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of the commomest purposes to which
delbrot set, defined

My first problem this time arose fr

theory. Over the last few years, one '
comp}:lters have been put has been the plotting of the Man

as follows.

First put -
Zpy1(c) = zﬂ(c)2 4+¢, n=0,1,...

= =c? , and
where c is a complex number and zo = 0. Thus z1(c) = ¢, z2(c) =¢* +¢
so on. The Mandelbrot set is

M ={c:zalc) £ 0},
or equivalently, by an elementary argument,

M={c:|z(c)| <2, n=L2...1
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To plot M therefore, we calculate for each value of ¢ corresponding to a
screen pixel, the sequence z,(c), n =1,2,..., N (where N = 30, say) and we
plot the pixel if |z,(c)| < 2, for n = 1,2,..., N. The familiar set M appears
below. Increasing the value of N should in theory give a better approximation
to M, but in practice there is an optimal N depending on the screen resolution.

Recently, my colleagues David Grave, Robert Hassan and Peter ‘Strain-
Clark were using a transputer system to plot M when they came upon an
interesting relation of M, obtained by using the iteration formula

z,,+1():—z:(_c_)-2+c, n=1,2,... (1)

where zo(c) = 0. This relation of the Mandelbrot set has a rather unexpected
property.

22.1 Let z,(c) be defined by (1). Prove that the Mandelbar set
My, ={c:|z(c)| <2, n=12,...}
has rotational symmetry.

The set My, has many other intriguing properties; for example, it seems
to contain many small copies of itself as well as small copies of the Mandelbrot
set! Anyone who has a program for plotting the Mandelbrot set should be able
to plot My, by inserting a minus sign in the appropriate place.

Just one other problem this time. I've forgotten where I heard this, and
would appreciate any reference to it.

22.2 Prove that it is impossible to tile the plane with triangles in such a way
that at most 5 triangles meet at each vertex.

Now to earlier problems. First a remark about problem 11.2 (in the new
notation), which concerned sequences of the form

Gnt2 = [Gnt1] — an, n=20,1,2,...

If ao, a1, are real, then a,, is periodic with period 9. It has now been proved, by
Dov Aharanov and Uri Elias, that if ag, a; are complex, then such sequences
are always bounded (the proof looks very complicated and uses a theorem of
Moser concerning ‘twist mappings’).
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The first problem of Issue 20 was as follows:
20.1 Find a formula whose value is 64, which uses the integer 4 twice, and no

operations other than: +, — %, /4 T y/ andl

The answer is
(7

of the “four fours” problem: how many of the inte-
he integer 4 four times, and the above operations?
ents in my youth expressing all the integers from
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hich contained expressions for
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This problem is reminiscent
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1 remember wasting idle mom
1 to 100 in this way, but one o
book he had completed some forty years ago W

all integers up to 1000 and many beyond!
E=1,2,...N (not necessarily distinct), prove

B Q e

We now claim that the i es APS, ARS, BP
: reflections of the four triangl Q
CQER, across their respective sides of the square PQRS . ine : :
i peross thel combine to completely
T i
o see this, note that the angles ASP, ASR are non-acute, so that th
, e

reflections of the triangl
electe ngles ASP and ASR together cover the quadrilateral

20.2 Given positive integers ak,
that some sum of the form

G, + Qky T oo T Tk 1§k1<k2<...<km§n

is equal to 0 mod n.
My colleague John Mason,
sum” problem. There is a very neat solution,

the form

who showed me this problem, calls it the “some
which shows that some sum of

ap + Gpg1 -+ ag 1<p<qg<n (2)

is equal to 0 mod 7. Indeed, if the n integers

ai+az+ ...+ am, M= 1,2,...n

em is equal to 0 mod 7. Otherwise, two of

are distinct mod n, then one of th
difference is equal to 0 mod 7. Either way,

them are equal mod n and so their
we get a sum of the form (2).
20.3 Show that if a square lies within a ¢

the area of the triangle.
! We may assume, by scaling the triangle

Here is a proof by paperfolding!
while keeping the square fixed, that at least three vertices of the square lie on

the triangle.

riangle, then its area is at most half
1 .
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i int D lies on the edge of the square.
S st PRl o ot hi paperfolding approach shows that the case of

3 i { this .
Further consideration o 11 four vertices lie on sides of the triangle and

lity occurs precisely when a ' ' tangle 27
ii:a;ildz of the triangle which contains two vertices of the square 1s twi

long as the side of the square.
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Authors may submit articles to the Bulletin either as TgX input files, or as
typewritten manuscripts. Handwritten manuscripts are not acceptable.

Mfanuscripts prepared with TgX

The Bulletin is typeset with TgX, and authors who have access to TEX are
encouraged to submit articles in the form of TEX input files. Plain TpX, AMS-
TgX and BTgX are equally acceptable. The TpX file should be accompanied
by any non-standard style files which have been used.

The input files can be transmitted to the Editor either on an IBM Macin-
tosh diskette, or by electronic mail to the following Bitnet or EARN address:

MATRYAN@CS8700.UCG.IE

Two printed copies of the article should also be sent to the Editor. ,
Authors who prepare theéir articles with word processors other than TgX

‘can expedite the typesetting of their articles by submitting the input file in

the same way, along with the printed copies of the article. The file should be
sent as an ASCII file. '

Typed Manuscripts

Typed manuscripts should be double-spaced, with wide margins, on numbered
pages. Commencement of paragraphs should be clearly indicated. Hand-
written symbols should be clear and unambiguous. Ilustrations should be
carefully prepared on separate sheets in black ink. Two copies of each illus-
tration should be submitted: one with lettering added, and the other without
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