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Hung Kong is proud to be hosting the brightest
secondary school mathematics talents from
over 100 countries and regions at the a7th
International Mathematical Olympiad (IMO) in
July 2016. We hope that IMOment will promote
interest in mathematics among students and the
public in this period leading up to IMO 2018, and
beyond.

Readers are welcome to submit articles on
mathematics and/or mathematical Olympiad to
IMOment. Submissions should be original, one to
four pages in length in either Chinese or English
(or both), and should be sent by attachment to
an email to info@imohke.org.hk, or be mailed

to Rm . 403, 4/F, Kowloon Government Offices,
4005 Nathan Road, Kowloan, titled "Submission to
[MOment."

Organising Committee of the 97th
International Mathematical Olympiad 2016
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(Recap of last time: As the Hong Kong team leader, Dr. Leung
shares his thoughts on the itenary and problem selection of IMO

2014...)

Coordination

The process of coordination was done seriously and rigorously.
After the six problems were selected by the Jury (composed of
leaders of [0l countries), | believed the chief coordinator then
instructed the six problem captains to write up detailed marking
schemes, incorporating various solutions supplied by leaders. Each
problem captain was responsible for only one specific problem, he
knew essentially everything concerning that problem, originality,
various solutions, etc. The marking schemes were then formally
approved by the Jury. After the two contests, they scanned all the
answers scripts of the students. We leaders then got back answer
scripts of our students and tried to allocate suitable points for our
students. A minor mishap was, the scanner could not scan marks
of correcting fluid, and thus | was asked several times why there
were correcting fluids found on my students' scripts. Of course, we
did not amend anything in the scripts.

Detailed schedules were given to us, so leaders knew when and
where to go. The process of coordination was done formally within
two days. | believe because of language issue and other reasons,
coordinators were recruited internationally. They were composed
of former leaders, experienced problem solvers etc. Some we met
more than 10 years ago. They were very experienced and were able
to spot errors made by students, whether an error is trivial (no
point deducted), minor (1 or 2 points deducted) or major (at least 4
to 0 points deducted). | thank my deputy leader, Ching Tak Wing, our
former trainee and IMO gold medalist, who helped us to go through
the many convoluted arguments of our team, and we were able to
discuss (or argue) with our coordinators, to convince them that
our team did do something of certain parts of a problem or so, and
thus got a few extra points. On the whole, | think our papers were
fairly marked and the process of coordination was done well.
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Result of our Students

We got 4 silvers and 2 bronzes, ranked (unofficially) 18 out of

|01 countries and regions. Indeed 3 of our 4 silver medalists

solved essentially 4 problems and the other silver medalist got 3
problems correct. Also our 2 bronze medalists essentially got 3
problems correct and were really close to silver. | don't think | can
blame our students for not trying hard. Indeed they picked up a lot
of techniques in these few years, learned (and are still learning)

to face a problem fairly and squarely. | observed when they were
doing problem Z and a (medium problems), they had generated the
habit of gathering data and information. using various grouping
and simplification methods, induction and other techniques to solve
them. even though their approaches were later found to be a bit
clumsy and there were a few gaps (thus few points deducted).
Because a lot of time were spent on problem 2 and 3, no one could
do problem 3 and B, thus no one could tackle the hard problems.
Four of our six members were old-timers, and they are |eaving us
for universities. | think we need Z to 3 years to have another group
of members of this caliber.

Think of this issue the other way. If we want to keep our ranking,
surely several silver and bronze medals are required. If we want -
to be ranked within top 10, for instance, we need two or three gold =
medals, and some silvers and bronzes. It depends on really what

we want. For me, | think it is fine if we can produce a bunch of well-

trained students, good and brave to face problems and are ready

to pick up necessary skills and other things in the process. Getting

a gold medal in an IMD is a process, is part of the training, but

not necessarily is an end (not like getting a World Cup in football).

So far, about 10 Fields' medalists did participate in IMOs, but not

everyone was a gold medalist (about half of them are). Even Terry

Tao, he got bronze in his first year, then silver, then gold. Yes,of =
course | realize some administrators may think otherwise and have, A==
different ideas of what it means by sending a team toan-IM0. %

e

| heard many theories why we cannot produce even stronger

team: that our students have to devote too much time to DSE,

in particular SBA, that we have no specialized schools, not like
Vietnam or Singapore, that our pool too small, that our trainers no
good, that our training time not enough, etc. All these are hard to
refute (no counter-examples?), and yet not sure how to verify. They
may well be so and so what can we do? Indeed in these few years
we have strengthened our training process, conducted more tests,
asked our members to present and substantiate their views, etc.
And indeed many suggestions came from our former trainees.
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We observed a few things by simply looking at the overall results.
For instance, despite political trouble in the east, the Ukraine team
still did very good. They ranked B out of 101. The Israelites did as
well as us (ranked 18). The Koreans, as usual, did very good, but not
as formidable as last year. Indeed Republic of Korea was ranked 7
and the PRK (Democratic Republic of Korea) was ranked 14. During
these 20 or so years, the North Koreans were not honest twice and
were disqualified and missed the contest altogether for [0 years,
but during the times they were around, they did reasonably well.
Although we were not as good as the two most populous countries,
China (ranked 1), USA (ranked 2), we did better than India (ranked
40) and Indonesia (ranked 30). We did better than Thailand (ranked
22). The country will host IMO 2015, they have been good, and |

was told they put a |ot of money into the event and in training

their team. We also did better than several traditionally strong
countries such as Poland (ranked 28), Iran (ranked 21) and Bulgaria
(ranked 37). Indeed Bulgaria has a long tradition of mathematical
competitions, and their competition materials are often highly
sought-after. As in the last few years, we still did not do as well as
Singapore (ranked 8). However when looked closely their results,

| found their gold medalists were not really much better than our
silver medalists and | think we can do as well? In short, it is very
interesting by simply looking at the results of countries during the
years, and we may gather some idea how we should train our team.

BEKHES
Team ranking - HKG

Participating countries 2815
- Inverted ranking 2 [6)8F2

RERER - B IMO UEERBEEERAT
BRMEREWES - REPEEIREE ES
EiRfE - BIERIER IMO R ARSI
HAREME T2+ -@

Conclusion

One last point | want to mention, admittedly perhaps organizing an
IMD is not really a very big deal, but to do it right, we still have to
do it seriously and vigorously and to-make it complete. We have
seen how South Africa did it with so much effort and dedication,
and the work was'till not perfectly done. @
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Now let us look at an example of using Mathematical Induction,
adapted from Mathematical Excalibur (2012), Vol.
16, No. 3:

Let n be a positive integer. There are 2" balls divided

y secondary school math teacher once said,

“Mathematical Induction is not induction.” There is a ot
of truth to this remark. Indeed, Mathematical Induction is
different from the inductive reasoning in natural sciences,
which seeks to obtain patterns by generalizing observed
phenomena. Mathematical Induction is properly a deductive
method, a logical way of deriving a conclusion from premises.

into a number of piles. For every two piles A and B with
p and q balls respectively, if p > g, then we may
transfer g balls from pile A to pile B . Prove that it is
always possible to make finitely many such transfers so
as to have all the balls ended up in one pile.

=

To prove that a statement P(n) is true for all positive

integers n, we only need to prove two statements:

(i) P(1) is true.

(i) For any positive integer k, if P(K) is true, then
P(k+1) is also true.

Once we prove these two statements, we can apply the 3
follawing reasoning: By (i), P(1) is true. Thus by (i), P(2) is\
also true. Using (ii) again, we know that P(3) is also true, so
on and so forth. We therefore conclude that P(n) is true fo
all positive integers n. This is the principle of Mathematical =
\etion, and is similar to the workings of dominoes. '
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The reader may first wish to check that the statement is true

|

¢ / EEROLREEEMEE n= 1K1 - RER fort N D 118 T A e ok HiEMAa > b ?“Zﬁ‘f'i“;f:ﬁﬂ ?EiTFﬁEIEW%[ IﬂSt.E.ﬂd qf aa > b, we shall prove a_> 20E3b for all _ j
- Eﬁﬁlﬂ n= kAL - HFIRRGEMRMEEE N = oy can we prove that the statement is true for 0 = k+1 7 “E#H a > 2013bn B n=1 SRR -y posiive inegers . Th.‘? bigedings fnn= LI B ——
- k+1 BRIZNE ? I 2—(EREAYEERR - Here is a sketch of an argument: %%\1 MEEE#H k- Ha >2013b, - Al 2013b, for som positiveinteger k. then }l

‘-{ R 2« 2(B8 . FRIUAEREIE S EIR0AYE(E  Since 2<! is an even number, the number of piles that have @,y = 2013% 2 201375 = 2013 x 2013°"** > 20135, ,, -_-1
) HEIBE - BT PO RS L Tty - £  an odd number of balls must be even. So we put them into P h S o \
/ ¥]:':F' T PI ] (@SECh FRt AR « JOERIAE ch—H a8 pairs of piles. In each pair, we can transfer balls from one pile (ERE—D  HAEMA T b >1E=FH ) (In the Jagt s.tep e USE,d i L3 e t_h : e : )
- i WS ) “ " to the other in the manner indicated in the problem, so that RIBBBEMARE - HAAFEEH n - #Ha g il b I B et (e I G

BEZ—i  EEREDEREBEER - R P " integers !
\ / a X oy . both piles end up having an even number of balls. Now, every =2013b. ! iy Py
- T 8- iﬁ?“gﬁﬂﬂﬂfﬁ ?"ZIETTEE iEEI{’Jij pile has an even number of balls. We can put every two balls in Fbe A gy 4 - i "-I

mEmERERT - REFRER/IE 2BRS 5 sack in every single pile so that we have a total of 2¢ sacks. EERAROGEE - AWASH : MRBRMAER . smtne Vi ”9“":51; . . ISISEE"T:!I:V SRLPE
y & T - Eﬁ“?ﬂﬁfﬂ’“ﬁéﬁ n=KkFHXIL (& Since we are assuming that the statement is true for n = k AR BB R T BAESE S —EE - |:.annu| EVT" e just D I:';asu Y Y y /
e TBASRMEREE) - HMITEBETFREIS - HOET (thisis called the inductive hypothesis), we can make finitely AL SRR 2 R e S R "1
8, AR MAR—ED - B2 | Lnuann; transfers so that all the sacks end up in-one pile. We are Thiskaly to Beswering thiaizze s tielindubtive

. e e T > ' REEESREMER  EREMNES - EfeEs:  hypothesis. If the statement is. strengthefled, w!13t we need Fu
"E%ZE ;:ﬁg mﬁﬁﬁzzﬁigégﬂﬂgfz The reader may notice that with Mathematical Induction, wEER - RMIFREEANGERESER - B3 EI: ntv e s mlnre dl:matn dlngt:ut t:BIml::ntWE hw;:;l?ems /
:;1) 17 BB - \ E,Eﬁja fﬁl;z %U;E‘;;L " after proving P(1), we essentially need to prove the original PITT AR RER T ESER - EEENFER - prih‘lt.;c::eu::garzgegsfstlfel;ﬁ:ﬂnt?::h;{p"nth:s[;:snﬂult]wei;:s -
= AX - 2xY R — = . i i it inn- IEN b 42k 2 oE 4% f G
A ol statmeierg F:qulpped Nithiap addlt!unal as.s.um!Jtlun. SRANRERAYER - I8 7 RARPAR AR - the increase in difficulty of proving the desired result, so we
that the statement is true for the preceding positive integer. ERLLEE PO BEIE R fR SRR EE - f up being bl Thive tEUFEL
BMEERERMEN—EERG T - EERE W G A e
2013 F LT HETIE AEAEIELLE - We turn to a more advanced example of Mathematical

BEREHEBEFERN A EEM AR RABHEE  Mathematical Induction has helped the Hong Kong team solve
el FaEEHHIFERNEERMER numerous problems in mathematics competitions, and more

Induction, taken from the 2013 Princeton University

% =2013  EMRFAERHN - Mathematics Competition: 15 - G4 - BHERSRANARIEChAYSE (i) 25Tl sophisticated varieties of Mathematical Induction are often _-/T
a, =2013" - 5% b =1 - B¥FAILEEH - e - - 2 o employed. For example, statement (i) in the principle of
b ., = 2013 - 5kiE : WHIRFAAIEERE n - !'Et I e I, UL "’Hzﬂfi't"’ﬂ € mathematical induction may be changed to:
%‘rl]}ﬂﬁ - G mteger.'s. n. let b, =1andb  =2013"" for ” & ~ \
p :::::;':;’:'t;;t:rg:;s n.Prove that a, > b for all ﬁﬁgjﬂzfﬁ) i;]_';;(l) P PR BBy any positive integer k, if P(1), P(2) , - P(k) aretrue,
. » Bl P(k+1) N ° ;
FEZT . BAREIMUBRMERALE - LT L ol 7
AT - BAMER y:@%gﬂﬁ ‘ ik > by =@ Eﬁﬁ ,Ezm At first sight,. one natur_al reaction to this pruhlerrll would In.z to WBEIAL THEEM, ARSI E— RS Turn to Challenge Corner to try Mathematical Induction
RE ag, > b, ( BEEOHSAE ! ) c REES do Mathematical !nduntmn. However, w.e would quickly realize @ yoursel! @
I ImEE 7 that the assumption a, > b, does notimplya,, > b,
(check it!). Are we doomed? 7
\/’. 2 f_ ‘T'i'_‘r ey
T Tl 'i |l ,—llt/t’ > t;tft o t/t E/I E E;t |
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Kwong Ki-chi, known as the “Prodigy.” is

NEEBEE - SaREBE former Secretary for the Treasury, the
EEESEEE  HiE R first Secretary for Information Technology

ZPFRTHEHE - IRXEEH

and Broadcasting, and former Chief
Executive of Hong Kong Exchanges and

& - BRER—UHBEM Clearing. Did you know that Mr. Kwong is a
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A% S=1+2+3+..+100
Ell S=100+99+98+..+1

mTUAENN - S
28 =101+101+101+...+101

100

~101x100

S = 5050
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5% Sl 288 + 99 +100
Al S=99+98+...+1+100

MR - afS
25=100+100+100 + ...+ 100 + 200

99

g 100 x101

= 5050
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WSt —EEEBARE - Al

-
#i,

35°=1225 45°=2025 55°=3025

math whiz?
(Photo: Mr. Kwong (right) and the author)

ore than two hundred years ago, Carl Friedrich Gauss, “the
Prince of Mathematicians,” as a primary school student,

discovered a swift way of summing the first 100 positive integers:

Let S=1+2+3+...+100

Then $S=100+99+98+..+1

Adding the two equations, we get

25=101+101+101+...+101

100

~101x100

S = 5050

When Mr. Kwong was a primary school student, he also found a
way to sum the first 100 positive integers, but slightly different
from Gauss's:

Let S=1+2+3+..+99+100

L S =99+98+...+1+100
Adding the two equations. we get

25=100+100+100 +...+100 + 200

99

g 100><101:5050

Let's look at another example. We are all familiar with the
multiplications of one-digit numbers. But Mr. Kwong discovered
an interesting pattern about the squares of numbers of the form
Ha5ll:

55° = 3025

357 =1225  45%=2025
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where 12=3 X 4,20=4 x 5and 30 = 5 X 6. Does this
pattern also hold for 652, 752, etc.? Can the reader explain this
pattern?

Mr. Kwong thinks that the gist to learning mathematics is to think
more. We need bold conjectures that may even seem like pie in the
sky, as well as careful justification afterward.

Mr. Kwong matriculated at The University of Hong Kong with flying
colors, specialized in mathematics and physics, and graduated with
First Class Honours. Finding the mathematics in school too easy
and not challenging, Mr. Kwong chose to join the government after
graduation. However, when Mr. Kwong became Secretary for the
Treasury, he realized how helpful the logical and analytic thinking
ability instilled by his mathematical upbringing was in handling
Hong Kong's hundreds of billions of reserves, a bigger sum than
any he had previously dealt with. Mr. Kwong would later volunteer
to become the first Secretary for Information Technology and
Broadcasting, a position in which his knowledge in mathematics,
physics and information technology proved tremendously useful.
So, even if you are not looking into a mathematical career, maybe
mathematics will enter your job one day!

In fact, Mr. Kwong notes that mathematics is inseparable from
other fields of knowledge. Not only are the natural sciences

(such as physics) inextricably interdependent with mathematics,
but so are the social sciences. When Adam Smith wrote The

Wealth of Nations, he was only able to derive general conclusions
from qualitative economic principles. Yet, as more and more
mathematics was applied in economics, we are able to obtain more
and more accurate results from calculation.

At the same time, Mr. Kwong also advises students passionate
about mathematics to pay attention to and think about issues in
other areas too. For one, we should learn more knowledge outside
of our profession to foster all-round development. As importantly,
ideas in other aspects can bring inspirations for your professional
work! For instance, the Tao Te Ching states, “Tao breeds one,

one breeds two, two breeds three, three breeds all.” Is this not

a depiction of the Big Bang theory proposed thousands of years
later? —~¢
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1) See on ineguality.
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2) See if it is symmetric | acb
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4) Try AM-GM inequality.

5) T\rj Ccmcha' Schwarz
im%mli‘t:l.

6) Try reawongement
ineguality.

-7) th Schur’s inequality.

§) Try Muirhead:s
ing%unlitj.

i) Vid.orj !

10) Get o 1/ +

(THE END)
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For the solutions and list of awardees of the Challenge Corner of the past issues, please see:
http://www.edb.gov.hk/tc/curriculum-development/kla/ma/IMO/IMOment.html

1.5 a,a,a,. R—H5 -2 a -2 REMBEEHn 85
a , -a +2”+1 Ka HIE - Z;un%‘l’

nil
let a,,a,,a,,... be a sequence of numbers. Given @, = 2 and for all positive integers n,

a, -a -t 2" +1,find @ interms of n.

2. 5—EIEEHWEAIMA 1 8 BIEEMHAN - BEMAE—E "4
2, -fBlyN1-8-18-181-8181 242 - M 79 - 11 - 1881 A~ 24
- SKFTBERE4E - MEFHHMIEREE -

A positive integer is said to be a "cow number” if its digits consist of alternate 1's and 8's. Far

example. 1. 8, 18, 181, 8181 are cow numbers, whereas 79, 11 and 1881 are not cow
numbers. Find all cow numbers that are perfect squares.

3. 58 ABCD &% E#&/2 - Hh AB//DC - AD = BC - Eﬁ%ﬁ/mﬁ & £2
EL%MW (BNEs ;%%BHJ&% SHI—2h ) )E - :REEEIR BC 2R E
BR AD 228 F ° 3K5& | E4% AC ~ BD  EF 250 —24 -

Suppose ABCD s an isosceles trapezium with AB // DC and AD = BC, and there is a
circle in the trapezium that is tangent to all four sides (i.e. that touches each side at exactly one
point). Suppose the circle touches BC at E and touches AD at F. Prove that the lines AC, BD
and EF meet at one point.

4 LUNZ2—1E "PhEARNSSAER L B "EE L ¢ TE& PM) fURE T
2 TEmEREL n A NS SRZEMEE - 1 P1) BRKIL - R
P(k) B3I - BBEE - B EEM k+1 A - BFRARE T%D £1-2-. kA
WEEAEE - MOIAE 2 -3 . k+1 ANBSHEE - 85 - &8 k+1 A
MS S EAEE - Fﬁu P(k+1) MARIT - IRIBHEBRNEFE - P(n) WA
IEEZ n s - o SEEBHATERR? (JSEXRBEREZERNE
MXE - )

Here is a "proof” that all people have the same height: “Let P(n) be the statement that whenever
n people are chosen, they always have the same height. Clearly, P(1) is true. Suppose P(K)

is true. Then whenever k+1 people are chosen, the inductive hypothesis tells us that the 1st,
2nd, ..., kth people have the same height, and also that the 2nd, 3rd, .... (k+1)th peaple have the
same height. Hence, all the k+ 1 people have the same height. So P(k+1) is also true. By the
principle of mathematical induction, P(n) is true for all positive integers n.” What is wrong with
this proof? (You may refer to the article on mathematical induction in this issue.)
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Hong Kong secondary school student readers are welcome to submit solutions (with proofs) via email to infol@
imohke.org.hk, specifying the student's name in Chinese and in English, the school's name in Chinese and

in English, and the student's class in the email. Each student may send at most one email. Souvenirs will be
awarded to the first 20 students solving the most questions on the condition that each school can have at most
3 awardees. Solutions can be submitted in Chinese or English. Both typed and scanned files are acceptable. The
awardees will be announced in the next issue. The decision of the Organising Committee of the G7th International
Mathematical Olympiad on any matter of this activity is final. Enquiries may be emailed to infoimohke.org.hk.



