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The latter part of the decade of the.'70s was characterizad
by some important. technological and business developments with
- potential for significanc impacc on the school mathematics curriculum .
‘at all levels. On the technoléegical front, advanced calculatlﬂg LT s
-devices, in the form of hand-héld programmable calculators, were ISR
~developed apd manufaccorsd wich capabilities that blurred the
‘distinction between what is a calculator and what is a computer.

As 3 result, calculations -and problgm—sﬁlv;ng tasks previously
- réiegated to computers, beeauae they were too time-consuming or
~complex to perform, became possible for students of all abiliry
.levels’ fo handle. On the business front, the cost of these
programmable calcularors decr ed rapidly as production increased.
“By the end of the decade one could purchase a fully programmable
‘hand-he#fld caleulator for as little as $40. Recause of the low
cost, portabiliey, and increasing availability of these machlnea
some 2ducators began to consider the-possible impact that program=-
‘mable calculators might have on the teaching of mathematies, Such
considerations served as Ehe lmpétu% for the préparatlan -of th14
monograph. - : 3

\l“-

5
ar of 1978, a review of availablée llcg;aturz on
alculator revealed relatively few contributions
le of the programmable caleculator in schosl
: the spring of 1979, proposals-were being |

scll;:;.ted Ftu: sessions by the pragram committee for the April -
1989»anﬁual*mEgti,g of the National Council of Teachers of Mirhe= -
1d in Seattle, Washiﬂgtan. A proposal was presénted -
e dearth of iniﬂfmatlan ava;lablé on the role o f
calcu*aﬁafg in s> hagl mathgmatics gestlﬁg the :

ol + }

The pragfam;f;ammitﬁeai
Parkway Szh@al District in:

Rubllln GE Bucks Cnunty Ccmmunlty Callege inoooos
Pennsylvania invited Ehls wri:er to organize and.
5u:h;arsgs§%qn_ .

The session haﬂ‘SEVEtal unique: features and the Nat
achers of Mathematics should be applauded for it
»xpafimEﬁEaIXSESSiDn at!an annual meetiﬁg S
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possible Contributors ware
, rest to note rhat the dé;cf;pt
program booklet {nclwlaed an .
to send copies of propostd ks ¢ thg,m
were then selected by a review prucess and s

;:hasan were persons who responded to the'prcg,am hagklgt Lnu;:atlgn_..;f

ontacced b¥ Ehg mudgratmr;
n of ﬁné 5@551Dﬁ in fhE T

U ]

Wher contributors were norified chat cheir proposed ralks had!
been selectad for presantation, they were advised that the 4
of h? symposium might be published as a collection uf‘papurgi chcé
a condition of participation was the individual's willingness to .
submit a formal paper so that the-ideas shared at the symposium might
-’be more widely q;sgem;n;tad at some future date. After the symposium,
a proposal with firsc drafts of papers was sent to ERIC/SMEAC at The
Dh iv-State University in order thar the collection might be o

0 nsidured  for publication,  Following a review process, a favﬁrahlé
de isian wiag made in rhe 1411 of 1980 to publish this monograph. -
- ‘ o ST

“n

In addition to the papéfs pre
mnnoEf4ph Ln:lud&s two ﬂthzf contr ]

*

at the Stgtg Ln ve fs;ty DE ng Yagk 4; Euffdlu, whu h;s d@n‘
extensive work wicth programmable calculators, was invited to prepare
an introductory article for the monograph giving a setting for the
~potential curriculum applications of the programmable caleulator.
Also, M=, Jill Coup, a librarian at Gedrge Mason Univafsity, was
aniied to hélp the editor prepare a classified and partlﬂllv

t 1 b;allﬂgraphv of references on pfrgtammable calcula:grsi'
osLum’ participants are grateful to Professor Rising and.Ms. ...
faf gcceptlng Ehé invitatinns and providing their respective

SCEIPE tor publlLatLQn the
e is invaluable. Clearly, thi

ph'wale ﬂaﬁ hQVg beé p@& ible withou: the cooperation _

work of the sywposium contributors and the support of:

Dthérs already mentioned. But there remain three parsops who
ve S?ééial meﬂtiéni.iTD Professor Marllyn N. Suydnm‘ Associaté -

1ce in. the pfapafaﬁlgn uf thls man@graph
d Ete iant :allabntstnr PFDFES%DE

“To- my - gaad f
t?phén L Snnvef nf the

;And, Elnallz,
uriewhose underst
deserved more of my .
that 1. 11ght be lnvnlved
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FOREWORD , o
}E In apén;ng remarks at_ the pruﬁrai';ble caleula Qf«évmpﬂalum in

5 'ttle 1 cHoss to-set the stage for the contributors by providing

' my ‘answer to the question, "In nghE of the microcomputer, does the -
programmable calculator have a pigce in the school mathematics : S
program?” The question needed addressing because.by 1980 some:

- educators were suggeésting thar programmable caleculators would have
iittle or no impact on the curriculum. These educato seemned Lo
believe that the dramitie - EELhﬂDlﬁglcal and businass dEVElDPmEﬂES in i
_the manufacture ct microcompurers—-—increasing machine capabilities Lo
_and; rapidly decreasing costs--would .enable schools to. have these ' i
devl:as in large numbers. Consequently, thate would be little need
for or advs - .age in having progra 1able calculators available for
5Eudénts to use as tools in the study of mathematics. The thinking -
seemed to be, why have the 1fmited problem-solving. capability of
pragrgmmiblé calenlators when the virtually unlimited potential of
the mi:rgcgmputaf was available and at reasanable—cgsts- -

Few would dispute Ehe potential impact “that’ m;trgcémputgfs may
| 6n the =chool zurfL;ulum. But any suggestion thar “programmable
lators have little to contribute is most short=sighted. Even
a8 microcomputers proliferate and become more widely available in
] programmable esalculators have a great deal to offer.

Bgtﬁut ionally, these calcularors are effective devices for doing
m Lndaf what can be done by microcomputers. Consider the following
‘st lof ins:ruatlanal appllgai;ﬂns for which mierocomputers might be
usgd \ Uhile ‘the list is net exhaustive, it does eover some of the
applications. - . s N

. . ) :
_-to provide drill and practice experiences ' -7
“:to serve .as anp independent study tool
‘to perform problem-solving tasks |
%4, to _develop programming skills .

gn permit simulations
y cénduct testing ) : -
perform cmmpuEE:emanaged instruccional 3LE1V1E1E§
'dg data analysis : .
fo;function as an 1ﬂfgrmatlgn retrieval device
“ to-provide word processing cfpabilities
to offer. computer-literacy lnfarmatlcn
Explcfe gaming experiences
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6. to do data analv:is . -
..7. . to provide campuz f
8. to explore g

"
[

dvantage% over -5
ve that virtually
ssroom set of -
class of Bn-g

s no - more than perhapa two or thfee m ocon uters. Also, the
rammable calculator has the supefb f ' portability. As .
i-held device it ean er the user needs
ants to use ir. 5 are (usually) .
ary—aperated they ren in places
access to electr e.

R

. In 5gmmary, the vie ning the sym
.that prégrammable caleulato do hdve a 1 . play
m;:h;ﬁail 11

[ riay
e evidence of the m
in the study and re

to ﬁlgcé;thv pr
and sociclogiecal

iﬁes. Then he —-elates
Dgrammablé calculatars“
equ ire apprapriate'
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formula is uns:able for uﬂmpu;ing :
,tmuln to obrain a stable algorithm, s

thes o artandard alygebra Il as éx},nmt‘ut

x + p)¥2 4+ q, and shows how the use of o
les students to advance bevond the | ‘
ta be able to grasp important , ,

n the effects of varving the para-

d gives an interesting game called
2

& .
gimple graphing of a
generalizations, He

af an dpproach

Johnson pr
. thi. ul[i‘-gu‘tv af calculat Luns) with.dut thf‘: Use
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for entichment a simulation
t

high school
activities,

5Eudéﬂt§ now EhE
nd a missile sh if ¢

halienglﬂg L
to déstfmy Ehé Chas,

: the_ise ‘of pragrdmmahle ijlculﬂt@rﬁ ta run
‘présents a probability: edperiment appro=’
nts. Includéd in the article are 1

ting "questions abéut the Eﬁpéflmént Ea
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lﬂ feach af a typlcal :
s prﬁgram at thS lgvel e secnnd gﬂal ‘was:-to help thE
gea that EEftaln pfﬂblems hsd various solution types 1
1 samecime,s a programmed solution might be "hest," whereas an’
ingightful *mathémazlLaL sQluticm ml,bht bc, "bes; gﬁhef ELmuS, The ..

flfst prggfam (Gur Eal:ulat@rs used Re erse:
o, which is a great convenieénce and posed no diffl:ul ¥
] ‘Ehildréﬂ:) We programmed the: calculator te count by ls as’

-

: ThLS step ﬁgcaris 1 from® Regist
~4This adds the l to wha;ever we havi

-'-‘—This makes th
- .second.”’80'vwe ca

"o Dl

ssed their
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Af;er the stud;nta h1d run thig?pragram 5uECE=Efully, I listed thé - N
I;awing two programs on the board and asked them ‘to determine the =%
ﬁutput for aach prngram. i :

a. Store the number 1 in a. Store the, number 2 in

Register 0. o Register 0. -
b. 01 ° RCL b . s b, .01 1 .
02 2 L - 02 fPAUSE
03 x . s 03 RCL 0
04 1 - ) _ . 04 + :
05 - P .05 GTO 02...
06~ fEPAUSE ’ '
07 r -

08 - RCL O : G

09+ N * on
10 STO. 0 .

11

- GTO Dl

the studénts prEtEﬁded thst they were the
Eagh in ﬁufn executed one stép of program just. as
ould For Example “for the program on the; l ]
say"™l,2,1 x2, 1, 1x2 -1, Pause, 1,1, 2
! 'TS Ehéif amazament EQE QuEkuES cf all tt

'Eé éﬂuﬁﬁiﬁg Q? th ladd numbers 7
thé squarés i, e., 1,4, 9 lg Etc.1"‘ N

Arcalculaﬁdfs had an éasy methad ‘to accumulaﬁa numbe
1 Eha Eammand "STD + I" wauld Mlag

al- of the sums were. dlsplayed, cn& student excl bi
ig'giving us.all the square numbers.”  Upon 'f

“the student . cauld ‘actually see why the’ sums'a” .
b ginning with 1 always prnducad squiare’ ﬁumbéfs :
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At our.next mégﬁlﬂé Iwaskad the saudénts how cﬁéy would add
he nutibers. 1 to 1000..” -They all said, "By using a prog Ab 1 -
“dalcdlator.” 'I‘hen 1 mused, “"Héw Ibng will it take if w

! §Ln e an” EPA_USF lasts about one sicond,”
"Abnut 1000 seconds." Since we did not anavé time-

ch” a pregram, 1 showed them ‘how, Gauss was suppnseﬂ to have
1l to 100 problem: - T

1+ B
100 + 99 4;7-;: )
101 + lQl +e 101 +101 s

..Thefefore, tw - + . 99.+ 100 Equals 100 x- 101
T80°1 4+ 24 W 4 99 +-100 = %ggsjfégg =75, 0533‘

B

ECd;érﬁémEﬂEsfin
the last row .
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EA*lmmed;aEELy led go Findlﬂg Ehe appropriate square (1002, in‘this"
case) as we had dnne Eafliéfg Aftér prablem C had beeni Solvéd,

I asked the students if they could see- -any connection among the

three problems, After a few hints thay observed that the number
of ornaments on tree B together with the’ numbher of ornaments on .

tree C total the number on-trée A, Thus, if problems A and C

were solved first, the solution to prablem B could be abtalned
’uslﬁg subtfactlnn.

Now imagine the two imens ional trees made from spherical
'ﬁrnaﬁants Tree D has 1 ornament on the tep layer, 3 on the
_ second, 6 on thethi rd, 10 on the fourth, etc. (thESE are the.
'—tflamgular numbers) ,: awa to the bottom layer which is an~
_equilateral :rLangIe with 100 ornaments on each side. Tree E
‘has -the same configuration.except the layers are represented
by’ the-square numbegs (1,4,9, lﬁ,.i..lDD ) . How many:ornaments
 are. requlfea to make these trees? - el :

d

ﬁ V

R

- One 5Eudent récagﬁlzed the numbets in each laye s
sﬂaft;al Sums leadlng up to Gauss' prablém- Having EUEEESEE lly
written a program to find "Gauss" sums , it was an easy ste

wfita a pragfam far trea b: - %

£ G . - =

This counts by 1-
;i and’stores-the numbe s in
;.-.-Regiseer 0, and :
' _iéuséstashgw t

ﬂufﬂbef}:f the'

VFSTThis ‘adds’ eaﬂse;u ive numbersf
- fcfmlng'ﬂausg SLES and fecall

d successive "Gausg
1 B

d
play them.

E
-dis

wer ta Ehls’pfcblEm 15 171 700 The selutian to
W can be‘fauﬁd in a similar ‘manner.
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\ nd sixth-grade students would alsc
—appropriate for students in grades 8 and up.. (I am going
integrate it into a class for elementary teachers I teach.) :
ing from the excitement’ which came out of this work with R §
rogrammable calculators, teachers who can incorporate teaching e
toblem solving via programmable calculators will have an appre-
and

ciative audience: students, parents, and administrators, alike.,

- fThis_Qnit I taught fifth- a
E

e
Al

el
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STABILIZING ARCHIMEDES' ALCORITHM FOR PI

John Hubér>

Department of Hathemgtics . o i
Pan American Univers;ty P,
Edinburg, Texas 78539

T

“Using. the fact that the Lireumference of a circle lies bétween
the periﬁater of any regular inscribed polygon and-that of any

egular circumsecribed’ bolygon, Archimedes was able to shaw that

' 1ies between .223/71 and 22/7. The purpose of this .paper is to derlve

he usual recursive formula for the ratio of the perimeter to-the’

:r of a regular inscribed pﬂlygaﬁ, show that this fﬁfmula is

~ for ‘computing devices, and modify EhE farmula to a stable

fLetwsﬁ'deﬁuzé thgvléng h of -a side of a regular palyggn of n
] r dius :, an d let sgn denutg the’

[»]

/ Figure 1
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1 imdvﬂgé Py;hag@f%aﬁ Theorem we have:

w2 -

2 _ {Sn
= \?)‘

"nd"Subsrtj.if:uting"; (2) into (3) gi'v;si;

: Pythagorean 'fhe@ rem, we ha

et
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dt
I .
LN

:: ) . ! . \ B

:adius l CID) bEEBMESL

£

wheze 55 = 1 and perimetét/diﬁm&ter —7;§§E! Using a ptahfammable =
calgu{aié:, we have the résults in Tabl&é I, YSee Appendix-faf
programs.) Clearly the . atio does not converge fo T,

H '-. g ) L . . .
:fﬁ— =T, whv does the algorithm not
[ .

canverge on the calcula g Thé la;k uf eunvergenze ;5 zauaed

‘Knowing Ehat lim
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Perimeter/Diameter

igoaoooncaoa
10.5176380902

,0.2610523844 .
"0,1308062585
0.0654381654

0.0327234633
0.9163622792

-0,0081812081
"0.0040906127

0.0020453076

- 0.0010226544

0.0005113277
0.0002556658

v0%0001278348;;
. 0.0000639218

- 0. DDDDBLQEB?
0.0000160000

'YQ,DQ0305952§
“0.0000041232° " *
0.0 66922361   K

3.14159528% - -

- 3.141597288
3.141621319"

« 3,141693413

3.000000000

3.105828541

3.132638613
3.139350203
3.141031951
3.141452473

. 3.141557615 -

3.141583911

'3.141590529

3.141592407

3.141885657
1‘3 14572809@

’3;2§25§2233,

1.732050809
1.931851653
11.982889723
1.995717846
1.998929175"

1. 99973227Ef
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TABLE ITI -

Perimeter/Diameter

‘Length of Side

6 . '~ * 1.0000000000 **3.000000000"
12, ; 0.5176380902 3.105828541 -

2 : 0.2610523855 ~ ° 3.132628613 -
48 , © 0.1308062585 T 3.139350203 - © .
: 96 T 0.0654381656 '3.141031951 ¢

.o 192 ; . 0.0327324633 3.141452472
T 384 © 0.0163623792 - 3.141557608 -

- 768 ¢ = : 0.0081812081 - 32141583892 .
1536 . 0.0040906126 X - 3.141590463 "
3072 | 0.0020433074 . . 3.141592106

: - 0.0010226538 3.141592517

o *0.0005113289 .
S 0.0002556635
PR 0.0001278317
S .~ 00000639159

~0.0000319579 © 7 13.14)

.0.0000159790 - ¢+ 3.1
S 7 --'0.0000079895 - - S
L DEOQDD0399§? IR
S 1., 0,0000019974° 7
.., .0.0000009987.

Do
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A 4 ;LRN ' . A ) . -
06 2nd CP A f Clear Prgm
1 STO N £ FIX 9
3 -R/S o A R/S -
< 8TQ - ) ‘ STO 27
: 0z - L . : : 5. R/S
RIS - v 06 g x2
x0T S e 07 RCL 2 .
RCL : " los cms..
3 B , ' ' )9 ENTER
4
12 £4x
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¥

f Clear Prgm
1-f FIX. 9
2 STO 1 °

R/S

STO 12

R/S .

g x% :

RCL 2

" CHS
9:. ENTER™ "~
0. 4

TR ST
3 _ENTER
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T Stephen L Snﬂver
Mathematics Departmedt
-Universitv of Hartford.

. West Hartford, Connecricut 06117

f i
As the programmable Laltulﬁtﬂf (and computer) are -so adépt at
'ramming routine calculations accurately and quickly, teachers .
uld be taking advantage of their worthwhile features in the high )
" classroom. Not only do these calculators extend the abiliey to.
themacical problems; they alsao bring students more quickly t
cier of -discoverable mathemdtiecs. This article descflbes an
2 égperiment which will demﬂnstfaﬁe thé power of EhE prﬂgt‘

-agsignment is ro plot the gfaph éf
+ 4.*a somewhat: Eimeﬁcénsuming process.  With a -
cal laﬁcr thﬁugh the fafmula (t—j)g +. 4158 ¢

y]“teachéfs night have studEﬁt""
T Dné sﬁudent mighﬁ iﬂp

Y2+ 4 students can thgase Eheir own i
ie-correspoading graph, and’ discover’ fof ther
choices af parametersil The appendix at-th




”[‘a p]:ay EhE game, stud’énzs wil
unction y = a(x+p)
"flighc"
chs it

I
-+ g for x.
of the sfﬁne.

unched £
ié!l lﬂwiﬁg

)f a(x+p) +q-

Q
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~ PE oo
¥ e ‘_'..,-1 Lt

Pri ram:fuf TE 58 Ealculatnf'

EﬂtEfE 1atatinn aE Ghastship
(d, a) using. random ntimber
generach Efgm librafy. ;

AT -

o ?ﬁté AL
' Register.




COMMENTS

H

EN 7{,‘2

Test; If.DZ4,.go to
“-A, If nét, go to "
Since the double plu
ilYegal, calculator:
* “flashes,: -

Label B, end. . Dividi
--zero ¥s illegal and-.x
in flashing 9s.:
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USING THE PRDGEAMHABLE CﬁLCUIATQR FDR EIMULATIDN’ A
; PRUBA.BI’LITY EKPERHTENT # E

pave HaggEfEY
Monroe High School
Monroe, Oregon 97456

The pfngtammable talculatnf can be used in many diffarent, ‘
iﬁ the classroom.  One way is for simulation. The calculator can :
rogramied to run simulated experimenzs thae would be cumbersame or

timgscansuming_ For example, it-can be programmed to toll 1;°2, 3}
& dice, total them, count the number of times a_particular

As- Eﬁllédr and SEGP after a spéeifiad ﬁumber=éf,ralls.

r to simulate the following ptabability‘
cansia réd a setup of chree stacks of blocks:
sig in the secand and eight in tl

in the clésstﬁ@m{'éach»af'tﬁé‘,D

at was the mean (avéfagé)
(each fun*‘f ' .

‘W’hat Has Ehe méan number QF 1
fram szatk #2§ 7,;-5pa;k #3’

L T e

'y times was. stack f#f1 depleted before he ot!
;i_.staﬂk;#zi',.;,s;agk,#z?: :
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:jﬁsing:yéuf data, what is yuur experimgntal prababillty Ehat_,
a total of 10 blocks will be ;akgn before GﬂL aE the stagks

“-is ﬂeplezéd?

- =
Hhat is your éxperimental prababillty that 5Egck il will
hE depleted? ) .

Dnge Ehé studenth compleced this Exerclse all of the
mpi ed and'the class answered similar quESEiQns for the y
The students then .compared their resulrs agalnst EhE EQE als,
he programmable calculator in this way, the cla . ',}1
ile the campasi:e res lES nf ZDQ’Experiﬁéﬂts 1ﬂ ﬁne class

. ealgulatgr ‘or similaf mazhiﬂe. FurEhemeE
experiménts were sufficient for us to obtain experie
bilities that u1d=Ee Erus:ad Emr pfedlcti@n putp@ses.

| Yau ean gxpérimant if ycu likE
anges_ have on Ehe outcome.’ ;

ion Expariments p' gfammable
‘are Endlessi }

e af ime cansidaratinng bEcﬂmE very




* DISPLAY " -
-3 N
29223751 <27 .

< 30- 2 .
)
32-
., 33=
34-23 5

35- °

36= 4
- - 37= -
-

l&ffactian, last digit being add bu
., STO O :
7ifE§15EEr , 147 STO 7
En thE‘beginning.. g ftn» 2 v
. R/g T

Q
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Lee Huhler
Department of Mathematics -
* Univérsity of Alabama in. Birmingham
;Blrmingham, Alabama- 35294

s igni.fit_ant
3 iﬁta the high Siﬁ@gl maEEEmaEics cufriculum alEchgh there
¥4 beglﬁﬁing to-be widespread agréemeft that thay’ shauld. It ¥s
ihat Eampuﬁerﬁ dre féynlutlﬂﬁizing sclentific practida (algﬁg-
i \ thus, if the schools are to
students’ foi the technalegical worid of the
zame cg gtips with, eléctrﬂni; cpmﬁutaﬁinn Th15'

7n‘theif ﬂw

4rtA t thia partiaular;éxc
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Pythagar;an Tt4p135

" Reeall che famous P “If a, b,"%nd c are Ehe
lags -and hypotenuse of a- right Efiangle (seg Figure 1)‘ then az +: bg
IE a, b, and ¢ are (positive) whole numbers satisfying this -
n EhEn a, b, ¢ 1s called a PythagareanfiE{ple. The
he Eriplé 3, 4, 5. “Yau are probably alriady fami
fact that 32 + 42 = 52, Pythagnr&aﬁ triples have. fas
1 eians for millenia (see the Notes), ' There are lots of :
nfinitely many.to be precise--but- ‘they are rather thinly 5cactaré'

next interestiﬂg one afﬁef 3, 4 5 is 5,12, 13 (52 +3122 = ?5,+

1?TSEafEhES Dut,and fiﬁds 1k
,”_shuuld gEﬂEfaEE tfiples in 2 (




um up to but ot Encluding the lase Eérm, qml the ‘last tﬁrm by
lf),‘ Ehﬁréby Lreatiﬁg a Pythagmtean triple: -

(l+34—5+7)+(9)‘15+9—

I:rue UDfES is 1 + 34— 5 |

21 + 23 #25-= (1 + 3 + 5
i - . :

',‘Ecm** l) is a; Py h
' ¢ on’ ycmr own (na

 does not. genetate all Pythagﬂrean_'t
lem 2, ynu}have pf«:bably nntihe&, eh
only Eriples a, b, _; where c'= b + ri, i.e,,
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'isa

program for g,nemzing all PYEhdg rean :riples

2 2, .2 o
¢”, then ¢ =¥a~ + b~. Thus,

¢ -can be rewritten ‘a, bi‘#az '+ﬂE§i - The 'idea-
erate all :riples a, fb,:‘Vaii%E b2, chec :

need a part of the program which generates all
f whole numbers a, b with. a= b. .This we accomplis]
Here is ‘the flowchart: el
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ave already’ des[gée&_
'.pmg;amg-*
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= aﬂd Eabylunians were. prﬂdu
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. PRIMITIVE

“New input?>




MITIVE; go to 1
contl
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Flowchart for PYTR: 2

PRIMITIVE

ar

“NOT PRIM..
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, The HP 41C program has béeﬁiwrizten‘taiazgammadaﬁe any one of the:
ollowing options-(with prestored ¢ and & restricted accordingly):*

1.  Input/Output are restricted to nov-nagative: iétég@f&i &ith
~ an explicit error- mesgagg prinigd if this restriction is
"~ violated,

2. Input/Output ars restricted to intzgers (negative as well
- as non=-negatlve),"with an explicict error message printed if
. this restriction is violated.
i . - = =
3. -‘Input/Output ate restricted to non-negative rationdl wmumbers,”
) with an expliclt error message pfinﬁad iE this testrictinn is
: Vialated ‘ i .
j,f::g;, . o, . .
VVIEFUE/DuEpu ,;Vbe any rational number (within calculatar S
range), negat ve as’ well as non-negative. ’ .

}-. ‘E\

=

a

“HE 41G pragtam has bEEﬂ written to pfinE an
age £ iﬂput a is not a gauntzng number,

_;uctat—?resta:gd d should also be a éﬁuntzng vumbéf"
‘ovis; has.been hade in the program as writ Eﬁ £
ﬁanditian ig violated.) S s




[

7

qindtF=

Prestore/Initialize for RULE

I

O
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#4570 85

 BYeLBL E

66 5F 89
BPeLEL 85,

135
136
137
136 ROL 86 .
139 K=Y
148 470 94
L 141 5F 12
81 AYIEW ; ‘ 142 CF i3
52 B = ° i 142 *NOT -
83 ARCL ¥ /o 144 ACA
84 RYIEW R
85-C=- 146 PRINITIVES -
8 RRCL &/ T wrRR
37 AVIEH | 148 BRBUF
8RN/ © 0 M9RTN D -
B9eLBL C - ‘
% ALV .
(F 12

I154:RCR o =
155 PRBUF -
156 RTR
157+LBL 86" i
198 §F-81 ..
159, CF-1

f4g CF 12

1€5 CUSING
166 AR
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1. The program is to be executed with the calculator in USER mode.and
" “the printer in MAN mode. No provision has beéﬁfﬁéaé for Exeeutiﬂg the,
‘progran MLthﬂut the printer. -
‘2. The pmgram assumes that the user is "intellectually honest" and -
.restricts input to ppgitive integers, although an error mexsage is
printed if 0 is mistakenly (Gf otherwise!) used for m or'n. In its -
-prSEﬁt form, however, the prngfam does not reject a nonintegral input
Ear m or n, nor doés iE reject an integral inputr for which m < 0 or
‘n.e 0. (The program could be madiEiEd of course, to reject such
(iﬁpuﬁs alsa ) ' c

‘B,

’g;ﬁ;ﬁ is computed from m,n as follows: a
. . . . b -

I

|m2 - 2.

“m2 +

?ing'the absolute value of the difference between hg dnd ‘7
te 5, it is unnecessary to invoke the input econdition tha
1t is 1ef§ fFor thg scudenﬁ EG."diSCBVEf" Ehaz input ﬁrd

,value af :he HCF (1 if a primitive triple) ‘i
ted or %déﬂtzfiéd 12 such as final calcuiaﬁaf output whEﬂ
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A

1l

]

=

Rps

used to control

er [C] is included
:lided as a subro
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Hééhéiatl;s TeaL er 613 1731 “j?, LEEE.

o ‘ I ; !
BarﬂEEJ A. Some Ideas dut Number Theory: Washington:

Sixth aak of

Caum;l of Teachers uf/ki:h;m:h; 1961, pp. 48-49,

thEdeLCdl Cames for Sq& ent

bner, Lf pp - 158- LED ]
N i ,
Iﬁe Pthagnreaﬁ Thenrém Explgrlﬁg.

,; Manchester, Missouri: Webster,

/

H h, J, Excursians in Numbéf The .-
agfaf Univ:751ty Press, 1966, pp. 65-67, /

;;heﬂry (vel. 20, Naw,la:hema ics
tAndom Hﬂuse 1967 Pp, 49-53,

1 D/ and Eémella\ J. J. By Ehagﬂrgan Tr;Eles What
ow. Man ?  Mathematics Teacher. 69: - 105-119; 1976! e

ng, ' Plthagnfean Numbéfﬁ Cﬂngfuence% A Flnlte Arithmetiec
Géameﬁgy in the qumbgr Plane. Lexingtg s ﬁassazhgsgtts! :
Ginn,//lgﬁl Pp. ,L—i v Vo '7

5
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SOME HIGHLICHTS FROM THE HISTORY OF PT ON
THE PROCRAMMABLE CALCULATOR ‘

Eli Maor - : .
Deparcment of Mathematics s
University of Wisconsin-Eau Claire - )
Eau Claire, Wisconain 54701 < e EE

stery of. mathematics offirs an almost endless source of E—
Enfi;hment material wich which to enlighten a c¢lassroom discussion. R
3 .. with the programmable hand-held calculator hav;ng become
o 1ﬁéxp5ﬂsive, one can illustrate many problems on one 's. own
ﬁétfum nt .and run them"at home, in the eclassroom, or even on a
Let me discuss here some highlights frnm the history

of che numbet 1, Of course, for a more détailed discussion, pne
hot cnnsult anv af the many sagftes on EhE histnfy ﬂf maﬁhematl,

The'ﬂumbif T-hag intfigueu sghalars and laymen aiike since the.
£ recorded histon The Eamaus Rhind papyrus (ca. 1650 BiCH)
ges the approximacion v < (4f3) -3.1604938... , which is within
rcent of rhe exact value. ”kAnméher interesting approximation .-
g:the easily remembered fraction 355/113 =-3.1415929...,
d by the Chinese Tsu Ch'ung-chih around 480 A.D. It is ..
that! EhE Biblical value for v is 5imply 3, as is c¢lear’
atement in I°Kings.vii 23: 'And he made & mol ]
cubits from the one brim co .the other: it was ra,ﬂd'
his:height was five cubits: and a'line of thirty cubi
35 ik round-about."  Thus the ancient Egypfians had
ng-a much better apprngimatian some fifteen cEnEg

uhile all the anciant values were basad on an actual measu;
of the circumferencestaidlametef ratio for given tlfclas s it
ggeks who First. proposed an algorithm--that.i%, a systematic

-0 find T to any d251fédugeéﬁiagg. This was the ‘famous
éxhaustian invented By.Archimedes .of Syracuse (ca, 287 --

Ey Lnsctibing and tiraumsﬁflbing regular palygnns of’ an

*the value: QE nis "squeezed” betwaen the values n-sin(l&O“/n)
‘taﬁ(lSD /n) for any given n. (Of course, he did not use the
i i, but the” Eﬂfmulas are EESEntially |
wi;h an’ equ;lateral triangle (n = 3) and thgn dnubléd n
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‘times up to n =96, for which 1 ls squeezed between 3.1410320... -
~and 3.1427146.., . [t i= an easy task to write a program.that will =
. display these values for n = 3, 6, 12, ... .. (Do not forget to put

7 your calculator in the "degree" mode!l) . "=

All subsequent methods of approximating n . were esseritially
variations of .the exhaustion method. It was nbt until 1579 that
- the French mathematician Ffancmis Vigte gave a new method based on
~an infinite product:

T .;,‘

RCL 1

1 JRCL 1 LRN |
Jx - - s, RST ¢
ST0 1 2 R/S
RCL O - ‘ -
1/x Prd O (18 program steps)
) Pause GTO O : [ S

s a Easﬁiﬁating Experiénce to watch, the numbers',
gradually approach w. The convergence is very fast, |
partial prcdug:s, the displaved value is correct ko’ seven
plﬂces .
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“ (The' SEfiES ia also known as the Lf;gury—Leianz Séfiés .3 It was one.
of the first applications .of the newly invented differential and .
tegral ralculus, even though it is quite useless as a practical

ans to caleculate v, due to its5’'slow convergence. Im writing a
gram ep apgfatlmate 7 .from the partial sums of this series, one
“has to take into decount the aleernating signs of Che terms. This

an be done by storing (~1) in some memory and then instruct the
nstrument to mulciply the content of thf®s memory by (<1) ar every
xe;ut;uu of the laup. '

'?IE is well known that the harmonic series==the sum of the .
iprocals of the natural numbers--divergés. However, for many .
ts it -was not known if the corresponding series with the squares .
the natural numbers diverges Jor converges, and if it converges,

o hat limie. T..s Lﬂtfiguing questinn was snived in 1736 by. .-

o1 rd Euleri wha showed that the series converges. to " 2/6: -

1/1‘=*_1/2— + 1/3' + 1/4% + 0= ﬂ’/é, B

whl:h iSA

g and T,
A I 57 pfngram to apprnxlmata T Efam thié’series
& .

‘RIS

of cmly use the ’pfagfamable calculator tl;l appr@xima‘
se series, but also to compare their rates of cnnvEfE§nca-
.y has 'to halt the program at any desired stage by, pressirg-

ien RCL' 0, -and the number of partial sums will be displayed.—
aga;ﬁzgfll resume -execution of the’ ‘program.

urns aut Ehat bgth che Gregnfy series
ing 628 and 600 Eéﬁﬁs rest
(i.e., 7 =-3,14).  For the
nce will ba’gscilla
and below, .

,Gregcry series
g,/ a pt@a:hing )




; ries of this kind acé km:!wn and can
_the Taylor or Fourier expansion of various elementat
i 8, see'Courant (1956). , ~ -

2
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Wavris, dohin 0 froweonmab e Calonlarors

Sentary Hehood
[Coinate :

Septenbor=

studentas, adonl.
oher 1974,

article
calvulator,  Basie operitions are pr

iz the first in o series on the HE

cnted,

tary Sl ]a

Wavrik,
wer/December

Ehy tor students Lo grades =6 (s

problems and

mples are given, including
imation, and numher operati

Afure \"\,?I‘lift_"l";‘:}i\!n, I

Wavrix, John 0, A Short Prescaration in “Computer |
I s/ Computer

frogrammable Caloul.tors
Y 9=11; November/Decenm

1l eulator A4omedtits ol intro=

hool =

e proorammalbl e
Juving oloementary

r=. A

Foatlres o

ke aid b sing b

sritad, in which students

|-

programs,

Wavriz, John I, Programmable Caleulators for Elementary School
: ‘har  h: 39-41; May 1979,

Studenes,

ng «lemantary schiool
ileulators,  Storage

Two unies

memory are considered,

(\f-.n'ﬁ.:lrt fon: 1)

lenlator in Viz=Ag.
;o April 1940,

ut thie vgrianmable caleuliaror oind its

apabilielies
ble uses by o voeational agriculture teacher are di

Vail, Rov., Programmable Caleulaco
Teaehor  3h: 496=4087

S

ragrammihle o

s

r K
zponentinl population

are mentinned, Including chareing o 1
', ovotution by natural sclection, and rondom genetic

I3

ERIC

Aruitoxt provided by Eic:



B

vhon ! thewistery

.rnLrlmmiﬁlu Caleulator and Kineties of
Int | C tival

AR fen technigues usine o proeramnihle the
of chomic ]l rect fons are present od,
the
vhor

school chemist

AT sgend,

sompinting T=acorea, and o ‘lllﬂlflf1fl\’t‘ JPPFHhh ta rhm'u:-n
equil ihrium.

1

Numerical Solurtions Nichnut,ﬁnlixﬂnsg

\
1 Themas, Navid. Low=budget t“nmp\xtt: Pengram=
Wiﬁ‘ in Ynur Sehool {An Alternative to the Most of Lar
[11in Series on Edueational Appli
fnmputgrhi No, 14, 1974, ERIC: ED 1178 291. (6 pages)

—

Denn

The programmable calculator can be used in teaching
and the rudiments of computer prograrming and in computer problem
lupntv=11vu amming activities related to high
stad, :

prog

11

Dur.

: Ar sted for programmable ecaleculaters which ‘can
environment in which mathematical concepts are more
rmed.
!
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Huftfman, Ronit,
Vibw i

and the use of the 3R 56 program-

A unit fur teaching algoricehs
mable pocker calvuliator was developed for teachers of science

ar mathematics in hizh acheols or comprohensive schools,

Sheldon B, Remedial Mathematics 3kills Program for Oprional
Asgilanment PFupils; Schon] ir 1974=75. (New York Citv Board of
deCIELUW Funceion No., 09-39678%). 1975, FERIC:- ED 11317 477,

(20 pages)

This is an evaluation of a ¥ew York City School Distriet educa-
tivnal project, the major objective of which was te inecreass

atudent competency in math computationnl skills, Math labs
equipped with caleulators, printing calculators, and programmahle
caleulators were available for student use. FProgram participancs,
unt the averaye, made one-year gains in actual achievement.

¥New York at Butfﬁlﬁ, 1980;

Uaes of leﬁuiitnrﬂ ’i reondary Mathemaecles.
OH Caleulat r, Information
Bulletin Ne. 8, Septemher 1980i

al

Programmable
to Computers.

cox, Floyd; and
Téaﬁhing Alds
and Mathema

The authors provide a list of ecaleculators whicrh have a h
for handling programs, and. a list of programs for such caleula-
which are available at cost, The? argue that the use of -
matefials at many levels DF I 'Jtiﬁg instruction :

about Computers--for Secondary %ghnnl Students.
iemat ics Teacher 30:  118-1215 June 1974,

ahout computer operations
sugpested.

saching infroductary
ogrammabls ealceulator is

b 1 ot rthe lUsage of a Pro im
'Emeﬂt and Atritude of Eighth and ninth Grac
Unpublished Doctoral dissertation;, St. Louis

Quinn,

The pfngraﬁmable calculator was used in eighth- and ninth=grade
3 When cempared with .students in nnnrslcnlatﬁr

ses, students using calculators st

Jﬂ{,?ty tnw1rd mathematics” and had bEEEEF

' but no difference in

mathemati




| 100 ’
\
N i
\ Aldurdson, drvitide ot Fopieal Module for 1 in a Hathe=
§ maties Laborators 19774, Tt ED 181 A05. (H1 pages)
3
\ This area piicka vinph: s throe fiacet the colleept of Gireid

o

a3 . sovering,

aqiare unie, and tormula development. Two
enrichment Lo

fneluded, the first of which requires

ol bator or corpuat er,

Ite

Anover, Steplfen L.oand 4
. Attd 1iters in Mathematica

"l

the role of programmable ealeularors

cotiputers in the ereation of mathematical proatfs by exploriong

4 simple problem Urem number theery,

ancver, Stephen L, oand Spikell
Faquacions?  Marchenmatic

Goeneral Iy, How Do You Solve
2: 326=-116: May 1979,

[terative toct

rions with oun n
able caleulatoers, Flowehares are viven

. HP 25, and BASIC, T

miques are presented for solving diftficals equa-
metheds that I

i1y on

ikicl 1, Mark A. 1, A Programmable

17:  6-=58;

tor the TD 37 and eho HP 33E

¢ nonstatdard problem.

yrogrammih e

wn
pors
-
il
-
L §
=
-
=]
—

and spikell, Mark A, A Programmable Caleulator
1

1 T
Activity, == L+ 1. 1979, FRIC: ED 170 117. (7 pages)

A nonstandard activiey which could not he easily explored without
5 rammable calculater is presented, and flewcharts
and programs for different programmable calenlators are given.

the use of 1 prog
1

silirate Simple Salutions to Mathematical Problems,
[C: ED 170 115, (8 pages

L4

=

Stephen I, and Spikell, Mark A. Programmahle Caleulator
19749

Miny tvpes of pronlems ordin

arily requiring advanced techniques

or special insight to solve can now bhe done as simple progr

rammable calenbararea, 1
lvaomials, finding
, computing
1, and developing

mins e 1

o

fallowing o
limits, evalunting
viartable lensth produe

prooar,

.. and
Fvaluate Com
(9 pages).

February 1980.

Using Programmable Calecu=
ulas. 1979, ERIC: FD

the gra caleulator in evaluating complicated
is illuserated by ecmnsidering the formula for finding

ERIC
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Lot

the .aresr ot any trianele when only the lengths of the three
sidus

TL

are knewe,  Flowcharts and programs are given for the
and the HF 33K programmable caleulators,

Sveandary Schee! Phesics

P roy e, 1hh Caleuliators for
tion 12:

Beare, Richard .and New, Petor

.
Elemencary Phvsics Todching, Phy L24=426

November 1977,
Uperating characteristics and features of programmable hand-
held caleulators are compared. -

Caleulators, Pare [I: Their Use in
8 to Some Complex Problems
269=284: Decemher 1977. (Part
fiared below under Secondary School Scieace.)

Boare, Richard. Program
\3ﬂlVLﬂg %Lﬁple L:

of programmable calceulators te solve complex physics
is describad.

prob loms

Reiland, Hobert J. A Realistic Model Rocket Program for a sSmall
trogrammable Caleulacor, nl;ulntnr»/?umputera Magaxine
2:  72-74; Scptember/October 1978,

A program for a programmable caleculater is given which predicts
the altitude achicevable by a model rockec.

at Armdale, W.A.
33=40: May 1976.

Computing in Secondary Physi
lenc s Journal 22:

An Australian secondary school physics course utilizing an

electronic programmable ealeculator and computer is deseribed
Caleulacion techniques and funetions, prnzrammlng techniques,
and simulation of physiea ed. A summary
af student re:

Summers,
Physic
1973,

&

‘!L lLﬂEL‘

ary schoul

Their Use in
5: 36=48; September

Beare, Richard., Prog
Tearhing Sciene
1977.

:ondiary school science exercises which are amenable
nf a programmable calculater are given, and use of
the caleulator is compared to use of a computer terminal.

Advanced se
£0 the use

= 14y
‘

[\ 4
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Cralyg, James (0,
Programmable
1974,

Quality

nlating Alr [nv

stigations with che
Caleulator, 2.

cro 41 18-4 April

Wavs of using a programmable caleulator o obrain alr pollution
Par s im0 s imul gt exnoriment are leserihed,

D, College Jnd-PoﬁlgFJduJEc

Blumenberg, Bennett and Spikell, Mark A, Calevulator Programs in
¥

General Cenotics: 10, Nei's [ndices of Genetic Distance,

Protein Lldentitv, Migration Rate, and Divergence Time,
Journal of Here ;o RU:  278=280; Julv/August 1978,

of general interest to the population geneticist are
itten in algebraic notation for Texas Iﬁstrumvnta
These programs are written for o Lcnvtlg

leulator Programs in
of Heterozygo

Fennett and Spikell, Mark
ntrl‘ Genetics: III. Latter

Population Differentiation, and Cenetic
Heredity 71: 293=294; July/August ]9

A program writtea in algebraie notatio
iculators, and intended for a i

infinite number of diallelie lo

may also he nodified to accommodate loel

consist of more than two Alleles.

a uf Nactural SQI ction on the PrDLrnm=
Journal of Fallg Scienre TLacthg 8: 95-96;

‘e L, Simulati
~ilculator.”
. + November 1978.

A mﬁdEl or game iz described which enables students to expe
quilibria and to trace rapidly gene frequency changes
tht‘nu;,h time under postul: 5

ted conditions of selection.

Tochaiques with

An int rﬁduﬁtnfv rourse on digital computer simulaction in Biology,
] University using the Olivetei
di

uszed.

gpikell, Mark A, and Blumenberg, Bennett. galculatﬂr Programs in
; 3 [. Computing Genetic Distance. gfurﬁi;
187-190; May/.June 1977,

written for Texaz Instruments caleulators is presented
for. computing genetic difference and genetie
‘rom five diallelie loei. The ﬁrngfam can

o include any number of IDEL.

y

A program
;.rhi.c’h 1
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"College Chemi

Ateard, Alfred E. and Lee, Henry C. X-rayv Crys tallographic Lomputd—
tions Using a Programmable Calculator, Jour s
Education 356: 650: Octaber 1979,

Six !stlllnrrlphlL prograns developed to il lustrate the
r 38 of programmable ealeulactors in chemical analvsis
r The programs are suitable for the laboratory

data,

Brabson, G, Dana and Seegmiller, David W. IPro sprammable Caleulatoers
Add a New Dimension to Laboratories. .Journal of Chemical
47: 117=119; February 1970. )

Uses of programmable caleulato in college chemistry o
1ﬁd a specific example is given: study
~- N0z equilibrium,

Aare d

Clark, .

Two uses of the programmable caleulator in the freshman chemistry
ted:  to determine whether or not a

f1bnf1tnry are sugg
student’
and te
tative

o1 quanti=

Prepared by a Desk Calculitor

of Chemical quLﬂ;1n1 54: 31-34;:; January

Hayman, H.J.G. Stereos
and Plotter. Journa
1977.

ett=Packard 9810A proarammable caleulator with
plotter for druwxn ball-and=line stercopairs as well as thre
dlmg's’nﬂai structural formulas which are useful for teaching

stereochemical principles and melecular stru leture is discussed.

Applications of Programmable Caleulators in
5. Australian Scien TPJEthH Jo fﬁgl -

Hnlda

are uzed are described,
of magnesium is deter-
ous Eﬂﬁﬁéntfﬂtinn§

ir in whirh raleulators
first thc relative atomic mass
[ cnd, a constant fnr gn [

Holdsworth, David K. High Resolution Mass Spectra Analysis with a
Programmable Calcularor. Journal of Chemical Educatien 57:
99-100; February 1980. o

Hughes, B. 6. and Bundschuh, [. E, The Use of a Hand- hiid Program=
ﬂlblh FﬂlculaLnr in Fv1]unt1ng Frashman Exerlmenta Journal of
May 1978,

a programmable ealculater for evaluating a stud
¢ on A quantitative laboratory experiment is rev
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programnable caleulators for the simolation of
ts Jiscussed, and Tive examples of itle applic

Leulators: simulated Fxper

Olaf et al, Progrommible
| fon A% 265-0606; April 1972,

Jowrnal of Chemi i

[ 360 progreammalb e
ribed, and data on a sample titriation
simutation are provided,

imulated vhemistrey
caleuliter are des

"

sevmour, M, D.oand Fernondo, Quintu
il Librium Constunts. JJoeuarn
2275 April 1977,

)

mining the effect of ifonic strength on equil ib-

ihed. The axperiment involves the use
cialeulacor and the uf ivi

v ooamd

¢, Applicvations of a Programmable
Laboratory.,  Jlonrnal of Colle

March 1974.

y

periments, in
accuracy and

f a programmiable ealeulator
: laboratory repores, and

®

it

able u g sy
1 A.mulated 1 4 itr:

: involving conductimetric titration
af an aqueous solution of-HCl with an aquesus solucion of NAOH,

l

he Programmable Calculitor as

TR, ’tquplz

achers

A program
ot viarious
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Addis, G. H. The

Taer f Prog
of Eoonomics, E’mt L.

mmable Calenlarors in the Teaching
I4:  3=-8; Spring 1974,

Twa caleulator programs for computer=based ceonomic simulatlons
deseribed, cach of which
lons, notea to the teacher,

atudencs,

nd detailed instructions Tor

:\d;!i:;, i, H. The Use of

i in the Teaching of
Fvonomics, Pare [1,

Summer 1978,

14: ﬁO—}h;

The complote progra sxpluring the dynamices of the Harrod-

Dumar equation

,Cf’,i,l, et

Genlogy

Shea, Jdames B, reatment of Farchquake Hs
Procrammahle Caleulator. Journal nf Guolog
29-%4: January 1973,

fpocenter Data with
1 FEdueation 21

Three [nveatigations are developed u
caleulator stem with a eard reader, X=Y ploteer, and-printout
device. The investigations involve determining the spicinl
distribution of earchquake hypocenters with the goal of having
students work with realiscic data,

earthquake daca and a

th

Eisberg, Robert., Prousrammable Pocket Caleulators in
Teaching. JournaL of College Sceience Teaching
1974. T - ST
The use
different
af c?ﬂﬁp,}'

caleulators to solve second-erder
iz discussed in an article which consists

the author from his 1976 book.

Gaedar, Abdus Satear. A Shore Program for Simpson's or Gazdar's
Enla==Taraurarion An ”iﬂﬂhniﬂ i
Two ar College Mathema

bl e Calenlaters,
182-185; June 1978,

A flowehare and program for numerical integration are pre

Gerald, Curtis F.  Interactive Computing with a. Programmable C?1cu‘
laeor: Student Experimentations in Numerical Mechods. “1973.
ERIC: ED 082 470, (8 pages)

[n this paper presented at the June 1973 Conference on Computers
~in the Undergraduate Curricula in C]afcmunc, i the

‘ulnnta reiS Uge ﬁf

glves objectives, operating instrue=

given, and some staciscical uses are mentioned.

i
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Hal lden=Ahberton, Pattl and Wales, Bere K.
Caleulator-=-An Inexpensive Teaching Machine.
12 213-219; Fall 1978,

A oprsean foar oy procsmmabhla cqlentbarer g s

permits evaluation ot students' arithoetic computat ional

Kruse,

Harry Rudolph and Burkett, Hush Alan,

1 .

The userulness of carnd-programmab e hand-held caleuliators in

the managenent curricula of the Naval Posceraduate School and

‘in thd (leet were investivated, It was concluded that
calvalaters provide signifticant advantaves in teaching or

and thar they are potentially

Clearning machematical concept

tmporcant management and tacticeal support tools Navy

ride,

In addirion, the user's overall analyveie capaclty is Improved.

The Forum
1980,

Mohrman, Eathryn (Ed.). Innovations in Science T
for Liberal Education, Volume [T, Number 4,
ERIC: ED 181 834, (11 mages)

Jevelopment in undergraduate programs -in the

Curri
bialogicsil, phyaical, and mithemacical sciences at a numbher
af colleges and universities is deseribed. Included is The
Nhin 5tate University's proaram for teaching caleulus with

programmable calculators.

O'Loughlin, Thoma Galealators (Mini-
Computers) In Calculus fuction. | n Mathematical
Monthly 33: 281-283; April 1976, R

Using Electronic Progra

described in which a minicomputer was used as
and a5 a labora-

an instructional aid in a caleulus el
tory device. '

‘equipment in instructi
mable calculators for calculus instruction.

n 15 one paper on the use of program-
pap 3 11

and Weir, Mauriece D. Introduction to the T1-59
leulatar. Calculators/Computers Magazine 2

Pockham, Herhert D,
Frogrammahle Ca
532-37; September/Ccrober 1978,

Activitios designed to familiarize cales
af the TL 59 are prescent i

d, and instruc
library of programs on magnetie cards are giv
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i, CAL o g Programmable Caleulator,
Winter 1975,

cribed for presenting routine praceice
nable caleulator wich attached teletype,
ndom-number penerator to write problem

CAM Lises )
assiuns arades aceording to the procedunres

1
%ivgs feodback
Q.

Jdoand flow-e Il;]l’tt Jd hy the author,

Sloyer, Clitrord W,, Jr., and Tingey, Henry B, Binomial Frobhabilicies
and the Pocket Caleularor. Math Sciences Roundeable 13 27-31;
1979, - -

vibilities for the
sud, with specific examples and probloms.

Snover, Stephen L. and Spikell, Mark A, Boecause of Programmable
‘aleculators, Why Avold These Problems Any Longer? 1979, ERIC:
70 115, (i1 pages)

Also appears Problems Now Solvable in Caleulus and Ocher
Heginnine Undergraduate Mathemacedi Courses with the Use of
Programmible Calculactores. In Looking at Calculus: Perspeceives
. (edited by A, JVLd “Burdoin). Mil-on, MA:
of Advanced Placement Mathematics Teachers, 1980.

atian
pp. 31=40,

are pgiven of the types of nonscandard
solve by using programmable calcula
Fimding 1LmLEn! evaluating and caleulating infinice s
computing variable length products, searching for da

devaloping provfs are among the e

Natural Frequencies

and Mode Shapes of Hulrl—Deg ces
mmable Caleularor. R.C.A, Rev

Zimmerinan, Mark. Random Nrmbers and Pocket Calculators.
Computers Magazine  2: 42-473; November/December 197

A procedure for generacing random numbers with an HP 55 program-

mable valenlator 14 presented.

Miller, Doriz [, Simulation of %pnrta
and Programmable dalculator.

tion and Recreation 45: 63-6

ur the programmable cale ulntﬂr
ivelcal educarien cla i
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Instruceional Uses of the O

Satvllite

Heocvrommahle Calenlarsye, o

114=116; Jamuary 19773,

s, MLoN, ana Power, tolin N, (E

., Proceedings ot

Fducation Research aeiation (7th,

Mav 17=19, 1976).

sWweastle, New South Wale
300, (142 pases)

Amony these papers la one on e off

setg of the progranmable
saleulaeor on atrinudes towacds phyvsics, ‘

Caleulacoer,

Philiips, 2. V. =&l ing a Programmable Pocket

160-1367%; September 1977,

—

Catewlarion, using a programmable caleularor, of the potential -
af the vartn's sravieational field strencth and the encrgics
af satellices in orbie around the earth is described,

Pitcairn, Cameron O, amd Baker, Gregory L, The Rocketb Game,
1J: 427-329: Copober 1974,

A program for o programm
simualiates the problems of
soft landing.

ble valeulator i3 provided which

ket propulsion, hovering, and

Reiland, Rabert J. A Realistic Model Rocket Program for a Small

2 2=74; September/October 1978,
A prugram for pruediceion ol rthe altitude achievable by a
nodel rocket given. ’

Schmide, Stamlev A, Fouricr Analysis and Synthesis with a Pocket
Calecul ator. i 4

Journal of Physies
1977, -

79-82: Januarv

Twu programs for performing Fourier analysis and svothesis wirh
. \ .
L

G ovvwiuib=tavednd it 27) caloulatoer

Summers, M, K. Praogrammable Caleulnrors

Teasrhing, W Fdu n 13

Use of a programmable calvuliator
1 el (those defining
is d

1 B

il

Calculator Programs. S ]
3: 102: February 3

astronomical interest tha
noted, Tople and source
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Dun s Gavid L, Golitaice Masteroind wich Provrame Hang
leulators Calealator ' Mavasine 2 H=36: Mav 1974,
! Ao e M0 salonbanor, vain e Tt

Us i[ig deduct Lve
ne the vode,  Two

with orher programmable caleulators,
Lo wletermi

G o bW plavers it

Dy sheot dre provided,

cariariong,

cubaroers Tor Funoond o

e 1977,

mevib le caleulator are
kjack, Space

L ogames or elie prodra
of the Dive Bomb Foorball,
£

Prsiar.

*

amd rul

amd

(v the Tin Can Problen).,
February 1978,

43=4 7;

lerrer, a1 procruamiable calouliator program to solve the
i Is presented,

et fon i the Tin Can Problem (Clvde, 1973)

leulators/ Comput

o lve Tor mean, srandard Jeviation

is given, to =supplement Crothamel

venn,  Dine can bie

ot
I
-
2

1 four=tunction ar a programmable caleulator,

4 prusrammable ecaleataror,  Floweharts and

Tanil e ALepa aCe provided,

L
I
o]

prosrammable caleulator
amd 1 o=ample game are

7 10 Fiading the ¥linzon in Your Cileulatoer,
Januars 19758,

IRATAS

is wiven,

Vocaleabater program Jor Yinding a Klingon space

leulato

I

I,

. i
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wavriz, John J. 0 sShootine the Klingon o Your Giiculator,
' :
: Mo 2 hl=f

92: seprember/Octoher

Sllviiatoer

ik in lapuary 1978,

Precramernib e aleul stor s a0 Tesdt Control ler,
A pi=RS April o, 974,

Garst, John F,
Loulator,

Proveammable Pocket Electronic

ation A% 114y February

Adviantades o1 uding a progr 1
student orad (e,o., in figuring welghted averaees and in the
Linear adjustrent of raw scores) are pointed out,

caleolator ia computing

Heeterps, William [, e HP 25 a8 g Digictal Clock and Timer,
I E S: Auneust 1977,

el
i
il

A viock/timer
shown,

3 owaleulator to serve

1

Sramoan HP

P in hours, minontes, amd seconds

Trackin  Down Equation Roer

Auvist 10, 1978,
tor an HP 35 caleulater is glven,
Aowe, A, J. Machine=-Marking of riple=Choice Tests: A
nsive Sy m 1 Desk=top Calculainr,
ical ruary 197
A Compar Student Characteristics Between
1, 1971-72 and 1974-75. Institutional Rescareh
" ERIC: k (31 pages)
mide between 273 characteristica of.
(Neosho, MDY during two
BRI Tor the Jdata w Wwritten
: aple caleulator.  The program
Tiny Cemputers Spoed
production scheduling,
T rest rates is discussed. ’
-

Lo B, Dirfficule Budgerary
lealator Madel to Facilitate

It ED 126 B4R, (1A payes)
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