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SRR
Q1. ENESRA (1)

HERER—BIRERTED L - TE2ENAREDEIEESTE @ WHEE—
BRI - ERFRIBEARTUES "1, KRB - f
Multiplication of India is a fast calculation method, mainly using the multiplication

of distribution. The limitation of this method is only being applied to the ten-digit which
is "1". For example:

(3o —156 i
[=] ;

N

N
1

o

Foig 13, N ES—EHEVEN - MEW NEUE - Bk 2eV{E (1185
NTERIT BVEUE G5 BSTh ©

“13" is added to another number of units, and then copy the value. After that,
multiplied the number of units and added them to the right-handed side of the value
which is copied before.

Q2. ENEFEE (2)

SINIENETRELL L FOURR A RSt B ARSI EREE - E|. El
RS ENERE - ERBERYUERAR+UE—E0E T
B 40 : 63%x67 o AL : S HuUSE D —@N0—LA83E - LA
FEAG - 6X7 UISBERWT » BI85 3X7 » BISSENES E|
ERIABEIES S o

Second version of the Multiplication of India which can calculate more types of math
problems, but this method is also limited. The usage can only be applied to the same
number of ten-digit, such as 63 X67.

Method : First, one of the ten digits plus one and multiply to the other, then copy the
result of 6 X7, like the above example. Finally, copy the result of 3 X7 in the right hand
side.



Q3. BEEIRRE

BAYSE R LS EABEERREBRIMEMEAER - AFRHER
R EBIRFHE - WBRFEHIES MESTESTR

Japanese mathematical line multiplication is the usage of simple and intuitive line
diagram technology to multiply the two numbers. It only needs to count the number of
points of the intersection by the lines, and write down the calculation in order.

13x21=7?

[=]

Q4. =AZ2HHE

SNA=ASNERESIRIFE LLRREYE - RANEERSEPERTEE
HABNEIE @ hPBE—BLLREZIEE

It 1s difficult to calculate the special angles of the trigonometry, because you need to
remember the value of the special angles in the process.There is a relatively simple
notation in the clip.

Q5. IBIE/ B
09=1 27?7




THEER 2 BURIER
Q6. RfE—
= (1) 2a=3b
Bl (then) @ : b=2 : 3

PIEESD  [BELIRIER

2Xx—x=0

B, EEES - AL RS E SRS -

Using this method will be a contradiction because g 1s undefined.

3



Q8. REF=

RO + BHE (AL EZIEREER)
Factorize # Solve Equation (Many students misunderstand it.)
BHa0: B DER 169y% — 25 ( CE1999 Q6b)

Example: Factorize 169y — 25 ( CE1999 Q6b)

BERHI=: Common mistakes e.g.
169y*—25=0

(13y -5)(13y +5) =0
13 13 =10 = &+
y = = Ky = -5 53R Wrong [ZEEIF¥RE HKCEE Report]

ZIh > IMBADZELES

On the other hand, many students also answer incorrectly as
169y — 25 = (13y -5)* $&22 Wrong
FEE@ZS: Correct answer is:

169y? — 25 = (13y —5)(13y +5)

Q9. FREEI

BLEL I 8xnx(n-1)x(n-2) x...x3x2x]1 M » FESHEM
8n ! o HMIEREBIIIGIR - TJeESHRIEHE S Bn) ! » BIEE L ZEIE
PA8(n)Zn!x8KmR o

Many students show the expression 8xnx(n-1)x(n-2) x...x3x2x1 incorrectly
written as 8n ! . As we read it and misunderstand it be (8n) ! .However, it is better to
writeas8(n!)orn!x 8.



Q10. ®FIRERNERE (1)

IRAFRIBVBUER AR D - BHREHEBBEFHNESE -
_ __Sin(180°-0)
BID: {6 (o5 3605 )

A.—C0sd
B. sin’ @
C. tand

D. —tand

OJFRRAEERENRA 0 REXNA - BN 0 RIOERE - SMEREESE
BT o 904X 6=22° - TIEBEINHENR 0.4040 » A=-0.9272 » B =0.1403 -
C =0.4040 - D =—0.4040 o

FRA - BER C - BEERALNE - REERA : 30° ~ 45° ~ 60° Eh5
RERE  AERSHTEIBaRNEENEDFETR 0 -

Strategy (1) Substitution of particular value

Substitute some particular values to the unknown in order to find the correct

answer.
~sin(180°-6)
Example : Simplify c0s(360°— 6)
A.—C0s@
B. sin® @
C. tand
D. —tané

Use any particular value of 9, e.g. §=22°,
then we get the value of expression = 0.4040.

Choices A=-0.9272B = 0.1403 C=0.4040 D =-0.4040

Therefore, the answer is C. Make sure that the special angles (30°, 45° and 60°)
should not be chosen because it may lead to any same value or the denominator
become 0.



Q11. 5Rlig (2) MEE
RFTERESE AZE DRAEED e bEE B2 LHEHYEE -

Blal: B X (x—6)=x [CE2004 Q7]
A. X=6
B. x=7
C. x=0g{x=6
D. x=0 g{x=7

K x=6 MENIEE ' X AFD C o F'N B A D p&ERE x = 7 £):&
¥ FiANEE2 D B x =0 )& - SEFTRAx=0c BARKRAX=01% -
ZOm@EE%E - bl [EESEEED -

Strategy (2) Substitution of choices A to D into the question

Substitute all choices A to D into the question in order to find the correct answer.

Example: Solve x (x — 6) = x [CE2004 Q7]
A. X=6
B. x=7
C. x=0or x=6
D. x=0or x=7

Substitute x = 6, the values of two sides are not equal, so choices A and C are
rejected. Except x = 7 for the choices B and D, it only different from x = 0. After it
substitutes x = 0, the values of two sides are equal. Therefore, the answer is D.



BETEY

Q12. BIRSKH

—EHEEH
BcllBc -

BCEEBEC

BckBC

BckkBC -
PSRERI0—IE -
BEAt+—-

HINERE  SEHEX?

There is a funny number x :

A =x plus x

B =x minus x

C = x times X

D =x is divided by x

Given that the sum of A, B, Cand D is 81
What is the value of x?

Q13. fF=ie 12 BIG 7

88 12 28 @ EBYFEIREEYN - 8RBT —BRE - 8URTNE
HHEZERIILHYE L - SERIEVIERRIR ° IRSFFFIIZ NEILS 5 EAREEY
il RIRAEERRA T EFBIESIEE ?

There are 12 lamps, initially all off, each of which comes with a switch. When a
switch is pressed, a lamp which is off will be turned on, and a lamp which is on will
be turned off. Now one is allowed to press exactly 5 different switches in each round.
What is the minimum number of rounds needed so that all lamps will be turned on?



Q4. BB TR ALK

3 EEETA 3 BRARLAREMRMEVESE @ MdRZESHN 2 A o
BE—Z2NTASREBELR  TASEERBETL - (ReeHEtFET0%?

3 preachers and 3 cannibals want to ferry to the other side of the lake, and the
boat can accommodate up to 2 people. When the side of the cannibals more than
preachers, the cannibals will kill the preacher. Can you help them cross the river?

- !'-w

Q15. 3R ~ FEAxE

RS RR0EHEIR ~ FA—EZX AN EFE - MRS REEEX—NE
Y] o BRSEAERF © IRISIZIEE ; F2M2i8E - /REEHREIREKIGIR ~ E/M—
BE 50X 157

A boatman wants to transports a wolf, a sheep and a basket of vegetables to the
other side of the river, the ship can only transport up to one loan. When the boatman
is not there, the wolf will eat the sheep, and the sheep will eat vegetables. Can you
help the boatman transports a wolf, a sheep and a basket of vegetables to the other
side of the river?

e



Q16. [ +~—~x~+~()] 8 4 ASHFT

NBRE 48985 - (REEBESHMAERRGHR [ +~—~x~+~()] BT
PIEERGIREVEZIF 7

4 4 4 4 =0
4 4 4 4 =1
4 4 4 4 =2
4 4 4 4 =3
4 4 4 4 =4
4 4 4 4 =5
4 4 4 4 =6
4 4 4 4 =7
4 4 4 4 =3
4 4 4 4 =9

Q17. [+~ -~ x~ =~ ()] B89 2 B HST

SRR 2 5, B2 REE A DEEE IR (-x) - BITLUE

H—EIEFEBRE, 0, 1, ..., 6, BB T YWRIRER L SE!
2 2 2 2 =0
2 2 2 2 L
2 2 2 2 =0
2 2 ) 2 =3
2 2 2 2 =4
2 2 2 2 =5
2 2 2 2 =6
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Q12. BRSKE

A=X+X B=X-X C=XxX D=X+X

A+B+C+D=81

(X+X)+ (X=X)+ (XxX)+(X+X)=81
2x+ x> +1=81
x=8 g} x=-10

Q13. WfI5=ikE 12 BIg 7

REEIFTBIETE n TEREZEH - MRRIFHZ T IZIAENE - BRE—=
BENSIIRE RN BRI IAMIE TR EEIE - BB 12 218 - PR RIZEHEY
RYSTELE > BEMRRT n SBEL - ROPEEM - n RFR 2 MAEMDEVEN
SHEF _SHFESIE - B BfIEEREFIBEEHTRUN :

TRl —1%ifR 1,2,3,4,5

SRR 2 — 178 6,7,8,9,10
SEE3— 1% 7,8,9, 10, 11
HEE4—1ZiH 7.8,9,10, 12

FTEZER 4

Suppose all lamps are turned on after n rounds. Then we have pressed the switches
times in total. Note that each lamp should change state for an odd number of times. As
there are 12 lamps, the total number of times the lamps have changed state should be an
even number. This forces n to be even.

Clearly n is not 2, since at most lamps can be turned on in 2 rounds. On the other hand we
can turn on all lamps in 4 rounds as follows:

Round 1 — Press switches 1, 2, 3,4, 5
Round 2 — Press switches 6, 7, 8, 9, 10
Round 3 — Press switches 7, 8, 9, 10, 11
Round 4 — Press switches 7, 8, 9, 10, 12

> > 5

It follows that the answer is 4.

10



Q14. ;801 E

£ 145 : MEASEMETY - —LAEfLQR (Gi8ER : 38 21)

%24 M ASEMET - —T AEMQRK (G8ER :3BE~11D)

%34 TEELTFEMET  —TAR—BETERLRGER  2E 21
£49  MBBLFEMET 0 —TAEMOAR (GERER:0E 31

£ 5% MEASEMBT - — L AEMDOIIRK (GiBER : 08 21)

55 64 1 Mt AFEMGET (GiBER : 018 ° 0 L)

Step 1 : 2 cannibals ferry to the other side, then 1 ferry back.

Step 2 : 2 cannibals ferry to the other side, then 1 ferry back.

Step 3 : 2 preachers ferry to the other side, then 1 preacher and 1 cannibal ferry back
Step 4 : 2 preachers ferry to the other side, then 1 cannibal ferry back.

Step 5 : 2 cannibals ferry to the other side, then 1 cannibal ferry back.

Step 6 : 2 cannibals ferry to the other side.

Q15. 3R ~ FEAE

F—4  MRTXFEHF (GBER 1 AR

FEH  RBXEXERXOTF

E£=% : iREEER (GBER : F)

EOL : foREREXETF

Step 1 : The boatman transports the sheep to the other side.

Step 2 : The boatman transports the basket of vegetables to the other side, and transports

the sheep back.
Step 3 : The boatman transports the wolf to the other side.

Step 4 : The boatman transports the sheep to the other side.

Q16. [ +~—~x~+~()] BY 4 BBHFF

4 - 4 + 4 - 4 =0
4 - 4 + 4 + 4 =
4 =+ 4 + 4 = 4 =2
4 + 4 + 4) = 4 =
4 - 4) X 4 + 4 =
4 x e 4 = 4 =
4 + 4) = 4 + 4 =
4 + 4 - 4 = 4 =
4 x 4) =+ 4 + 4 =
4 + 4 + 4 = 4 9
Q17. [+~—~x~r+~ ()] Y2 HBHER

y - 2 - 20 2 =0
(O s 2) X [Dr— 2) =1
2 =+ 2) + (= 2) =2
2 + 2 + ) 2 3
2 X 2 = 2 + 2 =
2+ 2) + Q2 = 2) =
2 x 2 X 2) - 2 =6

11
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Q18. BEIMEE (1)
AT B)—ARASEELA R AL ¢

WIS

Q19. BEINEE (2)
AP —IRNMEEELNREIRIL ¢

dxgd=c |

12



Q20. BE)MEE (3)
KIEREERBEHERXANSE @ REBPRINBELSEHBEER—H

) ZESME - BRNOEIESLH °
i) EFEI4ME  BRFNABEDHRE °
iil) 27E 3XAE - B NIVBIEDLHR °
iv) 23 22N BRNEEES -
v) EE4ZNE  BRNCEESLRE -

Q21. BENMER (4)

S —{BEE 40 IRAEEAERREVSF - K/NEBSZHS 30 @.REEiEP
HVGE 9 IRAEEH MEEDP B—EEDLE @ HEZITEUA?

13



Q22. IBEYMEE (5)
S5 EEREHNE - BERRXIBE - NEFE - RZBEIMERXE ?

Q23. FZEYNEE (6)

4 1RE 2 mBYNEER 4 IRE 1 mBYAEE - BAERXBEHEE @ NER
B - a0aMIESHERR 3 BAMEZAR —HKBVIETS HZ 7

Q24. FBENNEE (7)

TURABRIREHINEE - BIERXBEES @ NERET - WARILSHER 4 8
ROER—ERB=F 7

14
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Q18. BENAEE (1)

Q19. IBENNEE (2)

Jxd= |

Q20. FZEPXEE (3)
i)

iii)

0000

[

Qougd
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Q21. BEINEE (4)

Q22. BE)XEE (5)

Q23. BBE)AER (6)

Q24. FBENNEE(T)
IFUEES
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FRSPERENZ

3 1 702 100 BY#%I5
UNEEREZHERSHNNS - SHV/NHEBEMRIBELEZE - AZEMA

JIREBERFICE - EBCFLE - RESESTERB 1 J0= 1006940 -

SR+ R SET R AL SE=ES 5050 - ZEMAS T/ - BSEL
JELO, - SEFREMN TAREREEE - DBiel —REET=+D2IE0E
%’_ o

B 1 7020 7 250 ﬂ%l)

BB 1 J0%l 100 ZF0 :%;100):(50)(101):5050

Q25.f0%8: 3K 2+4+6+8+...+200 2ZF0EYE

Techniques for Adding the Numbers 1 to 100

There’s a popular story that Gauss, mathematician extraordinaire, had a lazy teacher.
The teacher wanted to keep the kids busy so he could take a nap; he asked the class to add
the numbers 1 to 100.

Gauss approached with his answer: 5050. So soon? The teacher suspected a cheat,
but no. Manual addition was for normal students, and Gauss found a formula to sidestep
the problem:

n(l+n)

Total sum from 1 ton =

100(1+100)

Total sum from 1 to 100 = =(50)(101) =5050

17


https://en.wikipedia.org/wiki/Carl_Friedrich_Gauss

BFHIME : E—RUBEH
1. ERBIRAIER

NTURI 520 A6 0 EESHIMTEGCHERIN Y —BMATHNES0EE - BR
FERBIK ., SEBREERHAS - ARMFARATERYIEREEE - XA - B
Pt s  REBHFDH - RELZ @ HAIRKDEHTIER - X1 - PIRIIFER—
ROV BTEIE -
2. [E580EE

B PRRSELEIERE 1 65 HRAKRNRERV2 @ M2 SIEELR
MERHEVLL | E—RIRPEITMA—QNES  EMFAMBINASEIERET K
& ERRAEEAANER  BHBELLEZR 'S —RBESELHK | - BERBIRHENFIR
T RBERMEBR - BHMAINERBRRGZ V2 SELFHIREY - WERRPIEEHNAEE
BEER - & - B (IB0URBERAT (Hippasus ) BIPIHE - ARRE TEM@ " WA 4 M
WIEKE |
3. TEHEEVERR

K#Y 200 & - SHREEIERZS 5TFREN(Eudoxus » FIRTTRY 400 2 347 F ) BRI L
PIEVFTIESR @ EERSREVFFZHSIERHYDIBREELL - (LEE T E— RSB -

Q26. O : BAIVZ REEM - RKE (2 R b RER) - SBH=BR 2 B4
BLE SRSE o

The Beauty of Mathematics: The First Crisis of Mathematics

1. Beliefs of the Pythagoreans

Around 520 BC, Pythagoras established a religious and philosophical organization called the
'Pythagorean school' in Greece. The followers placed a high importance on Mathematics and
believed that the foundations for all things in the universe are numbers. However, the numbers they
knew were only integers and fractions. In other words, they knew only the rational numbers. With
this fundamental belief, they established and proved a series of mathematical theorems.
2. Shaking of the Beliefs

Later, the Pythagoreans discovered that for a square of side 1, the length of the diagonal is+/2 .

However, ~/2 cannot be expressed as a ratio of two integers! This discovery shook violently their
beliefs, and the mathematical theorems established so far lost the basic idea of relying solely on
integers. This event is called 'the first crisis of Mathematics' in the history of Mathematics.

Although the Pythagoreans realized the error in their original beliefs, they still refused to accept

that square roots like+/2 were numbers at all. Further, they were prohibited from disclosing this
discovery. It was said that a follower called Hippasus was thrown into the sea just because he had
disclosed this 'secret' to other people!
3. Solution to the Crisis

About 200 years later, the ancient Greek mathematician Eudoxus (~ 400 — 347 BC) proposed a
new theory about proportion so that many mathematical results previously found by the
Pythagoreans could be established again. This solved 'the first crisis of Mathematics'.

Q26. Given that /2 cannot be expressed in the form %, where a and b are integers,

suggest 3 other numbers like +/2 and cannot be expressed in the form %.

18



T BYEME

BRE= = ((IEEEREERERIDEHS LR —BREZHE - BT K
B = B8 - SFREERTE T ADZEDFOM - BFIBEBE » BfEEATX
RENRARBEDIE © FEXE n REREILLUE -

. PEIFRE(ATT 220-420)FF - ZIFAA "FEMW - BIEZREE2 ST HIE
NEEE—EE - METEITIE 6@ 1E 28 1E 242 ... UE
IE 96 52AZHUEFR - K15 n BU{ETE 3.141 024 Ed 3.142 704 Zf&] ©

2. ”B3FR - BRI KRG © BYETE 3.141 592 6 £d 3.141 592 7 2
B - #RNMBRAEZE S ESEEEE © BT LRFMBAARBBIEMN -
WETERZEIE 24 576 ZEHIEST ©

3. TTHHiICREHSZEERNERANDEBZERGAEKX n 8IE - i
R—E2FEMEDEN - KB n EFEEE 35 /B - TR EILGVE
BOR - BFEIRECHESNSTEDL n (UEESBEEAI/NE

Q27. R7 Bl - WS 11 ENYZ -

The Approximate Value of 7

n is the ratio of the circumference of a circle to its diameter. It is an important numerical
value in Mathematics. Many mathematicians have worked very hard to calculate the value of
n. They understood that the exact value of ® cannot be obtained and tried to use different
methods to find out a more accurate estimated value.

1. Inthe Wei Jin period of China (AD 220-420), the Chinese mathematician Liu
Hui (2l##) invented a method of calculating & by increasing the sides of successive
regular polygons to approximate a circle. As shown in the figure, he used the perimeters
of regular polygons of different sides as the circumference of a circle to calculate the
value of it. He concluded that the value of & lies between 3.141 024 and 3.142 704.

2. About 200 years after Liu Hui, Zu Chong Zhi (f@;$2), in the Northern and
Southern Dynasties concluded that the value of m lies between 3.141 592 6 and
3.141 592 7.

3. In the 17th century, German mathematician Ludolph van Ceulen estimated the
value of m by using a method similar to those of the Chinese mathematicians. By
studying a 2°%-sided regular polygon, he obtained the value of & correct to 35
decimal places. Nowadays, we can obtain the value of m correct to trillions
descimal places by supper computer.

Q27. Find the value of 77, and correct to the 11 significant figures.

19



B EFEE (HPRE)

EZT2F0 - OFEABRR T RIZHM ARV R KK -
ERF%XE1S (Euclid » $JATTR 330 F-275 &) 880 NEERE MV REE
ER—ER 13 EVEF--- (RERE) - EFESANMEBESTRERLEER
BT RFESR - MEERESEMBSERVNEZM - HIA0SEE « LEHIF0IL
BErRfIF o

EXQmENRERIEBEDP  FZ2EANIE - ERRERE - UK B2
BRSNS o
I R —BRANBRIEENMX ERZRmEER/NIE
2. EE: HLEE  WEIFLREBRER °
3. EE: BLENERERLHNRMBEBA/TERE - ISEEYRIFHRE

BT °
MFFBEANHER— - BEESTREBBZEBFE - BOIENLE

2 BRAKSE[EETIBERH o

Q28. SHEMEEF FEMTNRENIE -

Euclid and Elements

Over 2 000 years ago, the ancient Greeks had accumulated many geometric facts, but
these facts were not organized in a systematic and orderly way until the famous
mathematician Euclid did so, somewhere around 330 BC to 275 BC. Euclid did a
comprehensive study of geometry in his 13-volume work, Elements. Apart from
establishing the geometry system using the deductive approach, this big book also
included important concepts in other areas of mathematics, such as number theory, ratios
and proportions, spatial geometry, etc.

In the process of proving statements in geometry using the deductive approach, we
need to use axioms, definitions and theorems. The following are the meanings of these
terms:

1. Axiom: Some statements which are well-accepted facts so that proofs are not needed
are called axioms.

2. Definition: The statements about the precise meanings of some indefinitely terms and
figures are called definitions.

3. Theorem: The true statements deduced from axioms and definitions are called
theorems. The theorems obtained can be used to deduce more theorems.

Like many great mathematicians, Euclid believed that people should learn things step
by step and have a dedicated and hard-working attitude towards the pursuit of knowledge.

He also thought that the road to pursuit of knowledge is not smooth.

Q28. Write down the 5 axioms of Euclidean geometry.

20
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FRSPERENZ

Q25. B9 1 JOZ 100 BYFRI5

2+4+6+8+...+200
=2(1+2+3+4+...+100)

= 2(5050)

=10100

Q26. HBEHIME : F—RYUSTH

V3, T, /300

Q27. = BYEBUE

3.1415926536

Q28. B ERH (HRARE)

/NER

NS

1 EomtTR e

P ERRRAIBIMES R AZEERR ©
NEB 2
N8B 3
NIB 4

—IFERRERY LGB R -
DIERRRORIETHERTYESR -
NEAERIEF o
BFEA—RERMNSZINREERER - SEX —RIBIM

BRAEMN/NSMERAR - BIEMEERIERIRERRESE—RIER -

To draw a straight line from any point to any point.

To produce [extend] a finite straight line continuously in a straight line.

To describe a circle with any centre and distance [radius].

That all right angles are equal to one another."

The parallel postulate: That, if a straight line falling on two straight lines make the

interior angles on the same side less than two right angles, the two straight lines, if
produced indefinitely, meet on that side on which are the angles less than the two
right angles.

21


https://en.wikipedia.org/wiki/Straight_line
https://en.wikipedia.org/wiki/Point_(geometry)
https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Circle
https://en.wikipedia.org/wiki/Right_angle
https://en.wikipedia.org/wiki/Parallel_postulate

Q29. FEMEL

RERT N EHBEREBNEY  CD AT 5 aNEaR 3 2 - B/
BN F—RECFEBEERASE 3 2E - BE/VBIRE CD AE—8MI0E
—_ENMEDBIRSD 7

The owner starts to play a CD album in a restaurant continuously at 1pm. There are
altogether 5 songs in the album and each song lasts for 3 mins. Miss Chow would spend 3
mins in the restaurant between 1pm to 2pm. What is the probability that Miss Chow
would hear the first two songs respectively?

Q30. LHI/AT (Euler’s Formula)

F+V-E=2 F = H(Face) V = ]2 (Vertex) E =3=(Edge)

3l (example) 1
F=4
V=4
E=6
F+V-E =4+4-6=2

TER—(EZEEERBRELK - XEZEREH F~ V
R EBVEE o

The figure shows the nets polyhedra. Find the number of
faces (), number of vertices (V) and number of edges
(E) of these polyhedra.

22



Q31. BREEFEFL B E

SR —ETEZ0ER : B 4 BELTHEMARET - MAmSHEFAEN—EE
iR LESRIS c 10203 . 64 o BAJE 1 5EA Y » RIE 3R/ Y 1tE1FﬂxEBn—ﬂEl
—(EEEEER - REFTN—BA @ EBAREBHERL - FRNWEXITRE

/J‘s)‘“”’ SRR T HRKHTRIE

There is an old legend: 64 soldiers were captured by their enemies and they were told
to form a circle. Each of them was given a number from 1 to 64. The enemies killed all
the war prisoners with odd numbers, that 1s, 1, 3, 5 and so on in the circle. The last one
who was not killed was Josephus. What number did Josephus get? This is called the
“Josephus Problem”.
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Hanoi Tower (Mainland China: Hanoi Tower , Taiwan: Hanoi Tower )
is based on a legend to form the mathematical problem:

Legend of a temple in India has three pillars, on the string of 64 gold plate. The
monks in the monasteries moved the plates in accordance with an ancient prophecy, and
predicted that when the plates were moved, the world would perish. This legend is called
the Tower of Brahma puzzle. But do not know the France mathematician Lucas own this
legend, or he inspired by others.

If the legend is true, the monks need 2 % - 1 step to complete this task; if they can
complete a disk movement per second, it will need 584.5 billion years to complete. The
whole universe is now 13.7 billion years.

There are several variations of this legend: monasteries replaced by monasteries,
monks replaced by monks and so on. The location of the monastery is different, one of
which is located in Hanoi , Vietnam , it was named "Hanoi tower". There are also
background settings such as "gold plate is created by creation™ and "monks move every
day".

There is indeed a "Buddha" ( tower ) building in Buddhism; some of the slaves are
also covered by the above rules. "Hanoi tower" one may be from the Indochina Peninsula
in the colonial period into Europe.

There are three poles A, B, C. There are N (N> 1) perforated discs on the A rod, and
the size of the disc is reduced from bottom to top. It is required to move all discs to the C
bar according to the following rules:

1. Only one disc can be moved at a time;
2. The market can not be stacked in the small disk above.

Q32. If there are 3 discs on the A rod, how many times do you want to move at least?

Note: The disc can be temporarily placed in the B pole, but also from the A rod out
of the disc back to the A rod, but must follow the above two rules.
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Q29. IEMEH

E—BEWDBIFE 1:00, 1:15, 1:30, 1:45 &N - B/IBERBIENGEIRY 3 DiE
AEEFETERE o

oE/INBIEL NFBSEAZRBITRRITE
1:00 - 1:03, 1:12 - 1:18 , 1:27 — 1:33 §0 1:42 — 1:48

3x7
60

R = =0.3

FE_EWMDBITE 1:03, 1:18, 1:33, 1:48 BN o
oA/ NBEL MFEEAZRRITREITE ¢

1:00—1:06, 1:15—1:21, 1:30 — 1:36 [ 1:45 - 1:51

4x6
60

SRR = =04

The first song starts at 1:00, 1:15, 1:30 and 1:45 , If Miss Chow could enter the res-
taurant within 3 mins before the song starts, she would be able to hear that song.

Therefore Miss Chow has to enter the restaurant within the following time:
1:00-1:03, 1:12—-1:18,1:27—-1:33 and 1:42 — 1:48

A, 3xT
bability = —— =0.3
probability %0

The second song starts at 1:03, 1:18, 1:33, 1:48.
Therefore Miss Chow has to enter the restaurant within the following time:
1:00-1:06, 1:15—-1:21, 1:30 - 1:36 and 1:45 - 1:51

. 4x6
.. probability =—— =04
p Yy 60
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Q30. I5hI/AT (Euler’s Formula)

F=7
V=10
E=15

Q31. ARSI N E
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This question is rather easy. The enemies started killing all the victims with odd
numbers in the circle, that is, the 1%, 3™, 5" and so on. After the first round, there were 32
prisoners still alive and each of them was given a new number in the circle. Once again,
all the prisoners with odd numbers were killed.

After the first round, all the prisoners with even numbers were not killed, that is, 2,4, 6,
8...64. We divide these numbers by 2, we get 1, 2, 3...32. After the second round, 16
prisoners were not killed. Hence, the last one who could survive must be number 64.

64 = 2°, it can be divided by 2 consecutively for 6 times. It is also the number from 1
to 64 which is divided by 2 for the most of times. Thus, number 64 must be the one
finally remained. From this, we know that Josephus was the one who was not killed after
the 6 rounds.

If there were 65 war prisoners and the enemies followed the same way to kill them,
would Josephus (No. 64) be the one who could remain alive? The answer is no. When the
first one was killed, that is, the one with number one, the second one to be killed was
number 3. If we took away number 1, there were still 64 prisoners. For the remaining 64
people, the new number 1 was the one whose original number was 3. Hence, the prisoner
whose original number was 2 became the new number 64. As a result, number 2 would be
the one who was not killed.

Generally speaking, if there are 2 to the power k people, the one who is not killed is
the number 2 to the power k. If there are (2 to the power £ + 1) people, the one who is not
killed is number 2. If there are (2 to the power k + 2) people, the lucky guy is number 4.
Therefore, if there are (2 to the power & + m) people, the lucky one are number 2m.

For example, there are 100 people. 100 = 64 + 36 = 2 to the power 6 + 36, so the one
who is not killed is number 2 x36 = 72. Another example is when there is 111 people, 111
=64 + 47 =2 to the power 6 + 47, so the lucky guy is number 94
(2x47 =94).

Let’s modify the question a bit. We ask the war prisoners to form a queue instead of a
circle and we give each one of them a number. We kill the prisoners with odd numbers
starting from number 1. After the first round of killing, all the prisoners are given a new
number starting from 1 again and repeat the same procedure. Will Josephus (number 64)
be the one who is not killed in the end?

The answer is yes. The last one left is still Josephus.

If there are 65 prisoners, the one left is still Josephus. If there are not more than 128
people, that is, number of people less than 2 to the power 7, the one left in every round
must be Josephus (number 64). It is because from 1 to 128, 64 is the number that can be
divided by 2 for most of the times. What’s more, the enemies kill prisoners with odd
numbers and those with even numbers are not killed. Thus, the one whose number is 64 is
always the lucky guy who has the narrow escape.

27



Q32. RO BREZHNAEER 3 BEBBENEIS—IREF 7
eal

EHENRD  —REFHER 8 RVFEBY 255 R WRBFHER
10 - sxAVERE 1023 R - WRBIHBER 15 ROFBE) 32767 R ; EfE
- WR—EALE 3 BRR 99 6% - BXBH—HER - tRSIEERH) 15 -
WMRBEFHER 20 FAOFRE) 104857520 BliBRY —B8R -

—MRMS > A 2" - 1 lE—RTIKERDIBEIZRE ©

In real toys, the general N = 8; at least 255 times to move. If N = 10, move at least
1023 times. If N = 15, at least 32767 times to move; that means that if a person from 3 to
99 years old, every day to move a disk, he can only move up to 15 blocks. If N = 20, at
least 1048575 times to move, that is more than a million times.

In general, we can use general form 2" — 1 to find the least number of move.
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Q33. DT 1

Albert A0 Bernard fIfflF0 Cheryl 53 T BR& @ #B{F9R8%058 Cheryl 894EHH
HA » Cheryl ER#&#GMEAHETIBEBHA :
5B158-58168-58198
681786818 H
7B148-~7816H
88148 -88158-8817B

Cheryl DRIESER Y Albert fth4E BEYFE140 F0E555 Y Bernard $th4= HEYEF ©
& Albert FiFRM : FAKDE Cheryl BVEH » {BFX0E Bernard IAEZ%05E o

Bernard [@& : —FBEAKIE Cheryl B9EH » IREFHRIES ©
Albert H[O1& : BEFEMBADE Cheryl BIEH T o

7% » Cheryl V£ BERF 2

Albert and Bernard just become friends with Cheryl, and they want to know when
her birthday is. Cheryl gives them a list of 10 possible dates,

May 15 May 16 May 19

June 17 June 18

July 14 July 16

August 14 August 15  August 17

Cheryl then tells Albert and Bernard separately the month and the day of her birthday
respectively.

Albert : I don’t know when Cheryl’s birthday is, but I know that Bernard does not
know too.

Bernard : At first I don’t know when Cheryl’s birthday is, but I know now.

Albert :  Then I also know when Cheryl’s birthday is.

So when is Cheryl’s birthday ?
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Q34. #fTiA 2

NBRSI0KM - BEElE 8 A~ FZik ~ BRESTEBRAPHKERIEEER
S —REEETH)  MEARESXEBRIFREY) - IRE/NREIFE—EX
A BRAYLIFEMR - {RAe#RE)/\BRIC B S BEAL L3RI 7

Siu Ming took part in a lucky draw. If he could find the real gold coin (the heavier
one) from 8 pieces of gold coins which were exactly the same size, shape and color, he
could get that real gold coin as the prize. Siu Ming was given a balance and he was
allowed to weigh twice. Can you help him find the real gold coin?

Q35. DHTRE 3

—(BEREREET 20 % - ZMET 1000 FEE - RIREEMIRBLES - RAE
BERFRERHILE - RATEHEP—BERPHEET B LREKE 10 25%46Y
ZE o AR ESR  BREEITHWEMRIIEEME @ BESHAPNE—F
2 NEEMES - 2 20 N - BHED AT URN—RBEKLIE T 6052
e ?

A pharmacy bought 20 bottles of pills and each bottle had 1000 pills. Later, the
pharmaceutical company phoned the pharmacy and said that all the pills needed to be
inspected before selling them as they had put the wrong pills in one of the bottles. Each
pill in that bottle weighed 10mg heavier than the pills in the other bottles. The pharmacist
was furious after knowing this. It would be very troublesome to find out the bottle with
the wrong pills since he had to take one pill from each bottle and weighed them one by
one which meant that he might need to weigh 20 times. Can you think of a method that he
only had to weigh once to find out which bottle contained the wrong kind of pills?

Q36. DT 4

—IFEAIBSHEEIRY) - SEYIBIRARE 28 Tt © EI&% 31 JT - EFE
Afgt 100 STREEARY)  BRERRKBZE - EaEhiRy 100 JTZE -
I $%0 69 TTHEEFEEA o BREHFEIRFZ 100 TTEREY - ERERE 100 JTTEHG
#13h - R RBIEERFERZL?

A young man went to buy a present one day. The cost of the present was $28 and the
selling price was $31. This young man paid it with a $100 note, but the shopkeeper did
not have enough change. Therefore, he went to look for change from his neighbor. When
he came back, he gave the change to that young man. However, his neighbor found that
the $100 note was a counterfeit. If the boss needed to return $100 to the neighbor, how
much loss did the shopkeeper suffer altogether?
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Q33. /HTRE 1

ELRGHEBSP » RBE 1885 19 BEIRB—N » 112 Cheryl £BBF
& 183X 19 B » AR%05& B389 Bernald FiEEIBEIED © —EXIE Cheryl (VB ZE
EISIEISR

#3{0] Albert STE Bernald AX05& Cheryl 89EBHIR? 20 Lt - RA SBF 6 A
PERBIRB—XREBEF 18 BF0 19 B » 205EBDHY Albert FHASHIET - BIE
Bernald B2 55 EMVIRIE - FIAMEIEB—FE=R 7B A °

Bernald BUEREEHIRAENS - BARE 7 B 8 BRI SBEFP » RE 14
BHIREMZR » 20E Cheryl 58F Bernald BB B2 14 B » 0 Bernald Zf
RBETRER Albert B)—T5E @ BEIMAVEHB S - FIABTREHIHSF » RETR
78168 ~-88 15888178 -

£ Bernald 5R55%% + Albert tHX1i8 Y Cheryl 894 H & KIR Cheryl 894 BRB1R
AOgEE 8 B ' A S AEmETREE 5 - 7 BaIRE—EasEt -
FINBEE 7B 168 °

Albert is told either May, June, July or August.
Bernard is told either 14, 15, 16, 17, 18 or 19
Let’s go through it line by line.

Albert: I don't know when Cheryl's birthday is, but I know that Bernard doesn 't know too.

All Albert knows is the month, and every month has more than one possible date, so of
course he doesn’t know when her birthday is. The first part of the sentence is redundant.

The only way that Bernard could know the date with a single number, however, would
be if Cheryl had told him 18 or 19, since of the ten date options only these numbers appear
once, as May 19 and June 18.

For Albert to know that Bernard does not know, Albert must therefore have been told
July or August, since this rules out Bernard being told 18 or 19.

Line 2) Bernard: At first I dont know when Cheryl s birthday is, but now I know.

Bernard has deduced that Albert has either August or July. If he knows the full date, he
must have been told 15, 16 or 17, since if he had been told 14 he would be none the wiser
about whether the month was August or July. Each of 15, 16 and 17 only refers to one
specific month, but 14 could be either month.

Line 3) Albert: Then I also know when Cheryl's birthday is.
Albert has therefore deduced that the possible dates are July 16, Aug 15 and Aug 17. For
him to now know, he must have been told July. Since if he had been told August, he would

not know which date for certain is the birthday.
The answer, therefore is July 16.
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Q34. #fTiA 2

2 UUHE » AG $R) ~ BG 52) ~ C(1 52) ~ D(1 #)

PSS 1 R A#HEE B ¥R —
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TN - E18E - Bl FRE ; &40 ' IRERE -

Divide the 8 gold coins into 4 groups: A (3 pieces), B (3 pieces), C (1 piece), D(1 piece)

The first weighing: Put A and B on the balance
The second weighing: If A and B are the same weight, then put C and D on the balance.

The heavier one is the real gold coin. If A and B are different weights, take the heavier
group and further divide it into 2 groups (E (2 pieces) and F (1 piece) ). Then put E on the
balance. If the 2 coins are the same weight, F is the real one. If they are different weights,
the heavier is the real one.

Q35. DHTRE 3

REUERT—MZ—RLIRIBE 1 FIE) @ ARIZREVIRESE LIS
B BISE 1 A= 1 #U%E - 55 2 IREESE 2 K - QOLLARHE - AR—HALER - R
R 10250 » Bl 1 #hR88 » 2 20 =5  BI5E 2 #R/REE - ROLLARHE -

We label the 20 bottles from 1 to 20. Next, take 1 pill from the first bottle, 2 pills
from the second bottle, 3 pills from the third bottle and up to 20 pills from the 20" bottle.
After that, we weigh all the pills together. If the total weight is 10mg heavier than the ex-
pected weight, then the first bottle contains the wrong pills. If the total weight is 20mg

heavier than the expected weight, then the second bottle contains the wrong pills and so
on.

Q36. DHTE 4.
BROEE = A + HIBIVEER = $97

Loss = Cost + Change = $97
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W—HLAADR v i - DS oIRES) - EXMAFEISIE R - TR
NREE:
_u’sin26
9
BP0 RR v EAMERIRE - g REE °
0 BEZDTRERE RFERKE?

R

When we project an object with initial velocity v, the object will follow a parabolic
path. The range (R ) can be calculated by using the following equation:
u’sin 26
g
Where 6 is the angle between initial velocity v and horizontal. g is a constant.
What is the value of & when R is at maximum?

Q38. [HIERER

R =

X A y =—x*+11x-10

[\ A

UNEMER LB ERTaEa0E ?

A. 755 B. 91.125

C. 115.125 D. 121.5

Which of the following is a possible value of area of the shaded region in the above
figure?

A. 755 B. 91.125

C. 115.125 D. 121.5

33



Q39.

_ log(L+F
SO =142422 427424 +2% §) T = [2AL*F)

log 2

Let F=1+2+22+2°+2*..+2% and T = /% , find the value of T'.

Q40.

» K THIUE -

Eabcd=10°5
i 1 N 1 g 1 N 1
l+a+ab+abc 1+b+bc+bcd 1+c+cd+cda 1+d+da+dab

X K B8 °

’

Letabed=1. If
1 1 1 1

= aF =+ + 9
l+a+ab+abc 1+b+bc+bcd 1+c+cd+cda 1+d-+da+dab

find the value of K.
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Q37. 1aEREHE
e u’sin26
' g
HpuilgBRH -
.. Rocsin26

220=90"FF » sin20 ZFRRAE - Bl RINEHETAE ©
. B 0=45"°0F » RINEE&RAE -

u’sin20
g
where u and g are constants.
.. Rocsin20
When 20 =90°, sin 20 attains maximum value, therefore R attains maximum
value.
.. When 6 =45° | R attains maximum value.

...R:

Q38. y=—x*+11x-10
X (put) y=0
0=-x%?+11x-10
x=1 g{(or) x=10
Ef& (area) = fo(—x2 +11x —10)dx

=11 0 B
=D

Q39. F=1+2+22+2°4+2% .+2%
100
I )
2-1
S—pn

100
T:\/Iog(1+2 1)

log 2
9 |Og( 2100)
log 2
S 100log 2
\ log2
=10
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Q40.

1 1 1 1
= + + +
l+a+ab+abc 1+b+bc+bed l+c+cd+cda 1+d+da+dab

d 1 b 1

T ) R e e e W

d 1 b 1
= + + +
d+ad +abd+1 1+b+bc+bcd b+bc+becd+1 1+d+da+dab

4 1+5 b 1+d
l+b+bc+bcd 1+d+da+dab

_ a(l+b) N abc(1+d)
a+ ab + abc + abed abc + abed + abeda + ababed

B a+ab H abc + abed
a+ab+abc+1 abc+1+a+ab

_a+ab+abc+1

" l+a+ab+abc

=1
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