HKPhO FEEYJHELEEAM UL 5 2014

Hong Kong Physics Olympiad 2014
2014 F AP BT

Organisers &t
Education Bureau

HER
The Hong Kong Academy for Gifted Education
BREEAEEN
The Hong Kong University of Science and Technology
BRSNS

Co-organiser i
Hong Kong Baptist University
BRERTGRE
Advisory Organisations g5 %

The Physical Society of Hong Kong
FE Ry Er
Hong Kong Physics Olympiad Committee
ERYHENIZZES

11 May, 2014
2014 4E5 F 11 H



HKPhO & & EL B AKUC T 2014

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.

P R A 2 R S IR o KA AR S e SR 2, e b AL B —RE E 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.

T R ) B RE AR 72 L BB AR AR — /MR = Jp il lml . B IRFEIE AT e i 1 184 R,
PRBIA] BARAE 2 BTG B, 1 0 28 S AT AT B A

On the cover of the answer book and the multiple-choice answer sheet, please write your
HKID Number in the “Seat Number” box, your 8-digit Contestant number in the “Student
Number” box and your English Name in the “Name” box.

TEZ A E I MO RE A AL L, 55 Seat Number Ml 3E LRI & 13 355505, W
Student Number ] " 35 /7 F) 8 2857 22 28 #9515 12 17 Name #fl_E3H EAREIZECIEA

. 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.

BEBRENEER > SHEREEE R DA EE R HB s R

. 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.

PSR R RS e R - T - B A g e
MG R E (FERARE A Y -
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The following symbols and constants are used throughout the examination paper
unless otherwise specified:

BRIERFRIEER » BRIAGHREA TR RRER

Gravitational acceleration on Earth surface Bk & S In2EE g 9.8 m/s®
Gravitational constant & 55 | /74 8 G | 6.67x10™ N m%kg?
Radius of Earth Bk & R | 6378 km
Sun-Earth distance 7[5 Bk FE r- | 15x10"m
(= 1 Astronomical Unit (AU)) (= 1 K3 E A7 (AU))

Earth-Moon distance #rEk- H BRIEEE rm | 384400 km
Mass of Sun K F5'E & Mg,y | 1.99 x 10 kg
Mass of Earth #rFk'E & M | 5.98 x 10* kg
Density of Air 22 &2 & py | L.2kg/m®
Density of Water 7K 2% & p, | 1000 kg/m’
Sea Water Density /K 3% Peea | 1022 kg/m®

Trigonometric Identities:

=A2EEN
sin(x + y) =sin(x)cos(y)+ cos(x)sin(y)
cos(x+ y) = cos(x)cos(y)—sin(x)sin(y)
sin(2x) = 2sin(x)cos(x)

cos(2x) = cos?(x)—sin?(x)
sin(x)cos(y) = %[sin(x +y)+sin(x—y)]
cos(x)cos(y) = %[cos(x +y)+cos(x—y)]

sin(x)sin(y)= %[cos(x —y)—cos(x+y)]
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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 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

BEE
BEEE SR BEEH 27 A% 057 B#10.25 77 > HEMEEEREL 057

1. An accelerometer is a device to measure acceleration. At the earth sea level, the acceleration due to
gravity is g = 9.8 ms™. Most of the smartphones such as Android and Apple iPhone consist of a built-
in accelerometer. If a smartphone is moving vertically upward at sea level with constant velocity 9.8
ms™, the instantaneous scalar readings of the x, y, and z components from the accelerometer are:

IR — TS IR R4S E - TR R E T E I E ISR g = 9.8 ms™ o KESHY
BRETHA0 Android MIBESR iPhone #VE —(ENEAVIIZRER! - WUIRERETRIEAE DITEE 9.8
ms™ {EBREP RS B ) B - IEEET x, v, and 2 AYBRISEBUR ¢

A. x=0gvy=0g,2z=0g. z

B. x=1gy=0g2z=0¢g. X TConstant velocity at z direction = 9.8 ms*
C. x=0g,y=1g,z=0g. 7\3@ 7 E@@i%}ﬁ - 98 ms'l

D. x=0gy=0g,z=1g.

E. x=1g vy=1gz=1¢g.

2. A toy rocket is launched upward from rest with a net acceleration of 2.5 g, where g is the
acceleration due to gravity. The engine is turned off after 5 seconds while the rocket continues to
move upward with negligible air resistance. Assume that the mass of the rocket is kept constant,
what maximum elevation does the rocket reach in terms of g?

—{EBTEOKF R (e B35 - HOSINEREE Ry 2.5 g0 17 g BEIIIESE - 2 HFZERMET
T SEEhE 5 PMR U ﬁkéﬁﬂé%ﬁﬂ’ Tt o BEOKFTEEIRRFAE - DL g ARHEE K A
AR R -

A (31g)m
B. (50g) m
C. (78 g) m
D. (109g)m
E. (159 g) m
3. A car (mass 200 kg) is travelling clockwisely around a flat roundabout (diameter 10 m) at a constant

speed 5 m/s, as shown in the figure. What is the acceleration of the car?

BT » — 85 (B8 200 kg ) TEAELL 5 m/s By o2 s a2 — (8 S50 (e e v e
SHOTETTEE (B 10 m)  IEEEHEAVIIERE R ATE ?
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North [
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5m/s® East B
5m/s* West 7§
10 m/s” East 2
10 m/s* West 75

mooOw>

A machine gun fires bullets (10 g each) at a rate of 200 bullets per minute to hit a target. The speed
just before hitting the target is 600 m/s, and the bullets are stopped in the target. The cross sectional
area of the target is 2 m”. Find the average force exerted on the target.

—TEtRRAME TSy f % 200 FE 758 (RE 58 10g) » AGPL 600 m/s AR EE T HAET - HARHY
FEVIERE Ry 2 m? o RS TIRS RE BRE - SRS B LAY -

A. 10 N.
B. 20 N.
C. 40 N.
D. 8O0N.
E. 100 N.

Tides are mainly resulted from the difference in the Moon’s gravitational field between the Earth’s
near side and its far side. What is the percentage gravitational force difference?

YR EEUEHRY A SRR AT I A I 5 [T AR - 5 [ 15H R Gyt

%

A. 1%.
B. 3%.
C. 5%.
D. 7%.
E. 9%.

As shown in the following figure, a mass (0.5 kg) is tied to two wires (1 m) and revolves in a
horizontal circle at a constant speed of 10 m/s. Calculate the tension of the upper wire.

WERTR - —(HEEY) (0.5 kg) #EEREFIMFRER (1 m) AL 10 m/s HYAE 2R [BISEAE /K P
° st _EJTEREVRLST - o

A. 28N im
B. 38N 0.5m
C. 66N 0.5 kg
D. 105N 0.5m
E. 115N 1m
5
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A person is pulling a heavy box with a 50 N force on a horizontal floor at constant velocity for 5 m. He
then feels exhausted and the force exerted by him decreases linearly from 50 N to near O N for the
next 5 m. What is the total work done by the person on the box?

—fEALL 50 N BT — (A /KR A RS I AR R T 5 m o ZRME M EVEIEH R )
a5 e T DAER M e By T3 =E 50 N F| 0 N gD o TR ATE ST EPTEV4E
T e

A. 2501.
B. 300 J.
C. 3251.
D. 3501..
E. 3751.

A mass m; at one end of a spring establishes simple harmonic motion with a period T;. If the mass is
replaced with a different mass m,, what is the period of this oscillation?

—{EEH T, AR EEN (B EY m, f—EEEHT - EMEEEYE RS — 8
=Y m, > Mz IRENEIE S ?

. 2nfmm,

271:\/T_1

Tl ml/m2

o 0

E. T,ym,/m,

As shown in the following figure, two pendulums are constructed with identical massless springs and
mass objects (mass m). The initial distance between the masses is the equilibrium length of the
spring (spring constant K). What is the frequency of the system if the two balls are oscillating out of
phase?

HEIFT T AR L BB AE R (E R m ) iR - E R AT B
HERSEEE (IR K ) ATPOTRR - ASERER LT TR IR - IS ARG AT

A \/g WL LA A LSS A A AT PSS A A A A A

|

K
B. —

2m

5K / Y4
C. —_—

m
D‘ g+&

| m

m m

N LS

I 2m
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What is the minimum rotation period of a spherical neutron star with uniform mass density p such
that material will not fly off from the equator? (G = Universal gravitational constant)

—EYUEEEE p WINPT T2 - ERVEEENR MEER A SEEREYE S gt Ery
TRERHE? (6= BALITTEH)

B)
B

B.
3
C. —_—
47G
4
D. —_—
3nG

3
8npG

A solid ball weighs 10 N in air, but 6 N when it is submerged in water. If the ball weighs 2 N when it is
submerged in an unknown liquid, find the specific gravity of the unknown liquid.

—HEOBRIEZRTVERE 10 N> BEEHEAEKTRR 6 N « AIFHERRIE £ —TH
A HLRAGHT By 2N - KA HRAGHIEEE -

A. 1.0.
B. 1.5.
C. 2.0.
D. 2.5.
E. 3.0.

A bullet (mass 10 g) is shot vertically and upward into a brick (2 kg). The bullet is embedded in the
brick, and the brick is lifted upward 5 mm in a time interval of 1.2 ms. Assume that the force on the
bullet is constant during penetration and air resistance is negligible. Find the initial kinetic energy of
the bullet.

—HE T (H & 10 g) TH (A LA R —BEHE (2 kg) - TORGEERBET - A T 1.2 ms EHEEH 5 L

TREE 5 mm o (EEAEF AR TR RUE R B 22 R RN A R - SR UG
BIRE

A, 51

B. 101J.
C. 151.
D. 20l.
E. 251.
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A ball is hit from an inclined plane making an angle 6 with the horizontal direction towards the
downward direction. The ball has an initial velocity v, and flies at an initial angle 6 above the
horizontal direction. Assume that the air resistance is negligible, at what horizontal distance from the
initial point of hitting does the ball touch the inclined plane again?

—(EBRAE— R TR« SR EIRIFIER 0 - BREVIIAEE R vo + WIRETT
KT ARE s 0 - RZE S TaT 205 - SRR KT « (HEVBs IR 2
%0

A 4v?tand
' g
5 4v,?sin@cosd
' g
c 4v ?sing
' g
5 4v,? cos@
' g
c 4v,? cot &
' g

Three identical blocks of mass m are stacked vertically. Block 1 is on top and rests on Block 2, which
rests on Block 3, which rests on a table. What is the net force acting on Block 1? The weight of the 3
Blocks is measured to be 3 N.

—EMEERTE (EE m) EEHEERAE L - T8 1 U HAF b ETT8 2 09 BJ5 > EMEEF
AfE HATRYITEE 3 Y BJ5 > BE=EUTBRESR L ER T o FEUTER 1 AVSERT] 28?2 ek
E{ETHRAVEREGCNE 3N -

A. Zero.
B. 1/3N.
C. 1N.
D. 2N.
E. 3N.

The following figure is a spherical styrofoam of radius R. A cavity of radius R/2 is made in the sphere.
If the cavity is filled with a solid material of density 5 times of styrofoam and with the same
thickness, where is the new center of mass?

(] o —(E L R BYBKI 3R - — (B8 R/2 HUEKIP 22 E AL - AR IS (22 7 R R
T TEEREAR  HE RSB 5 (5 1 R BB ARE] > YO ?

R/ 2 upward from the center of the styrofoam sphere.
R/ 3 upward from the center of the styrofoam sphere.
R/ 4 upward from the center of the styrofoam sphere.
R/ 5 upward from the center of the styrofoam sphere.

mOoO N ®mPp

R/ 6 upward from the center of the styrofoam sphere.
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(SR ERAY L ] EREET R/ 2 UL
(eSO BERRY T A EREET R/ 3 AVALE -
TESEBERRY LA EREET R/ A VALE -
(ERE B ERRY 0 A EREET R/ S AYALE -
TS ILBERAT L ] EREET R/ 6 HUMLE

What is the potential energy for a tide cycle per square meter of ocean surface, if the sea water
level difference between a high tide and a low tide is Ah (in meter)?

BECRAFREE AEACK I ZRE Ah (ORIERAL) -~ B PIPRigE:t R - —EHE
firgEE% /b ?

1.0 Ah? Watt-hour.
1.2 Ah* Watt-hour.
1.4 Ah? Watt-hour.
1.6 Ah? Watt-hour.
1.8 Ah? Watt-hour.

mooO WP

The weight of an object on the Moon surface is 1/6 of that on the Earth surface. A pendulum clock
on the Earth environment ticks once per second. On the Moon environment, the clock would tick
once every

—EYEGAE A BRI _ AV E B R HAEMBRRERY 1/6 & - — (AR Do RE—X -
FEABRE - IS (AR R — R Ry

A. 1/6s.
B. ]/\/E s.
C. 1s.

D. \/E S.
E. 6s.

Geostationary satellite is its orbital period the same as the Earth's rotation period. Calculate the
height of a geostationary satellite above the Earth’s surface in terms of G (Gravitational constant),
Mearn (mMass of the Earth), and Re,. (radius of the Earth), where G, Mg and Reanp are in Sl units.

HOER[E 5 BB E E AV BRI ER 5 A AR 6% - DL G (BASIIER) © Meaw (H
BRE ) » 1 Rearn (IERELR) A HE B HHBR[ER i AR IR R _EHYEE - Hd > G2 Meawn 2
H Rearth & LARHIFEE BT A Ry ALAE -

1231x(G-M,,,)

A.
T
1231x (G -M Earth )1/3
B. 2/3 - REarth
T
1231)( (G ’ M Earth )2/3
C. 13 - REarth
T
1231x(G-M,, )°
D. (Tcz/g E th)]/ + REarth
1231x (G- Mg, )*°
E. n]/s + REarth
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In comparison of a pendulum with large-angle oscillations (period T, and magnitude A, maximum

tension in the string F,) to a pendulum with small-angle oscillations (period Ts and amplitude A,

maximum tension in the string Fs), which of the following is true?

KA (BT 18 A SRR FO) BUNEREERE (I T (B A > BT &K
RJ7 Fs) fEELE: - AR IR 2

mooO P

T.>Tsand F < Fs.
T.<Tsand F_ > Fs.
T.>Tsand F. > Fs.
T.<Tsand F_ < Fs.
T.=Tsand F_ = Fs.

The following figure is most probably a plot of

A.
B.
C.

square of the orbital period of a planet against the cube of the semi-major axis of its orbit.
cube of the orbital period of a planet against the square of the semi-major axis of its orbit.
surface gravity of a planet against (M/R?), where M is the mass and R is the equatorial
radius of a planet.

surface gravity of a planet against (M%*/R), where M is the mass and R is the equatorial
radius of a planet.

distance of a planet from the Galactic Center in Astronomical Unit against the mass of a
planet.

LU HIE R A FTRE R

A
B.
C.
D
E

{TEBIE A2 V5 EHE R 2 T HIRR R
{TEPUE A2 175 EEHE R i 2 P RIR R

TEFAET 18 (M/R*) 2B » M IR SBIETE S EMRERER -
TEFET 18 (M°/R) ZRi% » MAIR %%J%T?EZE%%Dﬁ%ﬁﬁE@ o
TTEYEERT A EERE (DL SCEirst) Bl E & 2 fi(% -

1000 g———rvrm Ty ety
L _ Other Planets PN 3
HA{T2
Jupiter
10k A 4
: Mars RE
B KE Mercury
KE
1L 1
L EXE
0.1 o= T 7
10 10 10

--- END OF MULTIPLE CHOICE SESSION #2852 -

10



HKPhO & & EL B AKUC T 2014

Open Problems G E
Total 5 Problems £ 5 @

1. Venus Transit (15 Marks)

Venus transit is an astronomical phenomenon when the planet Venus passes directly between the Sun
and Earth. As illustrated in Fig. 1, for two different observation points A and B on the Earth, Venus
appears as two separate black dots (A’ and B’) on the Sun surface.

(a) Suppose Venus takes 225 days to orbit the sun, calculate the ratio of &g, /@yens » Where Geann
and ayenus are the mean distances of the planets from the Sun, respectively.

(b) On a Venus transit day, two observations were made in Hong Kong and Bangkok. They are
geographically separated by 1800 km. Bangkok is 37° South of West of Hong Kong. Calculate the
distance A’B’.

(c) Another observation finds that the Sun diameter is 290 times the distance of the two separate
black dots. Calculate the diameter of the Sun.

(d) Calculate the time difference between the exit of Venus transit as observed in Hong Kong and
Bangkok. Give your answer in minutes. (Hint: calculate the velocity of Earth relative to Sun, then
the velocity of Sun and Venus relative to Earth, then the velocity of the shadow of Venus
projected on Sun’s surface, then the velocity of the shadow of Venus sweeping on Sun’s
surface.)

sz (15 97)

SRANE ERSORE > B3 - &2 - KGR —ERE > FgHRs2 2N KGREIR

%o QE 1 PR > BN REAFEEERREHEUIE A N B SR GRUNMERIGRAETE

TLAIARES (A AT -

(a) EEEREFBE 225 REGEKRS > 55 g /Avens Z1H ° H TP Geann Al avenus 73 H1E
TTREXRGZ FHERE -

(b) B ZAHERXR  MEBEZEDHEEENSAERET T - B L 2 2 (# 5K
T HYEERE & 1800 km > [ S AL EFAEW T EF 37° - 5H5HE A’ B B ZpHEE

(c) RERKFSHY B2 W 6 BE J8 B RG BE B Y 290 i - ST RIGHVELRE -

(d) SAEHEEFEMNS SR EUNE & 2% HE RN E » BEFLUTERE -

(f27r - St REHEAEE R KRBT - K% EEEN KRG HE R R EE - &

BHEKGROEZ THHEE - 2L TRBAGREMVEE )

Venus &5

O E rth f#hEk

0

This illustration is not to scale.

ItEE R AR LIS SL

Fig. 1 —Venus Transit
1-&£2%H

11
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Terminal Velocity of Free Falling Object (10 Marks)

A spherical styrofoam of mass 2 g and radius 2 cm is released for free falling. The only forces acting on
the styrofoam is the gravitational force and a drag force. The drag force is due to air resistance and is
velocity (v) dependent. At low velocities, air resistance is negligible; but at high velocities, constant
falling velocity is expected.

(a)  Suppose the drag force is linear proportional to its falling velocity, write down the equation of
motion. State the velocities in the limits of both low and high velocities. Sketch the graph of
falling velocity against time with the indications of both the velocity limits.

1
(b)  Suppose that the drag force is given by F, = _EC" p- A-v?; where Cq4 is the drag coefficient,

which is ~ 0.5 for a spherical object; p is the air density; A is the total cross-sectional area.
Estimate the terminal velocity.

(c) Estimate the time taken by the falling styrofoam sphere to reach a velocity comparable to the
terminal velocity.

H H R YRE R (10 43 )

—HEE 2 g K 2 em HIERKPEERBEAEH 1% o (FRREEBINITHAS M BRT7 -
REJTEHP R HRHE (v) AYeREr - (EREET - Z25RIH T 20, HAESHRE
o DLAER R RTTHEAEY -

(@) [REMRRIIEMRIEIELE N E RS - 55 T EE TR - R AR S 2 IR
DU NHYERIEAE - Freg T e 2 B R A BR (A - A ] A A (B = 2R FEE AR

(b) [REZERIAETEAZE Fy =—%C -p-A-VE T Co EFESTREL > BB 8S
REJFH 0.5 p FyZE R A S EII AT - (HE T4 -

() (HESERBERIEHER L 2 B E TSR S AT AR A -

12
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Total Energy in a Surface Wave (15 Marks)

Consider a surface wave traveling on the sea (Fig. 2). At an instant, its surface profile can be

approximated by z = Asin(zzxj, where A is the amplitude and A is the wavelength.

(@)  Find the potential energy per unit wavelength per unit width of the surface wave in terms of p
(sea water density), g (acceleration due to gravitation), and A.

Hmt:fyn (anjd (X XSnﬂ4nx/x)
A 2 8n

(b)  Assume equipartition of energy, that is, the average potential energy equals the average kinetic
energy of surface wave. Find the total energy over a whole wavelength.

aT

271

2

(c) Given that the wave velocity v, =% and the relationship A = , derive the power of a

wave period per unit width in terms of p, g, A, T (period of a wave), and H (wave height).

R AERERE (15 43)

FEG A — 3R ClE 2) 5 H AR i B A R 2 AT s 4 z—Asm(zzxjo Horb, A RIREE

M A 2R
(a) EHEXRMPEEEREEAEERNSAEE. SR p (KB, g (EIERE), 1A

ik,
s Jaint( 22 ax= 3 ASUm)
A 2 8n
(b) (ERAER RN, HIRMRMN TIBAS IO HBIAE. A — SR o 7 B T
o he it
2
(c) AL vg=7}’ BB 15 >»=92T L R R R R, &
T

FKiblhp, g A, T (BESD , BEH HREE) RiE

z
A

-A/2

Y
x

H 212

Fig. 2 — Surface Wave
2 - FRHH

13
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A Sliding Block up a Slope Platform (10 Marks)
A solid cube (length L each) of mass m starts to slide up a stationary slope platform from the bottom.
The slope platform has a mass M, an inclination angle 6 and the slope is smooth (Fig. 3). The slope

platform is free to slide along the horizontal surface without friction.

(a) Calculate the initial velocity vq of the sliding block in terms of h, 6, m, M, L, and g, such that the
cube just reaches the upper end of the slope.

(b) The cube then slides down the slope platform. What is the final kinetic energy of the cube and
the slope platform when the cube reaches the lower end of the slope platform?

—ERERBC & F 2B T3 (1057)

WE 3 s > —(HEE R m BT (BB RE L) » IEfERF IEHVRBR & YRS BHG A _EEE) -
FREHER M ERAER 6 - REZOOEH - RIEE A LIE B EREES)

(a) EHIILTTREMIMIAE B2 RIS Bl ST RUEBIILTRRHIRIGEE vo > B D, 0, m,
M, Ll g 22 -

(b) ET RIS LTS - I TR A TR » TR S
A

Fig. 3 —Sliding Block up a Slope Platform
3 - R EEEEIN TR

14
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A Physical Pendulum Motion (10 Marks)

Two identical uniform thin rods (mass m, and length L) are connected at right angle to form a rigid
upside-down “T” shape. The center of one rod is connected to one end of another rod. The upside-
down “T” shape is suspended and allowed to form a pendulum motion, as shown in Fig. 4.

I 17 . , . .
(@)  The kinetic energy of the system is ﬂ mv*, where v is the velocity of the meeting point of the

two rods. Derive the equation of the pendulum motion in terms of m, L, and g.

2 2

X X
(b)  Calculate the period of the system if 0 is small. (Hint: 1_F zl—ﬁ when x << L.)

(c) Att=0, the meeting point of the two rods is displaced by x,. What is the time when the
displacement becomes x,/2 the first time?

—(EER SRR A E (10 57)

WEMERERZRESE (BEm> &E L) fEBERER » DUPR—(EEEEERT T - —
{EAFA T B R E S — (B AR G © 206 4 Fon > S EEREY T P AZ0a s w3 — (|
HEREAEE) -

22r Z A= 17 3 =P 5 \ y vz o
() EHEZARGHIEIRER zmv2 o Ho v BB - DL om, L, F g SRHMEE S

HEE R -

X2

2
(b) 4R O WYBUEIEIR/N » SKEASHVIEN] - (F2R © & x << L > ,/l—% zl—ﬁ

() & t=00F  FIFCBEAIALIE By xo » FINIFEEE— Ry xo/ 2§ > IRFfELE(TEE 2

Axis of oscillation: perpendicular to paper C\
R T A
\
)\ \
(WY
0 VY “\
e
(NAY - P
N\ - -
,,‘.9 '
Q )
07

Fig. 4 — Physical Pendulum Motion
4 - YyE A D)

--- END OF EXAM PAPER 43458 ---
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