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THE FRONT COVER

M.A.B. Deakin, Monash University

the linE~s joining the corres,lJonclinq v€'r't'ic€':::: o·f t-NOIf
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n,is is Desargu~s' Theorem, named after Girard DESARGUES
< j, 591-16~.:i 1), <:.~ br i 11 i ant but muc:h mi sund(-~r"'::5tCiod ~\nd vi 1 i ··f: i eel
~eometer whose work was not acctirded its due recognition until
the 19th centurYn
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fhe corresponding sides AD, A'H' h'e? l::' C' in t;;.

on1 i etha,t
one st~aight line.
,::i.ncl

(:j Sl...u·-·pr·i ~~;:i. nq +-3.ct. :i. ::} tl···lz.... t. t:.he t.heCJI·-E~m? t:r··U.E~

three dimensions, is easier ~o prove in three~
SC' form a tripod resting on a flat base A'B'C'.
points on the 'legs' of th1S t~ipod.

j, n bDt.h t.\.'\lO and
Let SA"! E:l-j' ,

Lf.?t 1-1, B ,C be

Th (~~n A, t:.; ., {~ .l:i. (~

base plane A'B'C'.
In a plane which (typically> intersects the
This intersection will be ~ strajght line.

Furthermore Be and B'C' both lie in the plane SB'C' and so
(u.n], E7=·r~ -the'/ 2t.t'~e pair-all €?oJ.) i ntel'-·:::;t7!c:t.. Thl= poi. nt: P whel'-r=!! they
intersect must lie in the plan~ ABC? as this contains the line
Be. It must also lie in the plane A'S'C', as this contains the

~::;D P 1 i as
/.:1 ' B .' (~ , i nt:'~~I'''S;E!c::t.•

in the line wh~re the
So. similarly, do Q, Ru

two planes

I·f l.:;iC, B'e I ~:~.r"r.:~ pal·-,'::'.11el, t.he d.I·-~]Ut'lient requil:"'ps a small
mc}di-ficat:lon.. P i~,; thE?ri '::;aid to be -ii.~.t infini.t··( and ~t"e ·..J€em
infinity to be collinear with any two points Q, R. In
p,:3.1'"t:i cu.I <:::t.r-" :i. of 211 the'::;e p·o:i. nt.s :t:i. e cd: i n·f: i ni t: y, t.:hey Clx'e sai d
to form a I1ne at infinity" l .. e .. if the planes ABC, A'B'C' are
parallel, they meet in the line at infinity.

So the theorem is regarded as holding true in these cases
·:::'\5 W(:-~ 11 II

But what about two dimensions?
the diaqram as a perspective drawing of
and sa reach the result!

In this case, think of
the 3-dimensional case,

A similar device provided the proof of another geometric
result in Problem 3.1 .. 3.

Des.ar"qu.e·::;" Theorern has been stated abo\le in the 1 o<;.~i cal
·fC)I'''m:

1+ f.l~ then B.,

where A,B are geometric statements. Its converse is

l·f: B, t.hen .A ..

Sometimes a true theorem has a tru.e converse, sometimes
not~ A commcm fallacy is to assume converses to be equivalent
to the theorems from which they are derived.. But

If P is prime., then P

i ':;i 'i.::.r·-Ll.E?? bClt i'l.:5 cOrJ\/el'''s·e i ':'::i not ..

In t.hI7~

hold ..
C({3.t::;~-=::' of Desa,,"ql...l.f::?-;'::i" t.heOt-€~iii'J hOWe\/€0t-· 'j' t.he converSE'

See if you can state and prove it.



4

COMPUTER ANIMATION

Binh Pham, Monash University

Computet- animation i~; th&"? ar·t of c\·-E·ating rnovE·ment. u.;}in~.~

computer graphi2s~ 80th film and television rely on speed to
create -the iII usi on o·f movE·ment." As f i 1 m~} mOYf? at 24 -f: r afTlE:S

per second and television at 25-30 cycles per second, our vision
cannot separate still images" In fact, the illusion of
move~ent is achieved whenever we see a progressive sequence of
more than 9 images per secanda

In computer animation, many still lmages are created; the
computer is then used to calculat~ the displacement of objects
'rr-om one f I'""a.me· to i:he ne~{t. Thf.~r·e ar'e ::~; t. '-rpes of cc:>mpL.\tel'"

·animation: film and television graphics, cartoon a~imation and
realistic simulations.

1. Film and television graphics

Film and television graphics - often called 'animatics'
desct'-ibe . movement in an abst.I··-c:u:t I?Jiay~ Their" ffif.:\in us('~ i~, i:or
communicating inf6rmationp An animatic consists of just a few
frames, cont.i nUClu·::;l y eye]. ed, e .. g. }-·2···<:;., l'--~;;:-"':$, f:tC.. a.nd these~

images are held on the screen for a few seconds A Animatics are
often inserted into a television advertisement or a news
bulletin. Figure 1 shows two stills from a graphics sequence
to illustrate the working of a Nikkcn camera.

2. Cartoon animation

Car·t.()on ani mati on rer-H-e<;:')ent:s
Db j ec:t s mClve by €N agqer Cl.t i CH1. It
the expressive qualities in the
ca.rt.oons'l anti henCE' it can b&? much
·-an i mat i cs •

1A1(:\'y"::; in v-Jhi ch of i gur'es ~.nci

is desi ~lned to c:ap·tUI"·E~ all
tradition of Walt Disney
mOI'''e comp]. i. cat:'E~d th~.3.n the

An p'n i m~. t. 0\'- b·egins by skat.chi n ~~ the It e :./ f ram €! :;: INhie h os h Cl trJ

the posit.ions (jof 'l:he c:h~~.rac:t.er·s ~'::\t 't:i',e beginninqs and ends 0+
movementSft The computer 15 then used to produce the
in-betweens (i.ee the intermediate frames).

There are two methods for producing in-betweens
automatically: skeleton animation and moving point constraints.
In skelet:on anlmcition') a m.::\tch stick fiqul.... e is manipulated by
t.he <3.n i ili2".t.ot- who f i ~{E~S the pO'=:;i t. i I~~)ns; o·f tt"le c har" e~ct.€.~t'...' So at- ms ,
lc;?l~s,! et.c .. '} in (.;?ac:h ks''l -frame.. The:;-:;t-2 skelet.c.lns ~..;hich can l:j(7~

drawn very quickly are then covered with curved lines produced
b'/ thi-? comput.er" n
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11'1 thf? t.·eCI-ini.qL~€-;:r C)·f mo~/in9 P().T.i".·\':' cD.·t:.::,:~~·."'aint? the .;:\nim~.t:c)l'

specifies the key frames and the curves which describe the pdth
a.nd thf~ SpE?:E:~c:1 0+ poi. nt.=::, v"i thi n do key -rt-ame. The comput.er will
be used to calculate the shape of the intermediate frames with
the information provided.

If there is a mathematical relationship between two images,
the computer can be effectively programmed to transform one line
rll'''a~'\linq into anCit.het-.. (.:)~, 8. ma.tter" of intell""est:, in 1917 thE?
biologist D'Arcy Wentworth Thompson published his theory of
t r a ri s·f 01'- rna t :i. Cln '! 0 n f3 rON "t h .and f () r m• F i q ur' e . 2 s h o~"s h O~J the
sh<:1pro:? o·f Oriro;?, speci es ca,n be del'""i '.led ft"·C)iil· the shape' CJ·f another
related species. These observations of natural forms are very
useful in computer animationv

3. Reallstic simulations

Ins t €~ad of W01'"" kin 9 t;.d, tit C"! U t lin e c.1t- aw i n ~I s ., the 5 i mu 1. a, t. 0 ,.

uses full 3-D image5n A realistic simulation requires 4 stages
o{ pl"'odu.ct.ic.1n: PI·~'~:0J.:i.fiiinr..I,t-y moclE}J.1in9, mot.ion dit~·ec:ti(Jn., ·fl.J.ll

modE?11 i nq alld t·-f.-?nd~:0rinq"

A preliminary model is constructed using a few polygons to
represent the outllne" fhis model is used in the computer to
plot. t:he mC'Jv·f:?mani::. C)-f an object. in th€~ ini:ended sequ€:~nc:e. ::~;--D

CDCJI'-dinatf:-1SS and pe'·-··5pect.ive pt-ojecticjn arE-? used. 'rechniqu.€~s

which are similar to those of a live action director are used to
cal'.. '...·'y· out. th(?- m.ot-.ion t.€:1St;;. Th(~ simulat.·o.'" contl'-o],s' the point.
of view of the 'camera', the positioning o~ the 'lights' and the
movement of the 'actors'"

CJnCE~ 'l:Ia€,~ motion t·e~.;t.::} 3.I.... e cQmplet~~d'J the model ~loJill be
refined to show all details. Rendering - or displaying - each
fy"a.mG? J,~:; done aU+":CJiTi.::d:.:icaJ.ly.. F't-o(;;p--ams will be writt.en to
de-l.:el·-min,~ t.hf.-? hidden sur·ft0.cE":s a.nd the shadi ng of the objects ..
rite 1 at. t. E"" i n vo 1 \E8 S t h €:-! C a], c: u 1 at: ion '0 f the coloLU'"" <.."ndintensit y
for each pixel (picture element) in every frame.

Hi. gh cost c\nd 51o\-'J rates of pr'oduc:t.i CH1 have 1'i O1i ted t.he use
o of f' e 2d. i s tic simI...'. J. at. i ,0n i n ma t i. Cln pic tL.I.I...· E"= S • F'r i ot- t 0 ~:~ tar
War:..=-, Dnl'y' r.:.~ne major' film, Disney"s Tron, had c:ontai.'ned more
than a few minutes of ~omputer-generated effects which were done
by subcontracting to 4 ipecialist comput.er animation companies.
Tron, unlike Star Mars, was wholly generated by computer
t.eerH"l i. qU.f~~S n Ap-::\t-·t..: f r-om Di sney, Lt.tca~; f i 1 m is i:he on 1 y othet-
major studio which has invested seriously in computer animation.
HOWE· .../E?I·-, thi nCJs mi ght chanqe i n th{~ near -futl_l"-e si riCE' a' new
qenerl,~t.ion· 0+ mOI'-e powet"'-ful computer's ~"Jill be able i::o process
"'-'?-o3.1 i st ie s;i mul 2\1.:i ons 1 n mi nut.es '.... at.her -1.:.1'1 <-1f'\ days. .
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Figure 1

Figure .2
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LeFo RICHARDSON'S WEATHER
.. .., - ---.._--- ..... .- .._--_ ...._... _-~_... ~_. -,-

FORECAST· FACTORY

Peter Kloeden, Murdoch University
'Y(JU prob.::l.b 1.}/ ha\iE? not h~)i~.r·,j o·F L.E'~·Ji s F:;'t-y F~i ctla'.... d~;on , an

Enqlishman who was born in 1881. and died in 1953, but you
certainly enjoy the benefits of his scientific genius every time
you hear Qr read a weather forecast from the Burea8 of
t"j~2teC)r'olog',;/. iJ..jh j, ], G~ d. 'y'ounq m~.n Ri c:har'c!scJn made lTiany val uab 1 e
sc:ienti'fic: cc.nt.I·-ii::lu·l.:'.ions in F'hysJ.C::s and I"let.eot-·ology,
particularly concerning the nature of turbulences Yet it was
Dn~2 CJ1~ his lea.s:t sLu.:cess:·-f ul., as it seemecl c.t. that time OJ i. deas
that has proved to be most beneficial. This was Richardson's
attempt to solve numerically the equations of atmospheric
dynamic~ in order to o~tain an a~curate weather forecast.

'fl"1(;) equa"t i on~5 cd: -:.!t.mosphe~t-· i c: dynami cs ar-e a camp 1 i cated
system of partial differential equations involving
meteoroloqical variables such as wind velocity, atmospheric
pressure and temperature, and their space and time derivatives
( wh i. chi n d :i" c <;;d:". 12 t. h E~ i t- t- ate 0 of 9 f- a "'Jt h or dec a yin a. p ~T ticul ~H

":;;pac(·;? d i. t·-ect. ion Ot"· in t imf2) • (.~"::; i.:I-}e e~{ act sol ut i orl o·f t.hese
equat: 1 ons v-sas (and st. iII i ~;) not ~::no~"1n, .the on 1 y way to sol ve
them, and hence to obtain a prediction of the evolution o~ the
weather,- was to use an approximate numerical methc~. For this
i:hE? ~=\rE'::,:";. 0+ t:he f Ofo·(;;1ca:-:it'. , S.:?-y EUI'-c>pe'! is d i vi ded into a gr i d
1 i kl:? ina o:;tl'-eE?t d i I·-ect.ol·-y, and then the system ot~ par.. t i a1
differential equations is approximated by a system of algebraic
equati ons i n\/ol vi ng ·the .vall"~es of t.he un ~;:Ilc:>wn meteorol.ogi cal
variables at each grid point~ Fortunately the values of these
variables at one grid point usually depend only on the
corl.... E~~-spondi I'1g vallH:~s at nea.t"'by gt-i dpoi nt.<.:~ '} sa the syst.em Q·f
algebraic equations is moderately simple. However It involves
an enormously large number of equations~ and this number grows
rapldly as the number of grid points increases. This creates a
dilemma because mere grid points are needed for a more accurate
forecastk Modern supercomputers have now made this task
feasible~ thaugt". thet-e are still sho'.... tcomings (a~ the a.ccuracy
of some of th8 Bureau's 10recasts shows!). Such computers were
not. a.vai l~d::):i.e in FHchat-dson "s d2i.y. In fact _only slow huma.n
ope~-~.ted cal cuI r.:tt. i nq machi nes were then in use. To . cat-I.... y -out
the necessary calculations Richardson envisaged a iarge factory
with an array of desks corresponding to the gridpoints, with a
huma.n Ilcomputet-" at I:.?<::\ch desk per+cn-ming (possibly using a
c:a.lc·ulating machine) ·::;i.ll t.he calculations at that gridpoint and
passing them onto the adjacent desks. (See the cartoon on page
10, which qives a Russian view on the matter.)
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For a fairly accurate forecast~ Richardson estimated that
':5C:Hl"H':? 64., 000 such Ilcamputt7:t"N,:::;;! wc::;ul ci b€~ f'-I??qui. r'l::?cl. 1\~.9.t,ul'-··:::l11 'y", t,h/2
En~~], i ':;h (:}'ovEf-nment.· of t:hE? d<i3.',/· thou.C;.lht. th is i ciea I'·' .c'.the·r·
harebrained and did not take it up. To prove its feas~bility

Richardson ~pent many months doing all the calculations himself
for a single 24-hour forecast, but his grid was too coarse and
thl~ t-e';';t.ll t.s hi qr', 1 y i nac:cur'i;l.te <thel··'€? t;.,1~?r-e al so· some numet;-l c:,::-\l
d:i.f+"i(:ult:il~s). The plr·ojE"~'ct. seemE~d to dif?- <3. natLw·.;d c:lea'l:I"l,; but
·the idee:'.s made ~';l. mal"'ked impr-essiori Dn other' younq ·=,ci~.?ni:ist.s,:

who, 30 or 40 years later' when modern electronic computers came
i~to being, were to successfully carry but Richardson's dream.
(Interestingly, the most modern supercomputers with parallel or
v~ctor array architecture are based on a similar idea to
Richardson;s weather forecast factory~ but with a microprocessor
at each desk rather than a human.)

Richardson published hlS ideas on numerical weather
forecasting in a beok during the 1920's, though he had done much
0+ the II.JCJt-k earliet-.. In 'f~~'\ct dUI'-inq the Fil'-·st. ~ljor'lcl War- he
made a deliberate decision to do no further work in meteorology,
because, as ~ devout Quaker and'Pacifist, he was distressed that
this work would be useful for horrible new weapons of war~ gas
and aeroplanes.. Richardson resigned from his job as a
government meteorologist and went to France to serve as a
volu.nteer ambu.l.c:'.nc:e dt- j, \l(-?l'" V.,l:i. t.h ,~3. med i cal un i t Cj,{~ the Fr'enc:h
Army (the British A~my did not accept civilians in its
operational zones). Deeply shocked by the carnage of this war,

~200

5000
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h 12-":' d e \/0':':-. ;::':~ cl 1"1 :I. ':::l -;;; c: }, i:::" r"; t. 1 .j, :i. c:: t:. ,:;;i.], ~~n t. '::;; t Ci t. h c:! '£::. 'C. l.l c/',;/ 0 f t. h £-:0 C -=:1. J...t So £02 ':5 0 of-

:/~J~:3.r: .::':l.rilj i-:::; nCl~4.J !"~E-:fjni:2ml::);·?I'~i:.'.';~c:i ~'~-i..':::; C)n(~ 0'\: th€-= +cundinq +a.tht?t-·:; CJ-t 1,,,li-lili::.

i s C~;I.J. :I. E'c:! II Pi=.:?'::I.C:€':~ .::3.l'id CO!'I+ 1. i c:-I::. St"Jc!:i. ~?S;" .. -=..h':::tJ 1 descr' i. bi2

i:~~ :i. c h .~.H'- d ':5 CH·"•.' t; IIi B. thE' in -:::\. t:i c:: cd. tlH.J d 0:·d. G of i::i. n ~3.t"- iT! S r' ·:':3.C ~~: i nth ~2 n.:::?;{ t
issue of Function. If you a~e interested in reading more about
P:i. c:h.£:tl,··c3S0)"l '! t,hE~I'-':;;:": i·;s a r' ec: I~~nt b 1 nqr' e:~.pl""iY b,:/ C! .. 1'''1 .. ('I~:;:·r·l+ or'cl cei,11 E!d

l! F·I""CJprH7~·I::. 01"" PI'~'D,r E:~S;·:'';D;'" 'J 'fitGj Li ·f f? .3.nd t"'Jor' k Cj·f L.E-Jwi :::. Fr"'y"
F::':ic:h~3.t'-.;::1~5Clnll~ wh:i.c:h \AlaS publ1Sh~:::d by Ad':'ii.ITi HiJ(;Jer-' Ltd .. (BI·-"ist:.Cll
and Boston) in 1985.

Back in the 19405 and 50s, and nearly all other
Australian schoGlboys eaqerly followed the exploits of the air
·:':3.ce .J a.me~5 f:i. €;.F;i], e~~v,JOI·-t:.h 1 D a f.L 0 .. , Iv!.. C; .. '1 D .. Fa ell (Bi qgl es:;) ~ the
creation of the very· prolific authcr~ Captain W.E. Johns.

f~ec::ent..1. '~", ina. secC)nd-~hand shop, came upon ';'.:~ copy Q·f

.::;.2r q(-?an.~ B.1. q(}.i. f:' 5Nor t h ., C ~ 1 aD .. ~ ~:-tnd CJut. o·f mi Hed CUt- i osi t. 'l <B.nd
nostalgla I bought it and read it~ It st2nd~ up surprisingly
~JI'2.1. 1 'j but. Dne 1. ~tPSE! ·.='.iTtu::';E:~d mE~ can~>:i. dElr' c..:;"b 1"1 'i the mCJt-e SCJ as it·
contrasts with a passage in the book where things are worked out
riqht~ Begin with the latter.

Biggles.has pursued a gang of ex-Nazis to an oasis in the
~::;(·~.h{~.I··-a des€·?I'''t:... Th€;~ placE'? is -{: u.l1 oJ;' 1 and--mi rit2S a.nd Bi c:\':::t], es

escapes by climblng· a palm tree and dropping into the water of
the oasis's central pool. But then ~he perceived a conti~gency

-fc)t-· ~",hich 'I in hi·;;:; ha.·st.t:::· 1:fJ 9t.::?t. into the pool., he had made no
pr"fJVl ~;1 on" HO~"J If-JiaS he to get ()u.t? The 1: r'ond oft-om whi ch hI?

had dropped~ which had sagged under his weight~ was now far out
o·f t-e.=:i.c:h.. iJJi th Ci. shock he re~d,:i.sed that he was., qu.i t.e
de'f in i i.:f?.i. .~/ ~ ~:3. pi"~'i s·onGI'" in -I:hl::? pODl n II

He does~ of ~CillrSe., get free~ although that is not a story
wish to pursue here ..

Ea.I"~ 1 i E'j'-' " hOlrJevel'- ~ Hi C\q], eo'S:· entf~t-'5 a t-oom IrJIl i ch is 1 oc: keel
+r-oin thE-? in-s~.iclE~ 111?u.t:. he Jr,li:3.S able t.o qf.?t:. in by t.h,:=: old i::.I·-ick of
:;1 i::.i:l nq i::l. sheet. e>{ papf:!t~' undel'- thl'E; doc:>r- and pU'::,h :i. ng the kf=y out
of the lock - again using the blade of his penknife - so that it
fell on the paper~ The paper was then withdrawn, bringing the
kl:~?Y' I;,;:i. th :i. t... Plncit.hel'- mClment. thl:;? door- was opf..~n, ~'::\nd they had
l"'e.:~.cl·1ed tl', I:? :l i'~ ~Jb j (-2ct i ve ._. F'I"·;?!~u.ss·' ';:; of f:i. ce .. II

Preuss~ one of the gang, 1S not in the office and SO~ to
a.voi d cU"-CJt.l'::d.nq hi £5 SLlSP i cion '1 t.lIs}/ HI E:-f= t. thE? 0+ of i ce as t.lley had
entered, lockInq the door behind them and leaving the key in the
lock .. II

Suffering catfish! As 8i9g1e5 was wont to sa~.

f~nc:)ti'lel"- t.h i nq ...- bu.'!.:'. i:h i '::j :i. s C)nE~ C8.pi:.2I.i n ,j Dhn~; does
right. How was the door locked from the inside and Preuss

get
rIot



A Russian artist's concept of Richardson's
fantasy weather" forecast factory.
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FOURIER SPIRALS
~ . .. .. - .. - -... . .. ...... -

USING· LOGO

Colin Fox, Melbourne CAE
I n t.h~ F €~bl'"·UCJ.l'-·\' :i. c.iB6

showed some spirals related
i. Sf:5U.f?~ 0+ r- un c t· ion

t(J i.:.h&? functi on
c: (i\/er

{

.oi/4

·"".Gi /4

()

i + ::~ r: p i < ),:' <. ( :,::~ n + j, ) P .i

i+ (2n+J.)pi < x· <: 2(n+l)p.i

Tl"'le'~:;I?2 sp i I'''' c:i.l. .;; at-'J -::::'E:~ l;.Jhi!:?n a.n\::~l \jE;i n.;J th is -F u.nc t i c)n by
m{-=~thods~ (~:;E?e p-:-3.ges ::::: t·,C) 'l (j·f r"ur"c'ti{)T,o 5 February 1(78.~) D

analysls yields the iniinite series

f(x~ = sinx + (113)sin3x + (1/S)sin5x + ccc

Four i el'"

This

CC) ~',H-i t.E';;' ·::3. compu.:I:.:el·"· PI···O';Jlr·.;'Un to dr-~.w these spi 1'-a1 s ~ LOEH]
t.Cll··· ~I pel'-' h.::i.p 5 I} t.hE~) mDst. n~.t.ur·al pl·-Ct~Jt-c~mmj.ng 1 anguage to
Pc.,ql~ ~5 C)-f· Febl·-uz;r.t-''l : s Fune t- i on c(Jllt.ai. ns c1et ai 1 s C)·f
c(,.Jf1str-uc1::iOi"\ o-f t.he Spil"'C:i.ls:.., In p~tr·t.i.cLI.J.al""'} notice that
method in\/o],Vi;:?'=i t-ep~?c-J.t:i.ncl inHFinitE.·lv Dft.en the paj.l.....

illO\/emen t: s :

move a certain distance in a st.raight iTne,

then turn left (or right) through a certain angle.

is a
~J.se.

the
the

of

'fh~? dist:c'.ncE.~ :.::Ieci'-€~a.se~j l.,:.Jith each r·epetit.ion while the t.u.rning
~nqle remains constantc

i~ L09'O pl'-ocedul'''e t.o a.ccompl i s/", thi s t:i:\n be Wt- i tt.en as
f (J 11 Ol/·,IS.. I ·f: you. al··.. e u.n·~ur~-;~ a.bout. !t-!r it. i ng Logo pt-oc:edul'-es on
your schaol"s microcomputer, ask a fellow student or teache~ who
is not" 1+ thet-'e is no suc~h p€-?I··.. scJn at 'y'Du.t-sc:hool '1 get in
'l:cHJch :.·.,ri t.h m-E~ and \.;,li 11 h€tl P '~./CJu become YO.LU- schoo],' s Logo
e~< pel,.. t: :

TO FOURIER. SPIRAL ~ANGLE :COEFFICIENT
FD DNE/: CDE::FF I C lENT L T 2* ~ ANI31..E
FOURIER. SPIRAL ~ANGLE :COEFFICIENT+2

l::~ND

output.
qt""aph ..

Ti'''ii s;

thf.?
PI'''·Dc:,?!:~c:i'''.I.r''e cc:>nt.iJ:'.i. ns .a subPt-nce·dut-e,
SCI'-'€~E~n d i sta.nc:e CDt-·t"·E:spond in q tC'J

ONE q ~"1h i ch
one un i t on

¥-li. 11
t.he
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If you are using an Apple Logo type~

T'U [l1\IE:
UF' 7~S

END

I --F 'lOU. ~::.I·~·r-:: lJ.~2.j. 1"1\.;.1 CommC!dol'~'e l...i.:l9CJ '} t: \lpE' 90 i n':;tf:;:'.c~.c1 0+

For eBC Logos use 300"

._,'J..:.:,"

.~ "_.1 n

Having typed in these procedures~ you can draw a spiral by
typing, for example,

Nil H u rhf~:~ pr'cJcE~d:...(Ir'i::? l,.~Ji 11 r-un +DI'-f!::'\/er' ! F't-'e:,s-::,; C·rl~I....~·"G ((.:~pp 1 e {~nd

Commodore) or ESCAPE (EBC) to give the turtle a rest ..

Notice that we use degrees not radians" Notice also that
we need to do some more programming if the February front cover
is to .3.ppi?:~Er.r·. on .thE? SCI·-€?f!.:~nll Thf.·: ne}~t' "1::.\.\10 pl,..DCE!du.I.... €~:i::. .&.1"'12 one
way to achieva this"

TO S'r?~lh~'r : ?iNGLE
(~XE~3

PU HDI"'IE PD
SETH 90 LT :ANGLE
FOURIER~SPIRAL :.ANbLE

EI',ID

On Apple Logos, c9ntinue by typng:

! IJ {~XE:3

PU SErpos [-135 OJ PD SETX 135
PU SETPOS [0 95] 'PO SETY -95

END

Fo~ BBC Logos,' replace each 135 with 600 and each 95 wlth
~~;OO.. FeJr- CGmmqdol.... ~~ !._G(~.:Jc~ Ij t'-ep 1 ~:3.C~"2 ~:}ETPUS [ ..... :1. ~$::.:i U J :,~.;:i. th
SETXY -155 0. Replace SE1POS [0 95J with SETXY. 0 110.
r~ep.l. <:7tC€-? ],::::;~5 ~..,i "i::l'''j 1. !.5:S ,;:~.nd ..···:;?~.5 l...;.ii th .... .i..I. 0 ..

I\I(J\.'J'} ClE~C:\I'- tl-·Il:? SCI'''f~~E:n (t\/Pf::! CS ~~nd rJt-·€':"'::';S F~E:'rUF:l\i) '::'.nd di'-aIN

the spiral for pi/4 by typing

(and press RETURN key)~

l·f 'I,:·.h i. s pr'c)d.uces;. trH:~' t:op :I. ef t s.p i i'" .::d. of t-'om FE:bi·-U..:::u"·y·· ';:::. -fr-ont:.
cover'" 9 1.::hG?n 'i'C)/,J c:::"\n camp.!. f£·:'i":.f:T! -thfi:? 'l:C)P h-::il·f D-f the pi c:t.u.t-·e by
typing ST~RT 22.5, START 11.2~ and START 5.625. If it doesn't,
c ~':I.I-'''E,~''F u.l1 y ChE1C k 'ie/I...tt'- i.: '/p:1. nq 01'·' =:l.s;k yCJur- loca.l LOqD e~-:: pel'-t f CJt

,:~.s·::5:L -::~;t:.anc~:? ..
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~inally, you may ~~~~ ~u edIt the Fl ~lERflS~lRAL p~ocedure

-::;0 th.:::l.t tt :.::ir·::::l.J,.'4·~:~ t.h;;:: SP11'''.:~~1~::~ shC)I;"JI""/ bf:-":!J.D'·~.J" ThE-J':::j.f:!! sp:i.I:··a.l~:; C,:Jtrll:

1ram the inflnlte series

sinx + (1/2)sin2x + (li3)sin3x + ll!4~sin4x +

This screendump lS from Loqotron
microcomputer)~ I chan~ed the value in ONE
altered the position of the origin from [0
C·····::::;00 (::1.. Thai: i '5, in my AXEt; PI"'OCE?"dure'1

SE'rF'(]~3 L() :};~50 J to BET'POE:) I: ..·..:~:;OO :'::;~jO"] ..

Logo (on the SBC
from 300 to 200 and
OJ on the screen to
ch.:3.n~Jed

For- Pippleo; c:h~H1C~e 7~:; to ~.~O in ONE .~nd BErpU~3 [0 9.5] t.o .
SE:TPCJ~) L ··..··/0 9~i] :i. fl t-1XE:.~:J"

For Commodore, change 90 to 60 In rn~E and SETXY 0 110 tb
SETXY -80 110 in AXESn

182\\/2 the ecjitinq (CtianCllnCIJ (J·t: th;:~ F(iUF\~IEr~ASPIF~f:':lL..

procedw-e to you.



14

OF P·Y1HAGORAS]
if'jr~HEOREM

The st~·~ dic'.ql/''~:,.ms on paqE-?S 16·.... 21 :='.l.lc.1t'4' constl·-u.ct.ion of a
number of proofs of Pythagoras' lheorem. They show the
eql.~!.<::~l i .{:\/ 'CJ{; thi~. ·ha'tC:"'led at-ei.£i. .and the 9r"e'/ 2i.rW f:'?a by demonstl'-'ai: i nl;.1
that they may exchange places=

One PI'-OO+ U.~5~?S the SE:·qLJ.E.~nCE~ (a.l') (b) ~ (c), (ci),

bU.t othe-"?t-·;:; ·:::."r~? a.I ~;C) possi b 1. f2. i:~:t it. t.l €~ e}·:: p 1 a:\nC\t. ion
for here, but the main purpose of this article is to
you to explore matters for yourself.

(e) (·f) !

i~. Ccd]' ed
St.l mul ette

In Fiqut-e (c) '} the (~l""ey '!!J-Jf.~dc:;e'l h.;,.:as mc)vf:~r..:I u·P-: d:i.s~pl.c:~.c:inq

p ·?t.. -i.:: o·~:: I?ach 0+ t.hl:? hat.chad a.r·f.~a~::i s; 'f DI'-mG~!"'l ';/ ~').bO\/f!:) j. t. in F'i qUt"'€~!

(0) n 11: :i.s not cli·{·+ic:ult. 'l:cJ ShD~~J thci.t ;:he f:.-\t-e.a displc:\ced .L:'::-

0~'qL!,~:tl to 1.:1'1<£:\1::. replaced beJ.C11,o\} ·th€~'=! ~·Jeclge" F'C1/,- e'-'c.~mp'l(::.''l '!-hdt
displaced from the small square of Fig4re (b) equal; th~;~~-t~~
bo't-t.CHii ,~i:Hid 1.:0 thfE 112~:t cH: t:.he dashec1 V'ETt:i. c·':id 1 i l""He :l n Fi qU.t"·e

(c:) "

Fi~.!u.t-·r::?? (E?J sho~"'i~; th(~ ill:"lr~d(]f:~11 S:,plit.tinq u.p intr.;:; t:.t~JO

parallelograms, but r~taininq the sam~ area" This depends on a
theorem. .Parallelograms· on the same base and between the same
parallel lines have the same areaq

So in the diagram below~

!.~ IE

\/
\ I\ I
V
B

D F

\ 7
\ /
V
c

the pal·-a.l J..ii:-?1 Clgr·':;i.ms PIHCD,? EBCF sati s-:;-f';/ t:he cc)ncli t,i c,n" Thi'5 i. s
proved by noting that the triangles ABE, eLF are in fact
congruent (i"eq superposable) and so have the same area. fhe
area of the trapezium EBeD is then adjoined to each to produce
t.he I'-c-:sul t._

Fi9Ut"~es (c\) ~.- <+) ~).PF)e.c:~.I/··E:d +i·I'-·~5t. In [:..f.n at-t.icJ.i;.~ b'l F;: .. F~ubincjt:..J

in the Soviet. jC>Li:t-n~.l Ouant~" TI·li~.:; ar··t:i.r.:le ~"';~3.S adapt.t:7!c1 ~).nd

tt-·.=\n·~lat'ed j.nto l3er·m~.n by HQE~eqand~2t-., ~~.Jho p,.Jbli~~:;hed it :i.n t:h;~

l::::a':;t Gel'-mc:tn jout-nC:'.l ii.l:oha., wit.h I~Jhj.c:h FU1('-:;~'i()n h,:1f5 ·;:.3.n F.];·~c:hanl;;I=:

{~ql··-f=t.1ment ..
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'~here are many hundrQds of proofs G, Pythagoras: Theorem~

D toot -:.: t. 1"1 E~ C) 1"1 f·?, r' iI:i' + I~':: I:" \"_.edt CJ .::i. b D V t':7 1:'<J .:,~~. S n E? t:.J t [) u.::;, R 'T j''', E~ cl j, E:\ (J 1'- _:::i. ms
shawn may also be used to construct others and we encourage you
to try your hand at this" (E.g~ consider the role of the white
t (.-. :i..=;;.n~j J. i!:'!!':~. .1. I I F :i. qU.!"··E?Z~::· (.:;::. > '! .( b) '! (d)" (of) .. )

a
11 1T.1t
~a2 + -·b2 =- -c2
4 4 ~ 4 A

4

In answer to the prob~em posed on
t.~:,Jr.J dGCll""::i.. E-:i99]·€-?~~ bU.!·-q].f.':-,!d Gn€~~

ot.hei'- , :I. DC k j. nq :i. t -2lnd poe ket], nc;.:j th,?,::

p~9~ Preuss's office had
Pr\?us';;' h~:i.c1 1e+ t by the
key in the usual way_
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c) .If'............II ,
I I

II 1
I

I
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LETTERS TO THE EDITOR

Sums of Consecuti~e Squares

:~:,f..j
::~~

.of.. :~:;'/i
~~ + .;~, E::~

:~::
+ :~::r7'

..~:.

I:.:C·
:~.:~

~/6
:~~:.: .+. .+ ~:59

~,;::
.__I .....i .oJ-.

+ :q.O:~~

.+. c::.O::;:~

The product of the sum of two squa~es by the sum of two squares

is always the sum of two squares

+ y":_) (.::i::2 ,.,.. b 2 )

...:",
( ..:':\....~ .+. (6 .. ,q. + "7 .. 2) :2: .+.

(:2:;U 2 ) + ("'-1b':~~)
1'700

1. :.::; 1 2

(2 .. '7 ~...

Elnd

1. :::;; .-t. 2::::; + :::;;::::;

1 3 + 2
3

+ 3 3 + 4
3

13 ~ 2 3 + 3 3
+ 4 3

4 53.

1 3
+ 2 3 + 3 3

+ 4 3
+ 53 + 6 3

(1 + 2 + :;;;)2

(j, + :.::~ + :i: + 4-) ~,;::
.-::",

(1 + 2 + 3 + 4 + 5)-

1 + 0=0 + 1 = 1
(1 + ?) + 1 = 1 + 3 = 4

(1 + 2 + 3) + (1 + 2) = 3 + 6 9
(1 + 2 + 3 + 4) + (1 + 2 + 3) = 6 + 10 ~ 16

(1 + 2 + 3 + 4 + 5) + (1 + 2 + 3 + 4) = 10 + 15 = 25



1. :."2 _I. ~2 :2 + ~::; :2 ..;-

+ ~:.iO:t~::

+ i~.82

,-j.. L/.66·2

-I- 1364:2

195
2

j.4:~:;2

23

Digital Invariants

1 5-::::' 1 ~.::; + ~3 + ::::::~:;
...J

3::::: ..-:i
O~~:;:::::?O + 7.1:'- +

::-::::3
-w ~~:;

::~:7 1 + ~7·_& + 1-

407 4
3

0
~.::: 7::::;

"1- +

Order 5

4150; 4151; 54748; 92?27; 93(~4~ 194979

1741725; 4210818~ 9800817; 9926315; 14459929

24678050; 24678051; 88593477

Order 9

146511208; 47~335975; 534494836; 912985153

4679::::;07774
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Mjscellaneous Digital Invarlants

6::::; 6 :2~ + ::::: ..::.

B9 01. + 92

1~506 1
1 + +. (:: :3:

+ l:. 4

1 :~:
.:~. 4

1- '!:i ";/ '~i 1- + I~'j ·1.. "/ ..... + -:::-

:i. :°2 ·';r ..,.4
:~~4·:~~·7 ::~ ••!-- 4 .~.. ~2·-·· ..\-' !

135 1 1 + 3 2 + 53

175 11 + 72 + 53

518 51 + 12 + 8 3

598 51 + 9 2 + 8 3

"I- ::~;..) + 88
'i-

l::._~.:i
.~,l:

.;?
r:; t.1'

+ 0
<) .+. t3

~:~
+

.... E5
....1 + ul_ ~::S

Square Numbers containing the Nine Digits Unrepsated

1. 56B1.:2

1 ~:; \.'.} t.:; :~:; :2

1. B07::;::2
....,

1. \'71 0:2 :~:; ..:-

CCJ.l'lseCl.tt i \/E? NUiTlbf~r-:;

~;:~ 15:~:;nLj·976

:::;;26 Lj. 97 1B·4

1:23 ..'- 4~.5 ..... 6'/ + 8':; 100
123 + 4 + 5 + 67 - 89 100
123 + 45 - 67 + 8 - 9 100
i + 2 + 34 - 5 + 67 - 8 + 9 100
1 + 23 - 4 + 5 + 6 + 78 -.9 100
( 1 ) C2) C:::;) (il·) + ~j "'" 6 + ("7) (8) + C)

(1 + 2 - 3 - 4) (5 - 6 - 7 - 8 - 9)
98 - 76 + 54 + 3 + 21 = 100
9 8 + 76 - 5 + 4 + 3 + 21 100
9 - 8 + 7 + (6 +. 54 + 32) (1) = 100

100
1.00

Di +·l=e;"'enci.? q-f T~:..ICJ ::3qual'-es cDntai. n i n~J till? I\ii rlE? Di q:i. ts

1111. ::~;~,2

~;:L t 1 :i.
2

1,1 j, 1.7:::::

'-i

1. b ~,~' 1.":1 () •.::.

12 :~:. "/ :,;~ ~.~:~

200
2

.~20U2

e:.Oli'2

llB08
2

:~:;002

12:::i·9~)8l::::;6
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Cq 1...1. a 1'-' E? 1····JI,..l.mbel·-·s cCtn'ti::-..i ni nq tl'lf:?: hii n€~~ Di qi t.~~. Unr"epeat0'~d

·x ,4::~:B 16::.i29

"l:~:'598264i

2910.S
2

30:.:::B4
2

':",

25 O~.)Cj' ,,::.

Square Numbers containing the Ten Oigits Unrepeated

.07.i
::::;20i.j·:;;,·'-·

~~; :~:: :I. 4 ii· :~~ j, 09B~52ii·7::~;6

:;:;;':;:1.4'7 2

-4 ~i t:. ~:~ 1.1.
2

~) ~.:; LI· 1.:\. 1::.. ~?

Garnet J. Greenbury
Br- i st:L::anE? ..

[for Pattern 3, several proofs are available, one due
to a 1J-year-old schoolgirl, Jeanette Hiltonh This was
:-:l :i :E: C U:.::: ::;: eo' in F' to·: net i (.) on, I/(,).l.. :5 'I p' .=~ r t :2" "l'll e ." d.."l." q ita.l
invariants' are sometimes referred to a~ ArmstronG Numbers
( Nt:~ ,,:} 0 n • t l{ 't/ 0 (.\l ~\~ i"} Y ~ () r N i") t) /1 r m:,::: 't r () n i...7 N ~ :;::) .. Pro b .l e Tn S II .3 .. 1.
concerned Armstrong numbers~ Readers may like to check

The
invariants' satisfy less stringent

'miscellaneou;.;
c:on.-:i.i t.i on;.:; than

digital
do 7.:-he

Armstrona numbers. Eo's .. J

Ec:tf' ], :i. el- th i -::~ ';/E-3.::'~,i"- :1. :1.1-"'11 a.'I: t:::-2).1:00H\b~~ Hi qh School1j a.s a. class
project, devised a list of the first 100 positive integers made
up -fl"··om ·t-,hl~'? diqlts 0+ t.h(:~ numbet- 1986, us.;..?d in ,of-det'-D
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._-i-"'} C
1'-'

(41 so USe.ti ·-far ~D:"'lr" nU.fnb(~~r··::; (68, 69 ~ ;:;'7 , 9<:1') WE~r-e

inverse trig. functions. am not happy with this
reasons. The students are still working on it.

t.i""j.q.. -::;l.nd
+Dlr' c;bvi CiU.~::·

Pet-hc.~.ps )/c::I...I. \•.J0 I...t1 cl
students to provide a list

1 i. k.:? '1,:',(3

o·f t;h€~i roo own.
to C>t.t"ifE.'t"·

Enclosed lS our effort.

1 f7>86 51

·..·(1 + ,j\-:;) + E3~

"'-1. + J'B
6 ....·1 + 9 ~

5 19

8 + 6

B +- 6 5~5

>~ 9 ~

+. 9 !

G ~ ~.; oS

B i
~.~ ,~:,.

6

"7 -1 +
:l + 9 "- G .+, 6

+ 8! 6!
}~ 8 6

10

11

/:~~;••u.

+ v,./8 + 6
--1 --I- 9 + 8

-1 + 9 ;{ 8

.1::,

6:1.

(1 + 9~ .;. E3:) ;.:: [,

.- :l + (,/~j)! +- 8!

12 (1 + ( ../9) !) >~ 8 + 6

..... j,

14

15

16
17'

lB

19

,,/':..1 .-1', c:.; ;< J8 -/.. 6
q

1 t + 8 + 6

- 1 + ./9 .+. E: + 6
19 {J + 6

_00. 1 + ( ,./9)! -I- t:~ .+. is

64

66
67

~{ 9 ;.~ 8 6
-I.. 9 ~.~ B 6

1 ;{ ( ,p.,,) i + 8 + b20

21. 19 -I- B 6

70

71.

( _. j, + Lit } ~.~ 8 + c::·

_." :L
'7'

F'..I'
( e:::-e::. )

( 1. "1.. ,/9 + t3 ) ~.~ 6
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28

~<
f-ji '·1- ~~ --t-. ,~}

+ 9 + 8 ..!~ ,:S

( ..... :/. + (,/i~;!) (f;~-"l::.)

1.t:j .-1-. 'B +- 6

°7:::;:

83

c:..
+ "F' (8 .....b)

(:L + 9) ~.~ 8 ··..·.6

:l ··1· 9(8....·(7,.)

..... (l + ../~7) + Be':>

27

Be,
,'::1 8 L/. ,', ../~)!

:~:;!.5

::~;8

::::;9

40

41

42

4· /I-.'

.+. ( ,/~:;:)! 001..8e6

(:I. "- .../~: + 8 ) ~.~ {;,

:t ~{ ':;) + 8e6

1 ....·O::-;+8}~ 6

..... :/. + (,./ei)! v s ..... 6

:i. + ../9 (B "I· l:i)

....·(1 ..1.. ,ie;) + B ~-:: 6

B8

..... 1 9 + 86

(1 + 9) ,'" 8 + 6

i
9

+ B6

'''-1 + ../9 -I- 86

j + 98 ..... 6

..·.. :l + 9 .+. 86

45 -- ( 1

4)'

49

(·.... l + ("/9)!) ;·::8 ~j.. 6

-- (:l ;.~ <) -I· B!

-- (:I. ~{ ( '/'-:1) : ) + t3 : .~ 6 ~

9B

1 ()()

(:l +. (,./9) ~ ) (8 +. 6)

1. + cD·::;"-·l <sin «/9) :) +t1+6

F~ ,. D .. Coo+..:e
Head Teacher, Mathematics,
Katoomba Hiqh School.
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PROBLEM SECTION

'rh e chi ~:;~wf ed:i. t C>tw

" t h :i. n kin CJ h (~ had SD 1 \l€l:::cJ PPLJBL..i:::I·v·1 cl.~;.:i. I)

failed to recognise that he had dropped a factor of 2 and so he
oversimplified the problem, ended up with the wronq answer~ and
is now hanging his head in shams. To make matters worse?
David Shaw of Geelong West Technical School had solved ths
problem correctly, but either:

(a) he forgot to mail it,
or (b) Australia Post or Monash University lost it~

0\'- (C::1 tr't~:! E"cji tor" :I. 051::. :i. of:,.

However, the ma~ter was not irreparable;
rewritten and here it is.

The problem read~

t h fi: '~:; 011..':. t :i. or', t;-.) a. ';:;

N
th;~~

t'4e i qht.·;;:,; (J'{:

in k(] t.:,)(?i qht a.nd
~::~], 2 kq,!-·~".II

t-equj.I'''(?

Sum of (weights < m kg) = Sum of (weiqhts > m kg).

Fot- v'.JI-rat v.~.lI..J.f:.~s:; o-{::, m, N :i.·::; i.:.h is:; po-:::;si b 1. e?

David Shaw's solution, like the chief editor's, reached the
cc)ndi ti an

m (m ..·.. j,) h'(N+l) m(m+l)

which he simplified (correctly) to

o

i. E<. N

i nt.egr·ed. 'I

'fhen

1 +. squal'-f.~
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!\!C'li-i'1 C 1 E~.:ai···l y ,t...

"i. nd/?&"?d
..~. '! m :::: is a solution of this equation~ and

/.;"2 8m:'::~ B ..", :i 2 )f.' for n:::: 1, 2, 3,

Fac~orising, we find

( ,l:: -I- ·iBm) (I..:" .-. ,.i8m) (:3 -I- ../8) n ( ::::: -'. ./~3) n

.k+./8m

.=::lnd k ...- .in m (:::;: .-- Jf~) n

:-::::1:: ::: (::~; .+. ,./E~) n + (:::;; _. ..r'8) n

and s~~tracting gives

m:::: (::::; -I- ,.A3) n ..... (:3

We can. now generate as many solutions as required by giving II

the values 1, 2, 3, , eag"

17, m :::: 6, N :::: S
99, m ::::: ~5, N 49
577, m = 204, N :::: 288

~: q i \/85 ~::

.n ~~ q i \/s:7?S t~·

n - :~:; q i \/EIS k
If 4 9 i V(7?~S /.~.

:~:: '! m -'- '1- .1., N ::::: :1.

and ';:;0 on ..

n = 10 gives k:::: 22619537, m :::: 7997214, N = 11309768 ..

(*) USE':; 'I:he t.hE':C)!.... y CJ·f
Shaw also discussed this
SaJ. Newt.on's letters in

lhis approach ~llows a
in fact the only ones.

t:)not.her' ap PIl"C).;:;i.C 1-' to Equat.i on
infinite contin0ed fraction5~ David
in terms not dissimilar from those of
~unction~ Vola8~ Part 2 and else~herea

proof that the solutions given above are

We now move en to PROBLEM 10.1ala

COMMEN'r ON PROBL~M 10.1.1.

The problem (submitt~d by D~R.Kaprekar) read:
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A man had 115 dollars. H2 spent 40 af them and
75 wer2 left. He went out again and spent 46, leavinq
29. A third time he went out and spent 19 leaving 10.
Finally he went out and spent the 10~ leaving nothinq.
Here i s; ~.:\ tab], e ..

··::t·o
:::1·6

10

Tot.a.l s; :i. 1.~)

10
o

The total at right is 114~ not 115.
mi ssi nq dDll ar'?

Careful thought shows that this is really a non-problem and
'~;C:i we do nrJt o ..f +el'" a conviCi1ntio!'"1'::i.l solutiDn. HDwevE~r''t ~"Je h{;l.d
thl:7? ·t: 011 Cllr4i nq i nteres:.;t.i ni.;J comment ·f rhClffi G,:::ur'net ,.1.. 13;·-e€~ntJI.J.l'""Y (J·f

Br" i ·'Sb..:.,ne ..

shall propose another problem with small numbers.

{~ man had 6 dol J. c.1.'·-·~:;.. He s-:,pent. ~~ (J·r
He went out again and spent 3~ leaving 1"
agaIn and spent 1 leaving nothing.. Here

L.E'~f t.
tl

o

Tot.als

Thl2 toted. <:3.t the right i s ~S ~l not 0 ..

dollar"?

them and 4 were left ..
Fl naIl y he lioJer,t ou.t

i~.; <:3. t,':l.bl e:

A similar table is obtained if he spent 3~ 1 and 2 ..

Spent

2

Tot.als

Again, a lost dollar ..

Left

.......,~
o

However, if he ~pent 3? 2 and

Spent

6

There is a lost 2 dollars"

Le·ft
:~::

o
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Now if he spent 1, 3, 2 or 2~ 1, 3

E~pent

1

o
,~:..

he gains 2 dollars.

And if he spends 1~ 2~ ~

Spent Left
1 ~

he gains 2 dollars.

Spent
.......,
~~:.

6

LE?·f t
4
:::!;
<)

?H 1 th€~ an.SW81"'::;

CJrd,~r- o-F spendi. fl';J .1. ~

t,h~=,.t ·f: ac·!.: (Jill y ..

-1, -1, -2, +1, +1~ +2 are obtained if the
c:han<;H?d and t.he loss 01'· gai h depends on

n
So Kaprekar's problem

numbers' that s~m to 115"
can be worded in all permutations of

There is no~ only a lost dollar.

Garnet J" Greenbury also sent us this problem, due to Lewis
C:ar-"'-Dl1 II

Write down any three-digit numbers whose
digits are all different, say

Reverse the order of the digits
Calculate the difference
Reverse the order of these digits
Sum the last two numbers

!t71
174
297
792
1089

!,.tJ !'1 ,~:i. t ~:: v· (-2 r'
that thf.~

tJ..Jhy"?

thl'-ee-cli gi t. numbet-'E
digits are different

we beg in I,:·Ji th pr'o\/'j, cied al ~"".a.\/s

- this last number will be 1089.

Consider the following ·infinite pattern of square roots

What value should be asslgned to it?

F',r-o\/e tha.t. t.he product. 0+ n consec:ut i ve numbet-·s is
cJi\/isib.le by n ~ (i ~e. 1,.2.::~;.41l n) ..
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HOW .LU~~ IS A PIECE OF STRING?

SUI:}PC)·::;f.~ <~. nu.mbE·!F· .:;}+ pi.c:rCi:?::j 0+ st~-J.n(1) C)+ var·j.ou:5 ler'iClt.hs lJ

are knotted together in some way or other, with the only
1"- e E '1.: 'I'"' i c: tiDn -I,: h Cl. t n CJ :I. c> a p S; ;:':'. t-· l?:? ·f 01'-' in i;::~d • i~ 1'1 E~ ~.~ ,3. mp 1. fE: is£:;h o~"n
opposi t~2 ..

The stt-:i. nq 1'1 {.::jU.l'''e i .~; a. ph"'lf~;i Ceil.]. .'I'"'e{~,.l i :z2t.ti Dn D-{-: -:'::.;.

mathematical abstractlon known as a tree, which has qreat
significance in areas such as computer programm1nq and the
.~.n.::l1ys:l·:s (j·f cornplic6lted commu.niC::i::\t.ioli nE:tJrJOI'-'ks;n . (~n impCJI'''·:::.a.r''it·.
problem in· both these areas is to determine the diameter of a
-i.:'.t-(ee,! t,,!hich in .:='l. cCimmu.nici:\.tic)rls; ne'l::.'."1CJIr-k ~JtJu.ld b~? the ),onq.f:':.\':;;t.

pa.th a.n',/ mes-s5C:I.q€-? coul c:I b(.;.? e}~r.:>ec:i:,ed t.o tl·-.=I.\/f.~l.. I"n .,B. cc:ampu.t€·?r·
pr-oqrw am, a -l:I'-E?Ef I"JoU.I d 1'- epJ'-E:·~selli::. St.f2p·:::; in '!.:.h8 Pl'-C)ql''' ain ') ':4,:i·tl·"j
brw .::3.nc:hes ~'::\i: €~<·~.c:h ste).qii:? 'J but liD loops,! and the c1i. am€~tE?f- c)·f t.hl2

t f'· E? I::? W0 u.l d t- e p I'''' r=~ S:' E!n 1:: -1:: h E? IT!a.;< ]. m1...1. m p c; S~; i b :I. Eo? j- un II i. n (;.:1 time c1·f. the
proqramn In our string model, the diameter of the tree is the
length of the longest possible string ·path.

Su.ppCJse a. COfnmLl.rl i c-:::I.t: i Dn'::::· enl;J:i. nl;:!E:!I'- ne(-:'?!ds; 1.:0 knc.11f1 th.:.;.?
d:li:;.flll'2ter (J·t: .;'.... tr"E~(-:~ which repl"'t-'?S::E~nti::; <'.:'. c::ommu.nica.t.:i.DII /;;:; net.wol'''k
with thousands of paths and jLmctions. Ho~ should he set about
solving this problem? lhinkinq of. a tree as a bunch of knotted
string provides a solution~

Pi. c:k up
'-./er'-!:: i call '/ ..
'l.:,r-(~(-2 +r-oin it ..
t.he top p(ji nt:

th(~! S't:I·- i ,.-,q -ct-f:-?e ~~.t

Then reach for the
Thc~ ], ongest p·at.h

to the bottom point"

an,;./ poi. nt. and
l':)\.:"Je·;:~t. pC) in t ')
i. n the st.,·- i ["(1;1

1 f2t :i. 1: cL::1.ri q ]. E!

and da.ng 1 e thl;?
t.ree t"'uns -fl--Dm

This two-step procedure always locates the longest path in
any string tree" Can you prove that?

From Mathematical Digest

C~ntinUed from p.15.
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