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USING CCWlPUTERS TO TEACH BETTER t·JATHEt·JATICS 
Alfinio Flores 

Centro de I nvesti gaci 6n en t·Jatema ti cas, Guano j uat.o, t·lE~~ I CO 
64th Annua 1 t·Jeet i ng NCTM, V>/a:;;hi ngton, April 1986 

A ttalanced school curriculum has long been advocated by leading 
rnMhernaticians. E. H. t-·Joore stated that "the fundamental problem is thEJt of 
tbe unification of pure and Elpplied mathematics" (1"-Joore, 1926 p. 45). Felix 
Klein '\'\'Tote one of the volumes of his famous lectures for secondary 
teachers on the mathematics of precision and appro xi mati on (Klein, 1928). 
Ho··.-vever, the present high school mathematics lacks completely this 
approBch or any blending ttehveen the pure and the applied rnEJthematics. The 
u::;e of tile computer cen help to offer a rnore balanced curriculum. Examples 
drav·m from the realm of e~lgebre will be given to illustre~te ho\'\' teachers 
cen take e~dvantege of the computer to teach better mEJthematics. 

One of the goa 1 s of me~themat i cs teact1i ng should be the1t students learn 
_ prob 1 em so 1 vi ng methods and ski 11 s that are powerful and can be used in a 

wieJ,e range of problems. · 

Finding roots of polynomials by factoring is a method w1de1y taught, 
textbooks devote much space to it and classr-oom teachers a lot of time. 
Usi:::kin ( 1980! lfsts factoring of pol ynomie~ls e~s one of the topics that 
should not be in the rnathemf1tics curriculum. This is e~n instance of B 

method that Blmost never works, except for the e>~ernples of the textbook. 
,, Very feY'/ of the polynomials that appear in applications are easily 

./ factorable. Henry Pollak says the~t, in his long e_xperience of seeing 
. applications of mathematics to the design of real electrical circuits, he 

never carne across a polynomie~l the~t could be factored over the integers. An 
interesting e~ctivity, is to_ re~ndomly generate integers as coefficients of 
polynomiols Bnd check whether the resulting polyhornial is fe~ctorable over 
the integers. Run prorgram RANDPOL VNOf"l for polynomials of the type . -------·-. 

-x2 + bx + c, ¥/here b Bnd c are random integers between -100 and 1 oo. The __ _ 
progran11ists the coefficients ofthepolyr1omial and -tells if it is fe~ctorable. 
Vou will be surprised how few of the resulting polynomials are indeed 
factorable. 

Instead of using factoring, one can find roots of a polynomial with methods 
that illustre~te po\·verful problem solving techniques, such as successive 
appro~dmations. .. -------- --
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Tr·1e str-ategy can be de:3cribed in four steps: 

GUESS 
CHECK VlHETHER VOUR GUESS IS GOOD ENOUGH 
GET A BETTER APPRO::Of"'1ATION FRot·1 THE PREVIOUS ONE 
F:EPEAT THE PROCE:;s ( FRot·1 STEP TV·/0 ON) 
The use of computers is particulerly well suited for· this strategy. They are 
fast, and it is s.o easy to tell them to repeat the same procedure agclin and 
again. 
V·le will discuss t'·No of ~;uch rnethods. 

Bisection method (divide and conquer) 

For a polynomial p (in feet for any continuous function) if a end b are 
nurntrer·s such tbat p(a) < 0 and p(b) > 0, then there is a valuer bebveen a 
anrj b such that p(r) = 0. The number r is celled a root of tbe polynomial. 

-------- Y=f(x) 

---,..--
r( 

--------------~------------------~~x. 
8 ____ ..... _ 

---------- b 

The nurnber2. n and b are our first gUesses to determine an i nter-va 1 vvhere 
the root is located. To get a closer value for r, ¥/e can find tr1e midpoint of 
the inter-val and evaluete the polynomial there. If the polynomial is zero, we 
ha\·'8 a- root.· If not, we are closer to the solution, because we have the se:rne 
situation as we started but with an interval of half the length. Y./e can use 
that 1'"1a1f of the interval where U1e funcUon changes sign, and repeat the 
procedure. In the case of the 8)<arnple we would take the right t1elL By . . 

getting srnetll er- and srna 11 er i nter-va 1 s we can get the ve 1 ue of the root with ~-. 
, :any degree of p(etfSfcJ"n: :- ·· · 

y=f(x)---·· a+b -- ----~ 

2, ~-, 
_.;_:;__· -+1--~----J-'--/---r,L_,__ ___ -+1----·-· ·---_· -·-· ·-···-·-7) X 

-~------~-----....... b 
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ACT 1 V lTV 1 V-I rite o cornputer program (or use program RDDT~; 1) to 
oppro~)i rnote the roots of 

using the bisection rnethod. F:un the program and get a valuer 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 desired appro:d rnati on? 
Suppose tr1at now you want more precision, p(r) in at,solute value le:::s than 
0.0000001. How many more times was the procedure repeated? 

The program can be easily modified for the case that a < b and p(a) > 0 
and p(b) < 0. ct"1ange your program (or run ROOTS2) to get a root of 

Activity 2 lvJodi fy your program (or use F:OOTS3) so that you can 
apprmdmate the roots of any polynomial of degree 5 or less. 
Approximate the roots of these polynomials. 

~ 

e) x5 + 2x4 - 4x3 - 2x2 + x + 3 

Our ne;-~t gael is to \·vrite a pr-ogram to evaluate a polynomial of any ,jegr-ee 
given it::: coefficients, at e ct·Iosen value x. 
'w't"n?.never- po:::sible it i::: t1etter to use multiplication instead of e;~:ponents 

. . ! 
.. ,. because H is more precise. t1oreover, some computers do not accept 

negative values of x w11en computing x3 . For 11igher order polynomials it is 
too cumbersome to write x*x*~<*x*x*x*x + ... 
Fortunately u·1ere is a way to compute a po~ynomial without having to 
rnultiply so many times. For example. instead of computing 

. - - . . - --- -- -

6*X*X*X*X + 5*X*X*X* + 4*~<*X + 3*X + 2 

(9 multiplications and 4 sums), we can tell U1e computet- to compute 

2 + X*(3+X*(4+X*(5+~<*6))) 

(4 rnultiplicetion::: and 4 surns). 

3 
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In genere!l, by calculating 

"" +'(*{a +'>!*{,.. +"*( ))) uO '' ' 1 " '· '..J2 ,., .. , J 

the nur·nber of rnultiplications grm·vs liken, the degr·ee of the pol!jnornial. 
li'/itb u·,e u::;uel rnethod the number of multiplications grm·vs like n2 /2. 
Tt·!is \·vay of factoring a polynotrlial is seldom taught in bigh scbool. 
ACT I'../ IT'-1 3 V·lrite a cor·nputer pr·ogr·am using this rnethod to evaluate a 
pol!dnomial given its coefficients, at any value x. (Or use progn:m1 
PIJLVNot-11 ). 

ACT I 'v' lTV 4 lncat·porate the program of activity 3 as a subr-outine of tt"ie 
program to apro;<i rnate roots of po 1 ynot~ni al s (or use progr·arr1 RIJIJTS4) 

Find at least one root of each of the follov·ting polynomials: 

...:b) . x5 - 0.2x4 - 0.4:.:3 - 2x2 + x + 3_ 14159 

.. -

Tbe· bisection rneUwd to obtain roots of polynomials t1as several irnportant 
characteristics. It is en iterative proce,jure ·where our apprm<irnations get 
closer and closer to H1e desir-ed va~lue. We can qet the deqr-ee of precision 
. . ~ ~ 

·vvanted by repeating the pr-ocedure erwu!~h tirnes. This rnethod uses 
inwor-tEmt ideas of mathematics (the u·,eorem of interrne,jiate value and the 
concept o"f nested iult:t·vals). The method is eesy to understand and easy to 
rer·nernber. It is a nice vvay to teach educated guessing. It e><ernplifies a 
pm·verful idea; narnely, guess and have a ·vvay so that your next guess is e 

· better one. 

One i rnportemt espect of.- computing is that- usua 11 y -there ~are .se-veral- -
pr-ocedures to solve·a-~H~obiem, and some of U1em ewe rncire efficient, f~ster 

. or pr~eci se . thao.oJr)~~,csc .. -:-J1ost peop 1 e ere..i rnpressed by: .. r1ow rnuch faster 
cornputers ar-e nO\yj_h_tjrJ 40 years ago. HO\·vever, there has ... be.en _an even ~--
greeter progress in the nurneri cal pr-ocedures. In the sar·ne span of ti rne 
where cor·nputer-s evolved to be faster by a factor of 105 , in sor·ne fields the 

- a 1 qori tJ1trli c proce,j1Jf-ijs-v1;iere rila,je faster bq a factor- of 1 010 (BoQg- :3, T9i31 ). · 
~ - ~ 

\·1/e \·\'ill discuss another-method to appro~<irnate roots of polynornials. 

-· '.• 
! 
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4 
'----------------~~-~-- --~---

---- - -- ---~ --. ___ _. 



THE NE'dTON t"lETHOD 

The e:::sence of this method can be illustrated geometrically. If x
1 

is a 
fairl!d good approxirnation to a root, tl"len the tan~;Jent to the curve at 
{:< 1 ,p(x1)) lflill rneet the hor-izontal a)<is at a much closer apprm<irnation. 

y=f(x) 

The slope of the tangent is given by the derivaUve of the function, p"(x}. 
The equation of the tangent 1s J 

Tt1us tt1e nev·t appro:~imation is 

Repeating the procedure we can get better and better epproxi rneti ons. 

ACTIVITY 5 Y.lrite a program to get a root of 'if + 3x2 + 4x - 11 using 
Nev·tton~s--rnethod (or u::;e program NE'dTON 1 }.--- ···· -- --

Df cour::;e the computer can be readily instructed to autornatically evaluate 
the ,jeri veti ve of e po 1 ynorni e 1. 

~ -- ~ - . -

ACTIVITY 6 WrHe a program to otrtain the coefficients of the derivative 
given the coefficients of a polynomial (or use program DERIPOL). 

--·-- ·--

ACTiVIT-V-1--incorport~te u·re pr-ograrn of the previous activity as a subr-outine 
-. .. • .... 0 • , 

I 
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of a program that uses Ne\·vton's method to find tt·Je roots of a po 1 ~nomi a 1 of 
any degree_ 
U::;e your program (or- NEViTDN2) to find a root of the f o 11 owing po 1 ~norni a 1 s_ 
Cor·npewe l1ow man~ t i rnes the computer repeats the procedure to get the 
desired precision \"tith Newton's method and \·vith the td section method_ 

Of course Ne\·vton's method cr:m be used ·with any function ·· .. vhose derivative 
can be computed. lt·/rite a program (or use program Nev'fton3) to find a zero of 
f(;:<) = tan(x) - 2*x 

Using Nevdon·s method Y·tith calculus students .is a nice ··,·vay to illustrate 
that conwuting can gain from mathematics, that learning more advanced 
mathematics can guide us to find more effecti· ... ·e methods. Ne·wton's method 
is much faster, because for small increments the linear appro~·dmation to a 

._function can be pretty close to it. Ne\·vton's. method is also easy to 
unaerstand and to recall. 

. . . . .. "···--··- --...,...--~ - ··-- .. ·-- -······· 

.----- -· 
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PROGRAf1 RANDPOL 1/NOM 

1 0 REtvl RANDPOL VNot1 
20 REI"! GENERATES COEFFICIENTS OF POL VNm·tJAL AT RANDOM 
30 REM X'"2+BX+C=0 -100 < B,C < 100 
40 REM CHECKS WHETHER POLVNotyliAL IS FACTORABLE OVER THE INTEGERS 
50 REJ·t **************** **** ** ** ** ** * * * **** * *** ******* * * * * ** 
60 LET A= 1 
70 FOR N = 1 TO 100 
80 LET B =!NT (200 * RND(1))- 100 
90 LET_C =!NT (200 * F-~NDCl))- 100 
1 00 LET D = B*B - 4* A *C · 
110 IF D < 0 THEN PRINT A;· u;B;" ";C;" COMPLEX ";: GOTO 210 
120 LET E = (-B + SQR(D))/2 
130 LET F = ( -8 - SQR(D))/2 
140 IF ABS (INT(E)- E)< 0.000001 OR ABS(INT(E)+ 1 -E)< 0.000001 THEN 

LET V 1 = 1 
-· 1.50 IF ABS (INT(F)- F)< 0.000001 OR ABS(INT(F)+ 1 -F)< 0.000001 THEN 

~ LET V2 = 1 
160 LET V = V 1 *V2 
170 IF V = 1 THEN LET M = t1+ 1: PRINT A;" ";B;" ";C;" YES ", 
180 IF V = 0 THEN PRINT A; .. "; B; """; C, 
190 LET Y 1 = 0 

· 200 LET V2 = 0 
2 1 0 P R I NT N;" . "; M I N 
220 NEXT N 
230 END 

PROGRAM ROOTS 1 

10 REt1 ROOTS 1 
~0 REM B_!SECTLDN _1"1ETHODA <_ B_,Y(At< _ _o __ , __ Y(BL>_O 
30 REM *************************~-~-~~~~*** 
40 DEF FN YO{) -;-X* X* X + 3*X*X +4*X -11 
50 INPUT. INTERVAL·; A I B 

·· -- ~-60PRINT "R", "Y(R)" 
. 70 LET R =(A+ B) /2 

80 PRINT R I FN Y(R) 
90 IF ABS (FN V(R)) < 0.000001 THEN PRINT R :END 
·t 00 IF FN Y(R) > 0 THEN LET B = R . 
1 1 0 IF F N V ( R ); < 0 THEN LET A = R ... ·---~· .... , ... -

- _ _LQ ------------------- -·-
-··---------· ~-· ----------------·---

---~- -~--- ------------ -----------------------------------------------·--------------- ---·---- -



120 GO TO 70 

PROGRAtyl ROOTS2 

l 0 REf1 ROOTS2 
20 REtvJ BISECTION fylETHOD A < 8 ,V(A) > 0 , V(B) < 0 
30 REI1 *********************~*********** 
40 DEF FN V(X) = -X*X*X + 3*X*X +4*X -11 
50 INPUT " INTERVAL"; A, B 
60 PRINT "R" I "V(R)" 
70 LET R = (A + B) I 2 
80 PHINT R I FN V(R) 
90 IF ABS FN V(R) < 0.000001 THEN END 
100 IF FN V(R) < 0 THEN LET B = R 
11 0 IF FN V{R) > 0 THEN LET A = R 
120 GO TO 70 

PROGRAM ROOTfi3 

f'O REM ROOTS3 
20 REf"'l BISECTION t1ETHOD_A < 8 ;Y(A) < 0 I V(B) > 0 
30 REt1 FOR POLVNotvliALS OF DEGREE UP TO FIVE 
40 REM ********************************** 
50 REt1 COEFFICIENTS 
60 D I 1"1 C(6) 
70 FOR M = 1 TO 6 
80 PRINT "COEFFICIENT OF X "'" ; t1-l; 
90 INPUT C(t1) 
100 NEXT M 
11 0 REI"l ****************~-~******** 
120 REM t'"lAIN PROGRAM 
.130 DEF FN V(X) = C( 1) + C(2)*X + C{3)*X*X + C( 4)*X*X*X + 

C(5)*X*X*X*X + C(6)~X*X~X~X11:'X 
140 INPUT .. INTERVAL·; A I B 
150 PRINT "R" 1 "V(R)" 
1 6 0 LET R = (A + B) I 2 
170 PRINT R I FN V(R) 
180 IF ABS FN V(R) < 0.00000 1 THEN END 
190 IF FN V(R) > 0 THEN LET 8 = R 
200 IF FN V(R) < 0 THEN LET A = R 
210 GOTO 160 

. i -· --··--~-----'----1- -
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PROCJRAt·l POL Y'NOt·lt 

I 0 REf1 POL VN0~11 
20 REf1 EVALUATE POL VNot11AL OF DEGREE N AT A POINT X 
30 F:EJ"l ************************* 
40 REM DATA OF POL VNOI"II AL 
50 INPUT "DEGREE: "; N 
6 0 I N PUT "X " ; X 
70 DIM C(N+ 1) 
80 FOR J = 1 TO N+ 1 
90 INPUT "COEFFICIENT:" C(J) 
100 ND:T J 
110 RH'I *****'******************* 
120 REt·! EVALUATE 
130 LET Y = C(N+ 1) 
140 FOR ,.J = N TO 1 STEP -1 
150 LET Y = X * V + C(J) 
160 NEXT J 

-· 17 0 p R I NT X I y 

. 10 REr1 ROOTS4 
20 REf1 BISECTION I"'ETHOD FOR A POL YNOf·11AL OF ANV DEGREE 

30 REi1 ******'*********************** 
40RH'1 DATA . 
50 INPUT "DEGRC:E: M; N 
60D If·! C(N+ 1) 

70 FOR ._1 = 1 TO ~~+ 1 
SOINFUT,'~.COEFFICIENT: .. C(J) . 
90_NEXTJ ..... 

-~ ... • '-..' : ,, < 

· .. 1 00 REt·l ***-***"*~********************* ·-
110 REI"! t1ALN.P20GRAM . .. . .. ···- ... :.-;;·:.- . . 

120 INf?l)L~JNT~RVAL"; A I 8 
130 PRINT "R"~ ~·v(R)" 
140 LET R = (A + B) I 2 
150.GOSUB-·1000 
160 IF ASS FN. ~\R) < 0.00000 1 THEN END 
170 IF FNV-(R) > 0 THEN LET 6 = R 
I 8 0 I F F N Y ( R) < 0 THEN LET A = R 

·----- ····- ·-· .. 

. l90GOJO-J40 
200 REt;i ****** ******************** 

····-·12 ·-···-· -------·-·-·-· .... 



1000 REr·l SUBROUTINE TO EVALUATE 
1 0 1 0 LET Y = C(N+ 1) 
1 0 2 0 FOR J = N T 0 1 STEP -1 
1030 LET Y = R * Y + C(J) 
1040 NEXT J 
1 0 50 PRINT R I y 
1060 RETURN 

PROGRAt1 NE\>~/TON 1 

1 0 REfvl NEWTON 1 
20 REf·l *************************** 
30 DEF FN Y(X) = X*X*X + 3*X*X +4*X -11 
40 DEF FN ZOO = 3*X*X + 6*X + 4 
50 INPUT "YOUR GUESS: ", R 
60 PRINT "R" I "Y(Rt: PRINT 
70 PRINT R I FN V(R) 
80 IF ABS (FN Y(R)) < 0.00000 l THEN PRINT R: END 
90 LET R = R - FN Y(R)/ FN Z(R) 
l-00 GOTO 70 

PROGRAM DERPOL 

1 0 REt·! DERPOL 
20 REt-1 DERIVATIVE OF POLVNot11AL OF ANY DEGREE 
30 REt1 ****.,.,***.**********************.,.,*** 
40 REf1 DATA OF POL VNOMIAL 
50 INPUT "DEGREE:"; N 
60 DIM C(N+ 1) 
70 FOR J = 1 TO N+ 1 
so PRINT COEFFICIENT OF X .. H; J-1; 
90 INPUT C(J) 
100 NEXT J 

----- -ll 0 REf1 ********************** 
- 120 REM DERIVATIVE 

130 PRINT "DERIVATIVE:"; 
140 Dlt-1 B(N) 
150 FOR J = 1 TO N 
160 LET B(J) = J * C(J+ 1) 
170 PRINT B(J) ; "*X ... "; J 
180 NE:~T J 

13 
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3050 RETURN 

PRCIGRAI1 NE'I"ITON3 

10 REt-1 NE\n/TON3 
20 REfv1 FOR ANI? FUNCTION WHOSE DERIVATIVE CAN BE DEFINED 
30 REfyl ***********;****************** 
40 F:H-1 fv1AlN PROGRAM 
50 DEF FN Y(X) = T ANOO - 2*X 
60 DEF FN Z(X) = T ANOO * T AN(X) -1 
70 INPUT "YOUR GUESS:", R 
60 PRINT "R", "Y(R)" 
90 PRINT R, FN Y(R) 
100 IF ABS (FN Y'(R)) < 0.000001 THEN PRINT R: END 
120 LET R = R - FN Y(R)/ FN. Z(R) 
130 GOTO 90 · 

15 
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PROGRAt·t NEWTON2 

1 0 REf"l NE'·t/TON2 
20 REf·t FOR A POL VNOMIAL OF ANY DEGREE 
30 REM****************************** 
40 REf1 DATA OF POL VNOMIAL 
50 INPUT "DEGREE: "; N 
60 Dif·t C(N+ 1) 
70 FOR J = I TO N+ I 
80 INPUT "COEFFICIENT: u C(J) 
90 NEXT J 
1 00 GDSUB 2000 
110 REr·-1 ***************************** 
120 REi1 t·1AJN PROGRAt1 
130 INPUT "VOUR GUESS: .. 1 R 
140 PRINT "R" I "V(R)" 
150 GOSUB 1 000 
160 IF ABS(V) < 0.00000 I THEN PRINT R: END 
170 GOSUB 3000 
rso LET R = R- VI Z 
190 GOTO 150 
200 REt·l ***************************** 
1000 REf·! SUBROUTINE TO EVALUATE 
10 10 LET V = C(N+ 1) 
1 020 FOR J = N TO 1 STEP -1 
1 030 LET V = R * V + C(J) 
I 040 NEXT J 
1 0 50 pRINT R I v 
1060 RETURN 
I 070 REM ****************************** 
2000 REM. SUBROUTINE FOR COEFFICIENTS OF DERIVATIVE 
20 I 0 Dlf"l B(N) 
2020 FOR J = 1 TON 

_____ ?030_LET _B(J) _= J*C(J+ 1) . 
2040 NEXT J 
2050 RETURN 

-2060 REM-****************************** --
3000 REf1 SUBROUTINE TO EVALUATE DERIVATIVE 
30 I 0 LET Z = B(N) 
3020 FOR ._1 = N-1 TO 1 STEP -1 
3030 LET Z = R*Z+B(J) 
3040 NEXT J 

14 
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Uso de la computadora en la ensefianza de las matematicas 

lntroduccion 

Alfinio Flores Peneflel 
Centro de lnvestigaci6n en Matematicas 

4 ° Coloquio de t1atematicas 
Taxco, Gro. 21 de agosto de 1935 

El u~;o de Ia computadora puede modificar profundamente Ja practica de la 
·ensefianza de las matematicas. 
La computa,jora puede ser un media para: 
- iograr una enset1enza de las matematicas mas oalanceada 
- establecer una conex16n entre Ja teorfa y la practica 
- Jograr la unif1caci6n de las matematlcas puras y aplicadas. 

Sin embargo, muct·,as veces el camb1o noes en beneficia de los alumnos, n1 
·.de las matematicas; sino que par el contrario, sucede que el media se 
"\> 

convierte en un fin en sf mismo y el aprendizaje de la computaci6n 
desplaza al de las matem&ticas. Frecuentemente los cursos cle computaci6n 
son impartidos por los maestros. de matematicas durante el Uempo 
asi gnado a di ct1a materia. 

A pesar del enorn1e potenci~il que ofrece esta herramienta, noes clara 
cdrno y de que forma aprovecharla. No hay consenso acerca de cu&I es Ia 
rnanera de utilizar 1a computadora paralograr una mejor comprens16n de 
los c:onceptos y el dominio de las tecnicas y habllidades matematicas. Hay 
una centidad de softvrare cornercial, con una gran variedad de imagenes y 
sonidos pero con una gran pobreza conceptuaL Tambien hemos observado 
que poco se ha podido integrar el usa de la computa-dora-en 18 ense_n_a-nza-de
las diferentes'materias. La ensefianza de la computacion se hace sin 
conexi on conlas-otras asignaturas.-sirrembargo, exfsten ejempTos aislados · 
,jon de e1 uso de ltJ cornputadora se hace de manerc~ integrada (ver Smith, ---
1964). En algunos casos existen complernentos para el libra de texto 
( BtJrker y ¥(a_rp_, ]964). 

Si bien es cierto que la presencia de la computadora es cada ,jfa mas 
frecuente en las escuelas y univers1dades de nuestro pafs, 1a mera 
acc:esibilidad ___ a estas rt1aqufhas no garantfza su uso adecuado. 



E::: nece:::en-i o deterrni nr:Jt- cu61 e::: son 1 o::; concepto::; fundamente l es rje 1 as 
rn;:Jt.er·n;§ti c;:J:::_, cu;§ 1 es de ben ser en:::ei1ados .. cu61 es de esters pueden :::er 
rr1e _i or- trBtodo::; con 1 o cornputarjon:r !d de que rnanere. Con e 1 occe:::o rje 

pnJC:ti ceme.nte todos 1 o:3 a 1 urnnos a 1 a cenwut;:Jdora en un futuro cerc;::mo .. es 
t;::JrntdE!n necesario ree~-;arninar el enfasi:3 que ::;e l"!i:JCe en la en:::efianza. 
He;tlilidades a las que :::e rjedica rnucba •:Jtenci6n en el pr_esent:3_. :::en3n 
::;u::;t itui da:3 pot- otn:J::;. (Conf ere nee E!oerd for- the t·'1ethernet i cal 
J-·-.l·er··c·P.""' 1 nr!•'J, 1 o·-·4· ··, .:.r_._ •.. ;I·-··=·, :::'0..::. .• -··0 I 

C•,-, t- c l. c .... r· rr'l rl rrt-r (1 r-:=. r·r,~ r- 1"" ,-...... t"(' 0 I' t -:-.rl r· r-:=. F! ,-. I' n"" r,r,,-,r-t IJ rrJ' d.:, d rt1,::, n '1·1· fi C"" r ""r"' I 1., 1 ~-· .. ,'-·~ li-' I..,:J fo' J.::l I.J (] ,u _.._!, 1 , .-t :,_~._,_! 1 l.J _ •. :: .ol.,U ·-:- _, ._.., , L.:. ,U:jl f.(] t--II...J IJ 

~je::;;.:JtTollar e1 pen::;omiento ellgodtrnico .. a:::f corno pera eprender a p1cmte;]t
~d re:::ol'·/er problemas. 

L ... rrr·-,-,rl·=-t-"" ··i U~ '"I. rj.:. ·]r-1,.... t~· 'F!' 'rr·-· m""t ut-,1 ~t 1. ('l-,,.... Ill r,t-crf' ,-,,...,-t-o·-· d.:. , .. ,,.,t er 1~+ 1' r·-=-r· !.J }'- Cr!.J I..Jl_.., I r_o -·=' 1'.-l-·t( _ .. ::~I I..J._~_.. I J_; •• _1.:1 :j t"' _ l C.:, _I ~_..:• ~ 1r I..J ... r i.Jr ... ._,IJ.:r 

dt:t!e. ~.i::tr;.tde.n reflejar esto::: Ci:Jrntrio::;. H5~ que rj;:n- e1 tiempo y enfcr3i:3 
nec:esarios para que aprendan como usar la cornputarjora para lB enser1c:nza 
rje ];:J::; r·n;:JternatiC;j::;_ 

}, , •. ,··1·.-,j· r-•·r~.-1 ] <=< r:•-!mJ,...'Ijf orJnr<> r.r. ~"'""ft:=."" fie. '=lh.-:r•-•-A•-t·Jr,.-. "t·,-:. .-.Af"Jf 1·1-i.:.,j ,- nct-fYlO do 
T • .:: • : : .::1 J t_ ,1 I u -· =- J . p .. ·- u ;_,,_It iJ c: .:: '-· t_j r-' u L ._J c; l-i I 1_ i ! !N i ,_, ·=· .... i u I,.,. I-.~ ..... ...J u! i::! I I I'-· ._. 

tratreio. Es evi,jente oue en los ctn-sos de rneternatica::; se rjet1e ;:mrovechar 
.,• I • I 

- ,-. + .- -. -::.'" ·=t -. • -! .- ' L ,-. '"" 't . ,-. j - - ,-. t_"" rj .· ,-. t_ . 1 ,... '0 ~] "' • t -.- .. · ,-, ·-] 1 - .-. "'.--· e.:.t.•J l_.ui-r,_,r_.10•:J!J. (1.:. ~~·.JCJU8~8-::s I 1:! e.:. u. 1-=· 1C!J, 0.:. 0\.- u UE! rt lj lltlcd • '-'·=· l.J8 
. - . 

s,)J uci one:3 numeri cas_ _cje ecuaci ones _rjiJerenci ales son e j emp l o::: cl ;:Jros. 
Este es uno 1je los usos rr!i3S. irnportantes de li3 cornputadora .. eur,que nose 
;ji::;c:utin3 en el pr-esente tratr;:Jjo. 

A continuaci6n dan?. i3lgunos ejemp1os de como la computadm-a puede ser 
utilizEida tjentrorje alguno::; curso::; de rnatematices_, tratando que c:urnplan-

1 . . t t ' t . con. o::; SlOUlen.es ciJrac.ens.lc:EJ::;:-._. 

- el alurnno tiene un papei activo.: 
:- el alurnno le dice ala m6quina que debe hBcer .. la utiliza como 

herrarnienta ole en~:;efia a hac:er_algo (ver_Taylor, 1980)_; 
· -·- ·-= .. .::. + t-""ti:J· r~ c-ctnc.enrt o-=- it-rinroi--ti=!nt·e·-;,• u-'co_.J.,.c· r·n"'t .:.rn6 t-i -.. - ·=· 
.. ---. ,.·-'c; '·· I_J I '_·,. I. 't- ... ._, .' 1-' _·' u_ -... ··7'~ -· :_ .. u~· I.J.~~. ,~J .. t.L.U._r 

_ ·- __ ,_:- no necesitan equipo rnu~ sofisficado y costoso.: · 
__ ----~~-~~qe_,jen real iza[se en __ condictones reo 1 es.: _ 

····- . 

[ '[-:. -~ +t--·-· t. ,- ..... d -. - -, .~. __ .ut ~ ... ~-=· .1p._i.:. e e_letnp 0.: .. 

- pri rnero: l o:3 a l umnos escri ben sus pro pi os programas_; 
-- - :.. se!;JUndo: 1 o:3 a 1 urnnos uti 1 i zeiti un- p-h5!jrar1·!;:J--e-sCrito pr:,r~- otr-o;3 para 

i1 us trar o e~·=:p 1 orar a l gun concepto ~ .. 
·- t.:.---.:.- · 'J·-·- ·d- n'-" l to·-. ... ·to]'n- t_-·-·" ._._.t t_ •• _.t 0. ~ .:·U . I:! ,..uq 18 -·-·-=· 1 tl-.-· 1 ~l::!n 1::!.: •. 

~---.--·: .. -=-----·----- ----·.--- . . -. .... . . .. .. . . ~ . .. --

- : __ 2 

- --· - - ... -- --------------··----- ______ ,. --. 

-------~ ------~-----------~----------------------- ------------····--··- . . ----------- ---~-------



1 PF~OGRAi"'1AS ESCRITC6 POR LOS ALUtv1NOS 

A l guno::; i m··estl !~arjores t1·3n enc:ontrcnjo pl3ra lel i sn:o::: entre e 1 t i po rje 
pen2:erniento que se requiere para esctitrir .. protrar .. cotTegir ~d refinar un 
prograrml y v;:Jrios aspecto::: del pen~:arniento rneterrn~tic:o. Hatfield ( 1962) 
~rrenci on a 1 os si gui entes como a 1 gunos proce:3o:3 de 1 pen:::arni en to 
t·n;.:J ter-n at i co que se pueden benefi ci ar por programar una cornputedora: 

analizar 
sirnpl i ficer 
pert i cul ari zer 
got•lot-;., 11 . ....,.,r-• 1-· ~~~ ...... t £.1_, 

just. ifi car 
conieturer 

J 

e2:tructurar 

L·)·:: eiumnos pueden e:::cribir progrerniJs senci1los y no muy largos que 
ilu:::tren algunos conceptos cla'..·'e::: de lo::: curser:::. El tener que e~·~plicar ala 
conwutedon:J con prec1si6n c6rno ut1lizca- el concepto, es una de las 
mejores forrnas de lograr en el alurnno una rnejor comprensi6n. Pequei~ios 

- pro:;n:Jrnas pueden i 1 ustrar gran des ideas. El si gui ente prograrna grafi ca 
1 ine::;s rectas a tra'·les del origen (lB cornputadora Sinclair co1oca el origen 
::ie cconjern:njas en la parteJnferior izquierda tje le pr:mtalla): ~ 

' 

5 INPUT" pendiente" .: A 
10 FOR X = 0 TO 255 
1 5 LET V = A * ::~: 

20 PLOT :H: , Y 
~ -. 1\.IC"' ·- • ' .~·(..J ,.~L.~. 1 r\ 

Lo::: ;:J 1 urnnos con e:::te pro!~rerna est6n trab;:J jan do con 1 es ide as 
fundarnentales de la geornetrfa analftica .. que son le de asociar puntos en el ------ - -
pL:;no con perejas ordenadas de mJrneros, Jade hacer corresponder curves ... _ 
en e1 pJtjno a ecuaciones de dos veriattles. Ademas, en este ca:::o se 
f arnHi ari zan temtd en con el concepto de-pendi ente rje une recta. - ---- --- -

~;eden ejemplos perB valores de la pendiente de 0, 0.5 .. 1 .. 2 .. 4. 

-3 



f';::;n:: e::;critdr un Droqrarna que oratioue con e1 origen en el centro ,je la 
• ·-· .._. l .._ 

... ~ .... ~~;:Jnt.a11::; .. opera carntriar de escala .. los iJlumnos tendr6n que entender las 
tn:m::;formacione::: tales corner treslaciones y hornoteciBs. El pro!;Jreme 
GPAF I C.6S 1 (ver ac,endi ce) traze J;:; or6fi ca de 1 a funci 6n u = :=< + 2. Con . ~ ~ 

·:·;~:lf· r·-,-,l-IO'ifl'r-:=n- ljt"! .-c.n0lo.::n {oj ')(I' ·:::P. nuorlp ec·t_•Ji-ll.Pf-llt"l? r1:"l•·r·;:> tY!I'!f At"(ir•1iA ·-'·-•1 .,1 II 1 1 _.-.,~; • .. t! 1 1...-ls::i 1 l1 t, 1-· ._, ·-· / •-• -· :--'" 1-··...J -· •·-' 1 .. , J U '' ,U :j'..Jf J • .J .J::: :~, }J i 1 U 

de funci ones. Adem;§:: para carja funci on se puede ver el resul tedo de 
- orBfi carl ;:J con di st i ntas esciJ 1 es. ·-· 

El rnetodo de incrementos juega uri' papel fundatrrentel part~ cornprender el 
c:oncepto de derivada. E1 sigr.fiente prognsrne calcula la penrjientes de 
:::ecantes e una cun.·a .. para intep .. •alo::: cada vez m;§s pequefios. 

1·'' ,...C"T"" F·' ,,,.,_,, 11 *II 
1 t..J L-'t-r i't~ 'i '·.~~~} = ,H. ,x, 

20 INPUT" punto iniciel ".: :M: 

30 INPUT " incremento ".: H 
40 FOR N = 1 TO 8 

___ .. _-----~-.~.--50 LE.!_,S =. (.FN '·i()1:+H)- FN V00 )/ H 
.r:=.(, 'pPjfiiT H . C' 
. '-' ...,. I_.. ~ . . . . . J ._1 

70 LETH_:= J1. /_4 
60 ND~T N 

.. ·_~:_ .... ~ . ~;.. .. ·;, ::·:: ' 
-- . .... :-... . -· . 

Un alurnno que escritra e:::te prograrna tendra que prestar atenci6n · 
··· ·cuhjiJdoser Blcociente de-la::: diferencies para el rengHHftTeVe tiel 

progratr!i:J. 

Co -'·"'tl j,-,.-. 8]. L>r·rrrrl u· .~ do re·~ul t ,.,i,-,.~ de ~ ···t..., r-··oo·-,:,tYI 0 G>"r"hrl,-. rr-=-r-,:, 'lrr ".::.] .-. .--~·-· ·ljJ_J l - .:r . c; t-' ·=' :_. .:a u ...r _:,:a •. ·-··=1 c; t-11 .:JI I.J u,, Ul 1 ..... _ ·=I r u i~ ·- . 'r' lJ I i_:} 

ll,;:, ,_.. - -;; ,...,-, t•r r•r·l 1' r·· ,.... t-P.t•rl P. r· trJ P''' •:::]' t ,. 1" 1 n P. n II tl ,. i-1 t:: .-, II lj') 0 n ° ,,,. t i \1.-, Ot"' 0 1 ..... t r:1 
_ '-:-· .~~' - ••• .-' ·' ...... _ t .-:1. ... .JI..~·. _. • .-·. 1 .... ._. - , ·-· _., , ._., -· U ._.r .. ·. .j 1._: -:--.~:1;~~::~.:'~-<~:l--:!.-.'-:.--•-·•·1 \..o . ·~ ... ._ ... 

.. ... - -·-"· - ,.-- --- .. 

4 .............. ____ __,__.-..! _ ___:_'-----'--'--.......... -·-· 

. . • -- ~----··- :-"'----,•cc.. •... ,. 
•' :. :---

. - . ----.-.--:-·-·-- ---.. ---:--·:--~- .. 

----------- --------------·---------- ----------·---'---



·i 

Deri \•'iJCi 6n nurneri CiJ 

E::;te prograrne grafica una funci6n f(~-d y le aprm<imacion ala ,jeri\.•adt:~ de 
Je funci6n ;j;:Jda por ei cociente de los incremento::; 

h 

:)(_") ["JFI:" r::-·,.,1 V {'A.l., - 'M'*'!f 
- . _, ! ~ ~ i ~ ·' - .--, i"'l ..... 

30 INPUT "incrernento: "; H 
40 GO~;IJB 300 
50 FOR :~=-3.125 TO 3.25 STEP .0125 
60 LET 'y' = Fi'-J V(:~) 

70 
e 0 LET Y' = ( F N V C:< +H) - F N V C:<) ) / H 
90 GIY:;UEJ 200 
100 NEXT~: 
110 STOP 
200 RH1 sut1rutina pere graf1car **~ 
300 F:Ef'1 *** subrut1na-pera-e _ie:::-~--t* 

Las sutwutines pare ~~raficer y pare lo::; eje::; son las r-nisrnes que las ,jel 
pro:~renEl GRAF I CAS 1 ( ver ependi ce ) 

---------- -

,-. - .... 0 '..) .- f~ - J ... · .. p l - .:0 r .- r-·- ]·- ,-. r· J1 - ""·j· - i'i - C· r··' V) u2. f .. { 'j t ., -JI:! ojfj,_.,.,ij I 1:,. I:.trl I 1_1._. 1-lijl ij Jj.:. .;fll_. u, Jf:!._, ~ ...... = , .. , !J para ,~·C = senr .. K. 

(Para rnes e J ernp l o~; ,je progrerna:;; que)o_~_ f!l~.wnnos pue,jen escri bi ra pan:~ 
calculo ver Smith} 19cl4; Se!~en, 19e4;-F-lores-P.er~iafiel, l9fi4) 

. 5 ·------- -----



l r,·=· ~*' 1, '~-r-·, .. ·1 n·=· .-r, • p ,-;on '~ T i 1 i 7 ~ ~.- n.,-,-i,-· .. ra n·, ~·=· ' !t~ hi~ r- hr-· -=: q !""' .... ;"t -c.1.;.: n 1 r· ,.-, ..... - 'J ~-u r. =-t·=· ,:.. .. -- ._. ·-· ..1 , ·.i J ~~ ._. _, .-· ._; ........ _ , , ._ _ •• , :.- ._,, .-·! ._ := , , 1 ..J ._, :.::. ·- , , _ .... , ,._, ._. r ..... 1 ·-' ._., • t"'' , .. 1 1 ..... ! ~-- ...... :-: . ...J ._: ~._~, 

~::on~::eptc:3 r:·iet..ern6 t i c::1::=. En e::;tu r;-iG!]i31 i rj13d no e::: ne::·:=~::;~ri o que 1 o::; u 1 urn no::: 

,..,l"l"orl ···=~r·r·l'"' ~-a i ·::. ,-.; .-,.·,;:,.-j;:. ,-lit~.-. r·+ :'1 ,-,·.an+ Ct •·n t•· a l r·•·r·q··o rJt ,-, on ,-·lju•;· t 1 . .-', •. , :::. f; ·-· 1..; 0 ,.,I, ... 
.. ·: .. ::.-: 1 .. 1 I..J ! .. ·I l...J• .. ·! I .. • I ,,_,,_ . .J '-' lz C· · .. • l,. · ... lll• .. ·t' ·-'-· '-·-'I • .. • .. •• .. • r .. ·' .. '!- .... • .. ·II '-····'-··-' • •-1 ,I •.J I Ill ..1• .. • '-t'-1C: 

~! uec::;n h=5c8r rn od if i (:;::;:· i ;:! nt?. s ·::snc ~ 1! ::1~:: :j! ~~ro :~~-:~rn :: .· ~d en !:!c::J ::; i one·:: (ri ::; i qui :?r:J 

t :: r:dr;~n que rn ::1:j i fi c::r- e1 ~~ r·::!!~t-;J:r: ~ .1 :::i no :::61 o !:: :~: .. ~·:t: i ·J r ~J;:! tc::; ::1 ~:i~r;3 n·;e ~ .. t""C!:::. 

:::::to : ~::::; 1]::: r-t5 ::tpcrtun i jje;J de '·let- rnu c:~·;o :3 ~ j sri~;! 1 o::; .. '·l e :- que p~:!::;a c::1n 1 :::~:; 
.. ,. .... ;-i;f,,·;::.~··i.-,r•o·:· t~-.,.f.,t- :::J·o o~··r·nrr~·- n:::not··j·ii.,·:.r-1·,-~r·1 p·:· :=: r··"'t-f'..- do lr~-=· ,-.,,.:·,-,.:· 
; • j - ._. : I ' -· ._; ·-· • ;_.I '·- ._: ·' .. I t.J ... I...:: • ·-· ·-·I I -· -· -. !...., I :~·-·I • -· i I I • .:..!....J -· ..... -· ·-· ·~ r-''...J ·- 11 '-' ·-· i -· _, ·-· :-J ·-· ·-= ·-' 

•.;i·::i !,.:. ·1 :=. •·!·t"r"l[llf(=..-J.-,t·;=: ·:·;:: '"t'IPJlP. ,-.• -~,-1·•,;pr-7J·,- ·=:.::1·· P.r··· p1 ,-.. -,t-"176·-1 ri::. l!n onfqilfiP 
I • ·-· 1., ·-· ·-·. - •-! ·-· ·-'• I J ' I ·-1 .. ·_. ._. ·-· t ...... ·-· -· :- ... , ·-· - -· ·-· ,_ I I -·. -- I 1_. ·-· -· j -· I ·-· ,_, l_.;..... ·-· I ...... ·-· _.,I I =- • ' i ,_ ·; .. i ·-· 

I u ·,.: r Q r-,· r~-, P. r-rt .::. 111 ri Ct l iJ- ,-. r .. -,..::. + Ct r· .. ·, ,; r i •· ·=- .-. C' 1 ..... t-.-,,..., t""~::t t"•"• .::. c· I' C'T i=' j'•,•i /•, ..:· i .- .-·. I I~-. . ... 1 , .. , ... -, r-, j (• ,., .-. 
- ..... ,..L.. • : • -· • '· !J I IJ ·-· I ·=· : I !.,l c ·-· i ; ;_J '· ' '-· l.J ·=·. L I f.'. 1_, .j ,_,. ; i'.J ._: ·-' ' '- l I .... ·-' ~ i::! ·=· '•' I I c J c ' f. f.' : ·-' :_, r.:: 

~.~!'·i ;:,r .. ::'!Jt""fJrni:; que r~or:r~:3 p:::r-r_e 1je un ~!:3quet..e ;j:3 ijCti't/iG;JrJe::; p{j(::; ni\,'ei rneoio 
·::!.:perio(,. que fcnr;t~n~n un 1eboc:•.orio !je r:·:eT.et·n;:tic:::::;. 

'::i rnu l ;:Jci 6n 

F:.epre::;snter en fcrrna :~r;§flc:: Q ?iSUi5l un fen6rneno o procs:::o her ~::ido sier·npr;:: 
!Jna :je 1 1:::; rne j ors3 rn~sner-a~:; 1je 1 o!;r:3r- urnJ rne j or- cornpren·::i On ,je e~:;te. r···lucr·ta~:; 

-- '.-- ,·, I ' . ' . 1 . ' ' j t l-! ,-~~-o·:: 1 1-i(-l.::J. 1 A r·nrr·,r·! IT A!lL-·•-;=: r, or-e. ;=: 1-··=~rr=:l-.1 flo"' I' 1 ,:: t·or·n::.·::·-·~·1 _ ""~~- •··7~-~~~:::·=: 1•1 ·=· , ._ •• _ •• _. ,1--· ... _. ~--' •. __ ....... -···- t-' ... " : .. ..... _ • I -~ _ t ...... 1 -·· ........ .. •. 1...,~ r- t., _. ,., u ..J , ._. 1 ._. r' ....... _. c:. .. u. .-' t ._ •• _ . ._ •• _. _ ._. 

,-j i·>"!;=. rni r·n·:: :-l::J ·-~n..-::.·::o n.:f ·=: t" .~,::,··r·tr• i .-,.:: !'·-·r··f .-.n·r·l 0 t t"-"~t"j-=:c·•j rr·o 01 T 1' 0 r··r·fnl-1 t~-::' r' 0 0 c· IWt•"• 
·.J • I I·-·. ' ' • ·-· ·-· -· ,; ~ ·-· I C"· ~-I '-' ·-· 1 

.. • I I~ 1..., I '-· l.J I ,_, I ,_, ·-1 
·-· l_l I I ·-· 1 I I I:; - 1...! I ·-· • 1. ._. ;_. ' J •.. ·-· ;-· - • ·-' - ·-· ·-· ·-' .of I ._, 

~·.~~:~;:::~~:::,;~·~~!;::~~i :::s P~lt8d~: :~;rc~~;~i ;(~)a=i ~0~~~) q~e g~g-a; tti,~) 
~qe rs~:;esent;Jn 1o- ;;;~si:i;s rsc~.e.: pe.ro 8::~ta ~8 recorre d·e· rrn:nera .. ij·ir-~r3nte··;5r 

~~~-~~~~~·l Lo:::;cer \,';:ri;::; t. E1 prD~~riJrna EC:F'A~:.~r·~1ET~~ grcfi~:;:: ecu;:JciGr.e~:: e_n fer~-~ 
::=:r·:::::~stric::. A1 siecut;5rlo lo::; ;:Jlumnc::: Jueden oercibir la diferenr::ia de 
' _.. • I . 

r:,-.; ..,,..;,-j.,,-j,.. . .-. '-"1 ror.nrr"r l"' '""P.r.'"" ,-j,-, lin-:. +,..,rm·=~ 'l fio nfr:::~ ~1 i...-~h,-, .-io nfl~ 1., 
i :"" ! 1_, f_. 1 I_! 1_: I..J:::: .:. !_j 1. • ... • J ,_, ;:. I I.J i -· -· '· I.J I.J c .. { I !.J ' ._i ! l '-'. •.. .... '-· - - J i..J. - I I Jlj !_.: : 1) u ·-· . -~ ·-1 (:: J !,., 

~,..·mn It+ ·::.rln~,;;._ 'l,...""'t:·]· ,:,. •o·: ::-. ..... .,n i I Jr.+-, . .-f]' .... T,...Cd n ri 0 ~.,In+ l' .... Pj 10 1-IJCI :"! ..... f f enol~' tiCJ·n f ;9 '-:;-::-
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. '.' ·'"'.· .-.,.-.·-

. - ~.::.;,.....:. 

- ···-Al·e.s·;~udic·r---~-l-m·o.·v-i:rQ.·i-e·nto·-phJnet:orio iTo·-s·6lc· impo·rt.iJ-ta ·for~ma de lo ·orbfta~.:·-·-~--- · .------------~--------
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2e LEY' DE KEPLER 

5 REi·t KEPLERLEV2 
10 PRINT AT 3,0; "Sif·lULACION DE UN COt1ETA DE PERICIDO 12 af'ios} 

D:CENTRICIDAD 0.7, POSICIONES CADI~ 3 t1ESES" 
15 LET a = 14 : REf1 semi e j e rnayor 
20 LET e = . 7 : REf'1 excentri ci dad 
30 LET pp = 1966 : REi'1 paso por pri he l i o 
40 LET ti = 1980: REi·l tiernpo iniciel (eno) 

50 LET ma = 30: REM movirniento EJnual (grades por tfio) 
60 LET u = 48 : REi1 mlrnero de datos 
70 LET it = 0.25: REM intervBlo de tiempo (EJfios) 
130 Dlf'l k(u+ l): Dlt'll(u+ 1): D!i·l r(u+ 1) 
90 Dlf1 ~<(U+ 1): Dlf·1 y(u+ 1) 
1 0 0 LET q = a * ( 1 - e) 
11 0 LET b = a * SQR ( 1 - e*e) 
120 LET rod = PI / 180 
130 LET tete= 0 
1 t:;.O REi·l *********** cal cula posi ciones ********>( .. ~****·" 
150 FOR n = 1 TO u 
160 _ . LET tetec = ma * ( t i .+ (n -1) * it - pp )* red 
170 LET dif = tetac- ( teta- e *SIN tete) 
160 LET leta = tete + di f I ! 1- e * COS tete) 
190 IF ABS {dif) > .0001 THEN GO TO 170 
200 REi·l **** convierte polares a certesianes ***** 
21 0 LET x(n) = a * (COS teta - e) 

220 - - -LET y(n) = b *SIN tete 

240 RE!"l ******* esce~la pera le pant all a ************ 
250 FOR n = 1 TO u 

. ~.260 LET- k(n) = 30 ...: q + x(n) . 
--~ 270~LET l(n} = 10 + y(n) -'::---_- · . _ . . . -~ 

. -

- 260 LET r(n) = SO.R ( x(n) * x(n) + y(n) * y(n) ) 
-- - - ------ 290-NEXTn · ----- ··-- ---·----· :---------- -----··--------- -·- -------·-- ·- --------------

295 CLS -- ------- · 

300 PLOT 210,88: DRA¥/4,0: PLOT 212,66: DRA'w! 014: REt'l sol 
305 PAUSE 60 ____ --·--- ______ .. 
310 REi·l *-x-*.****** grafictl cornete ***************· 

320 FOR n = LTD u · 
330 PLOT 6 * k(n), 6 * (21 - l(n)) 
340 DRA\d -1,0: DRA1r( 0,-1 :DRAW 1,0: DRt~ \oy' 0,1 
j~r=.tJ ·Jc r{n) , A~, H!=N llR.6V.i ftdn1 ....,21·? IS)*J:~ irlr1) i 1 O-J-{n';)*B·;-'·,~{",~_,·:\1·_='-_.>~::-_-,_,- .-~---:c---· --------

......... J \ f' \ u . ·-·, -. ,. I I I ......... } -· Li, ' \ ... I \ t,l ~ J .. ···----~ .......... :: ·.,.--••••. :.. . 
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- ~" PAUC£ rJ!:" .)IJU ...; ..:.::J 

370 NEXT n 
375 ~;TOP 
380 CLS 
390 PLOT 210,88: DRAW 4,0: PLOT 212, 86: DRA'd 0,4 
400 REt-·1 ***.l(o********** 6rbi ta *******:~******* 
·405LET k(u+ 1) = k( 1) 
410 LET Hu+l) = 1(1) 
·4"20 FOR n = 1 TO u 
430 PLOT 8 * k(n), 8*(21-l(n)) 
4-'-W DRA\h/8*k(n+1)- 8 * k(n), 8*(21-l(n+l))-8*(21-l(n)) 
450 PAU:;E 5 
461.) NCH n 
470 STOP 
475 REI1 ********* rad1 os vectores *****"~******* 
430 FOR n = I TO u STEP 2 
490 PLOT 8 * k(n), 8*(21-l(n)) 
500 ORA \.Y 212- 8 * k(n), 88-8*(21-l(n)) 
510 PAUSE 25 
520 NE::::T n 
530 REf1 KEPLERLEV2 ******************** 
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