona. It is hoped that through the
use of aome of the ideas preaented, the microcomputer can be
aa an instructional aid to better understand conica. A
comment about the tranaition programa i1a appropriate here.
It should be noted that amaller incrementa around pivot
pointa (i.e. A=0 in PROG. 6.1) would provide aome
intereasting grapha aa thes tranaition occura. However, ons
would have to change the plotting limite to accommodate the
range of the curves. I would alao like to liat aome other
acurces that were umseful to me when I waa getting my ideasa
for thia theais.

The textbocok that I uase in high achool ia MODERN

ALGEBRA AND TRIGONOMETRY BOOK 2, by Dolecliani, Berman, and

Wooton. The publiaher ia Houghton Mifflin. Two good books
on microcomputer graphica that I waa able to obtain were:

HICROCOMPUTER GRAPHICS, by Roy E. Myera, publiasher Addison

Wesley, and GRAPHIC SOFTWARE FOR MICRQCOMPUTERS, by B. J.

Koritea, publisher Kern Publicationa,. Theae bocka along
with the texta liated in the bibliography were very wvaluable

aources in writing thia theaia.
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