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20265F3<[E Math League REFHHFESEINBTEBREREREEEKRF
HIRHES TEIHE.

EMETIRAZEFZK (Princeton University Mathematics Department), &F
{CELIE A EE 2 (Columbia University Mathematics Department),  EiEE
iEr=f% (Williams College). Swarthmore College ZFEEZER KFHIZ
RIESSIMRAZENESENZEZIHNE,

When:

3-5 Fp4H: 20265F7H11H(check-in date)Z)7 8 18H (check-out date)
6-10 FEZ2H: 2026478 19H(check-in date)®7827H(check-out date)
Note: 6-105FZk4E, HESTHE T EITEIM.

Who:

kBxEE. NMEXR FESFHAZMRIKNSGNRNFESE

Where:

The College of New Jersey
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£ 20255 3F Math League RENHFESEL-SFREIFER:

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

EAALER
B ]
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£ 202553€E Math League AEMEFFESE6-IFRAFER:

Math League 2025 Schedule (Grades 6-9)

"Fitié Sunday Monday Tuesday ‘Wednesday Thursday Koy Saturday Sunday Monday
20-Iul 21-Jul 22-Jul 23-Jul 24-Jul 25-Jul 26-Jul 27-Jul 28-Jul
:gg ﬁ:: Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast Breakfast Break fast
9:00 AM Math Lecture & Math Math T setire & Mtk Activitics Math Lecture & Math Activities
930 AM Activities(Professor: Barranca, Title: | [‘;’mfm‘;orfeDm;li: lelf:ll}qc;_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 Lectirs & Math e Math Lcc'rurc_& Malh /\ct_mum 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
ime: 1- 5 PM.
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 y IL. 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,
7:30 PM starting at & PM) and Orientation in . i . 1 o " 'EA I EHE
F:00 PM Decker Talent Show, Part | (location: . . Math League Award Ceremony (location: Reading, Journal Writing, Reading. Jounal Writing, E [=]
Talent Show, Part 2 (location: Decker) Movie night { Decker) R T
#:30 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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GEOMETRIC PROOFS OF THE IRRATIONALITY OF SQUARE-ROOTS
FOR SELECT INTEGERS

ZONGYUN CHEN, STEVEN 1. 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 arize 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 < x with i & @
approximately 100 -z~ '2%. The standard proof uses the property that if a prime p divides a
product zy then pl|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]).

Asgsume a non-square 7 > 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® = a?. Asn > 1 is square-free, there is a prime p that divides n. Thus
pla® so pla and we can write a as ap. Substituting yields nh® = a?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 = Ap, contradicting a and
b are relatively prime and therefore /7 is irrational.

There’s a lot of interesting history on thig proof; if we don’t use the property that if a prime
divides a 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 2b* = a?. If @ = 20 + 1 is odd then a? = 402 + 4a + 1 is odd, and thus cannot be a
multiple of 2, and thus ¢ = 2o, Similarly if n = 3 we would have 3b® = 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° = 3(3a® + 2ar) + 17,
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F—BEL: GAICE, Words)

DN i

NS0k

. Numbers
. Operations
. Geometry

a. Triangles
b. Quadrilaterals
c. Circles
d. Solid Geometry
e ...
Number Theory
Combinatorics
Algebra



Numbers

BN ETA..

One, two, three, ..., ten, dozen, hundred, thousand, million, billion, trillion
tenth, hundredth (one percent), thousandth,
1234: one thousand two hundred thirty-four

twelve hundred thirty-four

twelve thirty-four
2022:

J3: ten thousand

-+ 77 hundred thousand
H J3: million

/3 ten million

{Z;: hundred million

A thousand: 1,000

A million: 1,000,000

A billion: 1,000,000,000

A googol: a “1” followed by one hundred zeros.

A googolplex: a “1” followed by a googol of zeros.

A googolplexian: a “1” followed by a googolplex of zeros.



Operations

EH: IR SRR TR T T X £
Arithmetic DpEfﬂtiOﬂS
Addition (+)
term + ferm

summand + summand

addend (broad sense) + addend (broad sense) s
augend + addend (strict sense)
Subtraction (=)
term — term } it
minuend — subtrahend erence
Multiplication (x)
factor x factor } - P,
mulfiplier x multiplicand procuc
Division (¥)
dividend .
“aivigor | oectlon
= quotient
numerator i
denominator Tatio
Exponentiation
base®™PoReM — ower

nth root ()
demaefradica.nd= root
Logarithm (log)

logy ee (anti-logarithm) = logarithm



Geometry

Triangles

60° 60°

Equilateral Isosceles Scalene

ap°
D

Right Obtuse Acute

'

Oblique

Edges, vertices (vertex), angles

B C D

Interior angles, exterior angles,



Hypotenuse, legs, the Pythagorean theorem

Perpendicular bisector, midpoint, circumcenter, circumcircle



]

Altitude, base, foot, orthocenter

Angle bisector, incenter, incircle, inradius



Median, centroid, center of mass,

L

1l ~

1l

L S— —

Nine-point circle



Polygon: triangle, quadrilateral, pentagon, hexagon, heptagon, octagon,

Trapezoids
[ NN\
Acute Right Obtuse

¥
an
’ b
Isosceles ‘ - b Parallelogram

M . 1. 3

il -~ N
a‘ )a Rectangle %

3-sides equal \ g!@i Rhombus
Sqilare
Circles:

Figure: A circle (black), which is measured by its circumference (C), diameter (D) in cyan, and
radius (R) in red; its center (O) is in magenta.



Figure: Chord, secant, tangent, radius, and diameter

Arc

Q‘,\,
LY,

&

Figure: Arc, sector, and segment

10



£ —BrEx: a1 F(Sentences)
“BRNMFHESNREREE, ERIFMEHEENMTHER. ”

Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo.

Buffalo:

11



NP
RC VP
NP NP /NP\
PN N PN N \% V PN N

Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo buffalo

Simplified parse tree
S = sentence

NP = noun phrase
RC =relative clause
VP = verb phrase
PN = proper noun

N =noun

V = verb

12



A is 5 times faster than B. — A Lt BR 5%, - A 4AXFIREFE X H?

Ais 5 times as fastas B. —A 2 By 5=,

2. LUR 3 HRE BB PR AT A2
a. A farmer was asked how many pigs he had. “Well,” he said, “if I had just as many more

again, plus half as many more, plus another 1.5 times more, [ would have three dozen.”
How many pigs did he have?

The 2nd act of a 3-act play is 1/3 the length of the entire play. If the 1st act is twice as
long as the 3rd, what fraction of the play is the 3rd act?

(Time Limit: 7 minutes) What is the greatest possible length of the shortest altitude of a right
triangle whose hypotenuse has length 17?

3. ratio (L AILLH) and percentage (F 77 %8, H 70 b)), AR T 5 v [ 224 BB DABE
fife s B 25 T VRIE AN HH 1

d. 21 of 2% fat milk + 31 of 3% fat milk = 51 of ?% fat milk.

.

Lee the crow ate a grams of feed that was 1% seed, b grams of feed that was 2% seed,
and c grams of feed that was 3% seed. If combined, all the feed he ate was 1.5% seed.
What is a in terms of b and ¢?

If a bank were to raise the interest rate on a savings account from 3% to 4%, the
statement that "the interest rate was increased by 1%" is ambiguous and should be
avoided. The absolute change in this situation is 1 percentage point (4% — 3%), but
the relative change in the interest rate is:

(4%-3%) + 3% =0.33... =33 1/3%

So, one should say either that the interest rate was increased by 1 percentage point ,
or that the interest rate was increased by 33 1/3%.

Percent changes applied sequentially do not add up in the usual way. For example, if
the 10% increase in price considered earlier (on the $200 item, raising its price to
$220) is followed by a 10% decrease in the price (a decrease of $22), the final price

13



will be $198, not the original price of $200. The reason for the apparent discrepancy
is that the two percent changes (+10% and —10%) are measured relative to different
quantities ($200 and $220, respectively), and thus do not "cancel out".

h.

A shopkeeper makes a profit of 20% of the selling price of an article. The percent profit the shopkeeper

makes on the cost is

A) 20% B) 25% C) 40% D) 80%

ER&/SCRR/ B4/ & B (passages/articles), £ F A R Z i =AF
FTEESE. FRSURE #1518 X (mathematical papers),

14
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-3 1»i. Dr. Rainier (Math Leag...
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WreEFE A

HEERHEIAE: FERFEINFS, EigEiadk, fi:

B : add, subtract, multiply, divide, fraction, decimal, percentage,
numerator, denominator...

JUA: angle, triangle, rectangle, perimeter, area, volume, parallel,
perpendicular...

{X&%: equation, variable, solve, simplify, expression...

REHES: calculate, prove, explain, simplify, compare, what is the value
of...?

iRV F3: EPRSEFERER, ARIRIE—TXERNEREEAiR. L

N, BF "B HE" . #Hi8E “solve this equation”




MBERXYPESE

Khan Academy Math (https:lIwww.khanacademy.o"r
AJLAANREREE)

&5 :

$—%: BEEXTE, EFANSSURE NS INEER.
=5 RAMATE, LHAK, ERFESD.
B=H: B! EHEEMOESHISE, RERAE

14 18] 3l I
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STEP TWO
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“BERBIE"H3i&E (IR 7

LRM—ERPEN, SRAXNHEENENBELE. FEEREERE
REBE.

BlF: BMEE “1/2 + 1/3 = 2~

‘ (RBIBSHi5: "Okay, | need to add one-half and one-third. The

di ent denominators. | need to find a common denominator. The
common multiple of 2 and 3 is 6. So, one-half equals three-sixths.
equals two-sixths. Now, three-sixths plus two-sixths equals five-sixt
the answer is five-sixths."

XEER KR R BN FIBSHEED.

=riCE i E BRI E IESIEER
XItLEHEE, MEFCR BEHR LSRR TIEN EHEEEE LEEEE
AR, HESREIEAE HEAE RIEIRALS, SAERES

RYEREF I MEFAR ENE-



- S "RRE”

® FHIFPHEZE, BRIRA, HEEX—NMELZIES
STHEK(F

@ H[BWIN—MMES: iILENEEMHRXEFRE, 7
RiREE, WEMBIIFERSFTER{R, R “Why?" Bk
"Can you explain this step?”, ZAR{RFHEFH
HEAAREEERE. EIRREIESICEB R
EiHiaE, iEE7.

« MRHBARXFETLABSCIEHERTER, BXAR, &

ERHRE S .
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1.
2.
3.
4.
5.
6.
7.
8.

[N JN O JR U G T U U W O G G G (o )
SO WVWoe NV WDN = O

. Apollonian Circle Packings (fii% BLRI1EFT)

. How to Use Math to Build a Safe World? (N{alBEFHE— N LeiHFR? )

From the Quadratic Formula to Differentiation (\ IR AR ENHSD)
Mathematics in History, Applications, and Enjoyment EEFA9G5E. [ AFISRE)
Mathematics and Music (F5ER)

The Wonderful World of Permutations (B¥HIHEFITH )

Using Randomness in Proofs ({EiEBEARsEFERENLILE)

Mathematics and Games (#F 5;i%7%)

Stable Machine (F2E09%128)

Famous Sequence (E&ZF5)

Tensegrity Polyhedra (3K EK)

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

Diving into Dimensions (#EIRE)

What's Your Favorite Number? {RRERNIZEMHA? )
The Art of Problem Solving (f#fZAYZ )

Unlocking Math Magic: Exploring Numbers with AR & VR (8028 % FARFIVRIREE

Knot Theory (Z5I8i0)

Checking Divisibility Using Finite Automata ((EFEERBEoiIiEE IR IE)
NIM and JIM

Introduction to Mathematical Physics (U Z4IES8)

. Modular Origami (IREEHRIT4R)

-
s
T
EiE
==
EiE
o
=

E1i
i
1= {0

EAALER




iRE “HMAHN
AEUETENE! (FAFTEREZMT—PEEREE— MBI FE, (FRESEIMEXER
SRBEEIRRR (Ebil: Today we are going to learn about the Pythagorean theorem.)
AR Z0IES (Ekt: "So, find the area of this circle.”)
ZRNRER: ZXRTEBMORB. OTRNFS, ILEFMFEFORETR.
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FAEREET SXHENRAS, @d8II%, BE
B, SNTESEIRE LiRgetZIEUZHRRIFBIE
4, IFGRHigh, AIMNEZE, RIREHDE, FE
ZIESHRISEFHE. WMbbdERIRECREH

HIRIF AL,

XWBRMath Leaguetlia A : Mr. Steven R. Conra

#1 Mr. Daniel Flegler (&t

REEBNINFESDE.




B4R ?Eﬂiﬂﬁﬂgﬁiﬁﬂﬁiﬂ 73;1%1)( BJJZ

1. lBX: EZOQEFF*}‘C%Z%?E% (NBFRETFR) |
2. 8F: BiF—1RINEFRE, M—FTRNHFE;
3. BEHY: FHQEIE"EF{ IRFRE S

4. AER: #HITAGIE, BEUIGAHR;

5. B¢ FF' TR, IriRiMAR)s, 3S/REBEE,
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- Z£E Math League BEZLHBFE:
INFO@LTHOUGHTS.COM

- Z£E Math League EM: www.mathleague.world
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