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Egg Drop Problem (/35 %&5]#R)

Surprise Exam (“RFHEEZEE7?)

How Big is Infinity? f+ARTLHK? RPNLES ANEEGES I UELEKR/N? tban—NFr
FEEHNESN— B EBENEEMIER? EXE—HFK. —PIBIEEL
HES— T EER(EREE RESH. 0. MIEEHNEEWINER? BEEHE—
XK. BEERELHFKRT, ATAETEHMILE K (countable infinity) FIARTEAI LI K
(uncountable infinity )? JC%5 AXEIE O] £018? o] £1 A9 £ %5 K (countable infinity) FIANT] £L
#Y7CZ5 K (uncountable infinity ), BN A?

Irrationality
Ten truths and a lie (-+8)LIFF—A1ES)

Pirate problem (“}& #5473 " [o] &)

Stepping into Other Dimensions of Space (T AR E? AR 4. =%, 4. UK
EEHUEESE?)

Introduction to Computer Science and Quantum Computing GTEN B FZ R EFITEN L)
Applied Mathematics: Puzzles from Past to Present

10. The Most Beautiful Mathematical Formulas (F/(» F i £ AIEFE A TV)

11. "The mountain climber problem"
12. Secrets of Latin Square Cage Puzzles




Building with N floors, have

Special eggs: some floor n such that if you drop from
below n no damage; can drop as many times as wish.

If drop even once from floor n or higher immediately
break.

Find in as few drops as you can what n is (the lowest
floor where if you drop from there it breaks). Doesn't
matter if have any of the golden eggs at the end - just
want to know n.

BEHALZR




Interpretation:

How do you interpret finding n in as few
drops as possible?

BAATLER

Eﬁ&wﬂ

o c?ﬁ

E‘ﬁﬁ g




Interpretation:

How do you interpret finding n in as few
drops as possible?

* Minimize worse case.
* Minimize average case.

BEAATLER
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General Advice:
When given a hard problem:
* try to do an easier version first, and

e try to do specific values of parameters.

What is an easier problem?




Simple Case: 1 Egg

What is the solution?

EHALER




Simple Case: 1 Egg
What is the solution?
Only possibility is go 1, 2, 3, ... till break.

Worse case is order N drops.

BEHALER
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Next Case: 2 Eggs
Once one cracks, reduced to 1 egg case.

What are possible strategies?

BEAALER
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Worst case: 50
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100 (worst case: 29)

80 (worst case: 23)

60 (worst case: 22)

40 (worst case: 21)

20 (worst case: 20)

EAALER
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100 (worst case: 22)

90 (worst case: 18)

80 (worst case: 17)

70 (worst case: 16)

60 (worst case: 15)

50 (worst case: 14)

40 (worst case: 13)
30 (worst case: 12)

20 (worst case: 11)

10 (worst case: 10)

BEAOATER

)
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95
90

84
77

69
60

50

39

27
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What if we have 3 Eggs? Or k eggs?

16



NEW RESEARCH QUESTION:
What if “TWO-DIMENSIONAL"? Or “THREE”? _/;7"\-};

* Consider box from (0,0) to (M,N), find
special point (m,n) such that if drop at
(a,b) with a < m and b < n no damage,
otherwise breaks.

 What if breaks only when m+n > V?

* What if breaks only when am + bn > V?

EAALER
Of e o

17



A Surprise Exam

A teacher announces that he will give an examination during the
following week (Monday to Friday). Examinations are always given
at noon. He also announces that the exam will be a surprise exam:
no student will know on the day before the exam is given that it will
be given the next day.

Question: Can the surprise exam be given?

ENATLER
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A student can then reason as follows:

The teacher, if he intends to fulfill his announced
promise, cannot give the exam on Friday. If he did,
after noon had passed on Thursday, we (the students)
would know that only Friday was left and that it had
to be the day of the examination. This would be a plain
contradiction of the announcement that it was to be a
surprise exam, so that day (Friday) can be crossed off
the calendar.

19









Or on Thursday,
Wednesday, Tuesda
f Exam

).




So, no surprise
exam will be
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A Surprise Exam
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The exam \ |
can’t be on
Friday...
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So, no surprise
exam will be
given.
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But then it cannot be given on the second-to-last day
(Thursday) either, because after noon of Wednesday
has passed and the exam still has not been given, we
will realize that only two days are left, and that since
Friday is ruled out, the exam must be given on
Thursday. But then we would know in advance that
that is the day of the exam, which is again a
contradiction.

The student can continue the same reasoning
backward: as soon as she crosses out one day from the
calendar, the last remaining day is as if it were the last
day, and so it can be ruled out by the same type of
reasoning. There will, finally, be no days left. The
student is then in a position to conclude that either the

exam will not be given or it will not be a surprise.

EAATER
=
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How Big is Infinity?

HAREHK? BN ESKNEERE I IXELERA/N? Eban—Fr g IE 248
SEHN— 1B LELBRNEEMIEXR? ERXRE—HFKRK, —MIBEEHH
SEN— B EL(BEMAEREL. 0. MEEHNEEWMIER?EZR
thE—MHK, EERLF KT, AFTAFEITHALSE K (countable infinity) F1
ANEJEAIFLF K (uncountable infinity )? FL55 AMEE T #0152 TJEATLH K
(countable infinity) F0AT] A T 55K (uncountable infinity ), BN 5 A ?

21



° -

HILBERT’S
HOTEL

NO VACANCY
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HILBERT’S

HOTEL
YES VACANCY!

hooray!

\

t

A finite group of new guests

All the even numbered rooms are closed.
A second building

An infinite number of new guests

Al e

. An infinite number of buses, each containing an infinite number of
new guests

6. New guests equal to the number of irrational numbers between 0 and
1071000000

23



There are five rational pirates (in strict decreasing order of seniority A, B, C, D and E) who
found 100 gold coins. They must decide how to distribute them.

The pirate world's rules of distribution say that the most senior pirate first proposes a plan of
distribution. The pirates, including the proposer, then vote on whether to accept this distribution.
If the majority accepts the plan, the coins are disbursed and the game ends. In case of a tie vote,
the proposer has the casting vote. If the majority rejects the plan, the proposer is thrown
overboard from the pirate ship and dies, and the next most senior pirate makes a new proposal to
begin the system again. The process repeats until a plan is accepted or if there is one pirate left.

Pirates base their decisions on four factors:
1. Each pirate wants to survive.
2. Given survival, each pirate wants to maximize the number of gold coins he receives.

3. Each pirate would prefer to throw another overboard, if all other results would otherwise
be equal.

4. The pirates do not trust each other, and will neither make nor honor any promises
between pirates apart from a proposed distribution plan that gives a whole number of
gold coins to each pirate.

EAALER

Farr sy
BT
e ooy Sy
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AR EXEBIRERHEER? XE Math League RFEME SERIRIS!

BREERRIFEE. MER. RE. BRMNTFREEXNSTURENPEZE, B
ETRAVNSRBANXEAFNBEREIRKRAARBERENRER. RERFHREF
ASHEFE ERFEXMEEMEERLT —ENNE, NXMEERR TR, RETH
BRENFETHEERE.

BEXNMEFAEELNHN, TR, ERMNKRE-ITELHNEH.

2024 FF 7 B 52 E Math League REFEMBFESCEAXEIFEMESND, BRAXE. NE
R, FE. BR, BAAMT. RE. E. LEREFEBE 200 £# 3-9 FENNFFE
S0, BFIBR T S0 Math League F)RFEZ S, BEAXEMBRZNHMEZHRESTF
JHF. HPBRAXREMBRFZNAZEIR, BNEERZAMBK, XM HEx
RkZ57T Math League REFXBM A . KIRABTNFE. UMRFALFERR. HR
FMPFESEERZERA M BIREL B SINEE Math League REMEHFESEMN
FHHT JEHE, XMUBRAENREFLEEBBRERTED—ETR, RTUFTXD
FEARIFXRE. MEX, KEH. BRFTFERNEPTRAEZNBHRERS. 24
A 3ER B R? iLRRIBIERK.

FelA ST R /ATTR] 6 ) S M — M EFBEZESRERIK, WITAARFEFH
HYEAL, fR{14E(E:

o FEHPN—YIE T DIBIT BEA LGk @

o HFRHAWE (WERPHSE. LEAPHILH) B77T FEOKFSTE.

« FENEFEMRHER, BHRE, S PEEMIRIRTARITBRNEILE (tta

3/4, 52 F5) .

EAEIMT : EEHMNET
X—EREAA (THEFAERE Hippasus) ZIV2 (—MBKH | HEFHHH
%) TERTAVINBEMNILEZS, #WAKHES.
o XBEKE V2 2—NIIEHK (irrational);
o XERSEAFRIFRXTAYEL (XENEENSFELR) NMEE
HFE.

EeIR BRI S TR A OB :

TEHHNEAMAELTF LI IR 2R KR,

RIEZ, FHIARET (Hippasus) B ABRT T XDFE, BAWEE BAERE
(RAXEIEEMIAFIEMIEHEERX) .



IANE R V2 E— A TEHIR? X E28FE F—MEEZEBREMITR,

75”7 1EBR (proof by contradiction) . F{1—HFKE:

EEMR:
V2 EREE
WEE, V2 FERTABMERZLE (BI—42%)

Rz (BTFRIEZX) :
BAMRIRE R ER

V2 EHIEH
B, REERIEREKFb (B afbBEARLK) | FE:
5.2
b
MiLET:
2
a
s
=a’ =2b?
it 1:
MERTTUES:

2 22 MEH =" 2B
Ba a b2 B (FAFENFITEHEH)

WARA “RAE



BAllik a=2k (k AEE)

KRAEZE:
@ = (2k) = 42
=4k =2b°

MIABRIA 2:
2k =b?

Wi 2:
X1 ER:
b2 2HEHEoV 2BE SO HEBE

FERT:
BANRIA & E !

afMbRERM (RBEHEEEK)
BIERAMNIAILRT

a Z1BE

b 2 BE

— il afl b ZEDH 2 ZNMAERK!

XS5HANREFE!

FRIASER 2 :
RMWMEER (V2 2HEH) 2HEIRN0.
& 1 :

V2 BREE, THERTARNER L.

RIS M BIRAFRESE ST —BitE ST ESHMILX, “IRRATIONALITY FROM
THE BOOK”, X &8 30 7 tn1a] F S SRIXIE R V2 B2 — AN KT (irrational), FEFK
MR BB X/MEPOEESR RXHEX, XEMTERT).

FATIRTER A2 Tennenbaum ¥ELPEY JLAIERE, BUFEV2 2.
EBEXt FREEL o F1 b, HE:



3 -

AER—mME, FNTMURIE « 71 b ZHEIZAFEMNS/NEELHN, FEFAL, XL
B R IESAIEBREERIEF RN, EBETERBIERR— P AE R EEE.
BRMEZXANF:

a*=2b?

XK, BN AERERT!

WABKA b METTRHER (W 20°) FT—MKA a METTHHER (B

a) . THE, BMNTUER, BMIKAINESE (BEEENHEXERITETH
R) PPBENEER, FT—MOKAIaWREAENER. FAit, BMMREEHENH
BRI (BKA20-aMIEHNFE) NER EHFFTRRARBENEE/NMENE (81
BKH a-b) BEER,

AR, HE:
(2b — a)? = 2(a — by’

R
_2b-a
f;a—b
@ﬁ%%%ﬁﬁﬁﬂ?—ﬁ%%i$%ﬁ,ﬁSﬁﬂ%%ﬁﬁaﬂb%ﬁmﬁgﬁW%ﬁ
RFE-.

JE: AN{TIERA 2b—a<a? XA, EAb<a, 2b<2a,2b-a<a EHEFEITRIERa-b
<b. (BWEIE, a>2b,ab>2>4/2).

X EA T — N UTE X TR RIEEIER, FE7 V2 218

a-b b



Ft —b—

} a i

FIGURE Geometric proof of the irrationality of N

REBRMNTUEEMBEELFEHNXIEFBT .

1. Using a method similar to the one in the paper, prove that J7 is irrational. EAS5
WX HREMBRTTE, R V7 REEH. )

2. Using a similar method, prove that 3/2 is irrational. (£ k975 3%, iEA 32 &
FEH. )

3. The paper uses six triangles with a triple intersection to prove that V6 is irrational
— can you instead use a similar method to the paper’s proof of J5 being irrational,
but with hexagons to prove V6 is irrational? @XHFEAANT=ATHN=EX SR
iR V6 REIRH — REEBHA S HIER V5 RRBBMXMIT %, EAR
SORRAER V6 RTEEE? )

X 3N EBRMEL? o UKL, EAWMRIENE, —PEEMNBRFNOMBHEA
JREEA—NFEBETHP—IEE, RENAXNMZEGHERF. X3BAERTEL
REZMNEHBRAS EBHRR, HEFENERBIMERERMNEE, B, §=4
mEZ4E, NEZTE MRS NUENEIRNREIDR, WINEATE3EAE, 3%
BTYHERNAT, BIREXTUENSENEHRESERNTENNK. ME, ESA
HEHE, ERMFE (1 SER, —DIFR) AXPBIRNIES MNEAAIEIER

XIRET—PER, HXMBR—EAXEN—ITZFERFRSLERT X TN IERD
WX, BAE, ABFASEEARRY, XNMERSEEATREELEMMIIN S

FRFETRE, BREFBTEFLE N SER, —P I FEREXMIRNIES THE
T, AtBTE AR



PTINIX 3 B BIRED? BEAR S, BUXNBIRATERAFEIRT Hp—E#H
REBFETHER. EREEAS, SE R, Z2PEZEAEXNEIRNIES TIEH
Hp—E@ B, FEEPARZEDSER, —1DIFREXMBIRIET TEXEN
—NMEREFRTERXRT R TEMEFANR Y. EELR, RENHKE,
BIXBELRRN BT —MREXERFERSHEFENER, HEIRZXAZERR 22—
Kz, HARBERZMNNEE NN, XARRELETRONEY, XEEAFARIEEY
B, FIEERERTS AR,

HitbZHEF. ERRREBCHRZERIHANSID? SRHF! 2026 FXE Math
League REEFNEFE SEG-10 F2R) 7 BMAEREZEST, MRIREBS MK XK E Math
League RFEMBFELSE, FEVNIREBRENRERE, BRHARA
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