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HKPhO 7 H54/7HH BLAKTL 55 2015
Rules and Regulations &R Al

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.

A R H A RS S o AR AT S DA SO SR, M L HDL B RS 1R .

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.

S 2 R T WL B B /= T ML 25 2 T B 5 T RS,
R RITTBA 2 B GURE FL  TT REA IRAE T 2L 4

. On the cover of the answer book and the multiple-choice answer sheet, please write your 8-

digit Contestant number and your English Name in the “Name” box.
FEZ AR JOR R A AR b, GBI BRI 8 87 2838 955 S “Name” 1 F1A
ARSI A

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.

BEEBEEENEER s EEEE SN HE B HB su BRI -

. The open problems are 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 following parts.

PGSR - SRR SR e R S TS - AR A gl e
B R EFERARE A -
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The following symbols and constants are used throughout the examination paper unless otherwise
specified:

BRIERFAIEERR - BRIAERHER TIIRIRIEE

Gravitational acceleration on Earth surface M EK R HE IIZEE | ¢ 9.8 m/s’
Gravitational constant B 755 | JJ 5 8 G 6.67x10" N m?/kg’
Radius of Earth 7Bk &K R | 6378km
Sun-Earth distance & [5- Bk FEEE re 1.5x10" m
(= 1 Astronomical Unit (AU)) (= 1 K32 EE{7(AU))
Earth-Moon distance 7 Ek- H BR IR rm 384400 km
Mass of Sun K[5'E & M,,, | 1.99x10% kg
Mass of Earth #EKE & M, |5.98x10* kg
Density of Air ZE 5@ &8 Po 1.2kg/m?
Density of Water /K Z& & Pu 1000 kg/m’
Trigonometric Identities:
=AREES
sin(x+ y) = sin(x)cos(y)+cos(x)sin(y) sin(x)cos(y) = %[sin(x +y)+sin(x—y)]
cos(x+ y) = cos(x)cos(y)—sin(x)sin(y) cos(x)cos(y) = %[cos(x +y)+cos(x—vy)]
sin(2x) = 2sin(x)cos(x) sin(x)sin(y) = %[cos(x —y)—cos(x+y)]

cos(2x) = cos? (x)—sin?(x)

Tayler Series:

RENRE:
3 5
sin(x) = =X X
6 120
2 X4
~1-2 42 ...
cos(x) ”
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Multiple Choice Questions

Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no answer,
minus 0.5 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

BEE
SRS GEEH 27 A5 07 BHR105 77 (HEMEHEERRA 07T -

1. A board (mass m) is sandwiched between a stationary incline (angle 6) and another identical board. A
force acts on the outer board to keep the boards from slipping. If the coefficient of friction between
all the surfaces is 1, what is the component of the minimum compression force, F normal to the
board surface?

—Hith (EE m) gE—EEREG (A 0) B —MHEHRTZM - —IFREINETLL
PREFETTAERT o BEFrARE ZHAVERGER 1 ZERINERTH R NG IH &

FEZ/D?

A. mg(sin®—2ucos6)
mg(sin 6 — pcos ) F
B.
u ~

mg(sin @ —2y1.cos0)

C.
2p

D mg(sin @ —3u.cos0) 0
2u

E. (mgsin®+ucos)

2. A uniform metal ball (mass m) is tied to the end of a string (massless, length L). The other end of the
string is fixed. The ball is moving in a vertical circle centered at the fixed end of the string. Suppose
the velocity of the ball at the lowest point is v, what is the string tension when it makes an angle 6 to
the downward vertical position?

—EHAIEENSER (B8 m) M+ (WEE > RE L) W—ImHE > S ImAlEE - &
JEER IER 4011 [ i L 25 L Pl i - 1%%3&%)%%@?%%% RIE Ry vo > EERKIET 0 AR
(FemELET) » dETHRIIEZ D

2

A. m% +mg(cos®-1)

2

B. 0 (2cos0-1)
2

C. 0 (3cos6-2)
2

D. 0 (cos6-1)
2

E. 0 (2cos06-1)
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The orbital properties of a geostationary satellite include i) its orbit is directly over the Earth equator,
and ii) its orbital period is the same as the Earth's rotation period. Suppose a lunar stationary satellite
(its orbital period is the same as the Moon’s rotation period) is placed over the Moon equator, what
is the value of the ratio (Rearth + Hearth) / (Rmoon + Hioon)? Rearth and Rumoon are the Earth and the Moon
radii, Heah and Huoon are the satellite heights from the Earth and from the Moon surfaces,
respectively. You may assume (Earth mass) / (Moon mass) = 81 and rotation period of the Moon = 27
days.

HERIERP B HVEER DU - B —) ERVEUE R BRI ER B2 0 Bl ) H
@u_i_ﬁﬂéﬁi’&fﬁ@@bﬁﬁﬂmﬁﬂﬁ’] B — HEKEI R (HE A RS H EREEh B EIEE ) o
CEAE H BRI IR B * (Rearth + Hearth) / (Rmoon + Hivioon) FNEEZR{EEETE 2 Rearn 111 Rmoon 77 BB
BRAMIHBRZ PR - ffﬁ Heartn 111 Hwioon 73 AIEAEHIERFI H BRI _EAYE EHVSE « fRATREE (B
&) / (AEESR) =81 MHKAVEEEIIL 27 X -

A, (81x27)
B. (81x27)°
c. (81/27)
D. (1/9)

E. (1/9)*

A dam (height H, width W, one wall inclined at angle 0) is fully filled with water (density p). If g is the
acceleration due to gravity, the resultant force exerted by the water on the dam wall is given by

—EsEERER 7K CEE p) B985 (BEH> "HE W EP—mIBEEEMNAR 6) - &
% g SR ESIINERIE - AKAERREERTIE R & 1772

A. (ng W )/2

B.  (pgHW)/(2sin6)

C. (ngW) (ZCOSO) H Water Dam
D.  (pgH™W )/(2cos6)

E. (pgHW )/(sin®+cos6) 0

Remark: Question 5 is cancelled.

5.

A conical pendulum with 2 identical bobs on a massless rod (length L) makes an angle of 6 with the
vertical. One bob is mounted at L/2 of the wire, whereas the other is mounted at the end of the rod.
The period of the rotational motion is:

—fELL 2 {%’i\$ﬁlﬁlﬂ’§$ﬁ%%ﬂ~ﬁﬁ%’* BHURT (RE L) FradpaysEf s - fefding sl g
TIIEIRAE O —§E T e R T L/2 (L TS — (AR A T YRR © 3% Z4EHY
fref I

A ny2Lsin0jg
8. n3Lcosd/g
¢ 2nf2Lsin0jg
D. an
e nfL@n0jg



mhchan
Typewritten Text
Remark: Question 5 is cancelled.
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Suppose you are standing in an elevator, the elevator is moving upward at a constant speed of 0.5
m/s, the net force on you is

EER ISR AT - EREIELL 0.5 m/s VRS BT} - (EIRE LHF 12

A. zero.

B. +0.5N.

C. -9.8N.

D. +9.8N.

E. your weight.

A pendulum has a length of 1 m. How many swings does the pendulum perform in an hour?

— il 1 SR RAVEERE - —/INEf AT fRE) 2/ 2R 7

A.  60.

B. 300.
C. 900.
D.  1800.
E. 3600.

A ball (mass m,) is hanging at rest from a wire (negligible mass). A head-on elastic collision occurs
when it is struck by a stone (mass m;, horizontal velocity v; before collision), the ball swings to a
maximum height (h) above the original level. The maximum height (h) is

) > —(EER CEE my) FFIbEESE T B (BT ASGEERLIREBAET) - EEH
A CEE my o WHERTKPREE R vi) Bl R W IEE IR - (RS EET - IR
ERKEE (h) - &SR (h) &

A. i ml V12
29\ m +m,

2
B i m, V12
2g\m +m,

c. 2_m v,°
g\m +m,
) 2

D. = M, V12
g\m +m,
) 2

E <z m, J Vlz
g\m,




10.

11.
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An electric water pump draws water from a well of depth 10 m at a rate 0.1 m?/s. The water is then
rejected from the pump with velocity 2 m/s. If the efficiency of the pump is 80%, the power
consumption of the pump is

—EHVKELL 0.1 m/s (UHRIPKIE 10 m FIFEEMIE - KIAKLL 2 m/s IEREEER
H - ERCRATECRIE 80% » RITTIRE

A, 8kw.

B. 10 kW.
C. 12.5 kW.
D. 17.5kw.
E. 20 kW.

A car (mass m) undergoes a circular horizontal track (radius r) at constant speed v. Suppose h is the
height of the center of mass (CG) above ground, and a is the horizontal separations between the
left/right wheels and the center of mass. What are the normal forces N; and N,? The direction of
friction force fis indicated.

—#RE (BE m) DUREEE v £ B H/AKPRIRS E17RE (R r) - RE% h Eithm i
B (CG) WS @ a B/ AHERE O ZERACPHEERE - B -PArr2mREES f #vJ5E © H
Ny TN AR TR 2

1 hmv? 1 hmv?
AN =2(mg_arj' N, =2(mg+ ar J N, N,
1 hmv® 1 hmv®
B. N, ==|mg+ , N, ==| mg- :
! 2( O J 2 2[ O J
2 2
C Nl:mg_hmv , szmg+hmv _ .
2 ar 2 ar f f
mg hmv? mg hmv?
D. N, =—24 . N, =—2_ . [«
Y2 ar 22 ar a ' a
2 2
E Nl=mg+hfmv ’ Nz=mg_hfmv '
2 ar 2 ar

How much work is done in the following force (F) against distance (x) graph? The force is an infinite
series of semi circles with radii of R, R/2, R/4, R/S, ..........

LUREYT (F) EdEERE (x) HYBA(RER 2/ VI ? 2 DauE 2 rh i as sy EIFTaHR - 18
FsR> R/2> R/A> R/8 " . o

A.  (1/3)=nR%. F

B. (2/3)nR%.

C. 7R,

D. (4/3)nR%. R

E. (5/3)nR% R/2 Rl

\ 4
x
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13.

14.
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A binary star system consists of 2 stars orbiting around their common center of mass. The two stars
have identical mass. The orbital speed of each star is 200 km/s and the orbital period of each is 12.2
days. Find the mass of each star.

*Eﬁgﬁﬂ%?%ﬁﬂﬁﬁ'ﬁﬁi ’ ﬁlﬁ%ﬁgzﬁ’] EME - meEfMrviEEEsEE eMEEVEL - SR
#OLL 200 km/s HYEIEHEEHETT - MEMRVEUEBTL 122 K - REEENEE

A. 0.00010 Solar Mass A. 0.00010 KB &
B.  0.00020 Solar Mass B. 0.00020 KF%EE
C.  10.1 Solar Mass C. 101 kKpEE
D. 20.2 Solar Mass D. 202 KIEEE
E. 40.4 Solar Mass E 40.4 KIEE 5

A block lies on a horizontal and frictionless turntable. The block is connected to a string which is
attached to the center of the turntable. The turntable is rotating with slow uniform angular speed .
An observer sits on the turntable. According to the observer, which of the following is/are true?

i. The block is accelerating.

ii. The block is not accelerating.

ii. The magnitude of the string tension is proportional to ®”.

o

—JTBREEAE — 7KV ELARE B T AR | o ST R E A T R R R O L
R USRS A AR o gl - —BRE AR F o RBRERE - TYIHEZ R ?

i BZJTERIEAENNEE -
ii. TELAENNE -
iii. 4B T-HY5E 18 o B IEEL -

A (i) only.

B. (i) only.

C. (i) and (iii).

D. (i) and (iii).

E. (i), (ii), and (iii).

A rock is launched vertically on the Earth’s surface at 8 km/s. Ignoring air resistance and the Earth
rotation, the height of the projectile that can rise is:

—BEALL 8 km/s {EHIERZRIAITE B 384T - 1 2B ZE RIH SR BREiEa 15 T » 3% A n] 25
=S e -

A. 3,265 km.
B. 6,683 km.
C. 10,597 km.
D. 20,196 km.
E. 40,328 km.



15.

16.

17.
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A ball is projected at angle(s) 0 and at speed 10 m/s, and eventually the range of the projectile is 10
m. The possible value(s) of 0 is/are:

—fEERLL 6 AEALL 10 m/s HYZRE BT - AL ERRVITERE 10 m - 0 AYRTRE(ER

A 39.25°

B.  50.75°.

C. 785°. 0m/fs_--"7""" Y

D.  39.25° or 50.75°. L R

E.  50.75° or 78.5°. I |
10m

As shown in the figure, a ball (mass m;) and a block (mass m,) are attached by a cord (massless),
which passes over a frictionless pulley. The block lies on a frictionless incline of angle 6. What is the
condition that the block will accelerate down the incline?

WEFTR - —(EK CEE m) AI—J78E CEE m,) YUERE— (RS BAVR > IWEEE —(H
BRI TIE 8 o 3% 7 SRR — R DAY £ RIEAY AR 0 o W0 JFEERE N0
B SR A R R R 2

sin6>m,/m, . Pulley
cos6>m,/m, .
sin® > (m, /m, )*. Ay
cos0 > (m,/m, )’
(sin+cosB)>m, /m, .

mo 0 @ P

m 0

A solid sphere is attached at one end of a cord (length R) and is set into motion in a vertical circle
about the other end which is fixed. Determine the speed of the sphere when it passes over the top of
the circle with zero cord tension.

—ELERHOERAE —REET0URs (RER R) - LMY S —nlFEE R E BB TE - &
CRGAEIRRITEED - IR THIR] BZH] » SKELERE RS -

JR
JoRsin®
JoRcos6
JoRsin6cos0
JoRtano

m o 0 w P



18.

19.
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By considering the gravitational forces of the Moon and the Earth only, which of the following ocean
tide is most possible? The diagram is not drawn to scale.

B HERAIHERAYS [T NI — DR A T RESR AT ? L BE A fEtefla s -

L (A) (D)
Moon HEf E Moon HEE

Moon HEk

' Moon HEE

A small block (mass 0.2 kg) is attached to a massless spring and undergoes a simple harmonic motion
on a smooth surface (amplitude A = 0.1 m, angular frequency o = 0.5 radian/s). The displacement of
the particle at time t from its equilibrium position is described by

X(t) = Acos(- wt),

If the potential energy of the spring at the equilibrium position is zero, what is the total energy of the
system?

—/NJ7H (R 0.2 kg) HEFSEENG H AL /K LEpE R EE) (g A =01 m A
K w=05radian/s) o HAHEHPHEREH A BURFEHIBE(HE

X(t) = Acos(— wt)

WRZ LN PR RE B > R ATHIRERRES /D ?

A. 0.05 mJ.
B. 0.10 mJ. .

Spring
C. 0.15 mJ. e s

G Frictionless
D. 0.20 mJ. SR
E.  0.25mJ. —

10
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20. The figure shows a “L” shape object of uniform mass per unit area p. Where is the center of mass 1, ?

ZERUR T —(# U PHAYIEE - BREEVEER p o B G E[RE ?

A er%(i%i) y

5. = (i +1]) .

C er%(hj).

D re=%a(f+]). 1

E r=ali+]) ; —— ——>x

--- END OF MULTIPLE CHOICE SESSION #EfERH5E ---

11
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Open Problems B E
Total 5 Problems 3t 5 &

1. A bouncing ball (10 Marks)

A ball is allowed to drop freely from rest and at a height H, above the ground. After hitting the ground,
the ball bounces to a height H;. The bouncing process repeats continuously until the bouncing height
is too small to be observed.

(a) Calculate the coefficient of restitution, Ci, in terms of H, and H;. Ci is defined as:
Cr = Relative speed after collision / Relative speed before collision.

(b) Determine the total distance that the ball travels. Express your answer in terms of H, and C;.
(c) Find the total time duration that the ball travels. Express your answer in terms of H, and Cg.
Hints: You may assume:
i. Cgrisconstant throughout all the bouncing,
ii. Time of contact between the ball and the ground is negligible, and
iii. Airresistance is negligible.

[Z3#ER (10 57 )
—EERGERF LEARREH Ho HYEEE H NI - gt - BREGREEE H, - SRS Er
e > H RS AN RE R -
(a) EFTEMARAREL - Co o BHRFHU Ho B Hy RIE - GIYER S
Cr = R (R ST 2R / R AIAH B -

(b) SKEZEKTEE) T HYLERERE o & Ram bh Ho B G RIE -
(c) SKEZFRTZE) | HVLEIER « B RaH A Hp B Cp RIZE -
R R DAY
i AEFTAHISE - Co e W BN
i, BRONTH T 2 AR 2R ] T DURRE A ST > A

i, Z2 SR [H ST TR R AT -

~

0

H;

Fig. 1 — Bouncing ball
1- 5HER

12
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A suspended horizontal platform (15 Marks)

As shown in Fig. 2, a uniform rectangular platform (length L, mass m) is suspended by two ropes
making angle 6, and 0, to the vertical. In order to keep the platform horizontal, a load (mass 2m) is
placed on the platform.

(a) Find the tensions T; and T, in terms of m, 64, 6,, and/or L.
(b) In terms of m, 64, 0,, and/or L, determine x in order to keep the platform horizontal.

(c)If (6, +6,=90°) and x=L/ 8, find 6; and 0,.

BEKFEES (155)

e 2 fon > —EEAER e (RER L BE m) BREEMRGEER L - tEE  ZAE
Ry 00K 0, o By TIRFFL-FEIVKHE  S5—&#y) (B& 2m) #EETE L -

(@) Lk m » 0y > 6, » /2 L (48 » 515 T2 70 T, 58] -
SHBE X MR E KA -

1

(b) Lm0, 86,> %D/QLVE%%%

(c) 405 (6, +6,=90°) FIx=L/8  51E 6, F16, -

0 1 Tl TZ 92

Fig. 2 — Suspended horizontal platform
2-BRAKPEE

13
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Oscillating sphere in a cylindrical trough (15 Marks)

A solid sphere (radius R, mass m, and uniform density) rolls without slipping in a cylindrical trough

(radius = 5R) with a small angle 0 displaced from the equilibrium position. The kinetic energy of the

sphere is KE = %mszz , Where o is the instantaneous angular velocity.

(a) Find the potential energy of the sphere in terms of m, g, R, and 6, where g is the acceleration due
to gravity.

(b) Find the total energy of the sphere oscillator. Express your answer in the form of energy

transformation in simple harmonic mass-spring system, that is, Total Energy E = lmsz +£kx2,

where you may consider x as an angular displacement.

(c) Determine the effective mass (m.y), effective spring constant (k.4), and period of the oscillation.

FEEE R REHIER (15 77)

—EHLOK (HE R HE m> NARE) ELABEHIERT - S PEEETRIA/ N AEE o
FEEEE (K SR) HE) - EXZERAVEIRER KE :%mszz 1T o EBHRF AR -

(@) LAm - g> RAI/EO(EFREE - KERBGHIBSAE -

(b) PRI AGAVEREE - BEF VE BB E AR ES e BT AR E - HIEE

el E :%mv; +%kx2  ELHR RIS X B -

© SEZAGHTENEE (my) > AREREF R (kyy) -~ BLRENEL -

Fig. 3 — Oscillating sphere in a cylindrical trough
3 - fEEIfFP R HER

14
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Maximum gradient that a vehicle can climb up (15 Marks)
An engineer attempts to design a road with an angle of inclination 6 to allow a vehicle (mass m) to
climb. On one hand the engineer would like to maximize the gradient; on the other hand, the design
has to satisfy the specifications that the wheels have to be adhesive to the gradient when the vehicle
isa

i. rear wheel drive;

ii. front wheel drive; and

iii. four wheel drive.
The specifications further require a vehicle

iv. to avoid overturning; and

v. to avoid front and rear ends touch the road surface when climbing up a slope from a
horizontal road.

A typical vehicle has the following dimensions (Fig. 4). Find the maximum gradients such that the
vehicle can climb up at each of the above possibilities (i) to (v). Express your answers in terms of g
(the coefficient of static friction between the rear wheels and the road gradient), p (the coefficient
of static friction between the front wheels and the gradient), Ci (rear under body clearance), C; (front
under body clearance), Hi (rear over hanging), Hr (front over hanging), h (height between center or
mass and the gradient), Lz, Lr, and/or L (L = Lz + L¢). You may neglect air resistance and assume that
the vehicle is moving at constant speed.

FRERAETTREAV R AR I RE (15 93)

—HLREEEE ST — RERES . (R 0) DIsTEEm (HE m) bfT - —J7iA - TiEAD
Rt —REARAMEREAVER, M5— 7 ARRZEKLUT R 2 B ASRIES AR 1T
B

i RImEEE) ;
i, AiEREEE) ; PR
i, PUgmBEE) -
RSP E0K
iv. Ao EER A
V. PEAKSPRS TR b {ee Aot T 0 o B B 0 R 1% S e B R T -

—ERI AR AN RS (] 4) - MRIEEME () 2 (v) FrdiliyiEil - stEE—
SLFSTHI BRI BERHE A eaF B T o B RaE L pe (TR EREUER PR RS < FIHVRFEEIRAED
pe CHTEREL VAR [ Z FIHURHFEER (A B » G (EERITHEBEAVREE) - ¢ (EEA7H
BETAVERR ) > He (FESRTTREE) > He (BEEFITRREEED - h CELHEBES
FE) o lpo Lo MI/SEGE L (L= L + Le)  ZESRPHITRIRHEAGT > 3 B R DAL E B 1T
B

15
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Rr Re

| Hr ‘T‘ 4\4 HF_,l <4 Center of Mass (E1»)

)OO0\

‘CR ‘CF
y

- \.l

< r|

| Lr Le

A

A 4

Fig. 4 — Specifications of typical vehicle

4 - SR B ERH AR AR

Fuel for rocket propulsion (5 Marks)

Consider a rocket in outer space (gravitational forces are negligible). The combustion products are
ejected at a constant speed v, relative to the rocket (total initial mass m,).

(a) By considering the conservation of momentum only, derive the equation of the rocket velocity

change Av in terms of v,, total mass change Am of the rocket, and m,.
Hint: You may ignore higher order terms.

(b) Given that v, = 2.5 km/s, and that the rocket generates a constant force 3.5x10” N during the fuel
burn, calculate the rate of fuel mass change.

KAt 2k (5 93)
HRE—AORZETHDKET (5177 ZBEAET) o PARHEEIRBER DRSO K SRR E 2R ve IR HK
AN o KAV E R Ry m; -

(a) HEBEHELFE - SEH K EESE Av Y52 - BZESED v, 0 KT MG S5 Am >
EL K m {E5REE -
PR ¢ RO S S T ETE

(b) BT ve = 2.5 km/s » HOKEifERARHA SRR th AR )T 3.5x107 N - SAEHEMRIE &5 1L

- END OF EXAM PAPER 4452 -
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