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Fergus Gaines

S.B. G, O’Brien, E The International Mathematical Olympiad (IMO) is the most
Centre for Industrial an ; prestigious mathematical competition in the world for pre-
University of Limerick : university students. Tt is held annually and the 1994 contest
Limerick. , L took place in Hong Kong in July. The number of countries and
: regions officially participating was 68. Each participating country
gent a team of up to six members. The competition consisted
of two four and a half-hour examinations, each exam made up
of three problems. Each student competed as an individual and

medals were awarded to the top performers.

IMO problems are celsbrated for their extreme level of dif-
ficulty and some of them can even defeat professional mathem-
aticians. It is no surprise, therefore, to find that a young stu-
dent stands little chance of success in the competition, without
a considerable amount of training. Some countries have a whole
series of mathematics competitions—one for each year of the school
programme-and in this way they can identify and encourage tal-
ented students from an early age. The f{irst task in the process of
choosing a team to represent Ireland in Hong Kong was to identify
suitable candidates for training. Because a certain basis of math-
ematical knowledge is required in order to benefit from the train-
ing programme, generally only students who have completed the
Junior Certificate are eligible. In November 1993 most seccndary
schools were invited to send up to three of their most mathemat-
ically talented pupils to attend training sessions in one of UCC,
UCD, UCG and the University of Limerick. From information
supplied by the Department of Education the top two hundred
performers in the 1993 Junior Certificate mathematics examina-
tion were also personally invited to attend. The training sessions
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tee in Hong Kong had formed a short list of 24 problems from all
those submitted. After three days of very long, and sometimes
acrimonious, meetings, the six problems for the competition were
gelected. Although problems submitted are supposed to be ori-
ginal, a number of problems on the list of 24 were rejected because
they, or problems very like them, had already appeared in other
competitions. There was some dissatisfaction expressed at the
quality of the shortlisted problems. Versions of the final six prob-
lems were prepared in the four official languages, English, French,
Russian and Spanish, and the official text agreed. Finally, trans-
lations were made into all the languages required by the students.
All the jury meetings took place in the Chinese University of Hong
Kong.

The team, accompanied by Donal Hurley, arrived in Hong
Kong on Monday, 11 July and were taken to their accommoda-
tion in summer camp-style residences in a rural part of Kowloon.
There was no contact of any kind between them and the team
leader until after the competition. The accommodation was
adequate, if a little spartan, and the students found the lack of
air-conditioning a bit trying in the humid, summer heat of Hong
Kong. They found it difficult to adjust to the Chinese food, but
they were able to buy food more to their taste in the local shops
and the local McDonalds! The opening ceremony took place on
Tuesday, 12 July, performed by the governor of Hong Kong, Mr
Christopher Patten. The first exam was held at the Chinese
University on Wednesday, 13 July when the first three problems
were examined in a four and a half-hour exam. I received the
exams of the Irish students that evening and began the work of
reading their answers. The second exam was held on the morning
of Thursday, 14 July and, that afternoon, all the deputy team
leaders moved from their accommodation with the students to
join the team leaders in the Panda Hotel.

Donal Hurley and I spent many hours reading the students’
work and working out for each student the marks he would be
expected to get, based on the marking scheme prepared by the
coordinators. We also spent a considerable amount of time pur-
suing some of the students’ lines of thought to see if they would
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lead to solutions. This needs to be done if a case is to he made
for extra marks. To give an idea of the amount of work involved,
it happened twice that more than three hours were spent on the
work of one student on one problem to get a complete understand-
ing of that piece of work. On Friday and Saturday, 15 and 16
July, we went seven times to the coordinators to agree the marks
to be awarded for each question. The seventh trip was needed
because John Sullivan had a particularly complicated (and essen-
tially correct) solution to problem no. 6 and a large amount of
time was needed to understand his work before it could be presen-
ted for coordination. The coordinators for each problem consisted
of a group of three local mathematicians. Donal Hurley and T
explained, in great detail, what each of the students had done on
that problem and agreed, in some cases after much argument, the
mark to be awarded to each student.

This year’s IMO exam was considered by most ohservers to
be somewhat easier than usual and this was reflected in the high
scores of many of the students. The rules of the IMO state that
medals can be awarded to at most half of the contestants. It is

are 1/3 and 1/2, respectively. A perfect answer to a question gains
7 points and, thus, the maximum number of points that 2 student
€an score is 42. Partial credit for a question is awarded, but a
student has to do some significant work hefore any marks at all
are given. The marks gained by the Irish students were:

Mark Dukes 11
‘Eoghan Flanagan 16
Mark Flanagan 10
Richard Murphy 15
Deirdre O’Brien 2
John Sullivan 14

Thus the team score was 68, which meant that Ireland got 49th
place out of 69 competing countries. In order to win a bronze
medal a contestant had to score at least 19 points, so the Irish
won no medals this year. However, since any student who does
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e The team scores, out of a maximum of 252, for the leading

ten countries were:

United States 252
- China ggz
Russia s
Bulgaria 321
Hungary oo
Vietnam
United Kingdom 206
Iran 203
Romania 123
Japan 1

It would not be possible for Ireland to participate in the IMS
without considerable support from maliy ﬁllale(zpl:h:i(;l) Ofia;??or
i i ly grate 0
. The organizers are extremely : § o
Eilr?zrslcial and fther assistance. The sponsors of the Irish particip
ation in the 1994 IMO were
An Roinn Oideachais
Forbairt -
University of Limeric .
Arts Faculty, University College Dublin
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Royal Irish Academy
Irish National Mathematics Contest.

I give here the six problems of the 35th IMO. Solutions are
given below on pages 74 to 76.

1. Let r and n be positive integers. Let ai, Az ..., a,, be distinct
elements of 1,2, n} such that whenever a; +a; < n for some
tand 7,1 <4 < 7 £ m, there exists k, where 1 < k < m, with
a: + a; = a,. Prove that

a1+a2+--'+am>n+1
— =T TOm .
m - 2

2. ABC is an isosceles triangle with AB = AC. Suppose that
(4) M is the midpoint of BC and O is the point on the line Al
such that OB is perpendicular to AB;

(%) Q is an arbitrary point on the segment BC different from B
and C;

(#it) E lies on the line AR and F' lies on the line AC such that B,
@ and F are distinct and collinear.

Prove that 0Q is perpendicular to EF if and only if QF = QF.

3. For any positive integer &, let f (k) be the number of elements
in the set {k + 1,k + 2,...,2k} whose base 2 representation has
exactly three 1.

(a) Prove that, for each positive integer m, there exists at least
one positive integer k such that fk) =m.

(b) Determine all positive integers m for which there exists exactly
one k with f(k) = m.

4. Determine all ordered pairs (m,n) of positive integers such
that

nd+1

mn — 1

Is an integer.

5. Let S be the set of rea] numbers strictly greater than —1. Find
all functions f: § 4 § satisfying the two conditions:
O @+ W) +3f@) =y + f(z) + yf(z) for all z and y in 8,
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= i i -1<zx<0
(i) £(=) ig gtrictly increasing on each of the intervals
T

and z > 0.

6. Show that there exists a set A of positive integertshmthe ;};i
; infini S of primes there
i erty: for any infinite set pritt
fou?‘g:;gglnlzzggrs gz € A and n € A each of which is a product of
pos

k distinct elements of S for some &k > 2.
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