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B A AR (L 3)
Question paper of Primary Heat (Written)
Q 2)
2018 VB XA BIMAHe: B - BIALEFHEHLS 5 H - BNAT AL 2 B EEKD

IREICER 32

[(3:a vt 53305 al®=axaxaxaxaxaxaXaxaXal

rs

V3 .

(2 marks)

2018 can be expressed as the sum of two parts. The first part is the tenth power of a whole number and
the second part equals to the product of 3 whole numbers. Find these three whole numbers.

[Note: The tenth power of @ means al® =aXxaxaXaXaxaXaXaxXaXa]

Answer:

@ &)
i N Z-Bd4idk>vd 4 Brfpadicx e ¥ N?W}t27i§",!rt °
RN g T

0N b ] v i g s

(2 marks)

It is given that N is a 4-digit number made up of 4 different numerals. N is also divisible by 27.
Find the least possible value of V.

Answer: The least possible value of NV is




@*)

Bz faufi s 4 Bt » BEADR
A EE A BT o

dool Flend e i 1R o RARIRA o & A F
ﬁg-ﬁ;t o

.

4%

HAL G fHF R IR H =

¥ = /Figure3

(2 marks)

Figure 3 shows a regular hexagon with side 4 cm. The centres of the six circles are located at the six
vertices of the hexagon. If the radius of the small circles are all 1 cm, find the ratio of the area of the
shaded parts to the area of the solid parts.

Answer: Area of the shaded parts : Area of the solid parts = :

@2)
A S d Josh A TR 2 o S - PRI L RS - | BT o ok ] AP
FHERE SR s kg TR REE 6 R/ A B R o

\

£ Jospdifcp 2 B APIE A

(2 marks)

Adam and Bill walked from Town of Peace to Sunshine City. Adam started an hour earlier while Bill
arrived an hour earlier. If the walking speed of Adam was 5 km/h while the walking speed of Bill was
6 km/h. Find the distance between the two places.

Answer: The distance between Town of Peace and Sunshine City is km.

10
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(2 marks)

Joyce started walking towards the north for a certain time. After a while, she turned 90° to the right
and continued to walk. After some time, she turned 270° to the left and continued to walk. Finally,

she turned back and walked. Which direction was Joyce walking towards finally?

Answer:

Q 2)

Z B F B A 132 0 dek B A chfiot ¢ B andics 48 i ez B Ek e

(2 marks)

The sum of 3 different prime numbers is 132. If the greatest number exceeds the middle number by

48, find the 3 prime numbers.

Answer:

11
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(3 marks)

There is a rectangular box and its base is a square.  Its volume is 288 cm®. It is given that the length,

width and height in cm are all integers.

(@) List one possible dimension of the box.

(b) How many possible dimensions of the boxes are there?

Answer:

(a)

(b)

12
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Question § (2 marks)

There are some marbles in a box. Father takes half of them and 2 more, then mother takes half of the
marbles left and 3 more. Then little brother takes % of the marbles left and finally there are 3 marbles

left in the box. How many marbles are there originally?

Answer:

Q A)
EE X B AEED 22 R AR - BEHRBIESZ AR XEKF AW L
H#EcF 132 15) -

telgs | ] 2 3 4 5 6 7 8 9 10

p X | @ # $ % | * I '@ | '# | !$

Ll 11 12 13 14 15

inXxE: | 1% | @* | @! | @@ | @#

A Aair {®e o NG ORI AREIRX P AT N R TR R R
#+  Z
i

Fouhkak X el s k&7 inen¥

Eid

13



(2 marks)

In Planet X, the people there count numbers in a different way. I have made a table for comparing the
decimal number and Planet X’s number (from decimal number 1 to 15).

Decimal
1 2 3 4 5 6 7 8 9 10
Number
Planet X
| @ # $ % | * 1 | @ | # 1'$
Number
Decimal
11 12 13 14 15
Number
Planet X
% | @* | @! | @@ | @#
Number

There are ## pieces of stone in my pocket originally. My friend from Planet X also gives me ##
pieces of stones. How many pieces of stones shall I have finally?

Please use number system in planet X to express your answer.

Answer:




@ &)

P EI A 2 heT A3 id | B A oo AR G d 2 B Kk
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~

Iy
=
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dod % N B#cchdic® 5 0.999 0 K No

(2 marks)

A sequence is formed in the following way: the numerator is the sum of the consecutive odd number(s)
starting from 1; the denominator is the sum of the consecutive even number(s) starting from 2. In the
first number, there is 1 term in both numerator and denominator. In the second number, there are 2

terms in both numerator and denominator. You can refer to the following table for reference.

Sequence

First Number

1

2

Second Number

1+3
2+4

Third Number

1+3+5

2+4+6

If the value of the N number is 0.999, find N.

Answer:

wuje )

15
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(2 marks)

How many rectangles are there in the figure which are similar to ABCD (excluding ABCD)?
Answer:

Q2 A)

- 'l%%”r R BaFX s (% 12) LT o v 24T AT o
AR g o efde F X ik B 4%1T 2,000,000 -

(2 marks)

A new kind of bacteria X is born today (Day 1). It duplicates itself by every 24 hours. At which day
will the number of bacteria be closest to 2,000,000?
Answer:

16
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B+ = /Figure 13

(2 marks)

There are 64 small cubes all painted in white and are arranged to a larger white cubes 4 X 4 X 4 in
dimension (Figure 13). Some faces of these small cubes have been painted in black. Find the least
number of cubes that should be totally painted in black to ensure that it is not possible to hide all the

black faces on the 4 X 4 X 4 white cubes by any re-arrangements.

Answer:

17
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é,___

(a)

(b)

B 5X5 dibrie b0 Gw o ol Sl b A T ArA R - AU R S B @
wBlLeaid LB g Bt b

-----------------------------

]+ = a/Figure 14a Bl = b/Figure 14b

Ao ST ol SR Y - IR T b L R BT A R T R 5 N ER 6T
SRR Ty

YRR AT R E AL E - B A g il i - RN e B
A R R 1T R A R LS P S

Question 14| (4 marks)

Ona 5 X5 geoboard, you can connect 2 dots to form a line segment by using a rubber band. Some

line segments will cross over other dots, as shown in Figure 14a. Some line segments will not cross

any of the other dots, as shown in Figure 14b.

(a)

If all the line segments must be connected to the upper rightmost dot A. How many possible

different line segments can be formed if they cannot cross over any other dots?

(b) Now you can choose another dot on the geoboard and all the line segments formed must be

connected to this new dot. What is the maximum possible different line segments that can be

formed if they cannot cross any of the other dots as well?

Answer:

(a)
(b)

18
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(b) sFF- BF 55 BE &P N F -

Question 15| (4 marks)
A triangle can have at most 1 right angle and a quadrilateral can have at most 4 right angles.

(@) Please draw a hexagon with 3 right angles.

(b) Please draw a non-symmetric octagon with the greatest number of right angles.

Answer:

19



4 &)

PRF -MEAAATHER P JEA R Z PR BT 3R bE R hlErs B o U R
@f—?én\;ﬁk\%;xﬁgﬁqmgujggoéL'r*F;i_}iﬁ;FK{“'Eﬁi-ﬁﬂ’fﬁ?fiﬁgjh T+ ~T— v T
Ty & T= gt FRE AN o b F 4T

Y B RFE
1X2+3—-4X5+6= 11
1+2+3Xx4X5—-6= 114
1X2%x3+4—-5Xx6= 30

oA P AFRE SRS AR BT T3 005 T+ 0T T
2 T=, R Rhrr o

EE OB R AR B o @2 Mt i IR T Sl 80

(@ 27
(b) 38
() 19
(d) 31

5]

(a)
(b)
(©)
(d)



(4 marks)

John has a very basic calculator that has few functions and displays the results in a one-line LED screen.

It can be called a "four-function" calculator since it can only add, subtract, multiply, and divide. All

calculations are sequential and the answer will be displayed immediately after you have pressed the

“ = e “+ and “=" buttons. Examples are shown below:
Key sequences Final Display
1X24+3—-4%X5+6= 11
1+424+3%X4%xXx5—-6= 114
1X2X3+4-5%X6= 30
One day, John discovers that most of the buttons are damaged and only “3”, “57, “+”, “="_“X" and

“="buttons are still working.

Can you find out the key sequences so that the calculator will finally display these values?

(@ 27
(b) 38
() 19
(d) 31
Answer:
(a)
(b)
(c)
(d)

21



@ 2)
IR L#Rie- B 0 1100 2 FadeF (45040100 & 7 2 ] #) o325 97 5 c
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Question 17, (4 marks)

Every team is required to provide a number between 0 and 100 (including 0 and 100, decimal number
is also allowed). The average of all the numbers collected will be calculated and then be multiplied by
0.8 to get a number C.

The 5 teams that provide numbers closest to C will get 4 marks.

The 10 teams that provide numbers furthest away from C and the teams have not provided any number

will get 0 marks. All the other teams will get 1 mark.

Answer: Number provided is

@4 2)

AT D C N AMBIE AR R AL PR T o foow 3E AD KA BB
(@ &=

i
®) % -
€ =g
@ %

% (F 4B A5 2 AR )

Question 18 (4 marks)

Without using ruler, tearing of paper and drawing any line, fold the four pieces of AS paper,
respectively, into

(@) asquare,

(b) arhombus,

(c) aparallelogram, and

(d) akite.

Answer: (put the folded quadrilaterals into the folder)

2> ¥ % [End of Paper]

22



1 FAE (23) 2T ES
Suggested Solutions of Primary Heat

wz BEERL 27,71 o (BXERERER)

R
S
The three integers are 2, 7, 71 = (Accept any possible answers)

Nebo | v Ed 1026 -
The smallest possible value of Nis 1026.

MAMAGHF FImAaH =1:20

Area of the shaded parts : Area of the solid parts = 1 : 2.

freddh fo B 235 4pEE 60 22 o

The distance between Town of Peace and Sunshine City is 60 km.

| #Ey M e

Joyce was walking towards North / N .

Tz B FEE 2,41,89 -
The 3 prime numbers are 2, 41 and 89.

(@ £FH° - @7 et <1 &

The possible dimensions of the box can be,
1 cm X1 cm X 288 cm
2 cmX2cmX72 cm
3 cmX3 cmX32 cm
4 cmX4 cm X 18 cm
6 cmX6 cm X8 cm

12 cm X 12 cm X 2 cm

(A ¢ -~ 2% %) (Any one of the answers above)

23



(b) £F37iF 6 7 ki o

There are totally 6 different possible dimensions of the boxes.

8. f£FRAjF A+ 32 ko
There are 32 marbles in the box.
9. AEpe ! PTG AmXadks kiFmaEk o)
I will have !!* (in planet X number system) pieces of stone.
10. N =999
A B
D C
11. FI¥ 2 ABCD 4 20 = 25(% 7 £ % 2 ABCD 2 #H)% 4 16 i -
There are 16 rectangles in the figure (excluding ABCD).
12. &% 22 % apriz > iofdio A X odicl B31T 2, 000, 000 -
On the 22™ day, the number of bacteria will be closest to 2,000,000.
13 "8 OB 2 M2 P2 a s 2d g PR EATAF ™73 i 2IMFET
NEAm A B AEdxdAxd et 2 EAG o
The least number of cubes that should be totally painted in black to ensure that it is not possible to
hide all the black faces on the 4 x 4x 4 white cubes by any rearrangements is 9.
14, (@) KA D > 7 13 0572 € 58H B 07 b AE o

From A, there can be 13 possible different line segments to be formed given that they cannot
cross over any other dots.

(b) 4wk X3 =@ UF] - d Tie—- BEIF B ST A 18 EF £ FTHHE B N7 AR
Starting from any points, there can be 18 possible different line segments to be formed given
that they cannot cross over any other dots.

FLim F & A V4 A) © Detailed suggested solutions please refer to Appendix (A).

24



15. (@) 3&- BF 3 BE & if9) 0

Please draw a hexagon with 3 right angles.

°
Y

°
®

N

b

BHWERY

(or any other reasonable answers)
©) - B b5 BE &

Please draw a non-symmetric octagon with the greatest number of right angles.

RS

(or any other reasonable answers)

16.
B {8 B E T AR (BEHEB £E %)
Key sequences Final Display (Accept any possible answers)
a. 27 5Xx5+5-3=
b. 38 543=x5-5+3=
c. 19 3+3=x5-5-3-3=
d. 31 543=x5-3-3-3=
17. &5 CA _ o (HH 2 B3 A7)
Number provided is . (The mark depends on the number C calculated.)

18. w5 % 4 %it4HB) -
Detailed suggested solutions please refer to Appendix (B).

25



“145-(A) Appendix (A)

% 14 32 Question 14:

Total 13 lines

X4 1364

Total 16 lines

AN O N ¥ N

19p]

[}

=]
,ﬁ o
¥
e
%o
Lo o]
— —
-
s (@)
K=




»n
)
=
o
—
o]
—
—
o]
+
@]
B

Total 18 lines




"“+45-(B) Appendix (B)

% 18 32 Question 18:

& > A3+ Square
JiE—
Method 1; A = D
!_I90°
I’ll i
!
i 1
‘, i
452" -
’, 450 -rlgo
B F c
3 AB#3 4o BC £ & ¥ Form E by folding AB to BC ;
#E;#EF L2 BC; Fold EF which is perpendicular
AgLw Fiv to BC ; Unfold BE.
E
: A " M D
Method 2 : # 45w45° !
/7 45745%\ |
‘\\ /II : \\\ /'” I
<1 X
1r‘,‘ \\\\ i /,, \\, S
~ | ,’ |
N 451 45%
SRR
B i N i c
# AB#EZ4rDCEHIL+EFM; FoldAB to DC and @
## BNfe DM 2 fcMN £ & unfold.
# AMf=CD L - MN £ & Fold BN and DM to

FREFIREY Lm0

Most of the participants used the above methods to fold a square.




A M D
PR 1
,/ 1 ~ I
. 1 s 1
e 1 ~~ 1 bEo_-__ | I
.7 1 ~ 1
~
,/ 1 ~ I
- 1 90° RS !
< jul >
pg\_ _________ , _________’$Q
~ -
~ 1 e
~ -
~ 1 e
~ -
~ 1 -
So 1 -
-
o 1 -
-
~ I -
S L7
B N C

# AB#B I o DC € dp s 47 B % MN
# ADBI o BC £ & x4 E PQ;
4% PM ~ PN ~ QN = QM

Fold AB to DC and unfold.
Fold AD to BC and unfold
Fold PM, PN, QN, QM.

FFEPFILEY LS ZEEA > L FE AP B AL AEE L FRETLI Y
Mg e B e AL FA VAR PENBPAERI BB FAEY PRS-

Most participants used the above method to fold a rhombus. But some participants started by
folding a square first, and further folded it into a rhombus. A few participants observed that
the process of folding a paper crane could form a rhombus. This shows that they observe daily
life objects with a geometric perspective.




HiE— A M D
Method 1: ,,” N‘\\
45° T
P 0\25-" ---------------- :’-/-J Q
C
a % T3 EPQ
# AD 1o BC £ 4 L4 R 18 P Fold AD to BC and unfold.
$+ PA~PBIEIfcPQ £ X FM-N; Fold PA and PB to PQ
0 an o PQ.
QN f= QM
HE Fold MQ and NQ.
Method 2: A M D
: 90°
P I - Ha
B N c
7 ADIFIfrBCEH T FFPQ;
FBMN L% PQ; #5 PM ~ PN ~ QN = QM
Fold AD to BC and unfold.
Fold MN which is perpendicular
to PQ
\\ \
\\\ ‘\‘
~o \\\\ \\‘

FERE® TR EBHA 0 FRREHFGUEFEIRBALN T D
Various methods used by the participants indicate their knowledge about kite is far beyond
primary school level. '




T 7w 35482 Parallelogram

................................

N
N
N
N
S
N
N
5
Ed
4 s
4 ’
s ’
s ’
s rd
- —————— —€———
A ~
~ N
N N
N N
~ N
hY

P REH45°0F 5 A 4 T (TRl o
RS ERLL Y Y B A el e
Participants usually formed a pair of parallel
edges by bisecting two right angles.

A few participants even used the properties
taught in secondary schools.




§ Lz BB S HE AR R B

T B R — S RN B2

-Rr=2zF
The 13th Hong Kong Mathematics Creative Problem Solving
Competition

for Primary Schools

Final Cum Invitation Tournament

Mathematics Problem Solving Experiment and Debate

Between One Dimension and Three Dimension
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B2 (Meh#c® ) Section A - Mathematics in Paper Art

Lo (10 &) = - 3B » WEF Rend 38> 7 0@ 0 2 B ensOERE) o Mol %
LIRS R sl
(10 marks) By folding and cutting a paper repeatedly, we can obtain a 3-dimensional paper

art model. The volume of the paper remains unchanged but it will occupy extra space.

A - Y
Model 1 Model 2
@ 1
Figure 1
(@ ¥~ R EDHA - fohicdl - A ik B e
(*®eh= -] § 16 cm X 20 cm )
Please calculate the space occupied by the paper art Model 1 and Model 2 provided. (The

dimensions of the paper is 16 cm X 20 cm.)

(b) FHRHI- A S AT - BRI E PR T R
Please follow the pattern from Model 1 to Model 2, create the next model and calculate

the space occupied by this new model.

(©) Fp* st e Rl Mk o

Please make this paper art model using the paper provided.

2. (6 4) FEA- LRTE o HA L D e g i
(6 marks) If the model pattern goes on, what would the models look like? Please describe the

trend of the models.
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o W (A% 5#E ) Section B — The mathematics in paper ring

1.

B 2a B 2b

(6 )% @ 5%12 cm X 16 cm4EA; A5k > 3Bl 2a {rB 2b p =T > ¢ B I3 152 &7 R
TR 3 SRR Y A AR A T P Fat R o(F 0 ERGe R )
(6 marks) You are given 2 pieces of rectangular paper. Please cut the paper into paper rings

according to figure 2a and 2b. Please estimate the largest possible length surrounded by the paper

ring. Explain your answer, with diagrams if necessary.
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2.

(6 ) FPH2 B2 FHenHlREELRF F, Tonife > £ T &y 4 5 > UH
2b Koo (B2 S~ 2 47 a0 fs‘ll"ﬁ’i? -7 FE)ERSFET 10 7 o Aok FIF K
BOE AR R RS- BRI RRaG AR iv AR o o
HOE A R
(6 marks) The lengths of the 2 pieces of paper ring are different. It requires many steps of
cutting, too. In figure 2b, you will need 10 steps in maximum ito cut the pattern, given that
you need not to turn around in each step.

Please improve the design of the paper ring or the cutting process such that the width of
the paper ring remains unchanged.

Please draw a diagram to illustrate your solution.
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3.

(8 A)irk &% - R A4 AT - 52 ¥R ATk R B FEL < shie ek B o

T oldeie #4E (2) drptae e 9

(8 marks) You are required to cut a paper ring from a piece of A4 paper and make it as

large as possible. Your design of cutting can be based on the result of Q.2.

ONE RS FE T RS EE R
Please draw a diagram to illustrate your solution.

(D) ot chA4 HK3E > R BF L SR € 4k B R B iR o
R FRTRNE E AR AN RSt A EN A S HEER ey R
S A ETROPAE
% & T bdp P R R R L 2
Please make a paper ring with the A4 paper provided. This paper ring will be used to
surround an object provided by the judges. Marks will be given to the team who made
a paper ring successfully. Bonus marks will be given to the team having the shortest
paper ring to surround the object successfully or the longest paper ring that failed to
surround the object.
* Each team can only observe the object from a given position
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1= 3 48 f% Suggested solutions

v R (M 3pen#ic® ) Section A - Mathematics in Paper Art
1.

A - 3 =
Model 1 Model 2

(@) #-Al- #7ikdRe3 B Space occupied by Model 1

- B)E)E) -0

BAl = #rik gz B Space occupied by Model 2

- () ) ) (1 +3x3) =275 ems

(2+2)
(b) #3] = #7ikdx 7 B Space occupied by Model 3
— (22)(2%) (e 3.9 = 3
=) ) (1+5+5) = 303125 em @+)

() ™ *ift ehikd Hoalig &k

Please make this paper art model using the paper provided. (3)



e
J5:

Remark:

%ﬁ;}%i‘g by e ”ﬁ L

The space occupied increases but bounded by an upper limit.
AR AR R E A2z

The no. of cuboid increases is 3 times of the previous one.
o Ao e R AR AR AL Y - ST 4o 6 3/8

The space occupied by the cuboid increases is 3/8 of the previous one

Ak b T = £ 1848 The shape tends to be a tetrahedron

p #4piz Self-similar

There are other possible solution for questions 1 and 2.
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1.

z 3R (A 3k # % ) Section B — The mathematics in paper ring

8] 2a Figure 2a ] 2b  Figure 2b
B] 2a Figure 2a
Ak eh~ 5 & & The length of the paper ring
=(8 emx2+ V22422 cmx 6x2)~ 499 em.

& or
=B cmx2+ 28 cmX6X2)~49.6 cm
= T Lower limit of the acceptable range

=B cmx2+4+ 2cmXx6X%X2)~40 cm

(1+1)

w



8] 2b  Figure 2b

Ak eh~ )& & The approximate length of the paper ring

=8 ccmXxXx2+4 cmX3+

)

or

62422 cmX 6 =659 cm

=8 cmX2+4 cmX3+63 cmX6=658 cm

BETA

Lower limit of the acceptable range

=8 ccmX24+4 cmX3+6 cmX6=64 cm

- —

—— - —

—— i —— —

(1+1)

- —— o — — -

(1+1)

o



BNOESLE  CPRER I Kt s SR EIRIC: i 3

Both figures above reduce the steps of cutting and ,at the same time, increase the
length of the paper ring.

=~ Blen& & The length of the figure on the left

=V42 +22x4%x2+12% 2 ~59.8 3)

+ Bl =& & The length of the figure on the right

=v102+22x4+12%x2+8~ 728 4)

RAB TS TR i

Fold before cutting can also reduce the steps of cutting. (2)

=



3.

(a) ¥ M@ Design

BARERLIFT XU A BE DAFE

If the width is reduced into half, the length of the paper can be doubled

(b) Kk~ FlEFr2a ¥ k&
Paper ring with shortest length that can surround an object
AIR S EED 2
Paper ring can surround an object
Y TIPS P TR S
Paper ring with the longest length that cannot surround an object
NS AR D 2 R
Paper ring cannot surround an object
7o gl KR

Fail to make a paper ring

(1)

(2)

(5)

(4)

3)

(2)

(0)

N
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YRR (L)
Question paper of Secondary Heat (Written)

mie )
¢ 42015 x 2016 x 2017 X 2018 +k % - = 2> > #co 4ok k- BT F#c> £k ado)

L
B ©°

(2 marks)

It is given that 2015 X 2016 x 2017 X 2018 + k is a perfect square. If & is a positive integer, find

the least value of k.

B2 )

TE nl=nxm-Dxm-2)x..x1)» 2 n E -
[EZ] "I

5!'=5x4x3x2x1=120

% x5 2018« B x pHFRES SR TR 2

(2 marks)

Definen!=nx(n—1)x (n—2) x ... x (1), when n is a positive integer.
For Example,

5!'=5x4x3%x2x1=120

Let x be 2018!. How many zero digits are there at the end of x?
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B 32 A4)

TG - F R PR G B S R AE B S R R REF LD

& o 20 o 5 ikt - BaFuafhie s o

TEEELE REET R

1 l?‘_;

1-2 & &

1-8 LAEELELLE
NSNS NS o NS NS N

1-16 LEBELBELLBEELLELEREL
NSNS NS D NSNS D D NSNS S NS e s S

é‘u—,w.l..fréﬁm.l-._fgg ,;P‘_&;tz_glf',ﬁ;?ﬁ‘?

(2 marks)

Mrs Ng has a son and a daughter, Bill and Amy (B & A). She does not earn a lot but she will give
pocket money either to Bill or Amy at the beginning of each month. She designs a fair way to give

the pocket money.

18t to n™ month Who gets the pocket money
1 B

1-2 BA

1-4 BAAB

1-8 BAABABBA

1-16 BAABABBAABBABAAB

Who will get the pocket money at the 40™ and 41 months respectively?



B4 )

LR® ABCD - B L 5 10m 3 hit » A5 dodk = &35 ABF g ff 236 T 2 o f > R
CE e R »

(2 marks)

In the figure, ABCD is a square with side 10 cm. If the area of AABF is 36 cm?, find the length of
the side CE.

A D
E

F
B C

HE 52 A)

AFY DR 4 BRSNS A= AT ek A2 E S 13RS A 4 BT

e 2B o ek et

Question 5| (2 marks)
In the figure, 4 congruent right-angled triangles are arranged inside a square as shown. If the larger

square has side length 13 cm and the radii of small circles are 2 cm, find the radius of the larger circle.
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mde )
B¢ g e £0 (Tp oo g - WS B ERUHII B BB h Y - B o
FHGRI - v e vEBT 8L g §35E g

dok oo AR AR PR T > v RS I BE?

(2 marks)

The figure shows a peg board used for a game show. Whenever the circular chip falls onto a peg, it

has an equal chance to bounce left or right.

If the chip is dropped from the location shown, which position would it most likely fall to?
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w7

Fl? § 3B HRDFl o bokd Bk flSd 5 18 B 2 8Bk > fd| hFl e /5 o

(2 marks)

The figure shows 3 touching circles. If the radii of the two larger circles are 18 cm and 8 cm

respectively, find the radius of the smallest circle.

e

mge )
e frA Bhend iR E(0,4) @
¢ 8L o 4% ABCD % - %7,% AB = 5

(2 marks)

Given that the coordinate of A = (0,4) and C, D lies on x-axis. E, F, G and H are mid-points of
AB, BC, CD and DA respectively. If ABCD isarhombusand AB = 5, find the area ofthe shaded
region PQRS.

o IRENA PQRS i ff o
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Q2 A)

R T R

(a,b) * (c,d) = (ad + bc, bd)
(ka,kb) = (a,b)

(a,b)A(c,d) = (ac, bd)
B abcdkifH X2 b, dick? E50-

(@ 4% (1,2)*(x,y)=(56) " £(x,y) A (1,6) = ?
®) (1,2) A (2,3) A (3,4) A ... A (2017,2018)="2

Question 9| (2 marks)

We are going to define the following operations:

(a,b) * (c,d) = (ad + bc, bd)
(ka,kb) = (a,b)
(a,b)A(c,d) = (ac, bd)
Where a, b, ¢, d, k are all real numbers with b, d and k are not equal to 0.
(a) Given(1,2) * (x,y) = (5,6),then (x,y) A (1,6) = ?
(b) (1,2) A (2,3) A (3,4) A ... A (2017,2018)="

@#)

- BEARN ; 158 v gt > A5e04 378 ghiopt - i 7 R AR AR o i'Jf;;ffI?u}.
= ﬂ;;{i\_y‘r}u} _@];\;fa’; B = ,3_:1} o ;%—F‘:Br&i_'a _..19%113\; 50 0B = g’gﬂjui?

Question 10 (2 marks)

There are 15 points inside a square. They are all connected by non-intersecting line segments with each

other and with the vertices of the square, in such a way that the square is dissected into triangles. How
many triangles will we have?
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@#)

QPR RE T R Thk o FMEEE LSS 1210 BB L FEgko FRPFEE L R
EEF 20 ok e v L amt 6T TR £ R h* REERE o

(2 marks)

Ming watched his watch before his dinner. He found that the angle formed between
the hour hand and the minute hand was 121°. After the dinner, he watched his watch again.
The angle formed between the hour hand and the minute hand was also 121° . If he had his dinner

between 6 p.m. to 7 p.m., find the time spent on his dinner.

@#)

- % 4cm X 8cm L 2 A IoRlBAR BEAr D BE = 7 B35 APQCD - $1 #7;
APQCD 5 f -

Question12| (2 marks)

A rectangle 4 cm X 8 cm in dimension is folded as shown in the figure so that point B and point D
are overlapped to form a pentagon APQCD. Find the area of APQCD.

A 4cm D A D

P C
8 cm
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@#)
% [x] ﬂ]?r' |x] Au\%ljfi:%ré.jﬂ]?r@’r%)\ﬁv&,gto
(bl4c [4.2]=[48]=5 m [3.46] =]3.99]=3)
T
[T 1+ [V 141 V3 1ot [ VIO | = (| V]| V2] ] V3] 41 VT00) )

EE o

(2 marks)

Let [x] and |x]| represents the round up and round down functions respectively.
(For example, [4.2] = [4.8] =5 while|3.46] = |3.99] = 3)
Find the value of the following expression,

[V T+ V2 [+ V3 [+ 4] V100 [= (| VI[+[ V2] +] V3] +--+ 1 V100] )

@#)

ok k B EHcz o8 2018 ¥ ¥ 1<k <2018 Rz k B F Y 5| gk o

Question14| (2 marks)
If the sum of k consecutive integers is 2018 and 1 < k < 2018. Find the smallest number in

these k integers.
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@#)

B¥ 5- 2ipsfr > LB & ab%czfoo

Question15| (2 marks)
The figure shows an equidistant geoboard. Find the sum of angles a,b and c¢ shown in the figure.

@ 4)

[ER 2

(x? — 5x + 5)(x2—11x+30) =1
- ‘}\t"-i‘”ﬁ gf’]? gtﬁ’;j\ffr o

(4 marks)

Find the sum of all real roots in this equation,
(x2 —5x + 5)(x2—11x+30) =1 .
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G #)

17 T SR LT e o

(D (HED (hED

(NED (=8 (St 3]

G 30T ER YR30 ERFNT AR RadcF o

(@) &~ P
(b) E| 5 i #g
(©) Bt 6 123 i e o

e

(A
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Question17| (3 marks)
The following digits can be formed by using popsicle sticks.

(2 sticks) (5 sticks) (5 sticks) (4 sticks) (5 sticks)

(6 sticks) (3 sticks) (7 sticks) (6 sticks) (6 sticks)

Now there are 30 popsicle sticks, by using all 30 sticks, form the required numbers to the following
conditions.

(@) The greatest even number;
(b) The smallest number which is a multiple of 5;

(c) The greatest 6-digit number which is also a multiple of 3.



@ 2)

= I} ’“5}*% Ti#ei- B 0 1 100 2 B s (#4500 100 » 712 H | #c) o 355 4773
o B e F ml g E i ‘é‘;%%u 0.8 1@z~ pasF C o

S B lcE BT CenSTRE AW 4R o
7 EHCE G Lot Bl B A BT CAHI0FE L H 0N HpFL e 1A

Question 18 (4 marks)
Every team is required to provide a number between 0 and 100 (including 0 and 100, decimal number
is also allowed). The average of all the numbers collected will be calculated and then be multiplied by

0.8 to get a number C.
The 5 teams that provide numbers closest to C will get 4 marks.

The 10 teams that provide numbers furthest away from C and the teams have not provided any

numbers will get 0 marks. All the other teams will get 1 mark.

4 )

E* E R E AT OE R
ERE T ABERY ¢ 3 (f 4 MUK B R/MEK PRTLR) RITHATG RN
£ o

(8) B BN B A - Bd ff 00 B0 1 A - e FA) o

(b) gt = AP0 Bl - B fF S0 1 2 A5 2 A - 2 £
(C) * - FEMF B4 5 & fH4R F Db 304 o

(d) gtz 0 BldiG FE NP = &5 ffe o - ¥ - B= 47

(4 marks)

Using straightedge only to complete the following tasks:

Remark: You are only allowed to join points (including new intersections of lines / line segments) to
form new lines / line segments.

(a) Form a quadrilateral inside the rectangle which has one fifth of its area.

(b) Form a triangle inside the square which has one third of its area.

(c) Use a line to divide the trapezium into two parts having equal area.

(d) Form a triangle inside the given triangle which has one fourth of its area.
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(2)

(b)
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(©)

(d)

*¥=%
End of Paper
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S g FME (L) £Y 54

Sample Answer of Secondary Heat

B e A)
X on 5- 0 FHce

nm+1n+2)(n+3)+k
=nn+3)(n+1)(n+2)+k
=M?+3n)(n*+3n+2)+k
=m?+3n)2+2n*+3n) +k
ok kB B k=1 FHFABT UL - BT o

(2 marks)

Let n be a positive integer.

nn+1Mn+2)(n+3)+k
=nn+3)(n+1)(n+2)+k
=M?+3n)(n*+3n+2)+k
=M?+3n)2+2n*+3n) +k

For the least value of £, if k = 1, a completed square could be formed.

B2 A)

B Ea0 ool p 22 2018!¢ 10 cnFHcHc P Ap e o & 2018!¢ > L R 57T ficlic P

2018

5| =403
2018

25| =80
2018

125 =16
2018

5251 =3

Flic 5 i %k P =403+ 80+ 16 + 3 =502
FlfcS AP % T U F R 2 AP 0 T - T BT 2L B F S e g
S FH 10 0 a2 502 B FHe 10 -
% 2018!7 > B gk 3 502 B F o

58



(2 marks)

The number of zero digits is equal to the number of factor 10 in 2018!.
We will find the number of factor 5 in 2018! first.

2018

_T_ = 403
2018

25 =80
2018

125 = 16
2018

625] =3

Total no. of factor 5 =403 + 80 + 16 + 3 = 502
Total no. of factor 5 must be less than Total no. of factor 2. There must be enough 2s’ to match
the 5s’ to form a 10. So there are 502 of factor 10.
There are 502 zeros at the end of 2018!

m3je )

¥ 40 4o % 41 B
(¥ 84v% 9B ¥ )gp Kk
(% v &) aupk
& RR

(2 marks)

40™ and 41°
< negation of (8" and 9'")
<> negation of (4 and A4)
& BB

Ul



B4 )

AABC & f = 220

=50 cm?

ABFC % # =50—36 =14 cm?
AF:FC=36:14=18:7

- AABF ~ ACEF

~ AB: EC = AF: FC

10 18

EC 7

EC = ﬁcm
9

(2 marks)

Area of AABC = % =50 cm?

Area of ABFC =50 — 36 = 14 cm?
AF:FC=36:14=18:7

+ AABF ~ ACEF

~ AB: EC = AF : FC

10 18

EC 7

o)



‘5{ 5 Question 5| (2 4 2 marks)
*® AE=BF=CG=DH=a * AF=BG=CH=DE=b

{ab =(2)(a+b+13) ..(1) A
a’? + b%? =132 .. (2)
d / From (1),
Y 13=a+b .
5 =a
ab)? ab
(; —2(?)U$+432=a?+&w+b2
ab)? B
( 4) —13ab + 13? = 132 + 2ab (by (2))
ab = 60
a? + b? — 2ab = 13% — 2(60)
(b —a)? =49
b—a=7
. =~ [fleh2 j& /Radius of larger circle = 3.5 cm
4L 6 Questiond (24 2 marks)
1
[}
1t
2 2
L] ]
1 %11t
4 4 4 4
L T T
8 8 8 8
(] L] -] L]
L
16 16 16 16 16
LR R R (R
32 32 39 32 32 39
[ ] (] L] (] L] L]
1 6 15 20 15 6 1
64 64 64 64 64 64 64

[2]3]4[5]6[7]8]

VEFWEMI SHE -
It most likely falls to position 5.

=



HZ7 Question7(2 4 2 marks)

LT 18

a b —
a’ =(18+1r)-(18-1r)2 =72r (%)
b? =@B8+r)?2—-(8-r)2 =32r .(xx

(a+b)? =(18+8)2—(18—-8)2 =576 ..(xxx)

V() (),

i /From (ssx),

ab = +/(72r)(32r) = 48r

a’? + b? + 2ab = 576
72r + 32r + 2(48r) = 576
r = 2.88

4L 8 Question §(2 4 2 marks)

ASDH , APAE, AQBF v ARCG 4 ulii % H.E,F fv G
VRS £ b el 180° 0 A B8 0 ASAH ) APBE
AQ'CF = AR'DG. N Y
@40 7w 1§27, PORS » APSS' > PBQP » QQ'CR fr '
SRR'D 23 % -

wn
n

- PQRSed ff =Z(5x4) =4 %= ¥ i

By rotating the triangles ASDH , APAE, AQBF and ARCG 180° clockwise about H, E, F'and G , we
obtain AS’AH , AP'BE , AQ'CF and AR'DG respectively.
Notice the parallelograms PORS, APSS' , P’'BQP , QQ'CR and SRR'D are congruent.

1
=~ Area of PQRS = E(S X 4) = 4 sq.units

N



L9  Question9 (24 2 marks)
(@)
(1,2) = (x,y) = (5,6)
(y + 2x,2y) = (5,6)
v=3k, x =k
(x,¥)A(1,6)
= (x,6y)
= (k, 18k)
= (1,18)
(b)
(1,2)A(2,3)A(3,4)A ... A(2017,2018)
=(1-2-3..-2017,2-3-4..2018)
= (1,2018)

#L10  Question 10| (24 2 marks)

B4sps > SViP g > A5 4 BUE

SANER A - B APEARZ £

P B4 P R o8B AR @B 4

P BN BB APLE2 B 47

F_& F_& F_&
B A o

14 =

247 =4+424+2+...2=4+2(14) =32 -

Initially, we have a square with 4 vertices only,

A
o -
:

|+
—=\

7

After adding the 1st point inside the square we have 4 triangles.
Adding the 2nd point inside any region we have 2 more triangles.
Adding the 3rd point inside any region we have 2 more triangles. 14 times
Therefore,

Total number of triangles=4 +2+ 2+ ... 2=4+ 2 (14) = 32.

w



@#)

P gt eag B AL
360° o s
12
0.5° & 2
B grerig B L 60 & i
wEEd 6x 3 6y 180° + 0.5% — 6°x = 121°
59° = 5.5%
118
T
6°y — (180° + 0.5°y) = 121°
5.5% = 301°
602
Ty
raprl =2 oy amo

Question 11] (2 marks)

Speed of hour arm is

360°
12

per 60 min=0.5° per min

Speed of minutes arm: 6° per min

Dinner is from 6:x to 6:y 180° + 0.5°x — 6°x = 121°

59° = 5.5%

118

11

6°y — (180° + 0.5%y) = 121°
5.5°y = 301°

602

11

X =

y:

602 118 _

Time spent = —
p 11 11

o)



@#)
% AP % xcm
AP? + AD* = PD? (& < z32)
x> +4> =(8-x)?
x =3
AP=3cm,PD=5cm
M, OC=3cm
(5+3)x4 3x4
2 * 2
=22 cm?

APQCD & #f =

Question 12| (2 marks)

Let AP be x cm
AP? + AD?* = PD* (Pyth. Thm.)
x> +4> =(8-x)?
x =3
) AP=3cm,PD=5cm
By symmetry, QC =3 cm
G+3)x4 3x4

— — 2
Area of APQCD = > + 5= 22 cm
@#)
0 % xBIEHFE
VAl - 1V = {
VA= s

12100 fPF 10 B2 = 258k
& fehiE =100 —10 = 90

Question 13 (2 marks)

B _ (0 when x is a square no.
[\/ﬂ N;J N {1 otherwise

There are 10 square no. from 1 to 100 inclusively
Required value = 100 — 10 = 90

u



@A)
k
§(2a+k—1) = 2018

k(2Za+k —1) = 4036
F 4036 XN AR kehT i s 1009 & 20180 ¥ Bl a L EH kR T oLL 10095 F
»oa= -502.
TH I 5502 0 £ F 1009 Ko

Question 14/ (2 marks)

k
E(2a+k—1) = 2018

k(2a+k —1) = 4036
By factorizing 4036, possible values of £ = 1009 or 2018. By considering a is also an integer, the
only possible value of & is 1009, thus returning a = —502.
i.e. the 1st term is =502 and there are 1009 consecutive numbers.

ML 15 Questionl5 (24 2 marks)

a=a,b=b

a+b+c=d +b"+c=90°

(o))
(¢)]



@ &)

(x2 — 5x + 5)(x2—11x+30) =1 .

x> —11x + 30 = (x — 5)(x — 6)
- ¢ X¥*-5x+5=1fr x*-11x+30=K> K 5 z-F &k -
E‘i?’}?ifrzs
Fiwz 0 X -5x+5#0frx*-11x+30=0-
B2 e =11
Hiw=t x?-5x+5=-1 frx’*-11x+30=2K > K % z-F ¥k -
E‘i?’}?ifrzs

w3 R BefR fr =5+5+11=21

(4 marks)

(x2 —5x + 5)(x2—11x+30) =1 .

x? —11x + 30 = (x — 5)(x — 6)
Case I: x> = 5x + 5 =1 and x*> — 11x + 30 = K, where X is a non-zero integer.
Sum of 2 real root =5
Case II: x> = 5x + 5= 0 and x> — 11x + 30 = 0.
Sum of 2 real root = 11
Case III: x* — 5x + 5= -1 and x> — 11x + 30 = 2K, where K is a non-zero integer.
Sum of 2 real root =5

sum of all real roots =5 +5+ 11 =21

‘1!{ 17 Question17‘ (3 4 3 marks)

(a) 11,111,111, 111, 114 (2 x 13 +4)
(b) 20080 5+6%X2+7+6)
(c) 999531 (6X3+5+5+2)

ML 18 Question 18§ (4 & 4 marks)

(-+2/H/NA)

()]
~



HZ19 Question19 (4 & 4 marks)

(a)

—— e = —— = —
—
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(b)
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1.2.2

Afe B EA 2 c FEEAF2 I L p-FEBF L o
RlA feB a2 ety & pxg-

%

FE_q-

B 5
B AL RHPTA B F 09 ol A RIREETA BT EFE0T
Bk b PRBE A B g
P(% 432~ 8 A %) =09 x 07 = 0.63
F* 48 (4a):

<P EF A hofEF R 030 5 X T A EL 08

oy

AT A A AP RGF A AT

B 48 (4b):

PP IS P A B 6 A LS Y
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Pre-Test of Secondary Final

1 Probability (Chance)

The probability of an event has a value between 0 and 1 (inclusively) to measure the possibility of the

event to happen. The bigger the value, the highest the likelihood of the event to happen.

Example 1
In a mathematics test, the probability for Joseph to get A grade is 0.2 and the probability for him to
geta B grade is 0.5.  Then it is more likely for Joseph getting B grade than getting A grade.

1.1 Finding probability by listing possible outcomes

number of outcomes that make such event to happen

babili f t=
probability of an even number of all possible outcomes

* assuming that all possible outcomes are equal likely to happen

Example 2
When a dice is thrown, possible outcomes are 1, 2, 3,4, 5 and 6. These outcomes are equally likely
to happen. Of the six outcomes, the outcomes {1, 3, 5} make the event “get an odd number” to
happen. So

3 1
Probability of "get an odd number" = c=3

This probability could also be expressed as 0.5 or 50%.
Similarly,

2 1
Probability of "get a number >4" = £=3

Question (1):
When a dice is thrown, what is the probability of “getting a multiple of 3”?
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Example 3

There are two packs of number cards. The first pack has 4 cards with numbers 2, 4, 6 and 10
printed on them respectively. The other pack has 3 cards with 5, 7 and 9 printed on them
respectively.

If we draw one card from each pack. There are 4 X 3 = 12 possible and equal likely outcomes.
The event “the sum of two number drawn is greater than 16”only happens when (10 ,7) or

(10 ,9) aredrawn. Thus

1
Probability that "sum of the two number drawn" "%

Question (2):
Using the same packs of cards in example 3. If one card is drawn from each pack, what is the

probability that “the sum of the two numbers drawn is 11”?

1.2 Arithmetic Computation on probability

121

If the probability of an event to happen is p, the probability for that event not to happen is (1 — p).

Example 4
The chance for “It will rain today” is 20%, then
The chance for “It will not rain today” =1 — 20% = 80%

Question (3):

The probability for “Amy will bring umbrella” is 0.3.

What is the probability for “Amy will NOT bring umbrella™?
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1.2.2

A and B are independent events (the probability of A to happen will not be affected by whether B
happens or not, vice versa). If the probability of A happen is p and probability of B happen is ¢,
then the probability of A and B both happen is p X q.
Example 5
In a mathematics test, the probability for Joseph to get A grade is 0.9. In history, the probability for
him to get a A grade is 0.7.  The probability for him to get A grades for both subjects is

P(get A grades for both subjects) =09 x 0.7 = 0.63

Question (4a):

The probability for “Amy will bring umbrella” is 0.3. The probability for “It will rain
today ” is 0.8.

What is the probability of “Amy will not bring umbrella and it rains”?

Question (4b):

What is the probability of getting 2 “6” if two dices are thrown?
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2 Expected Value

Example 6
In a lucky draw, participants have chances to get coupons of different values. The probability for

obtaining different coupons are:

Coupon Value ($) 0 10 50 100
Probability 63 25 10 2
100 100 100 100

$0 ~ $20 ~ $50 ~ $100 are all possible events with different probabilities.
We can compute an “expected value” for this lucky draw.
63 25 10 2
E(lucky draw) = $0 X 100 + $10 X 100 + $50 X 100 + $100 x 100
= $95
We can interpret this “expected value” as the average value of coupons obtained after many times of
lucky draws.
Question (5):
(@) The returns of a gambling game will be: lose $10; win $10 or win $100. The probability of

each event is shown below.

return ($) -10 +1 +100
probability 0.8 0.15 0.05

Calculate the expected returns of this game.

Answer:

Expected return= —10 X 0.8 + 1 X 0.15 4+ 100 x 0.05 = —$1.5

(b) In a game, participant will toss two coins. If both are heads, $5 will be awarded.
Otherwise, he/she loses $3.  Find the expected return of this game.
Answer:

1

Expected return = (5 X %) ($5) + (1 — % X %) (-%$3) =-%1

3 Absolute Value

The absolute value of a number is definite to be
x| = { X if x= 0
—-x if x<0
Therefore,
[13] =13
|-83| = 83

79



FHERIEYTES
Solution of Pre-test

1 &% (€ %) Probability (Chance)

1.1 25 hv g 8% 2 £9F  Finding probability by listing possible outcomes

i (1) Question (1):

P(1# 0 3 hizdk) = % =§ P(getting a multiple of 3) = 2 =§

FiE (2) Question (2):

(or 25% or 0.25)

N

3
P(4%11 sum = 11) = 5=

1.2 #FeiEE  Arithmetic Computation on probability

1.2.1

F4E (3) Question (3):

P(+m7 ¢4 £)1-03=07
P(Amy will NOT bring umbrella) =1 —-0.3 = 0.7

1.2.2

B 4€(4a) Question (4a):

P(Tam <Pt #a4)=(1-0.3)x08=056 (or 56%)
P(will not bring umbrella and it rains) = (1 —0.3) X 0.8 = 0.56 (or 56%)

F* 42(4b) Question (4b):

P($ci 3 B 6 )% X % == P(getting 2 “6”) =

1 1
X —-=—
36 6

[N R




2 #¥E Expected Value

P32 (5) Question (5):

(@) w#R# ¥ & (expected return)
=-10x%x0.8+1x0.15+ 100 x 0.05

=—$1.5

X

(b) » B Wgkdis Txg  chi e (Probability of “2 heads” )
1
4

N |-
N | =

RETE 2t chw 4R enf) ¥ (8 (Expected return)

=$5x%+(—$3)x(1—%) —$1
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Bk -t BALw G THEMI A B Co D deT

AI
g4 A B C D
1 1 1 1
’Pug —_ [— —_— —_
6 6 3 3

BEEY B et - e SRR 2 R R T -

3 BagiBa > A T e R Y BN A SH 2 Sl g o

2eLng fs i~
% | 5| 4| 3| -2|-11]0 |1 | 2| 3| 4|5
0 1
1 1
1 — 0 —
2 2
1 2 1
2 Z 0 - 0 —
4 4 4
1 3 3 1
3 — 0 - 0 - 0 Z
8 8 8 8
1 4 6 4 1
4 — 0 — 0 — 0 — 0 —
16 16 16 16 16
5
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c. = #r+ = & 2j(Pascal triangle) ¥ — &1 = £ 35603 N kP F|HF > TR T L g”
$it Z G AR R RS o

$0 i 1

£ 1 1 1

$ 2 1 2 1

$ 3 1 3 3 1

¥4 1 4 6 4 1
$56 1 1

d. () 75— SEBEH FASH s R Y 2E(ds) -

() +5- AW HFINH S =¥ E E(dy) (N 11 ¥k

6. () 75— EBESFASH S do 8 HE |ds| W2 e E(|ds]) -
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Question paper of Secondary Final

Random walk

Random Walk is a mathematical model that describes a path that consists of a series of
random steps on a mathematical space (such as integer). A basic example of a random walk
is a one-dimensional random walk.
an = +1
a

9 = —

as = —1

Suppose initially we set the black dot to 0, then let ittake N steps (where N isany number),
and the distance for each step is a unit. Now we want to know the location of the black dot
after N walks. Of course, the location of the black dot after each repetition of N steps may
be different. If the “N-step random walk™ are repeated many times, we want to know the
average final location of the black dot. Let dpy be the location of the black dot after N

Steps.
dN = a1+a1+a3 +’”aN

Suppose the initial location of the black dot is set to zero and a fair coin is used for tossing.

If a head is tossed, the black dot moves one unit to the right (+1). If a tail is tossed, the black
dot moves one unit to the left (—1). After tossing the fair coin for five times, the black dot
canland on +1,—1,+3,—3,+5 or —5. For example, if 3 heads and 2 tails are obtained
after 5 tosses, the dot will land on +1 independent of the order of the heads and tails (There
are 10 different ways). There are 10 ways for the dot to land on —1 (by tossing 3 tails and
2 heads), and 5 ways to land on +3 (by tossing 4 heads and 1 tail), 5 ways to land on —3
(by tossing 4 tails and 1 head), 1 way to land on +5 (by tossing 5 heads), and 1 way to land
on —5 (by tossing five tails). See the figure below for the possible results of 5 tosses.

(Appendix 1 is an enlarged figure)
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1% toss T

= o
#toss AN N N N
A A A A A A AR
Arrangement of L £ [ E L 2] [ E [ [ E [ £ lE Z [

w
w
w
w

Heads and Tails
Final location

**H represents Head, T represents Tails

(@) Suppose there is a biased four-sided dice. The probability that A, B, C, or D come up is

as follows:

Alphabet A B D
1 1 1

Probability — - Z
6 6 3

Can this dice be used in the “one-dimensional random walk simulation” mentioned

above? Please Explain.



(b) For one-dimensional random walk, complete the probability for different locations of the
black dot after 5 steps.

Final location of dot
Step | -5 -4 -3 -2 -1 0 1 2 3 4 5
0 1
1 Tho )l
2 2
1
2 _ 0 E 0 1
4 4 4
1 3 1
3 — 0 — 0 § 0 Z
8 8 8 8
1 4 6
4 — 0 — 0 — 0 i 0 i
16 16 16 16 16
5

(c) The “Pascal’s triangle” is a triangular arrangement of numbers. Observe the following

pattern of the Pascal's triangle and complete the line 5.

Line 0 1

Line 1 1 1

Line 2 1 2 1

Line 3 1 3 3 1

Line 4 1 4 6 4 1

Line 5 1 1

(d) (i) Calculate the expected value E(ds) of the location of the black dot after walking 5

steps in a one-dimensional random walk.



(ii) Calculate the expected value E(dy) of the location of the black dot after N steps in

one-dimensional random walk. (N is a positive integer)

(e) (i) Calculate the expected value of the absolute value of the location of the black dot
|ds| after 5 steps of random walk, E(|ds]|).

(i) Calculate the expected value of the square of the location of the black dot dsz after 5

steps of random walk, E (dsz). And then calculate the square root of the expected

value of the square of the location of the black dot, |E (dsz) . This is technically

called the Root Mean Square Value.
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(i) If we want to calculate the average distance of the black dot from the original

location after an N steps random walk, which one should be calculated E(dy),

E(ldy|), |E (dNZ) ? Explain your answer.

(f) Danny said that according to the results of (d)(ii), even N is large, after N steps of random
walk, the distance between the black dot and the origin 0 is still very small. Is Danny's

argument reasonable?

. 2 . e
(9) Guess or estimate |E (dN ), where N is a positive integer.
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(h) Consider a two-dimensional random walk, each step with equal probability of going up,
down, left, and right. That is:

Moving ) J «— -
direction

e 1 1 1 1

probability - - Z il

Each team will be provided with a set of 11 dices.

(i) Design an experiment to simulate the two-dimensional random walk by using the
dices.
(i) Simulate 5 rounds of a two-dimensional random walk with each round having 20

steps. Record the results in a way you think is appropriate.

(i) Find the Root Mean Square Value of a two-dimensional random walk using the result of

2
the Root Mean Square Value _|E (dN ) of the one-dimensional random walk.

<End of Paper>
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Appendix 1

1St toss H\ T\
2" toss I—I/ E / T
\ \

3" toss / /\ / /\
. N AN N N N N N RN
o toss AN AN A AN N A N A N AN A VA N A A N AN ANANEVAN
ArrangementofHeadslzL L IE I_ L \_ L l: IE I_ IZ L L l: L I; ‘E I_ IZ L L L L l: IE I: L L L L l: I

Final location
**H represents Head, T represents Tails
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PEARFSTER
Suggested Solution of Secondary Final

BE¥EE4 Random walk
1. (a) %9 Yes
BAOTEARELA L C o RN =+1 BB FRREH =-1-
Define the step =+ 1 when getting A or C, otherwise take the step = -1
F# A C A #/or C
/Alphabet
P 1 1 1
/Probability 6 3 2
F F A/ B D B #/or D
/Alphabet
PES P/ 1 1 1
/Probability 6 3 2
(b)
#% | -5|—-4|-3|=2|-1|0 | 1 |2 |3 | 4|5
/Step
0 1
1 1
_ 0 _
2
2 1 2
- 0 - 0 1
4 4 4
3 1
Llo | 30| 3] o1
8 8 8 8
4
i 0 i 0 i 0 i 0 i
16 16 16 16 16
5
O T e T T (O O
32 32 32 32 32 32
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(c)

Line 0 1
Line 1 1 1
Line 2 1 2 1
Line 3 1 3 3 1
Line 4 1 4 6 4 1
Line 5 1 5 10 10 5 1
[2]
(d) (1) E* L E By symmetry, E(ds) = 0
&/0r
E(ds) = (=5) (55) + (=9(0) + (=3) (&) + (=20 + (-1 (22) + 0 x 0 + (1) (37)
1
+@QO + ) (Z)+ WO +6)(55) =0
[2]

(i1) E(dy) = (=N)Py(—N) + (=N + D)Py(-N+ 1)+ -+ (N —1)Py(N — 1) + NPy(N)
=0 (v Py(=N) = Py(N),Py(=N +1) = Py(N — 1),

[3]
© @) E(dsD=2x(0X0+1x2+2x0+3xZ+4x0+5%x2)=1=
[2]
(i) E (dsz) = (=52 XL+ (=42 x 0+ (-3)2x 2+ (-2)2x 0+ (-1)* x 2 +
2 4 10 2 25 2 2,1 _
0+1 x§+2 X0+3 ><§+4 Xx0+5 XE—S
[2]

[1]



(i) & *  E(ldy]) -

WA F AR A2 AP R R OG HE R E S e

®

(2

B e BREdE o

E(|dn ).

The average distance from the origin is calculated by absolute values of the distance, no

matter the random walker is on the left or right from the origin.

AR ERSGER T FEE S A (DY d T LA BKE -

(2]

No! The measure of distance is a positive values, but the dy in (d)(ii) can take the negative

value.

By using (b) and (¢), it can be shown or observed that:

E (dNZ) = ZXZPN(X) =N

E(dy’)=VN

(h) FEHFHHBFIEBEHAS - BrEtdd-

(1 3%57)
s AN ) WRUE AL
PR OB R ek T ko
(&7 %)

Appropriate use of dices to generate random number for the random walk.

(Optimize the usage?)

Appropriate assignment of the random walker’s move.
Good record of random walk result showed.

(How?)

(2]

[1]
[1]
[1]
(2]

[1]
[1]
[1]
(2]

(3]

[1]
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(1]
d & g2
2 2
N N
2\ _ N Ny _ [V N
5 (ay )_j( Y+ () _jz VW
3]
x-direction and y-direction are independent, the one-dimensional result can be applied
independently. [1]
By Pythagoras theorem,

ey (B (B - e
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