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. DO NOT FLIP OPEN THIS FRONT COVER UNTIL YOUR PROCTOR TELLS YOU.
FEARWCE BEH ZRIERHT 7 A 2RI B L o

FEARN S W5 B WG/ HT I8 A ZERIF B

. This is a 25 question multiple choice test. For each question, only one answer choice is correct.
iR EAIESERIEER I, FEE H A IERE R

R B AIESE R R I, RHEE H A A IEE SR

. BEvery question is given a point value. You will receive full points for correct answer, and zero point for blank
or incorrect answer. The full score of this test is 100 points.

BHER HE AR E . BEE RN, BEEE A0 AUKHIBI I 7510057
FHES AR E M E. BB XFHE BFHEE AR AU 10057 o

. Only scratch paper, graph paper, rulers, protractors, and erasers are allowed as aids. Calculators are NOT
allowed. No problems on the test require the use of a calculator.

FUREAE I BRRAR RA. R BAGAE SR TR SIS EAuar He aHi
AATA LA G 2t o

HAEMEARARAL. gt R BAGAIREA/E N TR iR A Rirt e . Wil
AT AT TR REDA 3 5 208 FH 5 o

. Figures are not necessarily drawn to scale.

A — L LA

BT A5 Tl 22 ] o

. You will have 75 minutes to complete the test once your proctor tells you to begin.
BB R EAT BIAGTR . VoA A7S5 73 G A TR ] 52 S Rl
B BN EATTFIG) . ARHA TS5 PRI ) 52 B o



2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

‘ Part 1: 8 problems, 3 points each
(E—#5: 8EER, W39 | H—H4: 8 EHE, FF3 5

1. Let x = . Which of the following numbers is the largest?

1
éx:gomuT%ﬁ¢%®ﬁk?
éngomuraﬁ¢%4ﬁk?
(A) x* (B) x* ©€) x (D) x (E) v/x

2. After the storm last night, the flagpole on our school building is leaning over. Looking
from northwest, its tip is to the right of its bottom point. Looking from the east, its tip is

also to the right of its bottom point. In which direction could the flagpole be leaning over?

MEREAMB K, RMPRELELGBREHT. BT A, L RBLA LRI
Bl WIERT @A, HRMAEALA L RAKBES AR M AT AIAE 7 w42

RERALE, RMNFREALGHAFMAT . ABLFEE, LRBIETHERKEH
BMo WERF @A, ERBELLT LRSI LM AT RN 7 @52

3. The sum of the following arithmetic sequence
nn+l,n+2,--- ,n3

is a polynomial in n. What is the degree of this polynomial?

FE2H )
n, n+1, n+2, -, n

WPTR &B R —AK AN 8 5BX. MEMEEEINABES V2

5§ £ 45
n, n+1, n+2, ---, n®

A ERL IR — AKX T n SRR FIXANASZRXGREES V?

(A) 4 (B) 5 Q) 6 (D) 7 (E) 8

2021 AHABLRIAFEE —TELEIZFR 1 2021 AHKFRAER—FFHFAR



2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

4. How many 3-digit-numbers formed using only the digits 1, 3 and 5 are divisible by 3?

You may use digits more than once.
EREF 1, 345 TUMARS VEMRAM S Frhe) o> B —ERFTRASREM.
RAEHF 1, 3F5 TRMMR S J ARG 3 FIRG) =428 B —ANEFTAZ RAE

(A) 3 (B) 6 © 9 (D) 18 (E) 27

5. What is the area of the region, determined by inequalities y> < 4 — x?> and y < —x?
BARFRX Y <4-2Foy< —x kENEBOHRRS J?
BARFX Y <4-? Foy< —x RRHEHRERES I?

(A) 4 (B) 27 Q) 41 (D) 87 (E) 167

6. A rectangular sheet of paper has length x and width y, where x > y. The rectangle may
be folded to form the curved surface of a circular cylinder in two different ways. What is

the ratio of the volume of the longer cylinder to the volume of the shorter cylinder?

—IRAEB KR EA x, REAY, FF x>y ST AR MR F 49 7 X478 %% i
G E A RIE. FERHAARORARKEGEERGRAZILETS 2

—REHRBOEREA x, BREA Y, L x>y, B AT R BTG5 X5 2R T8
o B A 400 @ o 91 4K 89 ) A AR A0 ARAR L Bika 60 B R AR MO AR ZELZ $ 02

(A) x:y (B) x?:y? O 1:1 (D) y:x (B) y?: x?

7.1f A= (0,1)U(2,3) and B = (1, 2) U (3, 4), what is the set of all numbers of the form
a+bwithain Aand bin B?

BFx A=(0,1)U(23), +8B=(1,2)U3,4), a s A¥, b £ELB ¥,
il a+ b X6 Bk R 69 A AR

BEA=(0,1)U(23), #AB=(1,2)U(3,4), a ks Ad, bEESBF, 4
B a+ b XA HH e e~ L2

A) (1,7) (B) (1,5)U(5,7) © (1,3)U(3,7)
(D) (1,3)U(3,5)U(5,7) (E) none of the previous | YA L& R | YA EH R

2021 & 4 B AT — P 2
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)
8. What proportion of all the divisors of 7! is odd?
B 7V BTR ABCE, TRATER LB R S ?

D

7V BT AT, T EPT &6 ] 2

BN

1 1
(A) (B) 3 © (D) (E) 3

N[ —
il =

‘ Part 2: 9 problems, 4 points each
(Eoms: 9EER, SEAH | HoHH: 9 EHEE, FF 45

9. What is the area of the triangle whose vertices are at (p,q), (3p,9) and (2p,3q), where
p,q > 0?

A5 A (p,9), Bp,q) #2(2p,39) M= AT @HELS V? ¥ p, >0,
MEHH (p,q), (Bp,q) = (2p,3q) 9=faRes@mBm2L% V2 L+ p, q>0.

(A) % (B) pg © 2pq (D) 3pq (E) 4pq

10. The first 1000 positive integers are written in a row in some order and all sums of any
three adjacent numbers are calculated. What is the greatest number of odd sums that can
be obtained?

A7 1000 {8 iE £ $ 4 — 2B FHE R — AT, bt A S AR B o, MERFoB PR S

VDN

A7 1000 AN E R 4 — RIR A HE R —AT, FFHEESZAMAGHZ e, MZfolh PR %
A S I ATHe

(A) 499 (B) 500 (C) 995 (D) 996 (E) 997

\ﬁg
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

11. A large triangle is divided into smaller triangles as shown. The number inside each small

triangle indicates its perimeter. What is the perimeter of the large triangle?

B, ROZABRINIARTEADGZ AT . HFEDZABNOBERTEN LK. MX
ZABORARRS D?

BT, ROZABBRINIARTRIGZ AT ENZABZRNGREATER K. AKX
ZABGRAKRES Ve

AN

11\ /12 20
(A) 31 (B) 34 © 41
(D) 62 (E) none of the previous | YA EH#R A4 | XA EHR R AF

12. A piece of string is lying on the table. It is partially covered by three coins as seen in the
figure A. Under each coin the string is equally likely to pass over itself like figure B, or
like figure C. What is the probability that the string is knotted after its ends are pulled?

RERF—RET. B APrF, CH—HRIBEMERFEEZ. AHERFET, BTHE
B KB C —# X X THMEAF . M T RmeRTITEHMELS e

RZEHE—RET. B AR, CH—FTWEARTEE EHENRTT, BT4HE
B RE C—HIXXHTREMEF . FlEF%THRRERTITEOMELS ?

X X

B C

5 3
(D) 3 (E) 1

2021 & 4 B AT — P 2
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

13. A naughty pup grabs the end of a roll of toilet paper and walks away at a constant speed.
Which of the functions below best describes the thickness y of the roll as a function of the

unrolled part x?

— &R DR IME — BRI A R n, RBE R EAERR A, B EE Y B
JER 2R x 69 [ 8, VAT RME AR AT 69 i T 18R BB AR

— R N IME — B G K, KRB NS R 1R AR IR AL R . BRI R Y B
TR x 69 R 8, ATHARRFITORE T EINZEXR?

-—
< X
Ya Ya
1 1t
(A) 1 * (B 1 * (0 1 ®
Ya Ya
1 1
(D) 1 * (B 1 *
2021 HFAHEZRAHE —TESFR 5 2021 HHBFRAER —FTFEHFR



2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

14. Five kangaroos named A, B, C, D and E have one child each, named a, b, ¢, d and e. In the
first group photo shown exactly two of the children are standing next to their mothers. In
the second group photo exactly three of the children are standing next to their mothers.
Whose child is a?

ZfBL%HA, B, C, DRENRAZA—MEET, 25 %a, b, c,dve. £F—kEH
YHMELTEAEDTHERTE. AF KRGV FTAMBRTHLEATHERTE. M
a R ZT?

AINEAA, B, C, DRRENRAZH—NET, 24 %ha, b, c, dive. £F—KEY
THAANELT A THEFFL. AR RKEBFTANLTHLEATHEFFTL. F
a AW IET?

D E D E
C e d C
Ot e || ol S
(A) A (B) B O C (D) D (E) E

15. In the 5 x 5 square shown the sum of the numbers in each row and in each column is the
same. There is a number in every cell, but some of the numbers are not shown. What is

the number in the cell marked with a question mark?

HE S5 XS W HHE T, F—AThE—F T EBR e RANF . B8 E AT AA — B,
e B RBT. MARA M E L P 6B E?
BSXS W THEY, H—ATRE—FFTHERERMEG. HANELEFHRAE -,
e EBRET. FIAFH T8RP 6RO X2

16 22
20 21 2
25 1
24 5 §)
4 ?
(A) 8 (B) 10 ©) 12 (D) 18 (E) 23
2021 & BB AP B FHEM 6 2021 AR AR P EHER



2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

16. The diagram (not necessarily drawn to scale) shows three squares, PQRS, TRVU and
UWXY . They are placed together, edge to edge. Points P, T and X lie on the same

straight line. The area of PQRS is 36, and the area of TRVU is 16. What is the area of

triangle PXV?

Bw (Rbdxibhlag®) A ={AEFH PQRS, TRVU #= UWXY ., EFIHEHH E £ —
A, BEEARE, OB P, T A XfaihR—A% L. E5% POQRS ¢9@ig 4 36, 5K

TRVU # @ik 2% 16, M=AK PXV 84 @iEL % V?

BT (kL ad)) A=ZANEFH PORS, TRVU = UWXY ., EA1FHHK FE A —
#, AG5aAME, s P, TR XETR—A%LE. E5% PORS ¢9@mA A 36, EH %

TRVU # @A 16, B =A% PXV 4@t % V?

P 0
T U w
Y X
S R |4
A) 142 (B) 15 ©) 16 D) 172 (E) 18
3 3 3

17. The figure shows the graph of a function f : [-5, 5] — R. How many distinct solutions

does the equation f(f(x)) = 0 have?

TEEFTEHf:[-5 5 = R 9B MH5AE F(f(x) =04 % V187 F 6

THERT &K f:[-55 > ROGEGE. AHEF(f(x) =045V ARFGM?

(A) 2 (B) 4 @ 6

2021 & 4 B AT — P 2
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(D) 7 (E) 8
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

‘ Part 3: 8 problems, 5 points each
(E=ms: 8EER, SE5 49 | H=H4: 8 EHE, FHS5 5

18. We know that log2 = 0.30103 and log 3 ~ 0.47712. How many digits are in the decimal

representation of 1210007
#4038 log2 ~ 0.30103 = log3 ~ 0.47712, 1 121000 6+ R 7P A % VA gk?
FHAN%eid log2 ~ 0.30103 #= log3 ~ 047712, 5 121900 g+ 4l & 7 H % V454>

(A) 1079 (B) 1080 (© 1199 (D) 1200 (E) 1201

19. The solid shown in the diagram has 12 regular pentagonal faces, the other faces being
either equilateral triangles or squares. Each pentagonal face is surrounded by 5 square
faces and each triangular face is surrounded by 3 square faces. John writes 1 on each
triangular face, 5 on each pentagonal face and —1 on each square. What is the total of the

numbers written on the solid?

By eBRA 12MBELEHOE, AN BLEFE AN REFH., 48 ALEH 6 DER
SEEGHE@miie, mABZABG@AEIBEEFH G @Mt John £4E= A
mELl, AEESHYESES AREFHO@EEE -1, MBRLELASHGAFES
b

By eBARA 12 ANERLAH T, A AFAZAY XEFTH . FNLLY K @AY

SAEFHG@INE, mENZAH G EAL 3 MNEFTH G @inL, John £EN= AL
mELELl, HARAHGEELS, BAEFTHGEE L -1, FBARLFEHGERZS

B
—@
11— A
11— |1
(A) 50 (B) 60 (C) 80 (D) 90 (E) 120

2021 AHHEER

\ﬁg
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

20. The function f(x) is such that f(x +y) = f(x) - f(y) and f(1) = 2. What is the value of

21.

22.

f(2)  f(3) £(2021)
) T re) T T FRoo) |

B f(x) 8 f(x+y) = () fy) B FQ) =2, m LB L L&), o f(202)

e f(2020) %
2% e
o L, o f@ ) pee)
féjf(x) HE f(x+y)=f(x) - fly) B f(1)=2, [ [0) +f( )+ +f(2020) EORE:A
P
(A) 0 (B) % © 2
(D) 2020 (E) none of the previous | XA E# R# | A EH R

On a circle 15 points are equally spaced. We can form triangles by joining any three of
these. We count two triangles as being the same if they are congruenti.e. one is a rotation

or a reflection of the other. How many different triangles can be drawn?

AE—EELE, A 15 EEFEN . RMATUFEEAEEBERLEHRZAH. o X010
ZARAE, B —EZAHT RS 8= A 88 k8 X5 w5, BlRMAK e
RAMME . MTARES VARG =AFL?
E—ABLE, AISAEFESH . RNTRFEZFASEBREABREAFY. o XH A
ZAREF, R —ANZAHTUARS —AN= AF BT XA maFE, N&NFeMm
A EI . BT ALH S VATRR=AK:?

(A) 19 (B) 23 (O 46 (D) 91 (E) 455

Let M(k) be the maximum value of |[4x? — 4x + k| for x in the interval [—1, 1], where k can

be any real number. What is the minimum possible value of M(k)?

BAMEERHE K, M(k) & |4x> —4x +k| #9 % k44, £ P x 2B [-1,1] £, M M(k) #
FoMATRAS I

st FAEE S Ak, M(k) 2 |[4x% —4x + k| #95 RAA, b x £RE [-1,1] £o B M(k) #
RAMATHRZ S P

(A) 2 (B) g ) 4 (D) ; (E) 5

2021 HHHLERBER—FTLZHFER 9 2021 AHKFRAER—FFHFAR
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

23. Two plane mirrors OP and OQ are inclined at an acute angle (diagram is not to scale). A
ray of light XY parallel to QO strikes mirror OP at Y. The ray is reflected and hits mirror
OQ, is reflected again and hits mirror OP and is reflected for a third time and strikes mirror
OQ at right angles at R, as shown. The distance OR is 5cm. The ray XY is d cm from the
mirror OQ. What is the value of d?

WAB-F @4t OP 2 OQ A8 X 240 A (BB RixplEH). @ Arw, #B-F@mé QO FA78)
—RE XY B4 2 -F@mat OP 69 Y 2o BAT 8 LG BAT A - FE4 OQ b, A REGRAH
FEF@s OP b, F=ZREHFHZEAKELRHFA-F @S OQ 49 R 2. OR #9384 5 cm.
S XY JE#E-Fmbr OQ #3EdE 4 d cm. M d #9152 % )2

FAAFEEOP 72 OQ M X 244/ (B AdEpl4H). BT, 5F&E4 QO 474
—RAL XY B4 2 F@ms OP 89 Y k. R ALXBHAAETES OQ £, B RBRABA
AEF@msOP L, FZhRHELEELABHATF @S OQ 49 R H. ORHIEHH 5 am.
HE XY S FEEOQMEH NI cm. Pl d 89{ER S V2

P
%
. X
| d
O 5 R Q
(A) 4 (B) 45 (© 5 (D) 5.5 (E) 6

2021 & 4 B AT — P 2
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2021 Hong Kong Mathematics Kangaroo Contest - Student (Grade 11 & 12)

24. Alice is solving quadratic equations and notices that those involving the terms x?, 5x and 6
always have integer solutions no matter how she assigns + and — signs to the coefficients.
For example, x2 + 5x + 6 = 0 has solutions x = —2 and —3, while —x2 — 5x + 6 = 0 has
solutions x = 1 and = —6. Alice wants to find other examples of quadratic equations of
the form x? + bx + ¢ = 0 which have this property. Which of the following numbers is

not equal to the constant term c in such an equation?

Alice E/£ R K H A2, Wiz FH HA T RIE 22, Sx A0 6 69542, BHERAGESY
o+ 3 — MR, THRAFERM. Hldo, 12 +5x+6 = 04 #H x = —2 4= -3,
o —x2—5x+6 =0 A EHKMx =1F = —6, Alice K3 LA ZHBE G X %
X24bx+c=08kFARG LT, £EHGFTET, THAREERTERELTGT
%08 c?

Alice EEA KBtk 742, M ZF T HRA x>, bx Fo 6 49542, L EHAD RIS
Bt + & — 89/F5, & BAEHM. Hlde, x+M+6—OE HH R x = =2 Fa =3,
X2 —5x+6 =0 FEHMx =1 F = —6, Alice 3% 3] LA XAHWF 49H XA
X2+ bx+c=0 8k FRNGEMTH . EXFEGFTRY, TIRANAKR T LT P GFE
R ce

(A) 24 (B) 30 (C) 48 (D) 54 (E) 60

25. A certain game is won when one player gets 3 points ahead. Two players A and B are
playing the game and at a particular point, A is 1 point ahead. Each player has an equal
probability of winning each point. What is the probability that A wins the game?

E—BAHEE T, §XMEAURALS >, ARG ER. HLILKA B ARER, 218
kg, ALl . BHE—ome, FERAREFOEERMFN. M A RIFIEE
MERS V2

= NEZRT, SENTRRAES 20, NARFHEK. BLRE A B ARBER, £EAN
RS, ALl oo NEBE—mE, BARKKMLOIEZAFN, 7 A RIFHR 6

’fﬁiﬁmy'/?

1 2 3 4 5
(A) 2 (B) 3 © 1 (D) 5 (E) 3

2021 HFAEBEREARE—TESHFHL 11 2021 AHBFERAER—FFRFAR



