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A bslanced school curriculum has long been advocated by leading
mathematicians, E. H. Moore stated that “"the fundamental problem is thet of
the unification of pure and epplied mathematics” (Moore, 1926 p. 45). Felix
ein wrote one of the volumes of his farnous lectures for secondary
teschers on the mathematics of precision and approximation {(Klein, 1928).
However, the present high school mathemstics lacks completely this
spproach or any blending between the pure and the spplied mathemstics. The
use of the computer can help to offer @ more balanced curriculum. Examples
drawn from the realm of algebra will be given to illustrate how teschers
can take sdvantage of the computer to teach better mathematics.

One of the goals of methematics tesching should be that students learn

_problem solving methods and skills that are powerful and can be used in a

wide range of problems.

Finding roots of pmgnomiéls by factoring is & methad widely taught,
texthooks devote much space to it and clessroom teschers 8 lot of time.
Usizkin (1980} lists fectoring of polynomials as one of the topics that
should not be in the mathematics curriculum. This is an insténce of a
method that slmost never works, except for the examples of the textbook.

. Very few of the polynomials that appesr in applications are easily

factorable. Henry Pollek ssys that, in his long experience of seeing

. applications of mathematics to the design of real electrical circuits, he

never came across g polynomial that could be factored over the integers. An

interesting sctivity, is to randomly generate integers as coefficients of
polynarmials snd check whether the resulting polyhomial is factorsble over- .

the integers. Run prorgram RANDPOLYNOM for polynomials of the type

"~ %%+ bx +c,where b and c are random integers between -100 and 100. The

pragram lists the coefficients of the polynomial and tells if it is factorable.

You will be surprized how few of the recu]tmg polynomials sre indeed

factorable.

Instead of using factoring, one can find roots of & polynomial with methods

that illustrate powerful prablem solving technigues, such &s successive

approyimations,
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The strateqgy can be described in four steps:

Bl IESS

CHECK WHETHER YOUR GUE 3 1S GOOD ENOUGH
GET A BETTER APPROXIMATION FROM THE PREVIOUS ONHE
REPEAT THE PROCESS { FROM STEP T'w0 CON) '

The uze of computers is particularly well suited for this strategy. They are.

fast, and it is atne procedure again and
again.

we will discuss

s0 easy ta tell them to repest the s
two of such methods.

Bisection method {divide and canquer)

Far a polynornial p (in fact for any continuous function) if a end b are

numbers such that p{a} < 0 snd p{b} > 0, then there ic a value r between a
and b such that p{r) = 0. The number r is called a root of the polynomial.

R g:f(?’) -

» e o -
" The numbers a snd b are our first guesses ta determine sn interval where
the root is located. To get & closer va
the interval and evaluate the pmgncmial there. IT the polynomial is zero, we
If not, we are closer to the solution, becsuse we have the same
situation s we started but with an intervel of half the length. We can use
that half of the interval where the function change, mgn and repeat the

tue for r, we can find the midpaint of -

'procpdure In the caze of the example we would take the right half. By

getting smaller-and smaller mterva]“ ¥e can get the value of the root w1th T

‘ ',fang degree of pr uucmn

|
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ACTIVITY 1 Write a computer progrem f{or use program ROOTS1) to

opprosimate the roots of
x5+ 3x% + 4% - 11

using the bisection method. Eun the program and get & vwalue r close enough
to a root so that p{r) is in absolute value less than 0.0001. How many times
did the computer repeat the procedure to get the desirad spproximation?
Suppase that now you want more precision, p{r) in absolute value less than
0.0000001. How many more times was the procedure repeated?

The program can be easily madified for the case that a < band pla) > 0
~and p{b} < 0. Change your pragram {or run ROOTS2) to get g root of

-3+ 32+ 458 - 11

Activity 2 Modify your program {or use ROOTS3) =so0 that you can
approximate the roots of any polynomial of degree S or less.
Approximate the roots of these polynomials.

®

a) x+28%-4x5-2x7+8+3
b %% +x*+12¢% +0.7x% -+ 2
Our next goal is to write 8 program to evaluate a p:o]gnormu of any degree

given its coefficients, et & chosen value x.
wWhenever possible it is better to uze multiplication instead of exponents

.+ hecause it is more precise. Moreover, some computers do not accept

negative values of X when computing ®. For higher order polynomials it is
too curnbersame to wiite X®XFEFR¥R*R*K + .

Fortunately there is & way to compute & pmgnormal without ha'nng to

rultiply so many times. For example, instead of camputmg

EFR*R¥R*Q + TRANEERE + 4THR + 3ER 4D
(9 multiplications and 4 sums), we can tell the computer to campute
2 + x#(3+x*(4+8*(5+5"A)))

{4 raultiplications and 4 sums).

1
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In general, by calculating

8y ¥ (a e Fla, (L))

0
the nurnber of multiplications grows like n, the degree of the polynomial.
With the usual method the number of multiplications grows like n?/2.

This way of factoring & polynomial is seldom taught in high school.
ACTIVITY 3 ‘write & computer program using this method to evaluate a
polynormial given its wefnuents at any wslue X (Or use program
POLYNOMI). <

ACTIVITY 4 Incorporste the program of activity 3 as & subroutine of the
prograrn to aproximate roote of polynomials (or use program ROOTS4)

Find at Teast one root of each of the following polynorisls:
8) %7+ 280 - d4x5 - 22 -yt - A - 2x% 4w+ 3

~b) %% - 0.28% - 0.45% - 2x% + ¥ + 3.14150
h ) : )
The bisection method to obiain roots of polynomisls has several important
cheracteristics. It is an iterative procedure where our approximastions get
clozer and closer to the desired value. We can get the degqree of precision
wanted by repesting the procedure ensugh times. This method uses
irportant ideas of mathematics (the theorem of intermediate value and the
concept of nested intervals). The method iz easy to understand and easy to
rernember. [t is & nice way to teach educated guessing. It exemplifies s
powerful idea; namely, guess and have & way so that guur next guess is &
- hetter gne. '

One - nnpurtant a*pect of wmputmg is thot Usual Ig thure are '-weru]'"f'

prm:udures to solve a pmblem and some of them are more emcwnt faster

- or precise than others Most people sre impressed by- how . much fas ter -
computers sre now than 40 years ago. However, there has_been an even

grester progress in the numerical procedures. ln the same span of time

where computers evolved to be faster by & fsctor of 107, in some fields the

algorithmic procedureés were made faster by a factor of 101D (E;qu; 195 1)
We WIH discuss anothermethod to appr D‘mnﬁte roots of polynomiagls.




THE ME'wWTON METHOD

The essence of this method can be illustrated geornetrically. If x, is a
fairly good approxzimation to & root, then the tangent to the curve at
(xl,l‘l(x1 3} will meet the horizontal axis at a much closer approximation.

y=f{x)

!
1
!
!
!
I
1

¥

The slope of the tangent i3 given by the derivative of the function, p(z).
The squation of the tangent is )

-

y - plx,) = p'{g, Mx-x,)
Thus the news gpproximation is
Xy = ¥y — D Mp'(R,)
Flepeating the prnn:edure we Can get better and better approxin‘natiI:rns.

CACTIVITY 5 Write & program to get a root of %3 + 3x2 + 4% - H uwng |
Mevrionsmethod {or use program NEW‘TUHI}

Of course the cotnputer can be readily ins tructed to Butumatlmﬂg evaluate
the derivative of a polynomial.

ACTIVITY 6 Write a program to obtain the coefficients of the derivative
given the coefficients of & polynamial (or use program DERIPOL).



of a program that uses Hewton's method ta find the roots of @ palynomial of
any degree. :

Uze your program for MEWTONZ) to find a root of the following polynomials,
Campare how many times the computer repeats the procedure to get the
dezired precision with Mewton's method and with the bisection method.

a) x3+3xZ+ 4x - 11
) 2 +xt+1.2x3 +0. 752 - g+ 2

Of course Mewton's method can be used with any function whose derivative
can be computed. YWrite a program (or use program Mewrton3) to find a zera of
f(x) = tan(x) - 2¥x |

Uzing Mewton's method with calculus students is a nice way to illustrate
- that computing can gain from mathematics, that learning more advanced
mathematics can guide us to find more effective methods. Mewtion's method
is much faster, because for small increments the linear approgimation to a-
_function can be pretty close to it. HMewton's method is also easy to
understand and to recall. '
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AF"F{GGRA'H ROGTS !

- 6O PRINT "R™, "Y(R)"
, ?0LETR‘:(A+B)/2

| PROGRAMS
PROGRAM RANDPOLYHOM

10 REM RANDPOLYNOM

20 REM GEMERATES COEFFICIENTS OF POLYNOMIAL AT F’ANDUH

30 REM  X"2+B¥+C=0 —IOO<BC<100 _

40 REM CHECKS WHETHER POLYNOMIAL 1S FACTORABLE OVER THE INTEGERS

6O LET A= |

JOFORN=1T0 100

80 LET B = INT (200 * RND{1)} - 100

Q0 LET.C = INT {200 * RHD{1)) - 100

100 LET D = B*B - 4*A*C -

110 IF D < O THEN PRINT &;" *;B;" ",C;” COMPLEX " ;:GOTO0 210

120 LET E = {-B + SQR(D))/2

30 LET F = {-B - SQR(D))/2

140 IF ABS {INT{E} - E) < 0. 000001 OR ABS{INT(E)+ 1 ~E} < 0. 000001 THEN
LET V1 =1

. 150 IF ABS (IMT(F) - F) < 0.000001 OR ABSUNT(F)+ 1 - F) < 0.000001 THEN

> LET V2=

160 LET ¥ = V1 *v2 ]

170 IF ¥ = 1 THEN LET M = M+ 1: PRINT A;" “:B:" ":C;" YES *
180 IF ¥ = O THEN PRINT & ;" *; B; " C,

190 LET ¥1 = 0

200 LET ¥2 =0 _
C210PRINTN;" ", M/7N

220 NEXT N
230 END

CloREMROOTST -

40| DEF FN Y(X) = X*X*Y + 3xY*X +4*x 11

SO INPUT " INTERVAL™; A, B

B0 FRINT R, FN ¥(R) -
90 IF ABS (FN ¥(R)) < 0.00000 1 THEN PRINT R : END
100 IFFNY(R)> OTHENLETB=R ... ...
110 IF FNY(R) < O THEN LET A = R

10 e S

v 20 REM BISECTIDN METHDD A <B. Y(A) < 0 Y{B) > 0_ e e




120 GO TO 70
PROGRAM ROOTSZ2

10 REM ROOTS2
20 REM BISECTION METHOD & <B Y{A)Y> 0 ,Y(B) <O
A0 DEF FN V() = -X*N*X + 3*N*X +4%Y -1

S50 [MPUT " INTERVAL™ A | B

60 PRINT "R", "Y{R)"

JOLETR=(A+B)/2

80 FRINT R, FM ¥(R)

90 IF ABS FM Y(R) < 0.000001 THEN END

100 IF FNY{R)<OTHENLET B =R

11O IFFNY(R)> O THENLET A =R

120 GO TO 70

PROGRAM ROOTS3

10 REM ROOTS3

20 REM BISECTION METHODLA < B Y(A) <O, Y(B) > 0
30 REM FOR POLYNOMIALS OF DEGREE UP TO FIVE
50 REM COEFFICIENTS

60 DIM C(6)

70FORM=1T06

80 PRINT "COEFFICIENT OF X * " ; M-1;

90 IHPUT C{M)

100 NEXT M

120 REM MAIN PROGRAM

130 DEF FN Y(%) = C{1) + C(2)%X + C(3I*H*K + C{AV*X*A*K +

 C{SYERERRNEY + C{B)EHFXEX XN %Y
140 INPUT “ INTERVAL™; A ,B.
150 PRINT "R, "Y(R)"
160 LETR=(A+B)/ 2
I7O0PRINTR,FNY(R) = =
180 IF ABS FN Y{R) < 0.000001 THEN END
190 IF FHY(R)> O THENLETB =R
200 IFFNY(R)COTHENLETA =R
210 GOTO 160 S

-~
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PROGRAM POLYNOMI

10 REM POLYNOMI

20 REM EYALUATE POLYNOMIAL OF DEGREE N AT & FOINT ¥
70 EIEM -X--i-**-.é-‘x-‘e****é*******-&*****

40 REM DATA QF POLYMOMIAL

50 INPUT "DEGREE: " N

60 IHPUT "% " ; X

70 DIM C(H+1)

GOFORJ =1 T0O N+1

90 [MPUT "COEFFICIENT: " C({J)

100 NE}!'T J

120 F'EH E”ALUATE

130 LET Y = C{N+1)

140 FOR J = N TQ 1 STEP -1
160 MEXT J

170 PRINT %, ¥

PROGRAM RDUTS# -

~

10 REM ROOTS4

20 REM BISECTIGN METHOD FOR A POLYNOMIAL OF ANY DEGREE
’go FJEi'vI EEFEE XX EEX AL P LR EI XXX EXRXEXR

40 REM DATA . |

50 INPUT "DEGREE: "; N

- &0 DIM C(N+1)

FOFORJ = 1 TO N+1

80 INPUT "COEFFICIENT: " C(J)

90. NE#T J

. ’00 F‘Elvi **********%********%********* -

 {{OREMMAINPROGRAM .

120 INPUT ~ INTSRVAL"; A , B

130 PRINT "R"; “Y(R)"

140 LETR=(A+B)/ 2

150 GOSUB 1000

160 IF ABS FN'Y{R) < 0.000001 THEN END
170 IFFNY(R)> O THEMLET B =R

180 IF FNY(R) < O THENLET A =R

.190 GG ""G }40

AN -




1000 REM SUBROUTINE TQ EYALUATE
1010 LET Y = C{M+1)
1020FORJ=NTO 1 STEP -1
TOZOLET Y=R* Y + C{J)

1040 NEXT J

1050 PRINT R, ¥

1060 RETURHM

FROGRAM MEWTOM 1

10 REM HEWTOM1

30 DEF FIN Y(X) = X®R*5 + 3%Y*E +4%Y - 1 |

40 DEF FN Z(%) = 3%X*X + 6% + 4

50 IMPUT "YOUR GUESS: ", R

60 FRINT "R™, "Y(R)™: PRINT

70 PRINT R, FN ¥(R)

80 IF ABS (FN Y¥{R) ) < 0.000001 THEM PRINT R : END
90 LET R = R - FN ¥{R)/ FN Z(R)

100 GOTQ 70

PROGRAM DERPOL

10 REM DERPOL

20 REM DERIVATIVE OF POLYMOMIAL OF ANY DEGREE
40 REM DATA OF POLYNOMIAL

50 INPUT "DEGREE: "; N

60 DIM C{N+1)

70F0RJ = 1 TON+1

80 PRINT COEFFICIENT OF X * " ; J-1;

90 INPUT C{J}

100 NEXT J

IO REM XEERXFXRXERRR AR RX XX XK XX

120 REM DERIVATIVE

130 PRINT "DERIVATIVE: *;
140 DIM B(N)

150 FORJ =1 TON

160 LET B{J) = J * C{d+1)
170 PRINT B(J) ; "*% * ~;

180 NEXT J

13




3050 RETURN —
PROGRAM NEWTON3

10 REM HEWTON3
20 REM FOR AMY FUNCTION WHOSE DERIVATIVE CAN BE DEFINED
40 REM MAIM PROGRAM

50 DEF FM Y(%) = TAN(Y) - 2%y

60 DEF FM Z{¥) = TAN(Y) * TAM(X) -1

70 IMPUT "YOUR GUESS: ", R~

§0 PRINT "R", "Y(R)"

Q0 PRINT R, FN Y{R)

100 IF ABS (FN Y(R) } < 0.000001 THEM PRINT R: END
120 LET R = R - FN Y(R)/ FM Z(R) |

130 GOTO 90 -




PROGRAM NEWTON2Z

10 REM NE'WTQON2
20 REM FOR A POLYNOMIAL OF ANY DEGREE
40 REM DATA OF POLYNOMIAL

50 IMPUT "DEGREE: ; N

60 DIM C(N+1)

7OFORJ = 1 TOM+1

&0 INPUT "COEFFICIENT: " C(J)

90 NEXT J

100 GOSUB 2000

120 REM MAIN PROGRAM

130 INPUT "YOUR GUESS: *, R

140 PRINT "R", "Y(R)"

150 GOSUB 1000

160 IF ABS(Y) < 0.000001 THEH PRINT R: END
170 GOSUB 3000 -
MOLETR=R-Y/7Z

190 GOTO 150 - J
1000 REM SUBROUTIME TO EVALUATE

1010 LET ¥ = C{N+1)

1020 FORJ =N TO 1 STEP -1

1030 LET Y =R * ¥ + C(J)

1040 NEXT J

1050 PRINT R, ¥

1060 RETURN
2000 REM SUBROUTINE FOR COEFFICIENTS OF DEPNATWE
2010 DIM B(N)

2020FORJ=1TON [

2030 LET B(JJ JXC{+1)
72040 HEXT J
2050 RETURN
3000 REM SUBRQUT INE TO EVALUATE DERIVATIVE
3010 LET Z = B{M)
Z020 FOR J =N-1T0O 1 STEP -1 o
030 LET 2 = R*Z+B(J) e
2040 NEXT J ' o :
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Uso de 1a computadora en la ensefianza de las matematicas
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Taxco, Gro. 21 de agoste de 1985

Introduccian

£l uso de la computadara puede modificar prafundamente la practica de la
-ensefianza de 1as mateméticas.

La computadara puede ser un medio para:

- lograr una ensefienza de las matematicas més balanceads

- gstablecer una conexién entre 1a teoria y la préctica

- lagrar 1a unificacion de 1as mateméticas puras y aplicadas.

Sin embarga, muchas veces el cambio no es en beneficio de los alumnos, ni
de las mataméticas; eino qua por el contrario, sucade que &l medio se
conviertie en un fin en si misma y el aprendizajs de la computacion
desplaza al de las mateméticas. Frecuentemente 10s cursos de computacian
son impsrtidos por los maestros de matematicas durante el tiempa
gsignado a dicha materia.

& pesar del enorme potencisl que ofrece esta herramienta, no es claro
camo Y de qué forms aprovecharia. Mo hay consenso acerca de cudl es 1a
rnanera de utilizar 1a computadora para lograr una mejor comprensidn de
los conceptos y gl dominio de las técnicas y habilidades matematicas. Hay
una cartidad de software comercial, con una gran veriedad de imbgenes y

sonidns pero con una gran pobreza conceptusl. Tambien hemos observado
qué poca se ha pnd do integrar el uso de 1a computadors en 1a ensefianza de
1gs diferentes materias. La ensefianza de 1a computacidn se hace sin

conexidn conlas-otras asignaturas. Sirembargo, eristen ejemplos aiglados

donde el uso de-la computadora se hace de maners integrada (ver Smith,
1984). En algunos casns existen complementos para-el 11bro de taxto
{ Barker | Ward, 1984).

Si bien es cierto que 1a presencia de 1a computadora es cada dis més
frecuente en las escuelas y universidades de nuestro pals, la merg
acoesibilidad a estas méquinas no garantiza su uso adecuado.

~
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inar cudles son los r'r«ru:.eptl.f:. funds m.mf les de las

deban ser ensefiados cuéle;: de éstos pusden ser
computsdors y de un miatara, Con 2] aoceso de
oz alumnos g 1o computadorg en un futuro cercana, es

{ambién necesario reexaminar el énfasis que g2 hace en la enzehanzs.
Habilidades a 185 que ze dedica mucha atencidn en el presents, seran
zuystituidas por otras. (Conference Board for the Mathematics]

Soiences, 1982 1084)

Por ejemplo, programar g computadors es ung coortunided magnifica para
dazarrollar el penssmiento s mar’f*rm,u, azi como pars aprender g plantear

y resolver problemss.

Ls preparacion de los nuevos mateméticos Yy profesores de matemst
tambien reflejar estos cambios. Hay que dar el tiempo y enfesis

nacessrios parg que sprendan camo usar s computsdara pat a s ensefistiza

] C

de las matamaticas.

,15%521"!..1-.1%1‘ la computadors es capaz de sharrarnos una cantided enormea de
trabajo. Es evidente que en los cursos de mateméth:az: s deba aprovechar

;*.'3 capacidad., Lﬂ s paguetes de estadisti | los de
soluciones numéricas che_e cuaciones diferenci
ste ez yno da ku usos mas importantes de la computadora, supque no se

:ji:z:s::z.xtirf n el prasenta trabajo.

A cantinuacidn darg ali
ytilized: j mrg de ﬁlg IN0S CUrsos

ppuni
]
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s
wa]
4]
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- o] alumno tiene un pepel activo;
- el alumno la dice g 1a méguing qué debe hacer, 1z utilizs como
nerr‘arf’n_arrta 0 le ensefis 3 hacar algo (ver T )

: concaptos m}portunte de 1z matems!
iten equipo muy sofisticada y cost é:n_;' o
glizarse e r:mdmmne': reales; . . e

"")

- ;:rrimercn:l 15 'zlumnos BSC tlp‘n- auz propins programag;
“ro e =rgeounda: 1o alumngs utﬂum un programa escrito por olros pars
‘ flustrar o explorar algun concepto;,

- tercero: uso de paquetes “intaligentes”,




| PROGRAMAS ESCRITOS POR LOS ALUMNOS

A?;HrnLJlﬂ“ stigadores han encontrado porslelismos entre o] tipo de

censamisnto que se raquiere para eactibir, probaer, corregir y refinar w

programa y varios sspectos dzl pensamiento materndtico. Hatfield | r4az'

rmenciong 1oz siguientas como glgunos procesos dei penzamiento

matemstico g! 2 g pueden beneficiar por programar une compuiadors:
analizar

snﬂphflcnr

particu]arizar

generaliz

3uuhflcar

conjeturar

estructurar

(=

o

fumnos pueden escribir programas sencillos g no muy largos que
Plustren glgunos conceptos claves e} s cursos. Bl tener que explicar a lg
carnputadors con precisidn cémo utilizar el concepto, es una de las
mejores formas de lograr en el alumt xiun:fvezurr"vﬂgrﬁnﬁlon Pequahios
pued&nllts rar grandes ideas. E}“1qu14n*ﬁ"waqrﬁra_g afica

a5 # través del origen {ls computadora Sinclair coloca el ari)
de coordenadas en 1a nartednferior izouierds de 1a psntall Ik R

"11/"’ l"i ainas
(R Rt

ot

co

-

S IMPUT © pendienta " ; A
OFOR X =0T0 255

LET Y =A*¥
DPLOT ¥, ¥

oz slumnos con este programe estan trabajando con las idess
rundur“rrtal g5 de 1o geometria analitica, que son ls de a3 UL]GY’BUHTU: Bfl e?-—w~~¢»-
plsno con parejss n dEﬂﬁdﬁg de nimeros, la de hacer ¢ nrre:pondpr'cur ag LT

g el plano a ecuaciones de dos "armme': ademdas, en este caso se

familiarizan tammen,cen gl concepto de pendients de una recta, e

S2 dan ejemplos pare valores de g pendiente de 0,05, 1, 2, 4. -




Frogramas pars calcule.

Farg escribir un programs gue gratigue con 2l origen en el centro de 1s
nantails, o para cambiar de esLaIa, los slumnos tendrén que entznder 1
transformaciones tales con trr:-s:lax:mnas yhomotecias, B prsr'1r4.,
GRAFICAS 1 (ver apéndice) traze 1a grafica de la funcidn y

silo madificer un renglin (g] 3%1.}}:-.-. puede estudi

de funciones. Ademds pars cada funcidn se pueds ver e

araficaria con di tmtac.
.

b
h

')

£l método drf incrementos juens un papel funaarrmnfu] para com m'enﬁpr,el
concepio de derivads. EY siguiente prograsma calouls 1a pendientes de
antes & uhg curya, para intervalos cgda vez mas peguehios.
10 DEF FH ‘RE?:,' = BN
20 IMPUT " punto inicial " ; X
300 IMPUT " incrementa ™; H
4D FORMN=1TOH S
50 LET S ={ FH Y{H+H) - FN S‘L,‘ZI H e
En" P H*'T H .

U HE.".T N

Un alumno que escriba este programe tendrd que pres tar atencidn
]

—cutdadoss gl cociante de-
- orogratna.

r
gz diferencias para el rengldnclave del

r_r_u

a-dan dcrr eijp g3 de resyltsdes de_ gata frograma, an -b.
W= 3, conun incremento positive en un caso u u.m

 0§a un '-'u1 ie

[N
D
i




Derivacidn numeérics

la funcidn dada por el cociente de los incremantos
fix+h) - fix)

H = A
S0 IHRUT " i " H

50 FOR ¥=-3.125T0 3.25 STEP 0125
G LET ¥ = FH ¥ix)

70 GEOSUE 200

30 LET Y = (P YH+H) - FN Y(X) ) / H
ElE GOSUE 200

100 MNEAT ¥

110 5TOR .
200 REM subruting para graficar #%%
200

La- “ubrutmac 1:mr' granrar I para 1os ejes son
prm;;wma b‘:‘ AFICAS 1 {ver apendice )

™)
paad
—
[ l'l
—
o
Z"..
.....
—
lIl
..l:l
=
o
—
i Cl
(N
(i
—

Se anexan ejemplos para 1as funciones f(s) = »° 4 pars f{x) = senly)

ejemplos de programas gue 1og alumnos pueden escribira para
c:a‘n::u]-a cef Srnith, 1984; Sagan, 1934, Flores-Pefiafiel, 1 954)

=tz programe grafica une funcion fix) y 1s aproximacion o la derivada de

REM ##% sybruting pars g jes-#%. e
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2g LEY DE KEPLER

BEM KEPLERLEYZ
3 PHU AT 3,0 ; "SIMULACION DE UN COMETA DE PERICDD 172 afins,
CENT RIEIDAD 0.7, POSICIGMES CADA 3 MESES”
15 LET g = 14:REM semieje maycr
20LET e = .7 : REM excentricidad
S0 LET pp = 1986 : REM paso por prihelio
40 LET ti = 1960 : BEM tiempo inicial {afio)
50 LET ma = 30 : REM movirniento anual {gredos por aho)
60 LET u = 48 : REM niimero de datos
70 LET it = 0.25: REM intervalo de tiempa {afios)
8O DI k{u+ 10 DI Wu+ 1) DI r{u+ 1)
S0 DIM »lur1) : DIM ylu+ 1}
100 LET g=8* (1- g}
TI0LET b=g * SOR {1 - g*e)
{20 LET rad = P1 / 180
150 LET teta =

-— il

150 FO0RNn=1TOU

160. .. LET tetac=ma * {(ti+{n-1) *it-pp)*rad

170 LET dif = tetac~ (teta - 2 * SiN tela ) 2
180 LET tefa = tete + dif / { 1- e * COS tst’ﬁ}

1890 {F ABS (dif)» 0001 THEM GO TO 170

2090 REPM *#** conyierte polares a cariesianas *#%#%
210 LET #(r} = & * {COS tets - &) |

220 ~LET yiny = b-* SIN teta

250 MEET n

240 Rol] #¥#%¥3%% garalg para lg pentallg ¥x#axEumssex
250 F0Rn=1TOu :
L2260 LETk(n) =30 - g +'x{n)
o PTOLET Hny= 10+ g(n) o
“*ZGOLETfm) cmea%n)*»m>+gm)*g0»;
_ QC-‘ CLS o L e
300 PLAOT 210 88 DEAW 4 O PLUT 212 85 : DRAW 0,4 : REM sl
205 PAUSE 60 | e
- 710 REH FHERRELEGR grahca cometa **ae-y--:e,f-fef-,e EERREE, .
SZOFORNn=1TOuU -
330 PLAT 8 *kin), 8% (21 - 1ny)
340 DRAW -1,0 : DRAW 0,-1: DRAW 1,0 : DRAW 0,1 e
350 1F rin) < 8 THEH DRAW (kin) =212/8)*8/rin) , {10-1{nn*6¥

s




330 CLS
300 PLOT 210, 68 : DRAW 4,0 : PLOT 212, 66 : DRAW 0,4
405LET ki{u+1) = ki1)

410 LET Hu+1) = 1{1)

420FO0Rn=1T0OuU

430 PLAOT 8 * kin), 8%(21-1in))

440 DRAW 8%ki{n+1) = 8 * kin), 8*{21-1n+1))-8%{21-1{n))
450 PAUSE 5

50 MEXT n

470 STGP

480 FORN=1TOUSTEP 2

450 PLOT 8 * kin), 8*(21-1{(n))

SO0 DRAW 212- 8 * kin), 88-8%{21-1(n})

210 PAUSE 25

DZ0MEET n

530 REM KEDLERLEYS ¥## 5% 858850 %% 5555 % %%

—




