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. Mathemat1cs/act1v1t1es and facts related to pi are |

-exercise based on Buffon's/needle problem in¢which pieces ‘of. L
toothpxcks are dropped onfo a ruled surface; (2) a calculation of p1 I
~to 200 decimal places; (3) exercises relatedlto Biblical and ancient -
Chinese. appr xxmatzons ' p1-'(4) exercises related to. algebra&c
representatxons 6f p: i cludxng a computer program written in BASIC
which. appro'xmates pi ysing ‘the Leibnitz series; '(5) mnemonic" ‘devices
for remembering appro,imatxons-of pi;' (6) a computer: program ‘written
.in BASIC which simulatés:Buffon's needle problem; and (7) several
addxt;onal 1scellan ous quest:ons amd facts about p1. (DC) ‘
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Cut four- 1-c ntimetqr pieces frommpicks From a reasonable helght randorhly drop the foursticks onto the ruled surface
eIow A “hit" occurs when a stick lands on or across oné'of the lings in the ruled surface. Cqunt the number of huts on each of

25 drops of the four sticks. Keep an accurate reoord of the.numbér of h|ts and dropq ) all.” oo .
Divide the total number of stlcks dropped (100) by the ' 1] number of hits. What is.the quotlent? L d_’“‘_____\ .
S* Sum your hits with those of yourclassmates ‘and dwnde that number into the total number dropped by you L o
" and your class. What is the pooled result? R -_— S
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: ,.Congratulatlons! You pave]ust jolned the Iong hIstorIcaI IIne of the dlglt huuers ot the ntImberrr PI Is deflned )
:.j‘-.as the ratig of the circumference of a dircle to its diameler. The tadiHiplck-tossing experlment you did is one. e
i to compute a rough estimate of pl's value and is kifown a$ Buffon’s needle problem. Itis based on the T
f:’_ ' ex anslon by:Plerre.Laplace (1749—1827) of an |dea of Georges Loyls 'Leclerc. Comte,de‘Butfon (1707- R
' 1788) Bit, Buffon's rieedie problem came late In the questforpi'sdighs. -, -
Through0utthe ages, many people have feltthatthe digits of pi would show som: ort ot pattern And they v
\ \@ere determined to'find these digits. But,.in 1761, Johann Heinrich Lambert sho% that pf isan, Irratlonal "._ i
i, - 'numberand cannotbewritten asarepeatlng declmal We can correctly compute pi to s'many decimal places... '

" as we like, bilit'thére.Is no yépetitive pattern to its digits, %\ld fractipn\wlth Integers for numerator and -
S denomrnator can exactly ual pI but there are many tractlons’that come cIode enough for practlcal ‘.

- applrcations ' v e _

Here I3°a cetculgtron ol pI that has been carrled out to: 200 declrhal plages lmptesslve, Isn't It?

e <

. ~,,314159 26535 89793 23846 26433 832Q9 50288 4‘1971 69399 37510 o
. 58209 74944 59230..78164 06286, 20899 86280 84825 3421170679 *‘
82148 0865132823, 06647 09384 46095 50582 23172, 53594 08128 Lﬁ ; '
‘13481_41‘1 74502 841 70193 85211 05559 64462 29489 54930 38196 '

Now Iook back at your approxlmatlon of pi from pa&e 1. -

- ‘Do gou thlnk itls a good estimate of-pi? " - . - (o

,.-.'-.-.’v; Is the ppoted estrmate df.the classabetter one? R R T .
A ' Ve et i / P b P S . ""-f,‘;_y'A

\’ f _.( B - \ ’ ‘, \_J ,' ¢ .o K - e‘. . t‘ - .
SR Fractlonal Estnmates of Px‘ e e

'b R .
T oughoUt hrstory, there have been mnny milestones along the road to frndrng the dlgrts of pi. You may be surpnsed to Iearn
that the Brble grvesa vaIue for pi. In 1Km$ 7: 23 it is wrrtten : _

‘.

ST S -’ . I o - - I . . - .

Cy S And lt'e made a moltqn sea, tqn cublts from one b m to the other: it was round all about @ R
R '_ ~anda lme/: of thlrty cublts did compa&s it rbunda s ) R “‘M’r S »
S SR '/ : ' ST s S

The passage rs thought to refer to a Iatge basln in Solomon,s Temple :
Rememberrng the deﬂmtron of pi, what value of pi is implied in this passage? - :
AroUnd 240B.C., Arct tmédes took a circle of diameter one unit. He computed the penmeter of the &
crrcumscnbed and ms/cnbed polygons pf 96 srdes and deterrgblnedrthrs mequalrty '

AV ey T g 1. o

Determme the Jrst ftve places in the decrmal %turvalents tor these two fractrons o e _ ,‘ -
Voo . R I AL

At what decrmal place do they drtfer from the approxrmatron of pi grven above?

.
S X ¢

In the frfth century A p., the Chinese astroqomer Ch ung 'Chrh found an |nteresttng fractronal approxrmatron of pi.

) N
Wrrte the numertca]\épresentatron of onqhundred thrrteenzousand three hundred frfty-frve R __,_,_' '
_ Wr o a fraction using the frrst three. of these digits as a th 9- drgrt denommator and the Iast three asa " N . ‘
0 three-drglt numerator \N, R L o e [ L
“This fraction. gives pi to an accyracy ¢ of how many decmal places? R o,
- This fraction of Ch’ uhg-Chih i is abou .as close an. approxrrgatron of pr asis needed in most a%l ications. But mathématrcrans
were not satrsfred They were determ ed to unlock the exact value of pr ' o .
. e . - x‘.t"‘.. ~
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’ '_'lue pf pI Viete 8 work wlth pI Is

The greater the%mber of terms used in the computatlbn the closer 90u g
atnatjpal pétt‘ern the- that the

significant in that & was the first time the exact value of pi was expreased in\

- denominator Is an infinite product of expressions of square foots: . :

,» In 1674, the German mathematiclan Gottfrigd Wilhelm von Lelbniiz (orle of ti

hjs invention to find an expresslon for pi as an infinite sum: o

e v 'I . R ‘ ‘ﬂ'=4(1"1/3+1/5"1/7+1/9"\

T ra . * s

‘ This formula presents pi asthe limit of an,intinlte serles of fractions whose denomi _ _ g~
alternate. The simplicity of the Leibnitz se?lesmakes it one of the best-knowh ex _ressiopsfor p. s

/

. What Is Lernltz s épproxrmatlon for pi for six terms of the serIe ?

For11terms?_s..___ , PR S| R '.‘e';,c
- . > l ) . ‘\ N . o
, Thase approxImatIons for pi may not Impress you, lt is only when the numberof r _s bec \mes extte 'er Ia°rge that the
series becomes a powerful tool for approximating pi. ;.
Here Is a computer program written in BASIC for approxnmatlng pr with Lelbnitz N
. values for the number of tenc'ns .

10 PRINT “LEIBNI‘IZ'S SERIES useo TO
APPROXIMATE PI" - ,
20, INPUT “NUMBER OFTERM ="' N
, 30 Pl=1
40 A=3
50 B=-1 3
. : ~ 60 FORC = 2TON gﬂ :
. A .o 70 PI=PI4+B/A e
, : . 80 B=Bs(-1) ¢ ° .
90 AsA+2 -
1t N
120 PRINT “PI ISAPPROXIMATELY EQUALTO " Prf ¥t\

-

-

A 130 GOTO 20
- 140 END

. : S i | | L‘ i s .' _“. |
L The Search Goes On |

. With the advent of the computeréa prr{grammer 6an easily. calculate the vaIue of pi to thousands. even m|IIions of declmal -'
places. In fact, the task of calculating the decrmal places of piis used to: deterrmne |f new computers are functronlng properly.

SooNt

PlerHern‘wrote : L S ,\}: 7
. Anumber will find P A
fulfillment enough Lo Lol ,,
rnknowkng its mind o ST I _ .
anddorng its stuff. LY A . A P,

Even today, p| contmues to t“nd fulf IIment in "dorng |ts stuft’ to Iure the drgrt hunters to keep up the en dIess search for drguts
- _ - . : ,%
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f The 1963 Gulnness Book; of Vibrld hecords tlata Fta]an Mah
" thoae of you who need hetp ramemberlng gome of the diglts, h
the numbér oi latters in the words' and the approxlmatlon of pl?

= Kl < . . L .
“ L (S v

&yar‘t’as having reclted 31 811 places of pl from memory. For
8 'afe some memory alda Do youfaee the relationship be'tween -

Yes, | know a dlglt ol o Sper. | havea thyme’ asslstlng
E May I have a Iarge contalner oi cottee? My ieeble braIn Ita tasks ofttlmes reslstlng
| e ,' ‘ ' ‘ -‘.i‘~"’ vrl . " i - o ! lb ’ “'5'\ o e ‘. ' |
| ‘Bet you can’t answer these... . = . ey

)

= 0 Make up a mnemonlc thatwlll give the first 10 dlgits bt pI a - . : ; ,

e The di 8 6t pl arethoughttobe dlstrtbuted randomly. So each digit should occur about 1/10 of the time. Inthe sampleof200 *

; decim |aces of pi, about how many tlmes should each dlgit appear? * Do a frequency count of the 10 digits to '

~" heck your conjecture, .- : A ,
Onthis circle of radius’, drawasquare having OA asone otlts sldes What Isthe ratlo A

of the area ot clrcle O to the area of the square? , o

R as "‘ O - )
o S BT AT
a | X \

,l ' ‘o

l_fBetyoudtdn’tlmowthat...." S N i

f '-‘_o In 1897 Indiana’ s General Assembly oonsldered Bill No. 246 to Iegislate the vaIue of pl. The vaIue under dlscusslon was )
~ - Incorrect. ‘ S , . X ’
o the millionth decimal place of piis 1; the two-millionth is 9. , T : S J
e in 1610, German Ludolph van Ceulen completed his calculation of pi to 35 declmal places Thls approximatlon was -
engraved on his tombstone, and’even today, pi is.referred to in. Germany as the Ludolphine number :
" o the Greek letter = is the first letter of the Greek word petimetron, meaning “the measurement around.™ The use ot ™ to '
_ _represent the ratio of a circle’s cIrcumference to its diameter became widespread in 1737 wheh mathematiclan Leonhard
; Eyler began using it. : . .

o Buffon's needle problem is an example of the Monte Carlo method of probabrlrty In thch a numencal vaIue Is found by
: conducting and observing a random event many times. This technique has a wide field of applications. :
" . You might enjoy using this computer simulation of Buffon's needle problem. The program is written in BASIC for an Apple
: computer It is a modified version of a program first published by Ronald J..Carlson and his Plymouth-Canton-(Mich.) High'
~ School computér class (Mathematics Teacher, November 1981, p. 639)..You'll notice in the graphic display that the needles N
. arethesame Iength as the distance betweenrules. The adrustment torthis change has been made wrth the Inser,tron ofthe2in

. the formula given In Iine\ “ A ¢ _ _ S - v L
10 REMCOUNTD BUFFON'S ESTIMATION OFPI 150 X1'=X 10+ COS ANGLE) o
20 - INPUT "HOW MANY NEEDLES TO DROP?” 160 Y1=Y+10+SIN(ANGLE) - . - 7 °
30 HOME » . 170 IFX1<0ORX1>279 THEN200 « B
40 HGR ST~ U180 IEY1<OORYM > 159 THEN 200 o -
50 HCOLQR'=2 - . . 1% HPLOTX YTOX : |
60 FORY=0TOT59STEP10 L 20.FY= Y1ANDINT(Y110) Y/10THENHIT HIT+ .
.70 HPLOTO, YTO 279,Y . e R
. 80 NEXTY o .20 IFY‘/10- INT(YIiO)ANDYi/iO- INT (Y1/ 10)
e HITS0 T ) : HEN 23
100:ACOLOR=3 - = T 220 IFINTéY/10)<>INT(Y1/10)THEN HIT = HIT + 1
4 110 FORZ=1TON . 230°NEXT ,
120 X=INT(RND 2) - 280) - . 240 VTAB L Cer
. 130 ¥ = INT{RND,(Z) + 160) . ©“ . 350 PRINTJPI ESTIMATE = 2eN/HIT - |
© 140 ANGLE=RND(2)+1000 .. , 260 END-

-
» .
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