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http://www.cecm.sfu.ca/pi

.2.. The JT Pages
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Why ?

"The story of pi reflects the most seminal, the most serious and sometim
es the silliest aspects of mathematics. A surprising amount of the most im
portant mathematics and a significant number of the most important mathe

maticians have contributed to its unfolding —- directly or otherwise.

Pi is one of the few concepts in mathematics whose mention evokes a re
sponse of recognition and interest in those not concerned professionally wit
h the subject. It has been a part of human culture and the educated imagi
nation for more than twenty five hundred years.

The computation of Pi is virtually the only topic from the most ancient
stratum of mathematics that is still of serious interest to modern mathemat
ical research. And to pursue this topic as it developed throughout the mille
nnia is to follow a thread through the history of mathematics that winds t
hrough geometry, analysis and special functions, numerical analysis, algebra

and number theory. It offers a subject which provides mathematicians with
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examples of many current mathematical techniques as well as a palpable se

nse of their historical development.”

The above passage is taken from the introduction to "Pi : A Source Book”
by L. Berggren, J. Borwein and P. Borwein. It is a large collection of paper
s on pi and will appear with Springer-Verlag sometime in 1997. Much addit
ional material is available in the 1986 Wiley volume "Pi and the AGM” by

J. Borwein and P. Borwein.

Pi Story the history of the computation of Pi
Pi Records current records of computation
Pi People people involved in the computation of Pi in recent years
Pi Literature
How to Compute 1 Billion Digits of Pi
How to Compute the 100 Billionth Binary Digit of Pi
Pi and the AGM
The Quest for Pi
Recognizing a Number
Experimental Pi
Pi News
Here at SFU
Science News
Globe and Mail
21 years ago
Pi Aesthetics
Pi Art
Pi Formulas
Pi on the net
The New Pi
From Number to Formula
The Miraculous Pi
The Passion for Pi
A Question of Numbers
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Pi Files

Pi and other numbers : The ISC

More Links to other Pi-Enriched sites

Questions, Comments, and/or Suggestions? Write to:

pi@cecm.sfu.ca

2. B.C.20003 A AAA 79 AXNE

http://www .cecm.sfu.ca/projects/ISC/Pihistory.html

Babylonians
Egyptians
China

Bible (1 Kings
Archimedes
Hon Han Shu
Ptolemy

Chung Hing
Wang Fau

Liu Hui
Siddhanta

Tsu Ch'ung Chi
Aryabhata
Brahmagupta
Al-Khowarizmi
Fibonacci
Al-Kashi

Otho

Viete

(ave.)
Romanus

Van Ceulen
Van Ceulen
Newton

Sharp

Table of computation of Pi from 2000 BC 10 now

20007 BCE
20007 BCE
1200? BCE
7:23) 550? BCE
2507 BCE
130 AD
150
2507
2507
263
380
4807
499
6407
800
1220
1429
1573
1593

1593
1596
1615
1665
1699
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3
3
3
3
3

.125 =3 + 1/8
.16045

.1418 (ave.)
.1622 = sqrt(10)
.14166

.16227 = sqrt (10)
.15555 = 142/45

.14159

.1416

.1415926

.14156

.162277 = sqrt(10)
4 3.1416
3 3.141818
14

6 3.1415929
9 3.1415926536

15
20
35
16
71



Seki 17007 10

Kamata 17307 25
Machin 1706 100
De Lagny 1719 127 (112 correct)
Takebe 1723 41
Matsunaga 1739 50
Vega 1794 140
Rutherford 1824 208 (152 correct)
Strassnitzky and Dase 1844 200
Clausen 1847 248
Lehmann 1853 261
Rutherford 1853 440
Shanks 1874 707 (527 correct)

The 20'th century

Ferguson 1946 620
Ferguson Jan. 1947 710
Ferguson and Wrench Sep. 1947 808
Smith and Wrench 1949 1,120
Reitwiesner et al. (ENIAC) 1949 2,037
Nicholson and Jeenel 1954 3,092
Felton 1957 7,480
Genuys Jan. 1958 10,000
Felton May 1958 10,021
Guilloud 1959 16,167
Shanks and Wrench 1961 100,265
Guilloud and Filliatre 1966 250,000
Guilloud and Dichampt 1967 500,000
Guilloud and Bouyer 1973 1,001,250
Miyoshi and Kanada 1981 2,000,036
Guilloud 1982 2,000,050
Tamura 1982 2,097,144
Tamura and Kanada 1982 4,194,288
Tamura and Kanada 1982 8,388,576
Kanada, Yoshino and Tamura 1982 16,777,206
Ushiro and Kanada Oct. 1983 10,013,395
Gosper 1985 17,526,200
Bailey Jan. 1986 29,360,111
Kanada and Tamura Sep. 1986 33,554,414
Kanada and Tamura Oct. 1986 67,108,839
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Kanada, Tamura, Kubo et al Jan. 1987 134,217,700

Kanada and Tamura Jan. 1988 201,326,551
Chudnovskys May 1989 480,000,000
Chudnovskys Jun. 1989 525,229,270
Kanada and Tamura Jul. 1989 536,870,898
Kanada and Tamura Nov. 1989 1,073,741,79¢9
Chudnovskys Aug. 1989 1,011,196,691
Chudnovskys Aug. 1991 2,260,000,000
Chudnovskys May 1994 4,044,000,000
Takahashi and Kanada Jun. 1995 3,221,225,466
Takahashi and Kanada Aug. 1995 4,294,967,286
Takahashi and Kanada Oct. 1995 6,442,450,938

The n'th binary digit

Bailey, Borwein, Plouffe Nov. 1995 40,000,000,000
(hexa 921C73C6838FB2)

Bellard Jul. 1996 200,000,000, 000
(hexa 1A10A49B3E2B82A4404F9193AD4ERG)

Bellard Oct. 1996 400,000,000, 000

(hexa 9C381872D27596F81D0OE48B95A6C46)

3. & &4 o} 10000& 2] 7A] AAE Alol =
http://www.cecm.sfu.ca/projects/ISC/dataB/isc/ C/pil0000.txt

3.14159265358979323846264338327950288419716939937510582097494459230781640
6286208998628034825342117067982148086513282306647093844609550582231 72535
940812848111745028410270193852110555964462294895493038196442881097566593
344612847564823378678316527120190914564856692346034861045432664821339360
726024914127372458700660631558817488152092096282925409171536436789259036
00113305305488204665213841469519415116094330572703657595919530921861 1738
1932611793105118548074462379962749567351885752724891 22793818301 19491 2983
36733624406566430860213949463@%22473719070217986094370277053921717629317
675238467481846766940513200056812714526356082778577134275778960917363717
87214684409012249534301465495853710507922796892589235420199561121 2902196
0864034418159813629774771309960518707211349999998372978049951 05973173281
6096318595024459455346908302642522308253344685035261931 1881 7101000313783
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875288658753320838142061717766914730359825349042875546873115956286388235
3787593751957781857780532l7122680661300192787661119590921642019893809525
720106548586327886593615338182796823030195203530185296899577362259941 389
124972177528347913151557485724245415069595082953311686172785588907509838
175463746493931925506040092770167113900984882401 285836 160356370766010471
018194295559619894676783744944825537977472684710404753464620804668425906
949129331367702898915210475216205696602405803815019351 125338243003558764
024749647326391419927260426992279678235478163600934172164121992458631503
0286182974555706749838505494588586926995690927210797509302955321 16534498
7202755960236480665499119881 834797753566 36980742654252786255181 841757467
289097777279380008164706001614524919217321721477235014144197356854816136
115735255213347574184946843852332390739414333454776 241686251 898356948556
2099219222184272550254256887671790494601653466804988627232791 78608578438
38279679766814541009538837863609506800642251 252051 173929848960841 2848862
694560424196528502221 0661 18630674427862203919494504712371 3786960956 36437
191728746 776465757396241389086583264599581 339047802759009946576407895126
946839835259570982582262052248940772671947826848260147699090264013639443
745530506820349625245174939965143142980919065925093722169646151 570985838
7410597885959772975498930161753928468138268683868942774155991 85592524595
3959431049972524680845987273644695848653836736 2226260991 24608051 24388439
04512441365497627807977156914359977001 29616089441694868555848406 35342207
222582848364815845602850601684273945226 746 76788952521 38522549954666 72782
398645659611635488623057745649803559363456817432411251507606947945109659
609402522887971089314566913686722874894056010150330861792868092087476091
782493858900971490967598526136554978189312978482168299894872265830485756
4014270477555132379641451523746234364542858444 79526586 7821051 14135473573
952311342716610213596953623144295248493718711014576540359027993440374200
73105785390621983874478084 78489683321 445713868751 94350643021 845319104848
100537061468067491927819119793995206141966342875444064374512371819217999
8391015919561814675142691239748940907186494231 96156 79452080951 4655022523
160388193014209376213785595663893778708303906979207734672218256259966150
14215030680384477345492026054146659252014974428507325186660021 3243408819
071048633173464965145390579626856100550810665879699816357473638405257145
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910289706414011097120628043903975951567715770042033786993600723055876317
635942187312514712053292819182618612586732157919841484882916447060957527
069572209175671167229109816909152801735067127485832228718352093539657251
210835791513698820914442100675103346711031412671113699086585163983150197
016515116851714376576183515565088490998985998238734552833163550764791853
58932261854896321329330898570642046752590709154814165498594616371 8027098
1994309924488957571282890592323326097299712084433573265489382391 19325974
636673058360414281388303203824903758985243744170291327656180937734440307
074692112019130203303801976211011004492932151608424448596376698389522868
478312355265821314495768572624334418930396864262434107732269780280731891
244110104468232527162010526522721116603966655730925471 105578537634668206
53109896526918620564769312570586356620185581007293606598 764861 1791045334
885034611365768675324944166803962657978771855608455296541 26654085306 1434
443185867697514566140680070023787765913440171274947042056223053899456131
407112700040785473326993908145466464588079727082668306343285878569830523
S80893306575740679545716377525420211495576158140025012622859413021647155
097925923099079654 737612551 765675135751 7829666454 7791745011 2996148903046
39947132962107340437518957359614589019389713111790429782856475032031 9860
151402870808599048010941214722131794764777262241425485454033215718530614
22881375850430633217518297986622371721591607716692547487389866549494501 1
4654062843366393 7900397692656 72146385306736096571 2091 8076383271664162748
883007869256029022847210403172118608204190004229661711963779213375751149
295015660493186294726547364252308177036751590673502350728354056 704038674
351362222477158915049530984448933309634087807693259939780541934144737744
184263129860809988868741326047215695162396586457302163159819319516735381
297416772947867242292465436680098067692823828068996400482435403701416314
965897940924323789690706977942236250822168895738379862300159377647165122
893578601588161755782973523344604281512627203734314653197777416031990665
541876397929334419521541341899485444734567383162499341913181480927777103
863877343177207545654532207770921201905166096280490926360197598828161332
316663652861932668633606273567630354477628035045077723554710585954870279
081435624014517180624643626794561275318134078330336254232783944975382437
205835311477119926063813346776879695970309833913077109870408591 337464144
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282277263465947047458784778720192771528073176790770715721344473060570073
349243693113835049316312840425121925651798069411352801314701304781643788
518529092854520116583934196562134914341595625865865570552690496520985803
385072242648293972858478316305777756068887644624824685792603953527734803
048029005876075825104747091643961362676044925627420420832085661190625454
337213153595845068772460290161876679524061634252257719542916299193064553
779914037340432875262888963995879475729174642635745525407909145135711136
941091193932519107602082520261879853188770584297259167781314969900901921
16971737278476847268608490033770242429l651300500516832336435038951702989
392233451722013812806965011784408745196012122859937162313017114448464090
389064495444006198690754851602632750529834918740786680881833851022833450
850486082503930213321971551843063545500766828294930413776552793975175461
395398468339363830474611996653858153842056853386218672523340283087112328
2789212507712629463229563989898935821l6745627010218356462201349671518819
097303811980049734072396103685406643193950979019069963955245300545058068
550195673022921913933918568034490398205955100226353536192041994745538593
81023439554495977837790237421617271l172364343543947822181852862408514006
6604433258885698670543l5470696574745855033232334210730154594051655379068
662733379958511562578432298827372319898757141595781119635833005940873068
121602876496286744604774649159950549737425626901049037781986835938146574
126804925648798556145372347867330390468838343634655379498641927056387293
174872332083760112302991136793862708943879936201629515413371424892830722
Ol2690147546684765357616477379467520049075715552781965362132392640616013
635815590742202020318727760527721900556148425551879253034351398442532234
157623361064250639049750086562710953591946589751413103482276930624743536
325691607815478181152843667957061108615331504452127473924544945423682886
061340841486377670096120715124914043027253860764823634143346235189757664
521641376796903149501910857598442391986291642193994907236234646844117394
032659184044378051333894525742399508296591228508555821572503107125701266
830240292952522011872676756220415420516184163484756516999811614101002996
078386909291603028840026910414079288621507842451670908700069928212066041
837180653556725253256753286129104248776182582976515795984703562226293486
003415872298053498965022629174878820273420922224533985626476691490556284
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250391275771028402799806636582548892648802545661017296702664076559042909
945681506526530537182941270336931378517860904070866711496558343434769338
578171138645587367812301458768712660348913909562009939361031029161615288
l38437909904231747336394804575931493140529763475748119356709110137751721
008031559024853090669203767192203322909433467685142214477379393751703443
661991040337511173547191855046449026365512816228824462575916333039107225
383742182140883508657391771509682887478265699599574490661758344137522397
09683408005355984917541738188399944697486762655165827658483588453l427756
8790029095170283529716344562129640435231l7600665101241200659755851276178
5838292041974844236080071930457618932349229279650198751 87212726 750798125
547095890455635792122103334669749923563025494780249011419521238281530911
40790738602515227429958180724716259166854513331239480:49470791 19153267343
028244186041426363954800044800267049624820179289647669758318327131425170
296923488962766844032326092752496035799646925650493681836090032380929345
9588970695365349406034021665443755890045632882250545255640564482465I5187
5471196218443965825337543885690941 130315095261 793780029741 2076651 4793942
09029896959469955607612186561967337862362561959163908628692221039/48bq7l
865436480229678070576061o14463204692790682120738837781423336283360896320
806822246801224826117718589638140918390367367222088832151375560037279839
400415297002878307667094447456013455641725437090697939612257142989467154
357846878861444581231459357198492252847160504922124247014121 478057345510
500801908699603302763478708108175450119307141223390866393833952942578690
5076431006383519834389341596131854347546495569781038293097164651 43840700
707360411237359984345225161050702705623526601276484830840761183013052793
205427462865403603674532865105706587488225698157936789766974220575059683
440869735020141020672358502007245225632651341055924019027421 624843914035
99895353945909440704691 2091409387001 264560016237428802109276457931065792
2905249887275846101264836999892256959688159205 60010165525637568

4. title : Technology Centers for the Integrated Technology Classroom
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http://forum.swarthmore.edu/paths/measurement/disc .pi.html

Discovering Pi

Middle School .
Lessons Il Contents

A lesson in which students work with circumference in order to discover Pi.

Author: Jack Eckley, Sunset Elem., Cody, WY

Grade Level/Subject: 5-7, geometry

Overview: Many students tend to memorize, without understanding, formulas that
we use in geometry or other mathematic areas. This activity allows students to
discover why pi works in solving problems dealing with finding circumference.
Objectives: The students will:

Measure the circumference of an object to the nearest millimeter.

Measure the diameter of an object to the nearest millimeter.

Explain how the number 3.14 for pi was determined.

Demonstrate that by dividing the circumference of an object by its diameter you end
up with pi.

Discover the formula for finding circumference using pi, and demonstrate it.
Resources/Materials: Round objects such as jars, lids,etc., measuring tapes, or
string and rulers, paper, pencil,calculator

Activities and Procedures:

Divide class into groups of two.

Give materials to student teams.

Have student teams make a table or chart that shows name or number of object,
circumference, diameter, and ?.

Have students measure and record each object's circumference and diameter, then
divide the circumference by the diameter and record result in the ? column.

Have students find the average for the ? column and compare to other groups in the
class to determine a pattern. Students can then find the average number for the class.
Explain to the students that they have just discovered pi, which is very important in
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finding the circumference of an object. (You may wish to give some historical
information about pi at this time or have students research the information.)

Have students come up with a formula to find the circumference of an object
knowing only the diameter of that object, and the number that represents pi. Students
must prove their formula works by demonstration and measuring to check their
results.

Tying it all together:

Have students write their conclusions for the activities they have just done. Students
may also share what they have learned with other members of the class.

Give students three problems listing only the diameter of each object and have them
find the circumference.

Encourage students to share learned knowledge with parents.

Middle School Lessons and

Back to Materials
Suggestion Steve's Help Quick
ﬁox | ' ll_QmQ ' I Dump ’ ' Desk ‘ ' RQIFCI"CHCC l ‘
Search

webmaster@ forum.swarthmore.,

The Math Forum =x edu *x 26 July 1997

5. ot27)vd 29 r A
http://www.math.psu.edu/dna/archimedes/area.gif
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12x1xv3/2
=\3/4
172
B/2 area of hexagon =
6xVa/4
=2.698

6. vl
http://dolphin.upenn/pics/

7. The Monte Carlo Method to approximate Pi
http://www.daimi.aau.dk/~ u951581/pi/MonteCarlo/pi.MonteCarlo.htm

The Monte Carlo Method to approximate Pi
Alexandru Csete

stud.scient.

Intsitute of Physics and Astronomy
University of Aarhus

1. Introduction
: . . - Figure 1

In the following I will describe a statistical method for

approximating pi called The Monte Carlo Method. It is a simple method and

easy to implement on a computer, as you will see.

2. Definitions

We have to look at the unit circle (radius=1) within a rectangle with sides

equal to 2 (see figure 1). I will use the notation and for regions inside

and outside the unit circle with the following obvious definitions:
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from which it follows that:

3. How to calculate?

Now pick two random numbers (x,y) and do it N times. Lets say that M of
those times, the random point lies inside the unit circle. Now, the
probability of that a random point lies inside the unit circle is given as a
fraction between the area of the unit circle ( ) and the rectangle. Thus Pi

can be calculated as:

4. Programming

As you can see in the final formula for Pi, the precision (number of digits)
depends on how many times you pick an (x,y) pair. The greater N and M
are the more digits you get. You can have a look and try my sample
Pascal program ( Turbo Pascal) at montcarlpas . There is also an
executable montcarl.exe for PC’s if you don’t have a Pascal compiler.

5. My Results

I did run the above mentioned program 10 times with N=100000 on a simple
1386 based machine. It gave me the value 3.14142%0.00441 - not bad ]
think!

6. References

Here are some links related to the Monte Carlo method:
A Java Applet Illustrating the Monte Carlo Method.
Monte Carlo Method for Estimating Definite Integrals.
Last modified: April 22nd, 1998 by Alexandru Csete.

8. 79 oL FUYF Al(poem) AlolE
http://www.ugcs.caltech.edu/™ eveander/beauty.html

Beauty
three point one four one five nine
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tva sex fem tre fem atta nio
siete nueve tres dos tres ocho cuatro
enam dua cnam empat tiga tiga delapan
Drei Zwei Sieben Neun Finf Null Zwei
hachi hachi von ichi ku shichi ichi
chwech nawr tri nawr nawr tri saith
cing un zero cing huit deux zero
Jjiu i st jiu sl si wu
tisha’a shanvim shlosha efes shiv'va shmona echad
kuus neli null kuus kaks kaheksa kuus
dua nila osem devat devat osem sest
dwa osiem zero trzy czterv osiem dwa
Ha Sarm Si Song Neung Neung Chet
zero sel sette nove otto due uno
quattuor octo nihil octo sex quinque unus
kolme kaksi kahdeksan kaksi kolme nolla viisi
shesh tcha-har haft sefr noh~h seh hasht
vier vier zes nul negen vijf vijf
gong oh pal e e sam il
yedi iki bes ii¢ bes dokuz ti¢
pagh chorgh wa' cha’ chorgh l0S chorgh
en en en sju fire fem null
theo okto tessera ena methen theo epta
nista jedan devet tri osam pet dva
één één nul vijf vijf vijf negen
anom apat apat anom siduwa siduwa siyvam
ceithir ochd naoi co/ig ceithir naoi tri\
sifr thalaatha thamaaniva waahid tis'a sitta arba'a
char do aat aat ake sifur naw
chat\ ng/ luhk luhk ng/ gau/ saam\
tr1 ceathair ceathair se haon do ocht
kvar ses kvin cent kvar sep du

ci ci ze bl xa ze bi
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thien ek chay phaunch tho saath ek
dva nool’ awdin dyevvat’ nool’ dvevyat’ awdin
knolla unja aara knolla etta unja aara
chhow now bay thron chaar chhow shoonya
harom négy nyolc hat egy nulla négy
cinci patru trei doi sase sase patru
astoni divi viens tris tris devini tris
sex null sjo tveir sex nall tveir
keturi devyni vienas keturi vienas du septyni
Drie Sewe Twee Vier Vvf Agt Sewe
‘ole ‘ole 'eono ‘eono 'ole 'eono ‘ekolu
en fem fem otte otte en syv
quatro oito oito um cinco dois zero
Na_oo Don Shunya Na_oo saha Don aath
twal niun twai fimf fidwor ni ains niun
wah shefekh wah diw khemet shershew fedew
dri siksi seybi ayti neygi tu feyfi
siyam wala tatlo anim wala wala isa

{OF (0, (0L A0, (O O, (), 1), Oy 0 {0, (0, (O, W, (0,
{0, W (O A0 O OB A0 ) (W L0 10, (O, {0
5488204
shest shest pet dva eden tri osum
wha kotahi wha ono iwa rima kotahi
onbadhu naangu onru aindhu onru onru aaru
sunna thommidhi naalgu moodu moodu sunna aidhu
eallu erradu eallu sunne moodu aaru aizhdhu
bay nam chin nam chin mét chin
tano tatu si kitu tisa mbili moja nane

guhta okta okta cieza golema gavtti okta

[View the source code if you want to see what language each line is in.]
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9. 1 9| AN oA}
http://www.cecm.sfu.ca/projects/ISC/records.html

INVERSE SYMBOLIC (CALCULATOR

Fable ot current records for the computation of constants
by Simon Ploufle
Associate Member of the CECM

last update was April 13, 1998

History of the computation of Pi
N'th binary digit computations
Big numbers
Notes

The table of records of computation has now a new hOLHQ
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<Abstract>
A study on the computation of Pi(7) and

teaching its concept in mathematics

Ko Sung-moo

Mathematics Education Major
Graduate School of Education, Cheju National University
Cheju, Korea

Supervised by Professor Yang Young-oh

Pi has been mechanically treated as ' =3.14" by experimental method
in the elementary school mathematics class. And in the middle school
mathematics class, Pi has been required to memorize as 'z =3.14159
2...”.

In this paper we deal with the followings: mathematical history about
Pi(x), the method of approximating Pi(z), various presentations, and
Internet sites concerning Pi(7z). Also, we will give the effective

teaching method of Pi(x) in the middle school mathematics class.

* A thesis submitted to the Committee of the Graduate School of Education.
Cheju National University in Partial fulfillment of the requirements for the degree
of Master of Education in August, 1998.
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