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HoW· .. Piants Grow in 
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by Ned Rosinsky, M.D. 

Why do plants grow in the shapes 
that they dol ' \ 

This question has fascinated sci· 
enlists for thousands of years. Al
though the shapes of plants can be
come quote complicated, a great de.> I 
, -• . . ----;. '~ • -r ,, . 

•' I 

can be understood simplybyconsid: large r part of that same quantity~ 
eting what the plat it needs in order the larger p.:~rt iSio the whole (Figure 
to function. Fir!l, it needs to be ex· 1). Thequantltycanbeju>talineyou 
posed to sunlight for photosynthe· · have drawn on paper and then divid
sls, so it """ tend to grow in a shape . ed, a container fun o f marbles that 
with a large surface area exposed to you divide, or something living, like 
the Sun. Second, it needs room ro a plant. 
grow. so It will tend to grow in such To understand the Importance of 
a way that one part of the plant does the golden mean, you must forst no
not crowd another part. lice that llvlngthlngs u<ually grow by 

These simple Ideas, If examined · multiplication, rather than addition. 
carefully, lead to inte resting conclu· . For example, if you start with 1 bac· 
sions' about how the plant must be terium, alter about20 minutes it will 
shaped and how the plant must grow have divided In half and produced 2 
inlo If, prC'Ip<"r ~h.-.pP . I will show here l»c-leri:~~: 3fter t'r\Otl•et 20, m inutes. 4 
that tho kind of shapes and growing. bacte ria, then 8, than 16, and so on. 
forms I hal best allow the pl~nt to do Every20mlnulc$ lhc number of bac
ils work are all related to a particular teria doubles o r, In o the r words, 
mat hematical ratio called the golden multiplies by 2. 
meiln, which Is appro•imately 1.62. A series of numberothat grows by 
The golden mean Is the ratio in-..-hich muhipliQtion is called a geomcttic 
the smaller part ofa quantity is to the series, such as 2, 4, 8, 16, and so on. 
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.. Figure 2 
SELF-SIMilAR CROWTII 

I 

The sn.lf gro...s •t • "''e propot,· 
J<. fiOn.ll 10 il$ Sin! at ;v~y ~tli<u/ar 

rime. The1efO<•, lu me of growth 
..._ as aMJ)'J inucaJin&. Smce the· 
; o;/Jc./l•s rum"'/; •tc 11 t;t'O'·' s, i( pro· 
· dvcrJUp~tllshtpe. 

5·1 

A.rlbc Jpruce tree grows, lu ovetJIJ sh:tp~ d' tt_•< not tltJn&P nmd•, only its l 
sfn~. This gives;~ s~lf-sinyilarity_in Hs siHtp~ J~ '' gto~ 1. ;~ 
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SPIRAL PIHILOTAXIS 

In tilis plant the tho'''' ar~ •nunged 
il,ound the stem /n .1 spirAl pattern. 11 
you stdft with a particular thorn, can 

': ...... . 
·. 

' .,, 
'(} I 
, I ... 

you se~ how many thorns you have to 
passthrouch above thatthom until you ·. 
reach Otle exactly above the thorn you 
SliJrft!d WiOI/ 
s!) .. ..:•t Aa.~ot...., 1,~ , •• rr,. by ~>e•er :s Sl!'~m,, (llQ""'; 

,L•ru..•cwn • nciCon•p.1nr. 197<4J.p. 111:1, . • ' 
I , • · : .. 1 ·~ 

fig~ue 5 :.- . 
, . T~IE PH\'llOTAXIS RATIO , · 

In Figure 4 you saw that two thorns that 

wow at the samepositio .. on the plant • ~'l'·ft>~'' 
stem are sepArated alone the stem by a 
FMa/n numbe1 of thorns. The phyl/o. 
ta~IJ r.Jtio is the r:rtio of the number of 
turns iri the spiral you load to make to . 
8Cf from your refCICfiCe /hom IO •1/oom 1 

growing at the $arne position Ol) the ' l!ri''VI , ,,~ 

you pas.ed th10Ugl!. Here it is two turns 
. and five thorns, giving d ratio of 2/S. 

' ' . 
stem, divided by the number of thorns ~]~ri~~~~~~~ 

• I • In contrast, • series that grows by understand how I his spiral works In .words lor leal, phyllon, and order, 
addition, such as 2, 4, 6, 8, 10, ~nd so plan Is you will begin lo see why they ~axis; I he plural of taxis is taxes.) See 
on (here, 2 is added each lirne), Is are shaped the way they are.- · Figure 5. 
called an oritlrmeti' se11es, The main A good e)amplc of a spiral in a The Phyllota•is Ratio 
point is that plants tend to grow .by plant Is the way I he leaves or thorns These phyllot.axis ratios form an 
geometric series, and lhal this kind are loc.ated on a plant stem in many Interesting series ollradions: 111, 1/ 
of grown, causes cer!ain kinds of kindsolplants (Ffgure4J . lookallhe 2,113, 215 .318, 5/U, 8121,13/34, ,,.,d 
shopes in the plants''"" Fignre 21. . ovcroll•ha,_.e of a spruce rree, which so on. What is interesting Is that all 

Self-SimilarGrowtli is a conE!'. The branches of the free the numbers come from a series 
The reason that plants grow in stick out In a pallern lhat spirals called the Fibonacci serieJ, na.med 

geometric series (for example, dou- around the. tre~'s cone shape (Figure · after ihe 12th-century matbem•ti· 
bling in size every six months) is that ·2). Now, let us see how this geomet- cian who discovered it. The Flbon
lne entire plant is growing as one ric growth connects 10 the spe~ fic acd,><:ries is formed by starting with 
overall unit. This means that If it r•tioofthegolden mean.: , •. 1,addinganother1, 3ndthengetting 
weighs 1 potmd and It takes a monlh • II you look a1' various types ' of each nexl new member of the seri~F 
to grow anolher pound, I hen when plonts, you fi nd that the leaves by adding the previous JWo mem
the plan I welghs 2 pounds if will take · around lhe stem are arranged in dil- . bers: 1 + 1 • ,2, 1 + 2; 3, 2 + ~ ~ 5, 
another month to grow another 2 lerenl kinds ol spiral palterns. II you 3 + 5 ; 8, and so on. 1 his forms the 
pounds, and ~o on. lhe speed at p ick any leaf and call il a re((!{ence series 1, 1, 2, 3, 5, 8, 13, 21, :J4, and 
which it grows increases, and Is re· leaf, and then start counting leaves . so on. !See Professor von P~le, p. 
I a led Ia the plant's current size at any above 11 as theyspiral around up the 59.) '. .' : ' 
particular time. This causes I he size plant stem, sooner or laler you will · The plant phyllota><es are ratios 
to increase as shown in. Figure 2. find a leaf that is directly above the formed by taking IWo numbers from 
Since the plant is growhg overall as reference leaf on the stem. You moy lhls series thai are separated by one 
a unll, It tends IO keep the same havelogoanumberoflimesaround number; for example 3 and 8 or S 
shape even though it &ets bigge r. I he spiral before you find this leaf. and 13. , · · : · · ' 
This is called self-simi/at srowth. Now, if you count up lhe turns This particular series has some in· 

If you look at lhe shape o( a snail around the spiral you made, and di· teresting geometrical . properties. 
you can see the same pattem of geo- vide il by I he number oi leaves you Take a circle and dividt> ilinlo anum
metrlc growth, only now since the wcnllhrough, you get a ratio that Is bcr of parts according to one of the 
shape of 1he snail Is turning ~$ it ch.ua~t terf!ilic (of each plant specie.s. Fibonacci numb'Crs, say, 13. Then 
grows, il produces a spiral (figure 3). For example lf you made S turns and . count off sections. of the circle by the 
This geometric spiral, also called a passed 13 leaves, lhe ratio is ~/13. Fibonacci number lhd is lwo num
logarithmic spiral, is the main kind This is called the phyllotaxis ratio. bers behind 13, whlchis5. Th is gives . 
'>f shape you see in plants. If you can . (Phyllotaxis comes from the Creek you the pall ern sho"'n in Figure 6. 
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t .: o '} j'':,·~: ;: f~· 'J:' ::_. ·" : .~ '', UNPEELINC l~;:;;;:,NACO SERIES l 
"', ' t.\. • r : · · tt , In lhis eomp/e we choose a Rbon.cci nvml~'"· 13, ond di vtde ~ dtde Jnro 

. 
~
' I 

1 ,> • lhat number of p~s (~). We lhen be&in l't(fth one of the secr•ons And sra11 ~ 

) 

( 

'• 

' counring off secrlons~round lhe circle~ccordingto lhe numberr,har Is rwo 
· numbers b~ck on the Fibon•cci series, 5tb), u/lthc original point on the 
circle A and the ne•t point B. Nolicf rhar B has divided 115 space of 13 
sc'ttlons lnro two parts of 5 and the remaining IJ. • • i , , .;. ~ : ~ , 

• ' ' 

' ,· Ne•t•~ continue the process by counting off :motherS sections to arrite 
, :- • at C /c), Point C di~ides its !pace, which Is tile 8 sectiorr$ !tom 8 back ; 

around to A, Into two parts o( 5 and 3'. Nc•r. we gd 11ound,another five ' , 

•. 

·. •ectrons, passing A and arri~ing at D (<!J· Note here that D divides its space. , 
·: ; • r which consists of the 5 sections bounded by A and 8,/nto lhe two parts of' · .• 

... 
·. ' 

-· 

.. 2•ndJ . ·:. '.l\" .•. r'w.•. ' 
In e, two more points have been added: £ dMdes its sp4ce into the pa11s ~ 

' Z•nd J, and F divides its sp~ of3 St'dlons bound«i by C •nd A into the 
f"rls of rand 2.' In the finol figure, f. the' process I$ contrnued for lhe full ~ 
lJpo;nts. untll thesplralreWmstoA. ! .. • _ .. . ~ •..-..,... _,. ..... ' · ~1 

Nofe severalomcresting lhi'!&" Fitst, •II the drvfsoons ~re Fibooucd ,.. '~ 
tlos. Including oll of the ,.,.ining pornl5 after E. Second, ••c!> section of .~ 

• .the origlna/JJ.scction division o( the ci!Cle has been used exactly once In '! 
this process. Third, notice that tf>ecountina-<>fl process hunevoi.Ji!d:uound ,~ 
the drclc five times exactly. md has used up 1J spaces, wllich in a plant ~ 
wouldglveaphy//otaxi.<rlltioofS/13: • ·. , 1 · •• , ' • ', • . f • ·, 

f ' • • > • • 
• j ':'l . .... <., • • (1 . .. ' l ~~: • 

• 1 •" ,1. • I \ • A ..,..., . . .. · ~, 4 -..•. 
1 ·•• ·, 'f ·~I .~ 

•I e_ • 

' 

,, .. -i - 1 
' J • 

' .\ .. ' , , .. 

1n .. 1.0000 
2n • 2.0000 
3/2 - 1.5000 
S/3 - 1.6666 
Or> - 1.6000 

1318 - 1 .6500 
21113 - 1.615ol 
34121 • 1.6191 

• I o "t • 
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As you can ~rc, <.'.t~:h new pl~(e 
counlcd oil on th~ circle divides its 
spJcc into a llbonnlcl·typc r~tio, 
either 111, 112, 213, 315, 516, 6113, and 
so on. No tice lhat the\e ratros are 
tho san•e as the ones \'Ou would have 
produced II you had count ed o(f 8 
<paces going around the flrcle in the 
o pposite dlri'CiiOn. l he Fibonacci 
phyllotaxrs ~•n also be Oblatned by 
l•~ing two consecutive rlbon•cd 
numbers, 1J and 8 (!hal Is, wit hou 1 
skipping a number in lhe ~erics), and 
going around your circle In the op
posite direction (fi~u re 7b). 

You ~viii obtain a si1'nilar piclure by 
starting out with a circle divided into 
~qual p.lrt> by ony other ribonacd 
nunober, such as 21. (With the circle ,. 
divided into 21 parts, you would thnn 1 
count off segr11enls in groups ol13.) 

looking Down at the Plant 
Now, consid er the scctloned·off 

circle you have drawn as a d iagram 
of a p lant, looking down at the plant 
lrorn the top, with each of the above 

• 

• . ' . ( ' 
•• 

• . , 
·; ~ .. . .. .. 'i 

• • 
~ . . ~ 
I ' 

1 

cnuntings in the drde representing i ,: , 
a new leaf sprouting o ut. You can I · ' • ' what happens In the above ~•~rnple 
sec that each leaf is dividing Its space · ·• • .''· • ' ' ' ' o f a circle divided into 13 sections by 
Into a rlbon•ccl ratio . What can you ' Figwt 7 ' counting off 5 (or the equivalent, 8, 
tell about these ratios/ I ALTERNAllfiDONACCI ,in the opposite d irection) . The Orsl 

Flrst,l>•ch place you have marked ' · . COUNTING "• ., • counting divides the circle Into Band 
off On I he circle divides the previOUS 0 lna,IIIC 13·SecCorcircfel5 ;,o,_.nl: •.f 5, which arc I he two previo us terms 
space marked o ff o n the ci rcle nearly P ed off in groups of five/grvins ') in the Fibona<:ci series. The next 
in half. Thus, each new leaf I< almost 1 lhe polnu,<., s, •nd c. In b, «he • counting, or rotation, of 5 sections 
e\•enfyplaccd between two previous I same cJJclc is r:ountr:d off in. 1 divides the space of IS sections be
leaves, giving-it lots of sp•ce in whicll c groups of 8, _in /he opposice dJ! , ~ · tween the fi rstund second leaves Into 
to srow. Second, ea~h lea f also has , rectron,glvingthccJ<•ctumelo- • two portions of 5 and 3, which arc 
iot< olspacetosersunllgh t. ln these 1 Gliono(/!lepornrsA. B,•ndC. ! .lhc next numbers counting back-
d ivisions, the sp.tce on ont! side of a I We see, ihetcfore, · that · the wuds in the fibonacci series. 
leaf is never rnore .•han IWice tl;le - f' neighborin~frb~11p;i!lumbcrlo ,~ Now, the ncMI counting of 5 goes 
space on the other srdc. ·u •. which /S 8, can be used IO h pasl the fi rst leaf and divides the 

Now, calculate the ratios you ha~ . ~give the .. rrie r••ulu"" s. ' : s~ of 5 sections between the first 
, marked off a.s they get farther along )',;: If you wark Ojil thi< ei-1mple • two leaves inlo two portionsof2and 

in the series, dividing the numeralor . \. all the way. as was done in frgur~., 3. Again, this is done by moving 
by the denomin~lor. You can see that r." 6, you will sf!$! thdl n/113 sections : backwards In the Fibon3ccl series, 
the rallos get closer and closcrto I he are used up. NoN, howevet, In-: • continuing the process (Figure 61 . 

o I • 
~tlo 1.62, which Is the golden mean stead of 5 corry>lett rolalions This Is really like an ·unpeeling· of 
(see !able). Some plants, in fact, havt! ' around cloe circle, the~ •re ~. 'j the Fibonacci series by subtr.ctionl 
the golden mean ratio as the an gle { g/vin11 a phylloi•>l• r:>t.n oflll13.t' ·, Since one Flbonoccl rotl,os set pro· 
of the 5ep.:natlon of consecutive ! 1 

-· ~. ·.., ... • ~ ,~ '~ ·" gressivelyclosertoaconsUintvalue, 
leaves Cfigurco) .' the golden mean, the series bt!-

• What about other ratios I let us 1ry crowding. If you use~ to count o ff. comes dose to a geometric series In 
an e•periment with a ratio that is no l or rotate. you get again wilhin one which the go lden mean Is the con

. front the Fibonoccl seri es. Keeping <<><lion of the start wlthirHhree lcaves slant I acto r o( muttlpficalion. Plante 
the 13-dividcd circle, if yo u count off (figure9). You C•n trythiswilhother frequenll)' flip from one phyllolax.ls 
by 7 sectors at a time (inste;KI of 8 as numbers of sectior d•visions and ro- to another in the course o f e~tly de· , 
in 1he fibon•cci scrres) you gel with· tations. velopment, or in the evolution o f 
in one section of the Orsll~af after ToseewhytheFibonaccin umbers new species of plants. Since the ra
;usthvo leaves, c.tusing unnecessary work so well, look more carefully nt ~tios ar~ in a geome~tlc series, this 
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stem. The plant always grows in such across. The new leaf buds come out 

aspect of evolution Is really a geo· 
metric jump, from cine ratio to an
other similar ratio. This Is another •· 
aspect of sell-similar gro~<~h that Is 
more easily seen in the overa ll 
growth of the snail or the overall 
shape of a tree as' it grows. . < 

a way that it expands Into a new size of thisrissueatlhe same angles they 
~ut keeps a similar coni.!'al shape. will have on the stem as adult leaves. 

The Question of Crowding Therefore, the crowding, question for 
The same question of crowding grow1f1 and ~unlight is exactly tne 

applies to the small piece of plant. same as it is in the case of starting the 
tissue at the growing lip of the plant leaves out with room to grow on the 
where the new leaves actually sproul. · meristem in the Orstplace (Figure 11). 

' This tissue is called themeristem,and ' This shows that the question of 
measures less than 1132 ,of an inch whatthe beslleaf spacing is forsun-

Next, take the circle on which you 
have drawn the leaves and re·draw it 
back to Its original spiral shape (fig· 
ure 10). Here you can see that as the 
Fibonacci series is "unpeered/ the 

· leaves ani spread out vertically, so 
that neighboring leaves on the circle 
are far away from each olher or1 the 
grown plant. The o utward growth of 
elongation of the leaf stems makes 

sa 

sure that the new leaves do not shad- tf:t~.~~~!~~~b1~r·t.;;J~~.ij~~ 
ow the o ld leaves, which may be dl- . H'iJJ;!:!I-1~1 · I .to> 

rectiy under them.or near thern in 
the circle model. 

This corroplctes the overall plc
lvrC, showing that the plant is gen· 
erally shaped like a cone with o spiro I 
o! lcJvcs coming out of a central 

Figure 1 1 
t 'IOIV BUOS GROW 0NliiEAt£RISHM 

The nu:ristem shown ht.•rc ;s mllgnified 250 tinu:s .. and the o ulct leovr:s arc cut 
away ro e.<posc :J.e ••etJ youngest/c.{ bud> as rhey begin to form on !Ire surface 
of the tut:rh,tem liHue. Notice how c/o ... e the young lcafbuclsarc ro one 3norher. 
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liJ;ht, f01 HIOWih, f01 growing OUt in 
the mcrisl<>m, ond lor eYohoolon as 
well, ;ore nil really the <ame. lhcse 
probl.,ms require the same solu
hons, and th~ be!t >aluuons are all 
b~sed on sell-slmilor gconwtric 
shapes relnted to llw golden mean. 

Some b.pt'riments 
In utrlcr to look a tthi!Se ideas more 

cleaoly you can do several kinds of 
cxpcrloo ocnts. First, do the example 
described above or dividing a circle 
Into a ribonacci number of sections 
and then counting off sequences of 
SCCI ionS DCCOrding 10 the next SIIIAII
cr Fibonacci number. Notice how the 
addition ol each leaf divides the 
space lor that leal In a Fibonacci ra-

t.!lo. I . 

You can try lhis ~xerclse with olh· 
cr numbcts thalare not from the Fi· 
bonacci series to see whether the leaf 
spacing is as good, · 

Second, collect plant samples that 
have the various Fibonacci ratios in 
their leaf or tl)orn patterns around 
the stem. Ex•mine these specimens 
from various angles 10 see the effect 
of the spacing on sunlight exposure 
•nd gro\\llh crowdong. II few com
mon examples are the 113 ratio in 

eech trees, the 215 t~tio in oak, ihe 
JIB ratio in poplar, and the 5113 ratio 
In • .... illows. 

Third, dissect the meristem tip of 
a plant under' a low power micro
scope or strong hand lens, to see the 
pattern uf leaf buds and how they _ 
form a f•bonaccl geometry. Notice · 
the extremely . clo>e crowding of 
growth at the meristcm lip. 

Fourth, take snapshot poctu rcs ot 
a growing plant e'-ery day at the some 
time from the same place, in order 
10 visualize the growth patterns that . 

. fo llow the sell-similar patterns you · 
have outlined. 

Fifth, d more challenging e~pcrl- · 
menl would be to investigate why 
some plan ts that may start out In a 
conical shape ch•nge to other 
shapes. I'll give you • hint: The in
crease In crowding of the plant (Its 
populallon density) may affect its 
shape as It auempu to maximize ex
posure to the Sun or to ground water. 
For example a to ne oak may be wider _ 
at its base, but an oak in a·crowded 

- 'rest may be wider on top. 
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Brother Bonacci's Rabbits 

Filius !Brother) Bonacci, who'"'"' 
born in Pisa. llaly, in tho year 1 170 
"D. discovert"d a unique series of 
numbers that have ever since bome 
his nam&-the Fibonacci series. 
Brother Bonacci is said to have dis· 
covered the •eries observing the re· 
production of rabbits. · · · 

Suppose we want to raise rabb1ts, 
~nd we start -..ith a n•wborn pair_., 
male and a female. lel's assumo for •• 
simplicity that each rabbit pair take.• . 
one month to mature to the point 
that it can produce offspring, and. that 
the female carries her young for o ne,. 
month. That mea ns It will take two 
months from the birth of the liut 
rabbit paor to produce the first o fl· 
spring. Let's also assume for simplic
Ity's sake that each titt er consists o f 
one male ~nd one remale rabbit. , l 

Now let's look at the growth of the 

rabbit population by month. In the • 
first month we have one pair, and so: 
also in the second. At the beginning 
of the third month a newpairis born. 
Now we have two rabbit P.•irs. At the·· 
beginning of the louoth ,;10nth, that • 
new pair is maturing, and the origl- . 
nal pair give birth to another pair. ' 
TI>e total number of pairs now equals 
lhree. ·• 

What do you think happen• In the 
follh month! Let's see. The original 
pair gives birth to yet anothet pair, . 
making four pairs. But the pair that 
was born at the bcglnnin& of the third 
month also has .a pair. So the total 
number of pairs equals five. ., 

The chart helps you to >ee how 
this growth continues, p roducing the, 
series named •Iter Filius Bo.nacci: 

1, 1,2, 3,5,8, 13,21, ... 
This series hu "''0 very important . ' . 
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properties. First, any term in these· ing terms in the Fibon~ed series ' 
ries Is equal to the sum of the lw~ converges ~n. lhe golden section . :-1 
previous te~ms. for example: .. L 1- .... ;. • • ' A Geomelric Construc-tibri ' ~ ·~) 

-:' . 2;11-1;or13=5+8 -· ' . __ You ':"n also produce .the fibon· .j 
• · , • · aca senes by a geometric construe· 

Knowing this, you can produce the· lion. Start wilh a square whose sides 
series just beginning with 1 and 1. we qmsider to be 1 :>< 1. Now,'you 
· Second, the . rali!J of any two. need o nly follow a · simple. rule to ,, 

ne1ghboring terms of the series is al· generate the. fibonacci series. The 
most equal !o the number 1.618, ru le is: Always add a·!ljuare io the' 
which is the ratio of the golden sec· longest side of your figure. Since we ' 

. tionorgoldenmean(se~"HowPI~nts .begin wilh a square, no side is the 
' Crow,~ p. 54). The higher we ger in lpngest; we can add j Square to it on 

,. Figu"' I . " - ·.; . ' · •( .· . , . .,. 
,--· .. .. r. 
• . 

. . . . •• ' 
' . ,. 

• . 
. 

j' •, 

• r • -... :,• •' -. • " •••• 

, 
"· . . 

·~ 
. 

1.' • ~ • " 
. .. 

~ .. ·~-~ . 
'! 

~~· ,, . 
' . 

·~· .. ~, .. ~;. ·. 
I ... ·.' 

, 2 
• ' I ' ' • . ' ' 

.. . . . . . ! . t , o/ ' , I -
. ~-r . 

., 3' ' .... 
'• I . ,. . ' . the serres, the more lrue this is. Try any side (Figure 1). · .' 

it yourself. Use the flrsl property I 
1 

________ .....;_ ____ --;;-----------., 
have just shown you to write out the a 
Fibonacci series~ few terms beyond 
the highest number (21) that I have 
given you. Now take any two neigh· 
boring numbers an9 divide them, the 
higher b~ the lower. (For exarnple 
21+13 = 1.&15). You may use a cal
culator to facilitate this long divi
sion: 

You see that the higher you go in 
the series, the closer It gets to the 
rallo of the golden section, which is 
approximately 1.1>16. lhis is called 
con~ergence. The ratio of neighbor· 
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Bur now w~ have a ligure twice as 
long as it Is w.de (2 x 1 ). So we add a . 
~quare to its longest side (Figure 2), . 

' ' • • •• • t 

. ' Now our figure is3 x 2. As we keef> 
adding squ:irts to the longest side, 

' • 
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· .. Destr1,1clion ... . , 
;. I 

we get figures of 5 >< J, 8 x 5, 13 :><8, , • 
and so on. As the figure grows larg· >'I I 
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er, the propo·tions of the rectangle 
hardly chang=.:This is self-similar 
growth. The sl~e Increases, but not 
the s~ape .• AII,Iivi,ng t!>]ll&! grow\his 
way. . ·, ~ ..... .,. . , . 

., 

For JO )tuf. the workJ hu bto('fl tlt!ld ""'l•ge to lht' ii'Hto\1 ol 
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Nudru Ontru(ticn dt""'"""l W'! di.•IJI! ""'hd11ttdte lt:(flnult>g,IU II\!, huw>lhc:y wotk. hw ftil w to c .. n 
haw thr/1\ .t.nd ht,tw lh!lfy wvollo.l ch.o••te II>!' 'lt.tft&ie ,11\ldton, tndii'IJIIr.,r r f;a of MuJu.ally ktuf«< :1 
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Now for lhe pu:z.tle:, What will 
happen if you start with any rectan
gleaf!d construct asquar~on its long r !:' i 
side, making a new, ,la rger rectan.. • 
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gle! Repeat t,~ pro~ess.a, l}umber of 
times. Then nake a series of num
bers from the lengths of the rectan· , , 
glcsyou have constru<ted. lfolhat can " 
you discover' about these r~~t~n .. q' 
gles.l ' ' '· ' · . ''' • I 

··~ ·. -Laurence Hecht 
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