Hong Kong Mathematics Olympiad (2010 —2011)
Final Event Sample (Individual)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

GAFHER  FEATEF AL P IEH -

1. Xa~b ck di3Fm xP—15x2+56=04p 8 542 o
2 R=a*>+b*+c2+d*> » £ RE o R=
Let a, b, c and d be the distinct roots of the equation x*— 15x>+56=0.
If R=a*>+b>+c*+d?, find the value of R .

2. 4e@l- »AD %2 BE 2 28" AB=AC %2 AB// ED -
% ZABC=R°% LADE=S8°> $ S g S =
In Figure 1, AD and BE are straight lines with 4B = AC and AB // ED.
If ZABC = R° and LADE = §°, find the value of S .

A
E Bl-
Figure 1
p g
B D
3. WF=1+2+22+423+ . +25 2 T= 1000+F) | 4 p s
log2 T=

LetF=1+2+22+23+ . . +25and T= /IO?— i1+2Fj , find the value of T'.
0g

4. FEAX)E- B o IR BEEn>6 BFoofn)=n-1D)fn-1)% f(n)=0-

(T _
U= () v R U ehig o U=
(T-1)f(T-3)
Let f(x) be a function such that f(n)=(n—1) f(n—1)
(T
and f(n) # 0 hold for all integers n > 6. If U= ( ) , find the value of U .
(T-1)f(T-3)
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event 1 (Individual)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
FALELER 0 FRATET RE > LR

1. Fa~b% cTiE s 12> fv2a+1~2b+2~2c+3 %2 2L 30E 5 P>
$ P g o p-
If the average of a, b and c is 12, and the average of 2a + 1,2b +2,2c+ 3 and 2 is P,
find the value of P .

2. 3% 20112011 =aP+bP*+cPP+dP?+eP+f> 2 ¥ a~b~c~d-~e? [ i Fik
3 0<a,b,c,d,e,f<P°% Q=a+b+tctd+e+f> & Q ig - 0-

Let 20112011 = aP’ + bP* + cP? + dP? + eP + f, where a, b, c, d, e and f are integers and
0<a,b,c,d,e,f<PIfQ=a+b+c+d+e+f, find the value of Q.

3. £ R L 82+ 7100+ 61000 1 510000 iyip - g 5 R P{E
If R is the units digit of the value of 82 + 719 + 61000 4 510000 find the value of R .

R =
4. FSHEEXPERBARSFA P > LS o
If S is the number of ways to arrange R persons in a circle, find the value of §'. g=
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event 2 (Individual)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
FALELER 0 FRATET RE > LR

X+y=P
Loowrame] YT s noga . £ P
3x+5y =13 p=
: . X+y=P e
If the solution of the system of equations are positive integers,
3X+5y=13
find the value of P .

2. Faty=Prx’+)P=Q2 Py =Pk Qi
If x+y=P,x*+)*=Qand x’+y>=P?, find the value of Q. 0=

3. Fa%: b iAREFEY -aQ+R=0 % P -HO+R=0 > RRHE -
If @ and b are distinct prime numbers and a>—~aQ+R=0 and b>*-HQ+R=0, R=

find the value of R .
| 1 1 1 1
4. ES>02 “1-T . S
S0 e s T T sra0)se1g) TR TS .

1 1
s5-1) (5415 " (5+20)5+19)

If §>0and

:1—% , find the value of S'.
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Hong Kong Mathematics Olympiad (2010 —2011)
Final Event 3 (Individual)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
FALELER 0 FRATET RE > LR

. EPiH- Tl a2 222+ 2P+ Dyt P -P—14=0 4143 5 fF i -
F P enge] i o p=
If P is a prime number and the roots of the equation x> + 2(P+ 1)x + P> — P — 14 =0 are

integers, find the least value of P.

2. tirxltax+b 523 +5x2+24x+ 11 2 x3+ Px—22 ch2> F5N o
F0=atb> £ QmiE - 0=
Given that x> + ax + b is a common factor of 2x* + 5x? + 24x + 11 and
x}+Px—-22.IfQ=a+b, find the value of O .

3. FR:F-DHFEERHARP+(Q-93)R+140+10 5 - F#c> fRE -
If R is a positive integer and R? + 4R? + (Q — 93)R + 140 + 10 is a prime number, R=
find the value of R .

4. “®B-°¢ »AP~AB~PB~PD~AC % BC 3 8% % D
% AB ¥ th— gL o F AB ek R 5 AD chEk B PR B

» R S ehig o

ZADP = ZACB 3 S= PB
PD

In Figure 1, AP, AB, PB, PD, AC and BC are line segments
and D is a point on 4B. If the length of AB is R times that

of AD, ZADP = ZACB and S :%,

find the value of S'.
Bl -
Figure 1
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Hong Kong Mathematics Olympiad (2010 —2011)
Final Event 4 (Individual)

Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

K{f?h%\i‘ﬂ]%ﬂg ’ g%}ﬁ%&i%g’j.fLi&ﬁgo

. FHdd#icy=sinx++3cosxcKa s ydb i fagig o
Consider the function y = sin x ++/3 cos x. Let a be the maximum value of y .
Find the value of a .

2. b 2 y&Eb-yl=bty—-aZ|bty|l=b+ta- Fbeig o
Find the value of b if b and y satisty [b—y|=b+y—aand |b+y|=b+a.

3. Ex~yE oz EHEEE Fx—yP00+z—xP=p>
mEce=x—yltly—z+|lz—x| fceiE o
Let x, y and z be positive integers. If |x — y[?°10 + |z — x]?011 = p
and c=|x —y| + |y — z| + |z— x|, find the value of ¢ .

4. aBl-7 ODC4i- =435 o FH~AB~
AC 2 BD 2 8B 1® AB 2 FH 4> G>
SEACSBD 2 FHAp2* E>GE=1>EH= A
¢c% FH//OC-> ¥ d=EF > $d i -

1N}
Il

In Figure 1, let ODC be a triangle. Given that FH, G
AB, AC and BD are line segments such that 4B

intersects FH at G, AC, BD and FH intersect at
E.GE=1,EH=cand FH// OC. If d = EF, find

the value of d .
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event Spare (Individual)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
FALELER 0 FRATET RE > LR

1. HPLFELER]NANEN =z £3558p o R PE o
Let P be the number of triangles whose side lengths are integers less than or equal to 9. |p =
Find the value of P.

2. K O=logixs 23+ logi2g 25+ logi2s 27+ ...+ logi2g 2P o Q ehiE o
Let Q = 10g128 23 + 10g128 25 + 10g128 27 + . loglzg 2P. Find the value OfQ . Q =

3. FRES 12x—-4y+(0-305)=0-
Fox-Ph o~ y-fhE QR B R ez A G ff 5 RT S H - RRE o R=
Consider the line 12x — 4y + (Q — 305) = 0. If the area of the triangle formed by the x-

axis, the y-axis and this line is R square units, what is the value of R ?

: 1
4. ?x*—l:R& x3+_3:S"‘f'\SE"J"Jf_E_v‘_o

X X S=

1
If x+1=Randx3+—3=S, find the value of S'.
X X
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event Sample (Group)

Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
K{f?h%\i‘ﬂ]%ﬂg ’ g%jﬁ%&i%g’j‘]ﬁTLiﬁﬁgo

iz b= B E ALY T acm~2cem %2 bem ¥ gfe b EHHT a<2<

be¥FF qfa* 2E = &8 HiEiE > RghiEg o g=
Given some triangles with side lengths a cm, 2 cm and b cm, where a and b are integers

and a < 2 < b. If there are g non-congruent classes of triangles satisfying the above

conditions, find the value of ¢ .

o

2. e *EIXI—%%? KBAREF 10 £k ehig -
k=

3 -
Given that the equation |X|——= M has k distinct real root(s),
X X

find the value of k.

v . X 7
3. vy 2 oy 5 ZER R Y 53£1ﬁ3£—ﬂ=—5 X—y=7-¢
Jy Vxo 12 e
FW=X+Yy - fKwiE o
: X 7
Given that x and y are non-zero real numbers satisfying the equations £—ﬂ =—
Wy 12
andx—y=7.1fw=x+y, find the value of w.
4 Sxy s Ko n YT o1=0 s p=hl 4 bl Ap it -
p =
Given that x and y are real numbers and |X —% +,/y?-1=0.
Let p = |x| + |y|, find the value of p .
FOR OFFICIAL USE
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Hong Kong Mathematics Olympiad (2010 —2011)
Final Event 1 (Group)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

GAFUER 0 FRET EF R B -

1. “Bl- ¢ BC:RlehE & A4 S} - B2 AB~
AC 2 AD 5 8 F > m ® AD #=% BC -
#BD=1>DC=42% AD=a > % a g -

In Figure 1, BC is the diameter of the circle. 4 is a point

on the circle, 4B and AC are line segments and AD is a

line segment perpendicular to BC .
If BD=1, DC=4 and AD = a, find the value of a .

If b 21——1 , find the value of b .

, v X+3y -3z
3. FXx~yE zHEFHcoxyz#£00 2xy=3yz=5xz % c=L
X+3y—62

o fcehiE o

If X,y andzare real numbers, xyz # 0, 2xy = 3yz = 5xz and c = X+3y—-3z ’
X+3y—62z

find the value of c.

4. Fx 5- Eds Llogy, (2x+1)<logy (x—1) » fx chk + i -
If x is an integer satisfying log,, (ZX +1) <log,, (X —1), find the maximum value of x . |, =

FOR OFFICIAL USE
Score for Mult. factor for
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Hong Kong Mathematics Olympiad (2010 —2011)
Final Event 2 (Group)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

GAFUER 0 FRET EF R B -

. GR-¢ > ABMAL 42 5Hmak
S AE e & G 30
SR S LR

In Figure 1, two rectangles with widths

4 and 5 units cross each other at 30°.

Find the area of the overlapped region.

Figure 1

2. E1FI100EEA Fi(3FE R)Efex20 100 BV ERF 287
From 1 to 100, take a pair of integers (repetitions allowed) so that their sum is greater
than 100. How many ways are there to pick such pairs?

3. GR- ¢l HMe s 0% X
ro 2 £, ACD 2 f4p 2> B~ C~D
2 E 8o B8 AE ¢hE B flehd o
il
% /DAC=20° 2 /DOC=x°

Fox ehig o

In Figure 2, there is a circle with centre

O and radius r. Triangle ACD intersects

the circle at B, C, D and E. Line segment ] .
AE has the same length as the radius. If Figure 2
ZDAC = 20° and ZDOC = x°, find the

value of x.

Given that 1+E+§:O and E—E—Ezo.IfP=£+X+E,
Xy X Yy z y z X

find the value of P.

FOR OFFICIAL USE

Score for Mult. factor for
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event 3 (Group)

Unless otherwise stated, all answers should be expressed in numerals in their simplest form.
K{f?h%\i‘ﬂ]%ﬂg ’ g%jﬁ%&i%g’j‘]ﬁTLiﬁﬁgo

l.

Fai- EFEEE C+100a 5 - Fiko faadd Lo
If a is a positive integer and a” + 100a is a prime number,

find the maximum value of a .

Ka bz ciFeF 1l ixX2+ax+2=012% gfcb 5 x> +5x+c=0a143 >
Fa+tb+caig o

Let a, b and ¢ be real numbers. If 1 is a root of x> + ax + 2 = 0 and a and b be roots of
x?+5x + ¢ =0, find the value of a + b + ¢ .

R L N R e g

Fy—x i o
Let x and y be positive real numbers with x <y .

If \/;+\/§:1, \/XJr\/z:% and x <y, find the value of y—x.
Yy X

FEF 12,010 A8 BFE P E Py AR LS B e
FPE Preb e R e ] i
2
Spilt the numbers 1,2, ..., 10 into two groups and let P; be the product of the first group
and P, the product of the second group.

If Py is a multiple of P>, find the minimum value of ﬂ
2

atb+c=

S0 |o

FOR OFFICIAL USE
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Hong Kong Mathematics Olympiad (2010 —2011)
Final Event 4 (Group)

Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

K{f?h%\i‘ﬂ]%ﬂg ’ g%}ﬁ%&i%g’j.fLiﬁﬁgo

1. % P=242007-2009-2011-2013+10-2010-2010—9 —4000 > F P ¢hig o
If P =24/2007-2009-2011-2013+10-2010-2010—9 —4000, find the value of P . p=
2. EOC+tax+1E H2+12p+m LT HE n>00 KD hi o
m n_
If 9x?+ nx+ 1 and 4y? + 12y + m are squares with n > 0, find the value of n m
m
S L e A I T e
547 141
;/' =
47( 4 n s . . ..
Letnand —| —+-——| be positive integers. If r is the remainder of n divided by 15,
5147 141
find the value of 7.
4, “mB-"¥ ABCD 7i- £33, 3% E% FAw D E A |Shaded area =
Z8E AD 2 DC } ingh o 8L G 5 B E AF 2 o
BE <2 8- H i 8 AF 3 CE 03 8> B 1/
I% 8B BF* CE 8o % AGE > DEHF % &
CIF chw ff &2 %] 5 232 1> 1
RA S 3R> BGHI 0 #f o
< \ B
Bl - Figure 1
In figure 1, ABCD is a rectangle, and E and F' are points on 4D and DC, respectively. Also, G is the
intersection of AF and BE, H is the intersection of AF and CE, and [ is the intersection of BF and CE.
If the areas of AGE, DEHF and CIF are 2, 3 and 1, respectively, find the area of the grey region BGHI.
FOR OFFICIAL USE
Score for Mult. factor for
= Team No.
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Total score
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Hong Kong Mathematics Olympiad (2010 — 2011)
Final Event Spare (Group)
Unless otherwise stated, all answers should be expressed in numerals in their simplest form.

GAFUER 0 FRET EF R B0 DA -

L ®oZ B a2’ —6t5=0 FH & m > o +l— P $Hizwd
x g | B o Rom ihiE e m
Let o and B be the real roots of y? — 6y +5=0.

Let m be the minimum value of |x — a| + |x — B| over all real values of x.

Find the value of m .

2 Ko By AFEIBL atBry=2 Zoafy=4°-%v 5 |of +[B+ yF )
B Ry g o V=
Let o, B,y bereal numbers satisfying a+B+y=2and ofy=4.
Let v be the minimum value of |a| + |B| + |y|. Find the value of v .
3. Ey=qx+1|-2x+x-2[F-1<x<2% a syt iE o K o HE -
Let y=|x+1|-2]x|+|x—2/and-1<x<2. o =
Let a be the maximum value of y . Find the value of o .
4, EF L3P+’ +2+wW=3x+y+z+w) i Efiandcp o £ Feanig o
Let F be the number of integral solutions of x> +y?> + 22 + w? =3(x + y + z + w). F=
Find the value of F'.
FOR OFFICIAL USE
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