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Hung Kong is proud to be hosting the brightest
secondary school mathematics talents from
over 100 countries at the 57th 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 2016, 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 Gavernment Offices,
403 Nathan Road, Kowloon, titled "Submission to
MOment."

Organising Committee of the 37th
International Mathematical Olympiad 2016
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OF IMO

What is IMO?

s noticeably cited on the International Mathematical Olympiad

(IMD) official website, the International Mathematical Olympiad
(IMD) is the world championship mathematics competition for high
school students and is held annually in a different country. The first
IMD was held in 1959 in Romania, with 7 countries participating. It
has gradually expanded to over 100 countries or territories from o
continents.

The aims of the IMO are:

|. to discover, encourage and challenge mathematically gifted
high school students in all countries;

2. to foster friendly relations between mathematicians of all
countries; and

3. to create an opportunity for the exchange of information on
school syllabi and practice throughout the world.

The IMD has been widely recognised as the most prestigious and
highly-regarded mathematics competition that entails an admirable
level of ingenuity in problem-solving, albeit covering mainly pre-
calculus subject matters.

IMO team and problems

Each participating country or territory sends a team of six
Contestants, |ed by a Leader and a Deputy Leader, along with
some Observers or accompanying persons, if any. There are no
registration fees for Contestants, Leaders and Deputy Leaders, and
the host country/territory is tasked, as an established practice,
with providing meals and accommodation for the whole team, and
with arranging social and cultural visits or excursions for them.

The coverage of the competition ranges from pre-calculus problems
that are very well structured and extremely difficult but enlightening,
to problems on branches of mathematics not generally covered at
school or even at university level, such as functional equations and
number theory. While the problems are not difficult to understand,
their solutions usually require an extensive mathematical knowledge
and a resourceful repertoire of insights and manipulative skills.
Also, the competition cultivates and celebrates the incentive to find
elegant solutions of ingenuity.
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COORDINATE GEOMETRY: THE ART OF
COMBINING NUMBERS AND FIGURES

n a summer morning in 619, the mathematician René

Descartes was lying on his bed and staring at a fly on the
ceiling when an idea popped up in his mind: can we not represent
the fly's location with its horizontal and vertical positions? This
marked the birth of the rectangular coordinate system, a concept
that would change the entire scientific world.

Numbers and figures are two of the main subjects that
mathematics studies, but they had remained largely independent
of each other until the coordinate system was developed. By using
numbers to describe the positions of figures, the coordinate
system enables us to convert geometric problems into algebraic
ones. and algebraic problems into geometric ones.

Some of us have |earned that in a triangle ABC, it D, E and F are
the midpoints of the sides BC, CA and AB respectively, then the
three medians AD, BE and CF meet at a point, the centroid of the
triangle. Have you thought of proving this fact using coordinate
geometry?

Let the coordinates of the vertices A, B and [ be (al,az),
(bl,bz)and (Cl,

By the midpoint formula, the coordinates of D, E and F are
(bl+cl 62+02\ (cl+a1 02+a2\ ]
AN L

Cz)respactivaly.

2

2
(a +b a, +b, )
> J respectively.

Let P be the point on the line segment AD such that AP:PD = 2.
Then by the section formula,

+¢,))
J _(al+b1+c1 a2+bz+cz\

3

3 ’ 3
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B3 - & Q B#RE BE E—25 - 575 BOQ: Similarly, if @ is the point on the line segment BE such that BO:QE
QE=2:1'R&B#HERCF E—&  H18 CR = 2: and R is the point on the line seqment CF such that CR:RF =
RE=2:1- 88 Z:. then
(b+2 +a) b 2(c +a,))
gl L J L 2 J _(bl+cl+a1 bz+cz+a2\

1 3 - i °l 3

PUK and
(c +2L bl} 02+2{a2+bz}\
R :(cl+a1+.b1 02+a2+bz\
3 ’ 3 3 ’ 3

ARitd® - P-Q -REEZE—3 - FM So, we see that P. [l and R are actually the same point. This proof
AN1BEAR T = @RE’] R ARRIRN—EL (= shows not only that the three medians of a triangle meet at a point
BEMNELD ) - Bl 2022 EEHN (the centroid), but also that the centroid is exactly twice as distant
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from each vertex as from the midpoint of the opposite side, and
that in the rectangular coordinate system, each coordinate of the
centroid is the average of the corresponding coordinates of the
three vertices!

Coordinate geometry can also help us approach algebraic
problems from a geometric perspective. Suppose we want to find
the minimum value of the following expression, given x and y are
real numbers:

\/x2+y2 +\/x2 +9—6x—-8y+25

EEHAB 2B EOR
B ol AR AL

=k ? ®BME=E -

|s there any geometric meaning in this expression? Note that it
can be written as

Jxi+y +\/(Jc—3)2 +(y—4)2

AN () 3025 (0,0) & (3.4) popEse > 1 | %
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which is the sum of the distances from the point (x,y) to the
points (0,0) and (3:4) | What is/are the optimal position(s)

for the point (x,y) . and what is the minimum value of the
expression? We |eave these questions for readers to think about.

Coordinate geometry plays a special role in mathematical
Olympiad, and has rescued Hong Kong team members in many
contest problems. While coordinate geometry rarely provides
the shortest solution to a geometric problem, it often makes the
impossible possible by paving a way to success through persistent
algebraic calculation. Next time when you get stuck on a geometric
or algebraic problem, remember that coordinate geometry may be
a last resort. @
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|n the absence of financial support concerned in the early years of
its establishment, the IMOHKC experienced hardships in funding the
Hong Kong Team's flight passage for the IMO after training. Thanks to
Professor Shum's efforts, the IMOHKE secured the recognition and
support of Sik Sik Yuen, which holds the motto “to act benevolently
and to teach benevolence”. Sik Sik Yuen provided regular funding for
the flight passage of the Hong Kong team in the following years. As

the saying goes, "be thankful
~E H ‘j v 4 ‘ﬂ

to its source while drinking
at a rivulet." The IMOHKC is
wholeheartedly grateful to
Sik Sik Yuen for its benevolent
support throughout.

....'

2]
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The IMOment, starting from this

issue, is among the various measures to boost students' learning
interest in mathematics and promote their involvement in this world-
renowned event by introducing to them some theme-based learning
and reference materials that are conducive to strengthening and
sustaining their learning motivation. ~¢

THE S57TH IMO 2016

e,
EI=1
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TIMES OF HARDSHIP/THE 57TH IMO 2016

he IMO Hong Kong Committee (IMOHKC), founded in 1986 under the

auspices of Professor Shum Kar-ping who is also a co-founder
of the Hong Kong Mathematical Society (HKMS), was privileged to
have hosted the 3oth IMO 1994 in Hong Kong. Since its inception,
the IMOHKC has been undertaking the voluntary work of selecting
talented students, providing free yet state-of-the-art training for
them, and, with the support of the Hong Kong Goverment and the
community, sending teams to take part in IMOs since 1988. The
IMOHKC entrusts itself with the task of promoting mathematics
education in Hong Kong and values its work as a means, among
others, to help actualise the aspirations of the talented students
and to contribute to the talent pool of Hong Kong in support of its
competitive edge.

TIMES OF HARDSHIP

e % %c0000000000

MIC

n 2012, the IMOHKC wan the bid to host the 57th IMO 2016 in
Hong Kong. Since then, a number of legislators, academics
and other social dignitaries have joined the Organising
Committee (OC) of the a7th IMO

2016 as Honorary Advisers and

Members. This worldwide cultural

event is expected to attract around

1200 participants from more than 100
countries/territories.

Since its establishment, the IMOHKC has

enjoyed a charity status as a sub-committee

of the HKMS. To better prepare for and take
forward the O7th IMO 2006 and other associated
outreach programmes leading to and beyond 2016, the IMOHKEC

took the liberty of incorporating itself as an independent limited

company in 2013, namely, The IMDHKC Limited, and was then
granted the status of a charitable organisation in 2014.
The OC formed under The IMOHKC Limited is currently liaising
with the Hong Kong University of Science & Technology as the
Host University of IMO 2016 with a view to enlisting its full
support and commitment to staging the event in its campus.
With the support of the Government of the HKSAR, the OC has been
collaborating actively with the Education Bureau (EDR) on tasks
which seek to maximize the event in terms of its positive impact on
promoting the learning interest in mathematics in the school sector
as well as the capacity for appreciating the beauty of mathematics
among the general
public in Hong Kong.
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Hong Kang team member for the oath IMO 2014
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In the total of 3 hours of contest over two days, geometric problems troubled me
the most as geometry is my weakest area among the four (algebra, geometry,
combinatorics and number theory). Although the first problem on the second day
was a geometric one, | had to try my best to solve it in order not to lose the 7 points
it was worth. One hour of attempt with pure geometry did not get me far.

Fearing that this path would lead me nowhere, | decided to attack the problem using
coordinate geometry. The process involved extremely complicated polynomials
which took a lot of time to compute and check, but the 7 points were indeed worthy
of one more hour of effort. At the end of the meticulous endeavar, | breathed a big
sigh of relief and satisfaction when | eventually simplified a cumbersome degree-b
polynomial into zero. Whatever obstacle or weakness we face, we should not shrink
back, for it is only through continuous hard work and tries that we can overcome
the challenge.

This journey to South Africa was a truly memorable one, not only because it was
the first time | stepped on African soil and experienced the exotic culture, but also
because it was my last IMD expedition representing Hong Kong. The competition
enabled me to get to know contestants from all around the world. Skin color
differences and national borders did not prevent us from exchanging and making
friends with one another.

| really appreciate the South African organisers' refreshing arrangements of the
Opening and Closing Ceremonies, activities and excursions, which reflected how
much South Africa valued the event. The performances in the ceremonies created
wonderful atmospheres. After the contest, we had the opportunity to learn African
dances and games, which provided us with a rare exposure to the African culture.
Our joyful dancing memories and the lyrics “Sho-sho-lo-za" have been deeply
engraved in our minds.

ISSUEI 8
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his year's International Mathematical Olympiad

(IMO) was held in Cape Town, South Africa. As
the first IMO held on the African continent, this
year's event attracted quite a number of new
African participating countries, such as Burkina
Faso and Ghana. This was a breakthrough in the
development of the IMO.

We set off on the night of July 5 and took a 13-hour
flight to Johannesburg, South Africa's largest city,
followed by a 2-hour domestic flight that brought
us to the host city, Cape Town. At the airport, as
we did in last year's IM0, we met teams from other
countries as well as the local guide Caylin. We
hurried to change our US dollars into South African
rands, in preparation for souvenir shopping.

Unlike last year, we were arranged to stay this
time in the dormitories of the University of Cape
Town instead of a hotel. The University offered not
only pleasant scenery of the Table Mountain, but
also the free ambiance of an academic institution.

B oo

Cape Town - South Africa

WELCOM .

55th

International
Mathematical
Olympiad
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We also visited the world-famous
Cape of Good Hope, where we could
oversee the entire Atlantic Ocean.
Regretfully the organisers did not bring
us to the Table Mountain next to the
University, which was named one of the
New7Wonders of Nature. The Hong Kong
delegation, however, made our own trip
to the Mountain and we were absorbed
in the picturesque views of the city and
the ocean.

This was my second IMO. Not satisfied with my bronze medal last
year in Colombia, | was determined to get a silver medal ever
since | was chosen as a Hong Kong team member again this year.
After training and repeated practice, | finally performed up to my
expectations in this contest and won a silver medal with 27 points
(out of 42). | was ecstatic to have attained my goal. What was even
more gratifying was that the whole team made Hong Kong proud
with a satisfactory performance, bringing home 4 silver medals and
2 silver medals and ranking 18th in the world.

Our results would not have been possible without the teachers'
tireless instruction and friends' encouragement over the years,
which have enriched my knowledge and broadened my horizon,
leading to my smooth and fearless performance in the competition.
| wholeheartedly thank them, without whom | would not have kept
improving in mathematics. | am also indebted to the Leader, Deputy
Leader and Observers of the IM0 2014 delegation, who have stood by
us throughout the journey.

In closing, | wish Hong Kong every success in
hosting IMO 2016 and in achieving better
and better results in future IMDs! ) @
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A3 S HHHE GETTING YOU THE LATEST NEWS

% 55 /@ IMO 2014 B RK &
Result of the Hong Kong Team in the 55th IMO 2014
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Since its first participation in 1988, the Hong Kong team has been
awarded medals in every IM0, obtaining a total of 7 gold medals, 43 silver
medals and 7! bronze medals over the years. The Hong Kong team (with B
members) won 4 silver medals and 2 bronze medals at the aath IMO 2014,

i5E - R0 E2SEBEXKIMED RIS 18 17

ranking 18th among the |01 participating countries and regions:

%44 Name FfT 148 Organization 52 hE Medal

SAFX Leader REZEL O leung Tatwing | BfR BBl E EESS

EI4BBX Deputy Leader | #2722 K5E4E Mr. Ching Tak-wing | The IMO Hong Kong Committee

FX & Contestants T 23 Wong Hing-shing 550 B La Salle College #RAZ Silver
FFE 1 Hui Pak-nam 502 B La Salle College #RAZ Silver
T 55 % Wong Sze-nga HZE 2 Z B Diocesan Girls' School R A& Silver
5512 5% Cheung Wai-lam FF)D 18P ER Queen Elizabeth School | SR & Silver
T 3532 Yu Hoi-wai 50 Z B3 La Salle College #1 5% Bronze
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(The problems of the 5ath IMO and past IMOs can be downloaded from
http://www.imo-official.org/problems.aspx .)
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To enhance students' interest and generic skills in mathematics, the Mathematics
Education Section (MES) is organising the “Exhibition of Hong Kong Mathematics
Education Activities and Resources” and the duration of the exhibition is ane year. In it,
useful and updated information of various mathematical competitions (especially the IM0
2016) and relevant learning and teaching activities/resources are disclosed. Through
the exhibition, MES expects students in Hong Kong, with the help of their teachers and
parents, to be equipped with more diversified and comprehensive mathematical ability,
thereby continuously boosting the overall mathematical standard of Hong Kong students.

Schools and parent-teacher associations are invited to arrange group visits. For
details, please contact the Centre staff (Tel.: 3638 4437 or Email: cre@edb.gov.hk).
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How To SolLVvE A
MATH OLYMPIAD PROBLEM ? (1)

Bnujht to you 53 1MO 2016 HONG KONG

2) Drow o c‘hoﬁmm.

3) No ideon.

5 Try Jovotte fomee—
fD‘Sﬁom-

5) Get o contradiction.

6) Find on ewvor.

?‘) Calwlate aq0in.

) Find owndtiner ervor

9) Get the right. proof!
19) Get a O/ F
11) Arjue-

12) Get o F/ +

(THE END)
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S 2016 - KA/ DERE Y

In this problem, a positive integer is said to be strange if it has an odd number of distinct positive
divisors. For example, 4 is strange because it has 3 distinct positive divisors, namely |, 2 and 4,

while 10 is not strange because it has 4 distinct positive divisors, namely I, 2. 3 and |0. How many
strange numbers are there among |, 2, ..., 20167

2. A MEH R —REEE - mKEmWE

\/2+\/2+\/2+\/ﬁ

Given that the expression above represents a real number, find it.

3. BREREMAR AL Mathbook - 2B FEMAEA# B 2 ERT - BAP
REZZEMEEN (BIMNMRAZBHMAR - BIBthE AR ) -k
B AME Mathbook AR Mathbook AB& 21 H #H[E -

Assume that on a certain social networking website Mathbook, there is no limit on a user's number
of friends, and friendship is mutual (i.e. if A is a friend of B, then B is also a friend of A). Prove that
there are two Mathbook users with the same number of Mathbook friends.

4.3% P & AABC [PEAA—% - % X APEAMN—2 - £18 PX
RPREE BC hE: - &8 Y B FHENR—R - £15 PY BWPEZE CA

s - &2 Z B FEAN—F - £1F PZ KHEZE AB RUP R - SKE
AX ~BY ~ CZ RRR—Fh - ( 3B/K : sl AE AR AL RO ERT
MTE )

Let P be a paint in the plane of AABC . Let X be a point in the plane such that the midpaint of
PX is the midpoint of BC. Let Y be a point in the plane such that the midpoint of PY is the midpoint
of CA. Let Z be a point in the plane such that the midpoint of PZ is the midpoint of AB. Show that AX,
BY and C7 meet at a point. (Hint: Try the method introduced in the article on coordinate geometry
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 infol@imohke.org.hk.



