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Rules and Regulations #t f 4R

. All questions are in bilingual versions. You can answer in either Chinese or English, but only
ONE language should be used throughout the whole paper.

AP EEY BB RVERNUP AR A 2ERENE-FEEY -
The multiple-choice answer sheet will be collected 1.5 hours after the start of the contest. You
can start answering the open-ended questions any time after you have completed the multiple-

choice questions without waiting for announcements.
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On the cover of the answer book and the multiple-choice answer sheet, please write your 8-
digit Contestant Number, English Name, and Seat Number.
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. After you have made the choice in answering a multiple choice question, fill the corresponding
circle on the multiple-choice answer sheet fully using a HB pencil.

FRERANE R - E R A PR TIEY BBALR2%RE -
The open-ended problems are quite long. Please read the whole problem first before attempting

to solve them. If there are parts that you cannot solve, you are allowed to treat the answer as a
known answer to solve the other parts.
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The following symbols and constants are used throughout the examination paper unless
otherwise specified:
% FEEFUAP > FRAERR T THRGEVEK

Gravitational acceleration on Earth surface

2
BPIie £ 4 ek B g 9.8ms
Gravitational constant
T4 ¥ B G 6.67 x 10711 m3kg'1s'2

Trigonometric identities:
ZE&FERN
sin(x +y) = sinx cosy + cosxsiny

cos(x +y) = cosxcosy —sinxsiny

tanx +tany
tan(x +y) =
1 —tanxtany
. . . Xty x-—Yy
sinx +siny = 2sin cos
2 2
x+y x-—y
cosx + cosy = 2 cos cos
2 2
Xty Yy—X
cosx — cosy = 2sin 5 sin—

1 x—y 1 x+y

sinxsiny = Ecos > —Ecos >

1 x—y+1 x+y
COS X COSY = =COS —COoSs

2 2 2 2
] 1 x+y+1 X=y
sinx cosy = —sin —sin

2 2 2 2



Multiple Choice Questions (2 Marks Each) ;g # 4g8(+ 38 2 &)

1. It is given that the center of mass of a uniform semi-disc with unit radius is located as shown in

the figure below. Find the center of mass of the following figure.
e ol =2 g ann g LG  E o BT o

0,0

Find the center of mass of the following figure.
HITRAF R o

12

X, Y)me

A= (1) 5 0 = (54 c.0n =(~45)
0.0 = (33) = o =(+5)

2. Two identical blocks with uniform mass and length L are < L ,
stacked at the table edge without falling off the table. What is

the maximum overhang distance x of two blocks?

2. L3 B NARTELS > RR S LeiiakdH o | i
P RS T K o B BB A R R x £ x
A= B.: C.2 D.> E.L



3. A 50 kg woman stands up in a 75 kg boat of 10 m long. She walks from one end of the boat to
the other end. If you ignore resistance to motion of boat in the water and assume that the mass of
the boat is uniformly distributed, how far does the boat move during this process?

3.— 50 kg FA k- 4010 m& ~Th kg ey b oo b jEdpeh— A FIY - 2 o Aok

Ay ok BRI o BT E R353 A hieRERT L g B 5 R 7

A.20 m B.40m C.50m D.6.7m E.80m

4. A uniform rod of length 1 m is supported at two points each by a pivot. The left pivot is fixed
and the right one is movable, and the coefficients of friction between the pivots and the rod are the
same. The initial positions of the two pivots are x = 0.2 m and y = 0.7 m from the left end
respectively. Now a leftward external force is horizontally applied to the right pivot. This external
force is gradually increased from O until sliding motion takes place. Which of the following figures
is a possible trajectory of x and y?

4. -RERZIm 353 Fl A BB F RS B o 2 RIXLILFATH Rl
PIFAE > 3 BLEFOEEIAEIPE o3 BLI 48 AW idam
y=07m3®mG - % 24 R F e e RIXEE o BB A L0 B AR B 40 0 B DI

A e o T AR B Ex foy 07 Pt ?
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5. A uniform ladder of mass M = 10 kg and length
L =1m s leaning at an angle 8 = 30° against a
step whose height is h = 0.5m. There is static
friction between the ladder and the ground but
negligible friction between the ladder and the step.
What is the minimum value of the coefficient of

static friction between the ladder and ground that
would be necessary to keep the ladder from moving?

5.HFEM=10kgfrk R L=1m3 FHI AL EZ AL h=05mfhat » 215
k- B 0=30"n% ko I o m 22 B AFEE EHI o BT
P EES P

BV Ao AP HFHE 0 B for g 2 B iR B ik
A.0.15 B.0.25 C.0.35 D. 0.45 E. 0.55

6. A homogeneous cylinder of radius R and height H floats at the
interface of two fluids with densities p; and p, respectively. If
p» = 4p, and the density of the homogeneous cylinder is p =
1.5p;. What is the distance h from the center of mass of the
cylinder to the interface between two fluids if the cylinder remains
stationary?

6. L3 R ~BR:HAOTRARMELTRES YL pyfo
pp 0 R MR G e K pp=4py 0 3 FRIRMATE p=
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7. Peter is planning to sail a boat across a river. He
can sail the boat at a speed of 3 ms™. The water in
the river is flowing at the speed of 5 ms™. To
arrive at the opposite bank of the river with the
smallest distance downstream, what should be the
angle @ between the sailing direction of his boat
and the downstream direction of the river?

T @4l kds - 157 o # a2 3ms™!
ik BT o Pok 1 S5msT! dhi B g o &

M) TR PIERHAE BT e e T R e 2 B d R OREAS D0

A. 90° B. 121° C.127° D. 143° E. 149°

8. Ball A is projected horizontally with R

velocity v = 1 ms™! at the point (L, H) = L
(20m, 10 m). To intercept the ball A, - @
another ball B is projected at the origin with
velocity u = 5 ms™~1. What is the launching H

angle @ of the ball B? u 0
8.3 A ti% (L,H)=((20m,10 m)

R v=1ms™! kTt o 5B
A T-2k B Ahu=5ms L RERS o K3k B et 085002

v

A.20.7° B. 26.6° C.31.7° D. 33.9° E. 35.3°

9. Two friends Sandy and Lilian are playing a game of throwing stones. Lilian is at rest and Sandy
is throwing a stone to Lilian once every T seconds, while at the same time walking at a constant
velocity v away from Lilian (a negative v means Sandy is walking towards Lilian). The speed of
the stone in air is u > |v|. Lilian receives a stone every T’ seconds. Find T".

9. % @ % Sandy fv Lilian & 3= £ egenisgh o Lilian#2 % # > Sandy # ¢ T #)
w Lilian ##g- B £ 8 > PR @ R v 28 Lilian ( v &5 f R %+ Sandy &



w Lilian 42 ) o FEg Lz d@ I u>|vle Lilian® T §4&F- B8 o K&

T -

u+v u-v

AT =T B.T’—T— CT =T—

D.T"=T— E.T'_TE

10. Following the previous question. This time Sandy is at rest and Lilian is walking towards Sandy
with a constant velocity of v, where |v| < u (a negative v means Lilian is walking away from
Sandy). Lilian receives a stone every T’ seconds. Find T".

10. &k + 4 - iz=t Sandy # . 2 % > Lilian “E 73 B v » Sandy 4.2 (£ v &3
Al% 57 Lilian & %3t Sandy) ° #Jie lv| <u ° Lilian & T" §4&3|- 25 - &
T’ o

u+v u-v

AT =T B.T' = T— C.T'=T—

D.T"=T— ET =T—

11. A massless rope is passed over a frictionless tree branch. A box of mass 12 kg is hung from
one end, and a monkey of mass 10 kg is hung from the other end. What should the monkey do to
lift up the box? (Choose all valid answers. Marks will only be given if all valid answers are the
only chosen ones.)

I-REFieszBEa B - - BRAFTE S 12kg g+ V- HZRATE
= 10kg jEs o 5+ BEm A RRLEBEF 7 (GRERTI IRERF PN AT

ER
FRAFRFLE- FRFRANRT A §57 Ak )

T,

A. Climb up the rope with accelerating speed. 14 4vi# g B % F & % o

B. Climb up the rope with decelerating speed. 1 ji& eig B % F &% o

C. Climb down the rope with accelerating speed. 12 #c i s & 7 T %3 o
D. Climb down the rope with decelerating speed. ik g B e T B o
E. Climb with a constant speed. " |z Zi& B ¥ % -



12. As shown in the figure, masses m; = m and m, = 2m are
connected by a string over a massless, frictionless pulley A. The axle
of pulley A is connected by a second string over a second massless, e
frictionless pulley B to a mass m; = 3m. Pulley B is suspended from
the ceiling by an attachment to the axle. The system is released from

rest. What is the acceleration of the mass m;? @

12, deWeim  FEA S my=mie my = 2m S i
R wREBE- BATE C ZEBECFH A FH A o

phod ¥ - EwmRARITE L me=3m bl > wREE 4

B BRTE RRBESFER Bo s B rpho IR AT T

B o KEAGEL Y Rl o R my AR RS Y2

5 5 7

A -9 upward B.-g downward C. =g upward
7 9

D.-g downward E. =g upward

13. A block of mass M = 1 kg is attached to a massless rope of
b
length [ = 1 m which is initially at rest. A bullet with a mass of _

m=10g and a speed of V, = 400 ms™? strikes the block

horizontally. The bullet embeds itself there and the whole %
system swings. Find the maximum angle of the swinging.

13 ERZI=1ImaEfRR > T - FEL M= #$

1kg chd i Ao i b o — 3FF R 5 m=10g+ MLk _— — | !

B Vy=400ms 1 kT bt 4o b o 5 3B r 3B 15 — A=k
R HBRBA D o LB AR L o

A. 26° B. 39° C.52° D. 64° E.78°



14. A 2.00 kg stone is sliding to the right on a
icti ; F (x103N
frictionless horizontal surface at 3.00 ms™?! (XA )

when it suddenly collides with an object that
10.0

exerts a large horizontal force to the left on it for

a short period of time. The graph shows the 6.0

magnitude of this force as a function of time. , > t (x1073s)
15.0 16.0

What is the magnitude and direction of the

stone’s velocity after collision?

14, - 12,00 kgeh 7 H te g B¥rark T 13, 00ms™ e B L8 § 7 RBRE- B
FPREFABREPEF  ZPMAEHERFR 40— Bo 2advRT 4 FHF o TRET RS
FAPER Il FARE FEd Rfo> » L2 A2

A.1ms™1 to the left B. 1 ms~! to the right C. 7ms™1 to the left
D. 7 ms™? to the right E. 5 ms™! to the left

15. A 1 kg ball is released from rest at a height of 20 m above ground at t = 0. After 1 s,a 2 kg
ball is thrown downward with an initial speed of 20 ms™!. Find the time ¢ = T when the center
of mass of the two balls first comes to rest. The collision of the balls and the ground is perfectly
inelastic, whereas the collision between the two balls (if they do collide) is elastic.

15, & t=0p> - @1 kg# b osfids o 20 menB BT B o 1§88 > *
20ms™ dcdniE R TN Y - 2 kg hrk o A BIRaE . DlE L R AT OpE
Bt=T- &y gz 22t ad Bk FopiE (4o v PR
L s

A 2s B.1.83s C.1.79s
D.1.93s E.0.93s

16. Three small balls of the same size but different masses are hung side-by-side in parallel on the
strings of same length. They touch each other. The first ball of mass m, is pulled to the height h
and released from rest. The first ball collides elastically with the second ball of mass m, and the
second ball collides elastically with the third ball of mass m5 afterwards. After these two collisions,
three balls will have the same momentum. What is the value of m3?

16. =B ]4pk > FEA RG]k TR T8RP LR HFRE R DR > Wt 4pT K -
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17. An astronaut lands on a spherical planet in a distant galaxy. He throws a 2.50 kg stone upward
from the ground at 12.0 ms™! and it returns to the ground at 6.00 s. The circumference of the
planet is 2.00 x 10° km and there is no atmosphere on the planet. If a spaceship goes into a
circular orbit 30 000 km above the surface of the planet, how many hours will it take the ship to
complete one orbit?

17. 4B % F gk AP - 3257 % o B 6 Mg X 12.0ms™ % P2 01— K
250kg SH T Ff 0 FEE 2 600w P G o (FEeh% £ F 200X 10°km @ 2 (7 E
/;i’ﬁ A F o hod - dEN AR M BT R £ 5 30 000 km R[] ASdiE 0 PR AR 7

Bl pER A - g ?

A. 11.3 hours B. 12.7 hours C. 13.3 hours
D. 14.5 hours E. 15.6 hours

18. - 19. A block of mass M = 1 kg rests on a frictionless surface and is connected to a horizontal
spring of force constant k = 50 N/m. The other end of the spring is attached to a wall. A second
block with mass m = 0.2 kg rests on top of the first block. The coefficient of static friction
between the blocks is u; = 0.2.

18.- 19, - HRFEZM=1kgehFH c b g BT g > T - B4 V8kk=
50 N/m3EF h¥ - B3 o 52 BFE 5 m=0.2 kg s e 5 - BTEI0 o
B2 B Eticd_u, =02

Hs

k ™ /

—
-—
-—
-—
—
—
—
—
-—
—
—
—
—
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18. Find the maximum amplitude of oscillation such that the top block will not slip on the bottom
block.

18, H b ndb c oty > Mg P3P HT § AT IR

A.0.8cm B.3.9cm C.4.0cm

D.4.7cm E.5.4cm

19. If the spring is compressed to A = 10 cm and the system is released at rest initially. When
will the top block slip on the bottom block?

19. dr% ¥ A RAGET A=10cm 3 7 % Sdor BT R 0 b 2 R A P AR B
BT HY FE D

A.0.03s B.0.17 s C.0.34s

D.4.8s E.965s

20. A small ball of mass m rests on a frictionless L

surface and is connected to a horizontal spring D
of force constant k. The other end of the spring k m u

is attached to awall. Attime t = 0, the springis A AAAAAANAANAN Q —

unstretched and the ball is moving to right with
initial speed u at the origin. There is another
wall at distance L from the origin where L? < % The collisions between the ball and the wall
is elastic. Find the time when the ball will return to the origin for the first time.

200 - BEFEEma | A g BEDTG > FRRET] - BEA GBI kR TEF o
S hT - BRI o At=0F  EBE¥ L APV G Ak A RBANALER U
LA B CBERRBRL A S T - 5 2 2 < T o spfeshe P ehmit LA -
Rl kg aw IR BORER o
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Open Problems (12 Marks Each) B *c4g (= 48 12 &)

1. The trebuchet is a medieval weapon of war — a catapult that is powered by a falling massive
counterweight and a swinging arm to throw a projectile. In this problem, we analyze a simplified
version of the trebuchet — the see-saw trebuchet (Fig. 1) It has appeared in movies such as The
Lord of the Rings: The Return of the King.

LEFWE- B2 edREFF - - fad 57 T HE fofod B R gPe st oh
AR o RIEBRAEY > NP LAP - BH R ATR LY - MEEEREE (R L) ov
FARATEY AR 2 HE TR

/

Projectile

Counterweight

PR

Projectile

)

Q

Counterweight

Figure 1: Systematic picture of a see-saw trebuchet
Bl 1D - BEEEFERTHOED

/-

Projectile

Beam

fixed pivot

%Cou nterweight
[

>
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In this problem, we fix the pivot at the height h = 2 m above the origin 0. And here are the
parameters you will need:
i BRAEY P APRIBHTEREY S h=2mDB R o T AKEFE & DS

m = 1kg mass of projectile $2 544 /5 £

M = 500 kg mass of counterweight = §i=& 7 &

[L,=05m distance from pivot to counterweight £ L 85| - i€ chjEdt
ILb=4m distance from pivot to projectile £ & Bk 3| #2 &4 1 eG4t

(21 speed of counterweight = #r& e &

Uy speed of projectile $& b4 47 e

¢ beam angle * =4 e d &

To simplify the analysis, assume that the beam is massless. The counterweight and projectile are
treated as point masses, and both are released from rest at the initial beam angle ¢, = 120°.

= AR RIS S S N %ﬁ’ffé_;rh o T HrE fr o btP T AR 4@’?& » I B i*rzq\_ i
AR s R Ry = 120° PEEFE S P R o

(a) Find the relationship between the speed of the counterweight (v,) and the projectile (v,) at

angle ¢.
(a) H NI HE (v)fede bt (vy) e b R QPF g B 2 FF chfd 0% o

(b) Calculate the total mechanical energy of the system at beam angle ¢ in terms of M, m, [, [,
and v,. Assuming the gravitational potential energy of masses are zero at the initial beam angle
$o-

(D)8 T b b & @ FreniBiti - L Mom L frv, R4 - BRIP4 Fi
R N e SR A S

(c) If the projectile is launched at the beam angle ¢ = 45°, what is the numerical value of the
initial speed (v,) of the projectile?

(C)dr% it & T frh chh & 5 ¢ = 45° PEaF o o B30 sdde cidedoad B (vy) il e 8%
oY ?

(d) What is the numerical value of the horizontal range, d, of the projectile relative to the origin?
(d) RFeotr Ap$43t R Bk T gl d i@ £ 5 > ?

14



2. An object with mass m is initially at rest at a distance H above ground on a smooth track, as

shown in the figure below.
2. AT BT 0 TR G om e A AT R B H o

The lower part of the track is circular and has radius R. It is assumed that all frictional forces can

be ignored.
BUE TN 0 XD R BRG] BERY 5T A

(a) Find the critical initial height H. below which the object cannot complete the whole journey
along the circular track.

(a) FA~ded RePTRA B He o FA7 408 R MO RAF R - RIFHI R - FRYRE=
=R TAR

(b) When H < H_, the object will leave the
track at some point. Find H so that the object
will hit the center of the circle after leaving the
track.

(b) % H<H P > iy pipgn
FLE o o H o @ 7588 AR g 1R
IR o
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3. An artificial satellite falls back to the Earth due to malfunction. During its last stage just
before hitting the ground, its height is much smaller than the Earth’s radius. To avoid its hitting
the ground, a projectile is launched to destroy it, as shown in the figure below. Ignore air
resistance.

3. — AR WwWhEFlwRE ek ARFFG2ZDOBREIFER BB RBER) T RO
oo ZOEATVRIE G o M- fTA RHR T o Ao T BATE o A F A

(@ Ifr=3km, 8 =60",v= 500ms™?, & =30, find the time T taken for the satellite to hit
the ground if it were not hit by the projectile.

()% r=3km B =60 >v=500ms!>a=30" kit 2 i L KiFs
RE» 5 R -

(b) Find the minimum value of u and the corresponding launching angle 8 so that the projectile
can hit the satellite before it hits the ground.
(b) 3B uhd | EfcH HRPF s s 0> @ TP i LiFELREE G2 0 EP T o
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4. There is a box A of length L = 1.0 m on the smooth horizontal surface. The center of mass of
the box is located at its middle position. Inside the box, there is a block B with negligible size. Box
A and block B have the same mass. Initially, box A is at rest and block B is located at the middle
of A and moves to the right with an initial speed v, = 5 ms~1. The coefficient of friction between
A and B is u = 0.05 and the collisions between the left and right walls of A and B are elastic.

4 b kFkTre Fi- K3 L=10meh+ A 3 hFe NP o J4p G - s
B(ERZ3) A fr B FEWE A b RA#F b > FHRBETASDE ¢ 14 vy =
S5ms w48 o A fr B g GEA u=005° BEX B fr A it g & AL
R e s ;A

A
v

(a) How many collisions occur between the walls of box A and block B?
()4 ¥ B & A enfa i 2 5 > =tpidg ?

(b) What is the horizontal displacement of box A from the initial moment to the moment when
block B has just reached the relatively stationary position inside the box?
(D)iEd~ 4B fac > T8 B Adap BIZIAPE#F L Pl > 43+ A a-kTa bz
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5. Assume that there are two point particles A and B in space with masses m and M respectively.
Initially, the separation between A and B is [,. A is at rest and B moves with initial velocity v,
along the line AB. An external force F is applied to B in the direction of its motion such that the
velocity of B is maintained at a constant.

5. B FhzFY AR A fr B v FAFELNImfc M B4epF - A fr B e
Slo> A #a B A vy i ABRR D i@ H oo 5 -4 F jLF B nd@H o (B AT
A Lo RaEr o

Vo
[
me __ ___ ()_____M_. N
A B F

@ Ifyy < /ZIG—M what is the magnitude of the external force F when the separation between A
0

and B is maximum. (Hint: you should consider the inertia reference frame where B is at rest.)
(@FR v < [P g AB WEdE A B F i o (bt 6T U4 - @B
0

\\\?{r

’iy"'io)

(b) Calculate the total work done by the external force F from the beginning to the time when two

particles are maximally separated.
(b)) & 4~ 4o B 3] A B B EEHEE < pF > ¢t 4 F faehs o

©) If vy > /ZIG—M calculate the total work done by the external force F from the beginning to the
0

time when two particles are maximally separated.
«ﬂﬁa%>/fM,%ﬁﬁﬂﬁwﬁ@ABﬁ&%&%ﬁ»ﬂJ1?&¢ﬁo
0

(THE END 52)

18



