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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 PR R A 2E R NE-FEEY o
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.

ERMANEARIT F L - PP A rr o F iAW e AT EH RS
FRATER D g fEGEREH -

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.

BEMEHG A FRMEENL FE L G 8 T AFFRM Eo L IR
B o

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.

EREREOE R FHER A ApROFEY BBA YR 2%E -
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.

B R iRt  FREFERFARCL FLI R PRLENSATEMo 2 VRTE
ERF T R EHE B I o



The following symbols and constants are used throughout the examination paper unless

otherwise specified:
% FEEFUAP > FRAERR T THRGEVEK

| Gravitational acceleration on Earth surface ¥ 3¢ 4 & & 4 4cif & | g [98ms”

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

cos(x +y) = cosxcosy —sinxsiny

tanx + tany
tan(x + y) =
1 —tanxtany
X+ X —
sinx +siny = 2sin ycos 4
2 2
x+y x-—Yy
cosx + cosy = 2 cos cos
2 2
Xty y—X
cosx —cosy = 2sin > sin >

1 x—y 1 x+y

sinxsinyzzcos > —Ecos >
1 x—y+1 x+y
COS X COSY = = COS =COoS
2 2 2 2
, 1 x+y 1 x—y
Sinx cosy = —sin + =sin

2 2 2 2



Multiple Choice Questions (2 Marks Each) £ #4g8(+ 8 2 &)

1. The orbital period of the Moon around the Earth is 27.3 days. The orbital period of the Earth
around the Sun is 365.3 days. What is the time difference between two full moon?
PR EISER R R B 5 273 P o IR BIES B o B 5 3653 p o B Sk
2 P AR EE RS

A.25.3days 25.3 p B. 25.4 days 25.4 p C.27.3days27.3 p
D. 29.3 days 29.3 p E. 29.5 days 29.5 p

2. A circular hole with radius R/2 is carved
from a uniform circular disk of radius R. A y
smaller disk with radius R/4 with the same
uniform density is then put inside the hole, as
shown in the figure below. The center of

mass of the whole system is located at a K

distance d from the origin. Find d. -

- BEES RAE] FlE- - Fi 0 o

LS5 RI2enlay » Rl - BLITG ? x

RIA chip e $83 % R o] FlAE»e 34 ¢ o 4o
Rrm o BBk henfod REkiedg s do

fd o

A. R/13 B. 5R/52
C. 3R/26 D. 7R/52
E. 2R/13

3. A seconds pendulum clock loses 20 seconds a day at place A but gains 20 seconds a day at
another place B. Find the ratio of the accelerations due to gravity at the two places, gs : ga.
Note: a seconds pendulum has a period of 2 seconds.

- B B AF TR 204) 0 (et BE B ArE X HP-204) o Rigs o Bhand
A b R0t ggigac i ekl 2 24 o

A. 2159 : 2163 B. 2159: 4321 C. 4323 :4319

D. 4319 :4321 E. 8647 : 8639



4. A loop of chain of mass M and length (circumference) L rests on
the slanted surface of a cone. The chain lies in a horizontal plane,
and the half-angle of the cone is . Assume that the contact
surfaces are smooth. What is the tension in the chain?

-EFES M LR (M%) 5 LBt s - B s
G oo 4AB TR AT G b St o Fl4afant & G
Voo BRI ke daR]Y k4 S 7

2nMg

A Y

B. m2Mg sec® 9

Mg .
C.fsmﬁcosﬁ

D. @cotﬁ
2T

E. None of the above. 14 + £ # 87 &_-

5. Particle 1 of mass m; takes time t; to slide down from rest on a
chord starting from the highest point H of a vertical circle. Particle
2 of mass m; takes time t, to slide down from rest on a chord
ending at the lowest point L of the circle. Particle 3 of mass ms
takes time t3 to drop from point H to point L (along the vertical 3@
diameter). Assume that the contact surfaces are smooth. Compare
1, b, and ts.

FEZ m gk F 1A SR g s HipEz- 2T
AL FRE M g 255 E - T I AR b Mg
LGP e TR E mg spd 3 (P H40E 5 i0) JH it L
TI LB G ek Fendsd kL E o BRYTH &

G AR ke 1 vt Rty

Aty =t, =ts.
B.t; =t, > ts.
C.ty >t, >ts
D.t, >t; > ts.

E. Depends on the relative values of the masses. B~ -3 3 ch/fT & chfp ¥ @ o



6. A satellite is orbiting around the Earth on a circular orbit at velocity v. It is hit by an asteroid.
After the impact, the radial velocity of the satellite becomes v/2, and the tangential velocity
remains at the value v. The new orbit of the satellite is
FIEEGRIRERES R, ERE: Ve WARNBRFPARE > AREREFEDE-RER S
VI2> 7 i BV EAFT R o fTh chATHGE A
A. acircular orbit with a larger orbital radius — & #& = [f] % ¢h[f] 2 #uig

an elliptical orbit — i #F ] d'eif

a parabolic orbit — i = 4% dif

a hyperbolic orbit - & g s iig

an oscillating orbit about a circular trajectory — & %% [F]12; #ub 3k i chduig

moow

7. A spacecraft moving with initial velocity u approaches Jupiter (which moves with orbital
velocity U) at an angle ¢ to the planet’s orbital motion. The spacecraft does not enter

Jupiter’s atmosphere. The gravitational pull from Jupiter causes the spacecraft to swing
around the planet and head off with final velocity v in another direction. Note that u and v are
the velocities when the spacecraft is sufficiently far away from Jupiter’s gravitational
influence. Find the final velocity v of the spacecraft.

SRR A R U T AL (AENMRERER UET) o X ZAGHRTS 5 B3

—

FROPEEF v d b b o A TR G AR F R o FRNES B LS4

/|

AR I NARER VP I - P e Hd AR tufov
Adpd ~ ZHIEHEAE LEP (AXE 4 9T )
ik B oo R zAihRBR Ve

A. Ju? + U? — 2ul cos ¢

B. J4u? + U2 — 4ul cos ¢

C.Ju? + 4U2 — 4uU cos ¢

D. \/4u? + UZ + 4uU cos ¢

E. Ju? + 4U? + 4uU cos ¢

8. A large piece of granite is put on board a boat, which floats in a swimming pool, and the
initial water level of the pool is recorded at equilibrium. Now, if the granite is thrown
overboard and sinks into the pool, what will happen to the water level of the pool?

- BOPAREANAE oo A PN - RBUTCH B o A e R B T TR G PR AR e
B ok o MASHRTTH ERA P P T T T o B R T Rk L A
BTk oo BAB kT i ?



10.

A. The water level rises. -k =+ =
B. The water level drops. -k =77 *% o
C. The water level first rises and then drops to the initial level. -k =% 2 15 %% % 4405 B -
D. The water level first drops and then rises to the initial level. -k = £ "% {8 2 1 4248 & -
E. Cannot be determined without the exact values of the densities of granite and water.

AP oRIriEf EORRTHRETE 0 P AR ©

Consider a ship of mass M and volume V floating in water with density p. Assume that its
density is uniform and its horizontal and vertical cross sections are rectangular. To prevent
the ship from overturning, a thin layer of mass m is placed at the bottom floor of the ship.
What is the minimum value of m?
—HFE L MM G Ve FARAR TRk o BReESDRARES  KT{rd
B G 0L AR, 0 Sk dnEsi o dp AR E T - BT R MR omak b &
AT
A pV-M Vv
B. 2 —M
c. Z_m m

M
D
E

2
LDy p

. JpVM — M

A chain, of mass per unit length 4, is hung vertically by an upward pull P acting at the upper
end of the chain. Meanwhile, the chain is lowered onto the floor with velocity v. Let | be the
length of the free-hanging portion of the chain above the floor. Find the acceleration [ of the
top end of the chain.

— B b4 P OfER AN g R
PULIpH G MEPEE L RPFER
B TAATERPERF UER VALET I
Boo 3k | RABRIE AR G U REPINL DR

B R4AETF e B o

.o . P
Al=—g B.l—ﬁ—g
7 _ P f_ "_ﬁ_ﬁ_ Floor -
C.l= T, + ; 2g D.l = T "
P 2v?
E.l 2_[,11 — T -9



11. A man with a ball of mass m on his hand is sitting on the basket hung by a —
hot air balloon. The total mass of the balloon, the basket and the manis M/ \
and the whole system remains at rest in the sky. Suddenly the man throws | |
the ball vertically upward, and the ball falls back to his hand after time t.
What is the total work done by the man in throwing the ball?
—AEEFEL MR A RFIRTORES o F o h g
AFIREE L Mo R AL AP o RR AR I G
W LS fx Ew A £ o B A BPTRiEARY LT F 00

A_ m(M+m) gztz B m(M+m) 2t2 C g
8M aM
m? 5 2 Mi+m 3.2
D. et E. — 9t

12. Three blocks with masses 10 kg, 5 kg and 1 kg respectively are sitting on the frictionless
tabletop as shown in the figure. Initially, the 10 kg block is moving with 10 m s™ to the right.
Assume all the collisions are elastic, what is the final velocity of the 1kg mass after collision?
iadi- e B %%‘fﬂ&\ | 210 kg~ 5 kg fo 1 kgeh A4 ek if-kT e b o a24 > 10
kgh {12 B10 m s'e & A B o B AT AL A EMRLR 0 B kgh 4R AR (S ek
R RA ST

10 m s
)
10 kg 5 ko
- Ske 1 kg
| |
A.11.1 ms* B.22.2 ms™ C.33.3ms*
D. 44.4 ms™ E.55.5 ms*

13. Two blocks with masses 10 kg and 1 kg respectively are sitting
on the frictionless tabletop as shown. The coefficients of static 1 kg
and kinetic friction on the interface between two blocks are 0.5 e
and 0.3 respectively. What is the acceleration of the 1 kg block —
relative to the 10 kg block if the horizontal force F applied 10
kg block is 100 N? | |

10 kg

el R ) ﬁbi,,’}frﬂ&a | % 10 kg e 1 kgeh 45 A ~';§7J;i"i oo BAdr 2 B engs
Brggs h Bofods Bir kB W 5054003 I - %R 5100 Nervk T4 4 Fig# $.10 kg
Ao RIKgH 1A #3010 Kg A 7 cdp St 4o ik & e



14.

15.

A. 6.77 ms™ to the left B. 6.77 ms™ to the right
C.4.6177 ms™ to the left D. 4.6177 ms™ to the right
E.0ms?

A uniform thin rod with mass M and length L is initially
held at an angle 8, with the ground. A small cup is fixed
at the higher end of the rod with the mouth facing
outward and a small ball is put inside the cup, as shown in
the figure. The masses of the cup and the ball are both
negligible. The rod is then released from rest to hit the
ground. It is assumed that the friction of the ground is
large enough so that the contact point of the rod and the
ground remains the same when the rod falls. It is given
that the rotational kinetic energy of the rod rotating about

its end with angular speed w is %MLZwZ. At what angle will the ball starts to move out of the
cup, if the friction between the cup and the ball is negligible?

heRrw o IR G MER L L aud) i hefF 2t g 26 5 G iz o
“ IR ETTRORG - oo et DR g - 3k e BT E G
FAG cRESHBAG R T RS EY E G o BRBEE G B L @
FHge g e T HERY T F o my S HHE - iR R o #
PRS2 M0 o BRI 2 B T A, Bl A LR
= R e

A. At all angle B. At no angle C.sin™? G sin 90)
. —1(3 .. —1/(3 ..
D. sin™?! (E sin 90) E. cos™! (E sin 00)
The Grand Coulee Dam is 1270 m long and 170 m high. The electrical power output from

generators at its base is approximately 2 x 10° W. How many cubic meters of water must
flow from the top of the dam per second to produce this amount of power if 92% of the work
done on the water by gravity is converted to electrical energy? (Each cubic meter of water
has a mass of 1000 kg)

A REE ARG 1270me B ARG 170 me R AR S F P F YL
2X10°W o 4ok 514 i8% sookehrt 4 920 #E 1 5 T A o B E A ACKEETE IR )

KRS E A kA NAS EHE?

A 1.0x103m’ B.1.2x 103 m® C.1.2x 10 m®

D.1.3 x 103 m? E.1.3x10m3



16. A mass is hung from the ceiling of a lift by a spring and is initially at rest. The period of
oscillation of the mass hung by the spring is T. At time t = 0 the lift starts from rest to move
upwards and reaches a constant velocity in a short time. After moving a time interval equal to
3T/2, the lift stops in a short time. Which one of the following figures represents the time
dependence of the height of the mass, measured from the floor of the lift?

TR HAEINUEBEERF > kST b PRAAEF R F R S
Te AFFt=0FF > T HFEptr 2 AEmR N353 o P27 - 5 3TR2apFE (S >
TH AR N B o TRUGER A A WIERT B G 03 B Ol R0

>
w

Height from floor
SERE TS B
Height from floor
S5 e b T 84 8 A

t T t T T
-0.5 0 05 1 15 2 25 -0.5 0 0.5 1 15 2 2.5

Time (inunits of T) BF R (B A T) Time (inunitsof T) 8§ R (B A T)

SEEE ML E & A
Height from floor
FEREN I &) B E

Height from floor

-0.5 0 0.5 1 1.5 2 25 -0.5 0 0.5 1 15 2

Time (in units of T) 5 R (B A T) Time (inunits of T) B5 R (B B T)

E.

VAV

T T t
-0.5 0 0.5 1 1.5 2 2.5

Time (in units of T) 85 M (B LA T)

Height from floor
PE B . 6 % I

17. A mass m is attached to a spring and allowed to oscillate. The velocity of the mass is shown
in the figure. What is the maximum acceleration magnitude of the mass?

-

)
=

\F‘b

v
*

Menge BB - SBE VI ERT o i R AR 977 o B P B eid B ahd
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A

=

10



v, (cm/s)

ﬁé'\ /TN
1210 14 1.8
802 e 1Y

A.39.27 cm s B. 78.54 cm s C. 157.08 cm s

D.125¢cms? E. 25cm s

18. An object is released from rest at time t = 0 at a height of h. Suppose its collision with the
ground is inelastic and during every collision the fractional loss in KE is y, where 1 >y > 0.
After how much time will the object stop and become at rest on the ground?

FREE t=0p, -FHWEFE h Biopd TH - BRIFHE G pf 5 HE
g o AR EBH R TPHEL S Yy, 2F12y>0 - RS S HERFEFHE R
SRE B SNe

A 1+,/1-y 2h B 1+/y 2h C 2 J1-y 2h
T 1-J1-v4 g 1Y g "T1-J1-v4 g

v |2
D'21—\/7\/; E. o

(19.-20.) Two identical particles A and B with charge g and mass m are inside a region of
uniform and constant downward gravitational field § = —gj and uniform time-varying electric
field E = E, cos wt 1, where i and j are the unit vectors along the x and y axes respectively. At
time t = 0, particle A is located at (0, —d,), moving with speed v, making an angle 6, with the
positive x-axis. Particle B is initially located at (—dg, 0) and is launched with speed vy at an
angle 85 measured from the positive x-axis, as shown in the figure below. It is given that

AARRET AL BAFTFE MR iF qo v P AGRE T - v Ty F514 8
G=—gj * - 23 %033 E=Eycoswti> H? iqojAuiis X 3 yfh= » ol =%
Eod R t=0 F > doT BT o+ A =30(0,—dy) 0 M Fugs B X fhe L&
O™ wiEH o+ B 23 (—dp,0), M Fvpgit B8 Xfh & A Qg wiEH o © A

0, > % —tan™! Z—:
It is also given that the electric force acting on a charge g under an electric field Eis qE. Assume
that the electrical and gravitational forces between the particles are negligible.

v

PR QRTHE PR 5 qE o BRA LRI BRI foF G 34 T g o

11
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19. Find the minimum value of vy so that particle B can hit particle A with certain angle 6;.
fovpg bl B REF BE UL LR OF Y kT Ao

A. vy sin (9A +tan™" d—A) B. —Vy COS (OA + tan™?! d—A)
dp dp
C.—vy, sec (HA + tan™?! Z—:) D. v, CSC (9A + tan~! Z_:)

mg —1da
E.—v, —cos (9 + tan —)
4 qEg 4 dp

20. With the above minimum speed and angle, what is the time at which particle B will hit
particle A?
Riyp 3P g R FEHREERE > P+ ALPARAFGEEY 23 Bo

Idf,+d§ d /d§+d§ d
A. sin (HA + tan™?! —A) B. — cos (HA + tan™?! —A)
Vg dB va dB

la2+a3 /d§+d,§.
C. csc (HA + tan™?! d—A) D. — sec (BA + tan™?! d—A)

va B va B

/df,+d,23 d
cos (HA + tan™! —A)

wdgp dp

12



Open Problems (12 Marks Each) B *<4g (& 48 12 4 )
1. Spider-Man Saving a Train gk & 3 5] 2

In the movie Spider-Man 2, Spider-Man uses his spider webs to save a runaway train by bringing
it to a stop (See the figures). The train is running at 80 mph on a straight railway. It has six carts
and the mass of each cart is 58,000 Ib. Spider-Man shoots two identical bundles of spider webs,
one bundle from each hand, which sticks firmly onto the buildings on both sides of the train.
With the help of the webs, the train is eventually stopped in 50 s. The buildings are so close to
the train that the webs can be considered parallel to the railway. Assume that each web bundle
acts like a spring of spring constant k, and that friction is negligible.
Bw B (kR 2) Yoo bRk o dbmkk e BT IRicT - S A g d (AR o
718 1 80 mph ehig B - ET B Rt (TR oD F A BEF A EF ﬁﬂ’ﬁ?'}é_;é
58,000 1b o bk 3¢ 8¢5 L 4pfe chbmerie (& 260 - §) o dpkkipeE 20 347D
FOuE ALY o hbmbr AT > A BB KA B0 s PARBT ok o d WEEAF B

FeiT o AT T AR T ELT (7T o K E R bmbk R niTr 5 ho- 19EF o HEF
Flch ko Bt Taid A
(a) Find the extension of each web bundle. You may take the extension as the distance travelled

by the train during its deceleration by the webs.

Fi Rk £ o RV 4 B Ggt bk e R B AT (7R NEEAR Y (TR £ o
(b) Find the spring constant k of each web bundle.

FoF fmkk e B E ¥ B ko
(c) Find the tension in each web bundle just before the train is stopped.

R B R RT > F R kR k4 o
Give your answers correct to 3 significant figures, in SI units.
FhRBEmI 31‘" Pe¥cF 0 TR H =4 hE AT o
[Unit conversions: 1 mph (mile per hour) = 1.61 km/h; 1 kg = 2.2 Ib (pounds).]
(H =@ " 1Imph (2% ) =161km/h;1kg=221lb (&) - )

|

13



2. A Round Snooker Table [f13] e 4 5k 45

A smooth snooker ball S is struck from point O of a specially-
designed circular snooker table. The ball then moves off
horizontally in a direction making an angle ¢ with the radius
CO. The ball makes n impacts with the smooth vertical wall of
the table before returning to point O. If n = 1, ¢ = 0. The
coefficient of restitution between the ball and the wall is e. (The
coefficient of restitution is the ratio of the normal speed after the
impact to its value before.)

- REFERFARAL gL P - RRF LA O B
D Lfa P FE LT CO = %k pin? w R THH o
LR TRt g AR A N AR EEY OB o2 n=1 Mp=0- L2kt F

|
b
sl i s e o (ML Tl AR (5 AR B g R E A F Bt o o)

O

(@ Ifn=2find pintermsofe. #n=2> £y > Fxmek -
() Ifn=3,find pintermsofe. #n=3> &y Fxm et -

3. Escalator Breakdown # £ & #-#& [

Drive chain

© w1

<. Drive gear

RHEE

jﬁ L o
An escalator has a horizontal length L = 30 m and a height H = 18 m. It transports passengers

upward through its length in 90 s. Each step on the escalator is 0.5 m deep and 0.3 m high. There
are 60 steps on the escalator.

P EFRETHAERIL=30m FARZH=18me v Tt Q0 s EELE
tHeF - speadiFRZ05My B RG 03me HETHREF 60 Bt o

(a) Assume that there is one passenger with mass m = 70 kg standing on alternating steps of the
escalator (i.e. there are 30 passengers on the escalator at any time). What is the minimum
power of the electric motor to keep the escalator moving in the steady speed?

14



BRE A npug - BFREM=T0kg Sk Bk (ER@EFEG 30 BRE AT H
P)eodrk THUEEER > PHRHFEE DRSS F LS 00

(b) Suppose the drive chain is suddenly broken and all the braking devices malfunction. The
escalator reverses direction, and sends passengers careening downward with an acceleration.
Eventually, all passengers will hit on the ground.

B SRR RETH > 2 B KB R RAR o R ETHEREE e > LR
Ereig B TH oo B K T KRR FR o

Assume both wheels have mass M = 7,000 kg, radius R = 1 m, and there is one passenger
on alternating steps. Initially, the passengers are standing as shown in the figure when the
drive chain is broken. What is the velocity v, of the passengers when the first passenger (P1)
hits on the ground?

Bk A i@;kﬁ—;ﬁv;ﬁ??&_;M=7,000kg\ LEER=1m,a &3 &Hh%at - BEE 3§
Spb bl A $T A PF > R B R BT Y c B E - BREP)FR FOE Ry,
(Hint: The rotational kinetic energy of a wheel is iMRZcu2 where w is the angular velocity
of the wheel.)

(B - BHATEIIR A IMR?O 3 0 e R )

(c) What is the velocity v, of the second passenger (P2) before he/she hits the ground? Assume
that the first passenger has left the location.

R BRE(P)FFBEIERv, 55 P BE S - BRES SRB Y -

(d) What is the velocity of the last passenger (P3o) before he/she hits the ground? Assume that all
passengers hitting the ground earlier have left the location.
et - BREPe)Fdy mend RES D 7 BT F¥ bk E e SHPRBTAR

_%_ o
(Hint' A useful approximation iS: 42 7F i~ B F * T i A
tant e (1))

4. A block of mass M and length L is sliding on the frictionless table and moves with constant
velocity Vy to the right. Suddenly, a small mass m is put on the right end of the block. The
mass m slides relative to the block and fall on the left end of the block. Let the coefficient of
friction between the block M and mass m be pu.

FEi M ~&ERG Laii /’ﬁ*l\im*uz?&r&r'?i}ﬁ ‘sﬁls»é%o?-i"*"
EE AR - BEFE S mml#ﬂ ool P HLUE A AR R 0 XA =5
X MAomz B B Bk

15



m

M — 7
/s

(a) What is the loss of the total mechanical energy during the process?
0L AR Y E A PR B8 00
(b) What is the final velocity of the mass m and the total travelled time of the mass m before it
falls on the left end?
ol s o r e R o] Bl M p P E B ch ALY 0T
(c) What is the minimum value of V,?
R Voernde | @4 % > 1

5. A space station orbits around the Earth at the height h above the Earth’s surface. A small
satellite of mass m is launched from the space station to arrive at a geostationary orbit, such
that the satellite is constantly above a fixed location on Earth’s surface. Find the energy
required to launch the satellite. The Earth has mass M, radius R, and angular velocity o. The
gravitational constant is G.

- R FHENBRERROPGE CRP GRS he K ZRFEH-BFEE mav]
LRI - BEIEHRGE S IFAEY RS IR - B Bt 3o REF L
F*“er-,lﬁﬁxi’—mnbg_ K My Riroruib ke g - Lgfep s - §15
R T

{THE END 52)

(Remark: After the competition, the explanation of the coefficient of restitution was added in

Open Problem 2. This change does not affect the correctness of the solution and the marking
standard.)

)

WS BB RAL 2 4o r T RAR B fR R o b ¥ 2 BB E Rl koA
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