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_72'% £ Math Leag ue /;%% Breaking the Grip of the Gaokao,
China’s SAT

% \\2 A \
*Dy&%g % E Eg*ﬁ Ig By GARY ANTONICK August 31, 2015 12:00 pm

The notorious Gaokao, (¥ %, or “High Test™) is China's SAT on steroids, with a score on the nine-hour test
being the sole criterion for admission to Chinese universities. Preparing for the test is a years-long obsession

for both students and parents. (In case vou missed it: Brook Larmer’s Inside a Chinese Test-Frep Factoriy.)

And for many, the unfortunate consequence is that the lengthy preparation destroys, rather than enhances,
academic ability. Student enthusiasm and curiosity are crushed. EEAIEHE
=]

Although many in China are aware of the Gaokao’s impact, the test has a 1,300-year history and will not be

easily killed. Instead, perhaps the best way to break the Gaokao’s life-draining grasp is indirectly,
through clubs and activities that rejuvenate kids” sense of curiosity and fun. And two weeks ago [ discovered
one such extra-curricular activity that’s becoming popular among Chinese math-lovers: The Math League, an

organization based in New Jersey committed to having kids worldwide enjoy math and discussions about

problem-solving,.
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Math League 2025 Schedule (Grades 4-5)

Time Saturday Sunday Monday Tuesday Wednesday Thursday Friday Sanuicay
12-Jul 13-Jul 14-Jul 15-Jul 16-Jul 17-Jul 18-Jul 19-Jul
: gg :E Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast
9:00 AM Math Leeture & Math Activitices i
: : : Math Lecture & Math Activities (Professor: . R Math Lecture & Math
: (Professor: Miller, Title: Egg Droj = urcl e 1.“{ .ru S590T | Math Tourdament (Speed Round, location: | Math Lecture & Math Activities (Professor: | Math Lecture & Math Activities (Professor: — T i s
EE P P
9:30 AM : : Marcus, Title: The mountain climber - : R Activities{Professor: Dr. Rui, Title:
Math it 1S all it's Decker) Hagen, Title: Scavenger Hunt) Rauh, Title: Modular Origami [) ; ; A
10:00 AM cracked up tobe!) problem) Eight Little Squirrels)
Depature Day
10:30 AM T Math Lecture & Math Activities(Professor: Nih Lasiine & Nk (International
; : it Math Lecture & Math Activiti Rauh, Title: Modular Ori 111 : g s, 8:30 - 10:
(Professor: Miller, Title: Pirates and Math: | Math Tournament (Individual Round, Part mecs:ur' Dcvlilir: Tiil: TcncL:::I'll:Sand i Math Lecture & Math Activities(Professor: s lac Origami ) Activities{ Professor: Barranca, Title: bmiir;b_i_s 3Uh ]{_} 0o
11:00 AM Dividing the Spoils and L, location: Decker) ¢ : A Emnstein, Title: How big is infinity?) Applied Mathematics: Puzzles from 2 P
Game Theary) lie) Departure (for North American Students, 9:00 - Past io Present) West Lounge)
11:30 AM 11:00 AM, Townhouse West Lounge)
12:00 PM
12:30 PM Lunch Lunch Lunch Lunch Lunch Lunch
1:00 PM
1:30 PM Mote: Starting at 1:00 PM! e o
2.00 PM Arrival at Campus (All Malii Loc_?ﬁ: _&T:'a:: Acluw:_lg {Prloﬁ:bwr. Math Lecture & Math Activities Math Lecture & Math Activities(Professor: Math Lecture & Math
= students, check in time: Math Leeture & Math Activities o b (Professor: Whitchead, Title: Apollonian Gomez, Title: Stepping into Other Activities(Professor: Mourya, Title:
Computing from a Mathematical
230 PM 2:30 - 6:30 PM, Town {Professor: Ellis, Title: Four Numbers P EI:-‘L‘rs cclilvc) Circle Packings) Dimensions of Space) Welcome to Computer Science!)
House West Lounge) Game) P
3:00 PM Break Break Break Break Field Trip (Princeton Univeristy and Vieinity) Break
3:30 PM Opening dinner at
Student Center (Room | Math Tournament (Team Round, location: | Math Tournament (Individual Round, Part | Math Tournament (Relay Round, location: | Math Lecture & Math Activities(Professor:
4:00 PM 275 ing at 5:45 S i _ S g 3 Tournament Summary ( )
213, starting at 3: Bliss) 11, location: Decker) Decker) Ellis, Topic: The Futurama Theorem)
4:30 PM PM). followed by ice
5:00 PM breaker at Decker around ] . ] ] ] ] ) . ) -
5;30 M 7-30 PM. Return to Recreational activities () Recreational activitics () Recreational activities () Recreational activities () Recreational activitics ()
6:00 PM Townhouse \:\"cs! II)_\-' 9:30 ‘ . . : :
630 PM PM for fire drill. Dinner Dinner Dinner Dinner Dinner Dinner
7:00 PM
7:30 PM
8:00 PM Talent Show, Part 1 (location: Decker) Talent Show, Part 2 (location: Decker) s it ) Math League Award Ceremony (starting at Reading, Journal Writing, Reading, Journal Writing,
830 PM ! ’ ) 7 PM, location: Cromwell Lounge) Quiet time Quiet time
9:00 PM
9:30 PM
10:00 PM Lights out Lights out Lights out Lights out Lishts out Lighis out Lighs out
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Math League 2025 Schedule (Grades 6-9)

"Fitié Sunday Monday Tuesday Wednesday Thursday Erilay Saturday Sunday Monday
20-Iul 21-Jul 22-Jul 23-Jul 24-Jul 25-Jul 26-Jul 27-Jul 28-Jul
:gg i:: Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast
9:00 AM Math Lecture & Math Math T setire & Mtk Activitics Math Lecture & Math Activities
9:30 AM Activities(Professor: Barranca, Title: | [‘;mfm‘;orfeDﬂ"li: Tillf:'I?ml'lm Math Lecture & Math Activities (Professor: | Math Tournament (Speed Round. location: | Math Lecture & Math Activities (Professor: (Professor: Miller. Title: Pirates and
- Applied Mathematics: Puzzles from l.ruIils Sl a;lic] : Ellis, Title: Modular Origami) Social Science) Hagen, Title: Scavenger Hunt) Math: Dividing the Spoils
10:00 AM Past to Present) Field Trip (Princeton Univeristy and Vicinity) and Game Theory)
Depature Day
10:30 AM el L Departure (for North American students, 8 - 11 (International
oo }_\hlh Lcc‘turc. & Matn e Math Lcc'rurc_& Malh !\cl_muu Math Tournament (Individual Round, Part M}ath_ Lu:Fu.rc & May !\cm_mcs {frofesr: Math Lecture & Math Activities (Professor: AM, Townhouse East Lounge) Math Lecture & Math Bdents; & 11
11:00 AM Activities(Professor: Mourya, Title: (Professor: Einstein, Title: How I Yocabion: Sl Seinte) Nacin, Title: Secrets of Latin Square Cage Whitney, Title: The Points of Lifc) Activities(Professor: Nacin, Title: ) AM. Townhouse
Mission: Decode and Defend) big is infinity?) ' ) Puzzles) ¥ ’ ) ' ’ East Lounge)
11:30 AM
12:00 PM
12:30 PM Lunch Lunch Lunch Lunch Lunch Lunch Lunch
1:00 PM
Math Lecture & Math Activities
1:30 PM {Professor: Shapiro, Title:
2.00 PM Introduction to Mathematical Math Lecture & Math
= Physics) Math Toumnament {Team Round, | Math Lecture & Math Activities{Professor: | Math Lecture & Math Activities{Professor: | Math Lecture & Math Activities (Professor: Math Lecture & Math Activities(Professor: Activities{Professor: Luo, Title: The
location: Social Science) Myer, Title: ) Rauh, Title: "Water Bomb Base") Whitney, Title: The Points of Life) Marcus, Title: The mountain climber problem) | Beauty of Quantum Computing from
2:30 PM . Arrival at Campus (North America a Mathematical Perspective)
Arrival at Campus | gpudenis 2 - SPM, Townhouse East
(International Lounge)
3:00 PM 5‘:“*“‘“{- cjhff\"; N Break Break Break Break Break Break
me: 1= gL N
130 PM j y N Math Lecture & Math Activities (Professor:
Townhouse East | Math Lecture & Math Activities | Math Lecture & Math Activities | \p, 1 mament (Individual Round, Part | Math Tournament (Relay Round, location: | Math Lecture & Math Activities (Professor: | Miller, Title: Egg Drop Mathematics: it IS all
4:00 PM Lounge) {Professor: Shapiro, Title: Topology |(Professor: Ellis. Title: A variety of| S p g - - B i L Tournament Summary ( )
% . I, location: Social Science) Decker + Cromwell} Whitney, Title: The Points of Life) it's
30 FM in Physics) hat problems) D Tm—
= Icebreaker at night n =
2 % ]tﬁ in Decker Recreational activities () Recreational activities () Recreational activities () Recreational activities () Recreational activities () Recreational activities ()
6:00 PM
Dinner Dinner Dinner Dinner Dinner Dinner
6:30 PM
700 PM Dinner (Student Center room 100,
s R e sl Talent Show, Part | (locati Math L Award Ci locati Reading. J | Writi Reading. J 1 Writi
; t .. Part tion: il ; ¢ tion: 2 i A ting,
F:00 PM Decker alent Show, Pa; location Talent Show, Part 2 (location: Decker) Movie night (Decker) ath League Award Ceremony (location ing. |.:|urn.a riting, cading c.n.Lm_a Titing,
830 PM Decker) Decker) Quiet time Quiet time
9:00 PM
9:30 PM
10:00 PM Lights out Lights out Lights out Lights out Lights out Lights out Lights out Lights out
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From the Quadratic Formula to Differentiation (\ IR AR ENHSD)
Mathematics in History, Applications, and Enjoyment EEFA9G5E. [ AFISRE)
Mathematics and Music (58 5R)

The Wonderful World of Permutations (¢baHEFIHER)

Using Randomness in Proofs ({EiEBEARsEFERENLILE)

Mathematics and Games ($Z5i5Xk)

Stable Machine (F2E09%128)

Famous Sequence (E&ZF5)

Tensegrity Polyhedra GKHZE(K)

Grundy's Game (t&=585%%%)

. Apollonian Circle Packings (i B L REIEFE)

Diving into Dimensions (#EIRE)

. How to Use Math to Build a Safe World? ({{al B — P L2 mtHFR? )
What's Your Favorite Number? (IREEWRHIEFEHA? )

The Art of Problem Solving ((#&RRIZA)

Unlocking Math Magic: Exploring Numbers with AR & VR (8028 % FARFIVRIREE
Knot Theory (Z5I8i0)

Checking Divisibility Using Finite Automata ((EFEERBEoiIiEE IR IE)
NIM and JIM BOATER
Introduction to Mathematical Physics (U Z4IES8) [B]gsc
. Modular Origami (IREEHRIT4R)
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2025 Math League International Summer Tournament

avith Professors from
Princeton University, Williams College, Swarthmore College, Rutgers University, Harvey Mudid
College, City University of New York, Thie Collige of New Jersey, Rider University, William Paterson
‘University, the National Museum of Matfiematics, and the Seattle ‘UniversalMath Musewm.

\{ Gold Medal

Grade Five Individual Competition

This Certificate i

varded to thie Above Student for Outstanding Participation
atfi League Summer 5

it

THE MATH LEAGUE

[— (c: |
VIEEL.Z o B2
2025 Math League International Summer Tournament
avith Professors from
\ Williams College, ‘ollege, Rutgers University, Harvey Mudil
Colfege, City University of New Vork, The College of New Jersey, Rider University, William Paterson
“University, thie National Musewm of Mathematics, and the Seattle Universal Math Museum.

g Bronze Medal

Grads Tour Individital Competition

This Certificate is Awarded to the Above Student for Outstanding Participation
in the 2025 Math League International Summer Tournament.
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THE MATH LEAGUE
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2025 Math League International Summer Tournament

with Professors from
Princeton University, Wilfiams College, Swarthimore College, Rutgers University, Harvey Mudid
College, City University of New York, The College of New Jersey, Rider University, William Paterson
University, the National M the Seattle “Mathi Museim.

\ Silver Medal

Grade Tour Individial Competition

This Certificate is Awarded to the Above Student for Outstanding Participation
in thie 202

Matfi League International Summer Tournament,

Sleven € Conmd
i Lcgae Cofounr

il Pl

Z
ot League Presidenrand
Coounder

THE MATH LEAGUE
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2025 Math League International Summer Tournament
with Professors from
Princeton University, Williams College, Swarthmore College, Rutgers University, Harvey Mudid
College, City University of New Vork, The College of New Jersey, Rider University, William Paterson
‘University, the National Museum of Athe Seattle Universal Math M

== (ertificate of Completion

Grade Four

This Certificate is Awarded to tfie Above Student for Outstanding Participation
in the 2025 Math League International Summer Tournament.

StevinR. Conmd

‘THE MATH LEAGUE

MEEZ e K1
2025 Math League International Summer Tournament
with Professors from
7 j Witliams College, S ‘ollege, Rutgers University, Harvey Mudid
College, City University of New Vorfs Thie College of New Jersey, Ridder University, William Paterson
‘University, the National Museum of Matfematics, and the Seattle Universal Math Museum.

Y Gold Medal (Team Competition)

Grades Four and Five Team Competition
This Certificate is Awardedto the Afove Student for Outstanding Participation

in the 2025 Matfi League International Summer Tournament.

2t

£ Conad

THE MATH LEAGUE

(o ==
¢ IMEIELZ o EX
2025 Math League International Summer Tournament

withi Professors from
Princeton University, Williams College, Swartfimore College, Rutgers University, Harvey Mudif
Collge, City University of New York, Thie College of New Jersey, Rider University, William Paterson
University, thie National Museum of Mathiematics, and the Seattfe Universal Math Musewum.

V' Sifver Medat (Zeam Competition)

Grades Four and Five Team Competition

This Certificate is Awarded to the Above Student for Outstanding Participation
in the 2025 Math League International Summer Tournament.
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2025 Math League International Summer Tournament

avith Professors from
Princeton University, Williams College, Swartfmore College, Rutgers University, Harvey Mudi
College, City University of New Vork, The College of New Jersey, Rider University, William Paterson
University, thie National Museum of Matfiematics, and the Seattle Unéversal:Math Museum.

? Bronze Medal (Team Competition)

Grades Four and five Team Competition

This Certificate is Awarded to the Above Student for Outstanding Participation
in the 2025 Math League Summe

Steven R Conmd

i Teague e

Hath Loagne Corfounder
Corfounder

THE MATH LEAGUE

Volunteer Appreciation Certificate
Awarded to

Grade Five

in recognition of dedicated service and outstanding contribution to the
2025 Math League International Summer Tournament.
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LT REINEEE Math League IRFHIE S ENRERFE(—R/NFEM—RAFFE)E Steven Miller 2%
(Williams College)fJiES MEBHRI #F1eX (EEERHAFF AT EAR).

GEOMETRIC PROOFS OF THE IRRATIONALITY OF SQUARE-ROOTS
FOR SELECT INTEGERS

ZONGYUN CHEN, STEVEN J. MILLER, CHENGHAN WU

1. INTRODUCTION

The positive integers 1,2, 3, ... are not surprisingly one of the most important sequences in
mathematies, and typically the first encountered. Quickly one meets interesting sub-sequences,
such as the primes (2,3,5,7,11,... ), the perfect squares (1,4,9,16,25,...) and the Fibonacci
numbers (1,2,3,5,8,...) to name just a few. These are well studied and arise in numerous
places; see the On-line Encyclopedia of Integer Sequences [OELS] for details and properties of
these and others.

Almost all integers have irrational square-roots, with the percent of n < r with i ¢ @
approximately 100 -z 12%, The standard proof uses the property that if a prime p divides a
product zy then p|z or ply or both (see for example [MS] for a proof) and the Fundamental
Theorem of Arithmetic (every integer can be written uniquely as a product of primes in
increasing order; see [HW]).

Assume a non-square > 1 has a rational square-root: thus we can write /n =
afb € () with a,b relatively prime integers and without loss of generality it
suffices to consider n that are square-free, as if n = mym3 then /i = /My -mo.
Then nb® = 2. Asn > 1 is square-free, there is a prime p that divides n. Thus
pla® so pla and we can write o as ap. Substituting vields nb? = o”p®; as n is
square-free and a multiple of p, we must have n/p is an integer relatively prime
to p and thus p|b?. A similar argument now shows b = Fp, contradicting a and
b are relatively prime and therefore /m is irrational.

There's a lot of interesting history on this proof; if we don’t use the property that if a prime
divides & product then it divides at least one factor, we can mimic the above argument, but
only by essentially reproving the result case by case. For example, if n = 2 then we would
have 20? = a?. If @ = 20 + | is odd then a2 = 40? + 40 + 1 is odd, and thus cannot be a
multiple of 2, and thus @ = 2. Similarly if n = 3 we would have 36° = a® and 3 must divide
the right hand side as it divides the left. We can write a = 3o + r with r £ {0, 1.2} and note

a® = 9a? +6ar +7° = 330’ + 20r) + 17,
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