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Rules and Regulations Bt &Rl

1. All questions are in bilingual versions. You can answer in either Chinese or English.
P H 25 h 3L o fRmligedse DL SO R

2. 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
guestions without waiting for announcements.

BRI S AR R LB AG 1R —/ N =0 Ui[a] - FERAEIE Z AT 1B R » fRIR
A FAGIFERIEUEE - A E A -

3. Please follow the instructions on the multiple-choice answer sheet, and use a HB pencil to write
your 8-dight Participant ID Number in the field of “I. D. No.”, and fill out the appropriate circles

fully. After that, write your English name in the space provided and your Hong Kong ID number in
the field of “Course & Section No.”

SH RIS BRE A MBARAOHE TS » P HB SR EREPBRAIRARAY L D. No.” fil 795575 E(Ry 8
LTSRS - AR A BT E RSB - ARIEEEIYZE S E (R
% B (B “Course & Section No. ” #NE_FARAN B 47285808 o
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4. 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.
BEESEENE K% 0 SHRHEREES AR FAHEER M HB S ERERE -

5. On the cover of the answer book, please write your Hong Kong ID number in the field of “Course
Title”, and write your English name in the field of “Student Name” and your 8-dight Participant I.
D. Number in the field of “Student Number”. You can write your answers on both sides of the
sheets in the answer book.

B EEENE E - 555 Course Title i tHIE_EIRAYE 7338 55HS & 555° Student Name i 15 [

IREVE S %4 5 5517 Student Number 8 IRAY 8 firir SR - BB EmifEA -
6. The information provided in the text and in the figure of a question should be put to use together.

FAL RN T S P R A R — B 1 -

7. Some open problems are quite long. Read the entire problem before attempting to solve them. If
you cannot solve the whole problem, try to solve some parts of it. You can even use the answers in
some unsolved parts as inputs to solve the others parts of a problem.

PRI & - SRR 8 & TR - SR EE A E o AR EMNERE
TEEAIREEA o -

Bk

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

BRIEFFRIED » BRIZGRER TYIRSTMESR

Gravitational acceleration on Earth surface 1 EkZ= 28 IS g |9.8m/s*
Gravitational constant #7452 | /75 8 G |6.67 x 10" N m%/kg?
Radius of Earth i#hEk 1K Re | 6378 km

Sun-Earth distance Z[5-Hr Bk BE#E re |1.5x10"m

(= 1 Astronomical Unit (AU)) (= 1 K EEAT(AU))

Mass of Sun K58 & 1.99 x 10*°kg

Air Density 22 & 3 i 1.2 kg/m®

I\/ISun
Mass of Earth i/ ER/E & Me |5.98 x 10%*kg
o)
Pw

Water Density 7K 22 1.0 x 10° kg/m®

Trigonometric identities:

=AEEER:

sin( X+ y) =sin xcos y + cos xsin y cos( X+ y) = Ccos XxCos y —sin xsin y

sin 2x = 2sin xcos X oS 2X = €0s - X —sin © X
1 1

sin xcos y = —[sin( x+ y)+sin( x-y)] cos xcos y = —[cos( x + y) + cos( x — y)]
2 2

1
sin xsin y = —[cos( x — y) - cos( x + y)]
2
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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.)

WIEE (SR EER SEEN 25 FE 05 BSE10254) » (14 HREEEER
043> )

1. A massive rope of mass m and length L, as shown in the figure, rests on a horizontal table. If the
coefficient of static friction between the table and the rope is s, what fraction of the rope can hang
over the edge of the table without the rope sliding?

EFTR - —REER m- KRER L HUAESE > FFIUEACFRALL - 5088 B A vAE HEE
BB s > MBI RGNS - v IER 2 RAVTESE > M ZE T ?

A. s B. s C. 1',“5 D. 1+ U E. E,us
1+ p 1+2u, 3

4

2. As shown in the figure, a rigid sphere of mass m and radius R is held at rest by a horizontal string
on an inclined plane with an inclination 6. If the sphere does not move, what is the minimum
coefficient of static friction 1, between the sphere and the incline?

WERTR - AEEL m R RAVERES » #— P17 7 MV R & E R A f gyt L -
GEREGAE) - FUBKES BELRHE Z [EAVAF (RS S/ METER(TEE ?

‘W’

7
1-cos @ cos 6 sin 6
A.tan@ B. C. D. E.1-cosd
1+ cos @ 1+ cos @ 1+ cos @

3. Asimple pendulum of length L is mounted in a massive cart that slides down a plane inclined at an
angle @ with the horizontal. Find the period T of small oscillations of this pendulum if the cart
moves down the plane with acceleration a = g siné.

—HSEMHEEENVE LA —RE S L NV EHEER > 208 MEARaYRE - EE5 2
R a = g singfERHE H N EENRF - KR DU MEEREINEI T -




HKPhO 15 2 2013

L L L sin @
A 2z B. 27 | ——— C. 2z
g cos ¢ g 2(1+sm 0) g cos ¢

L
2 | —F—
\}g\/1+35in29 Vg(l—sm 0)

4. A stone of mass M is tied to a string. It is whirled in a vertical circle of radius L. At the highest
point of the circle, the speed of the stone is v. Find the tension of the string.
*45% T8N MAVATER R L - AT EZET DS R L (VEEEEEE - fFEERY
B iadh OV v o SREETHYIRTT -

A.M[g+v—] B.M{ngV—J C.M[g—v—] D.m — E.M[V——QJ
L 2L L L L

5. A ring with mass m is hung vertically at the lower end of a uniform A AB
chain of total mass m and length L. Its upper end A is fixed, as shown in
figure (a). The lower end B is raised until it is at the same position as A,
and the ring slides to the midpoint of the string, as shown in figure (b).
What is the minimum work required in this process?

HEER mAVNE  BN—EE R m - &REL LAV SMERAY N -
ABERAY Fimlbl e - 20fE @) RS o %%mFﬁW%ﬁiﬁﬁﬁgﬁ’

/N EIGEREAY PR - B (b)FTR - EBEFTRIND) > &/ NE%
/H 9 BO

A. mgL B. imgL C. imgL D. imgL E. imgL Fig. (a) Fig. (b)
4 2 4 2

6. In a spacecraft orbiting around the Earth, an astronaut has a feeling of weightlessness. In Earth’s reference
frame, the explanation is
A. the weight of the astronaut becomes zero.
B. the gravitational field inside the spacecraft becomes zero.
C. the net force acting on the astronaut becomes zero.
D. the astronaut is falling freely.
E. there is no change in the momentum of the astronaut.

KRB AT - Heh A% ARELG AR - (RIS - B RRRER
A KZENEREE -

B. KZERLIE 142 %

C. {FFRAZEASS E1)) + 4075 -

D. K2 NEEHI T -

E. KZE ANBYR S AT -

7. In the figure, a mass m is hung by a light spring and a
light string at the ceiling. Both the spring and the string
make an angle & with the horizontal at equilibrium. If
the string is suddenly cut, what is the instantaneous
acceleration of the mass m?

WERT - AERE R m BVY)EG - P S5 EAIE
SRR RICN L - £ FEDRRE T - SRS AA R BRSPS MR A g » 5 A28 280

T VIRenIRRE IR R 2D ?
A 29 B. Y c. ¢ D. ¢ E. ¢

sin @ sin @ 2sin 0 cos 64 2cos 6




8.

10.

11.
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A particle is projected horizontally from the edge of a smooth
table with initial speed v. The particle hits the ground at a v
horizontal distance D from the table. Different values of v are
used and the corresponding values of D are recorded. Which
of the following pair of quantities will give a straight-line
curve?

ARLTIE VR THEEG AR v IS FIE - Ak

PEERE D g - AEHY v ERSEIAER DE o N
HHE R ARG ?

A.vand D B.v?and D C.vand D?
1 1

D.vand — E.vand —
D D

Which of the following facts is/are direct evidence(s) supporting Newton’s first law of motion?
(1) A feather and a coin spend equal time to reach the ground when dropped from the same height
on the Moon surface.
(2) A satellite orbits around the Earth with uniform speed without supply of fuel.
(3) A man is thrown forward on a bus which stops suddenly.
T HREE ST o DAME R iH — E A B SR 7
(1) —ARPIBA— M eH [ = E 2 H B - FraR AN fEAE(E -
(2) B LU RERGEHN BRI - A RUEFREAEL -
(3) EELERETRK » FRZEHEIMAA] -
A. (3) only B.(I)and(2)only C. (I)and (3)only D. (2)and (3)only E. (1), (2)and (3)

Two masses, ma and mg (Mg > m,) are put on a smooth horizontal table as shown. The maximum
static friction between the two masses is f. A gradually increasing horizontal force acts on ma and
the two masses accelerate together. The masses start to slip over each other when the force attains
Fi. (figure (a)) If initially, the force acts on mg instead, the masses start to slip over each other
when the force attains F». (figure (b)) Compare F; and F.

WEFTR - FIPIES > mafll mg (Mg > ma) » BB PFIKPR T L o IP)8e 2 TR R e
B R o A/ RERR maBYSN TN > (B PIRe — eI - EIMNIES] Fy
R > PR 2 ML EE) (Bl(a)) - SIEEESRE > JNIERR meildE ma - AlESNTZE
F Pty > WPIRG Z A e E) ([El(b)) - SEEEL PRy

A . F1>2F; B.Fi>F; C.Fi=F D.Fi<F; E.Fi1<F,/2
Fl My My
mB F2—> mB
figure (a) figure (b)

Planet P is moving in a circular orbit around a star X, while in another stellar system, planet Q is
moving in a circular orbit around a star Y. The orbital radius of P is twice that of Q and the orbital
period of P is also twice that of Q. Find the ratio of mass of X to that of Y.
T2 P UEPHUERGNE X MiES—RE R - TR Q EHERGRZ Y - PHYHUE
FE R QYW » P HVEE I & Q HYWAfE - SK X Bl Y WYE &L -

A. 81 B.4:1 C.21 D. 11 E.1:2



12. A bus is turning around a corner on a horizontal road. The diagram shows
the rear view of the bus, which is turning to its right. Which of the

following diagram best shows the force diagram of the bus?

HKPhO 15 2 2013

BHELEVE EHRE BT RBELAER > (CEEN~ERE - T
TEIRS TR (F FH 7 ] A5 oy TEHE 2
A. C.
—/1 —/1 —/1
reaction|& | reaction
-} 4 reaction reactionm.::. reaction reaction
v friction v friction v friction
weight weight weight
D.
—/1 —/1
reaction |4 reaction
reaction reactionia
friction friction
weight weight

13. A cylindrical trough is placed on a horizontal plane. The two edges of the trough are connected

14.

with smooth inclined planes AA’ and BB’ at locations A and B respectively. The trough edges and
the inclined planes are tangential at the connections, and A, B are located at the same horizontal
level, as shown in the figure. A small mass slides freely down the slope A’A from a height of 2h
above the horizontal level AB. It enters the trough at position A, reaches B and then slides upward
along slope BB’ until it reaches a height of h above the horizontal level AB. It then slides
downwards along slope B’B and enters the trough again. Neglecting air resistance, the small mass

— & (B IR eSS KT i b, A8 B R AACL BB AHYT, AHDIEE AL B
RETATR =K A, Rl BRR A B B i N kT an e s o —/NMIBRIE R ACA B FEIK
I AB I BEA 2h BRIRARME H BT, dEE ARAREN, 2iE B RITRHE BB A FIEAT,
IR/ AB S LA h (L E s 335 MRS RIS BB IE T IGAE B RIEANFE N A%
R, RN

A. reaches a height lower than A

B. just reaches the location A

C. passes A and reaches a height less than h
D. passes A and reaches the height h

E. passes A and reaches the height 2h

A. B AALE

B. 1A UF 23 A )i

C. 1 A gtk ETHEE/NA h
D. i A gt ETHR A h
E. it8 A BEMR LT RS 2h

5/

B\__A

Consider a satellite of mass m orbiting around the Earth in a circular orbit of radius Rs. Given the
radius of the Earth is Rg, and the gravitational acceleration on Earth’s surface is g, and atmospheric
resistance can be neglected, then the energy required to launch the satellite from Earth’s surface is

—HEE R MmN NEEEU B HEIRGEHER > §1EF R Rs o stHER-FER Re - HIATE
JIDNERE Ry 9 - KRR EHE 2 HIBH T 20 A 5T RGeS E 2 FREE R

6
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R R 1 R
A. mgr [1-—F B. mgr |1+ —F C.mgr | —- —
2R, 2R, 2 2R,

1 R R
D. mgr .| —+ — E.mgr | -1
2 2R R

E

15. The velocity vectors of an object performing projectile motion are drawn from time instants a to e

16.

17.

at fixed time intervals. Which of the following gives a possible drawing?

YRS E IS R A FER AR R B A > HPiFZ] a £ e AYREIIRAEE o

SRIBE I EH 2
A. B. C. D. E.
a a a b a cb |
b b ¢ b % ae
C
C
d d d C
d
e
e € e

It is known that the gravitational acceleration is g = m _/R? and is directed vertically towards

Earth’s centre. Due to Earth’s rotation, the acceleration f of a freely falling object in Hong Kong
has a magnitude f different from g, and f is no longer pointing vertically downwards. In fact,

ERE IR E R § - om /2 IWIEFEHIRTUC o REEHIERES) - (2B ERTH HE A IR
AR f - EAVEUE 82 g A - 10 FEVSRItA RS 2EH - HE -

A. f<gand f has a Northward component A.f<g i fimmiL
B. f < g and f has a Southward component B.f<gim f{RrAR
C. f>gand f has a Northward component C.f>gm f{RmEdL
D. f > g and f has a Southward component D.f>gif ffRmAIEE
E. f>gand f has a Eastward component E.f>gif f{RmEIEE

A uniform rod floats in water. A ball with weight W is attached to one end of the rod, and the
volume of the ball is negligible. This structure causes the rod to float at an inclined position, with
the other end remaining above the water surface, as shown in the figure. If the part of the rod
above the water surface is 1/n of the total length, calculate the weight of the rod.

— AR —ImfEEE R W M RIS/ N - SRR TR
T S InRRHEKE b o F/KE EAVRR BEREN Un » KIFNVEE -

A.W(n+1) B. Wn C.W(n-1) D.W/(n+1) E.W/(n-1)

_—

=

W




18.

19.

20.
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A block has an initial kinetic energy of 128 J. It slides up from point A at the bottom of the
inclined plane with uniform deceleration. When it passes point B, its kinetic energy is reduced by

80 J, and its mechanical energy is reduced by 35 J. Calculate the work done against friction when

the block moves from A to the highest point C on the inclined plane.

—IEBRLL 128 J IwWIEhAE > TERMAENRET A BOERHH  FIEA REE B4 EE) » E40HE B B

B - BRI T 800 - MEMRAEIR/D T 350 SKIBHRIE A Fi = Eh C R TP {ERTLY
A.42] B. 48 C.56J D.721) E. 128

A block of mass m is placed on a smooth horizontal surface and is attached to a spring of force
constant k. When the block is pulled sideways and released, it undergoes simple harmonic motion.
At the equilibrium position, its velocity is 3 m/s. Calculate its velocity when it moves to the
position at two-third of the amplitude from the equilibrium position.

—HEER m TR ER PR o BRI k BV o B TR A — 55T
RREE > JIMRRIEITREREEE) o TR A B IVEE & 3 mis 0 SRAEIRIE =5 2 ZIRAVE
FE o

A2 mis B. \3m/s C.2mils D. v5 m/s E. V6 m/s

As shown in the figure, a block of mass m is hung from the ceiling by the system of springs
consisting of two layers. The upper layer consists of 3 springs in parallel, and the lower layer
consists of 2 springs in parallel. The force constants of all springs are k. Calculate the frequency of
the vertical oscillations of the block.

WERTR - RAGHKR N4 ErYEEEmEE 2R m i JTHE - LEa 3 [Pk Y#E
IR 2 ENGHRATTSE - FrATRSRHTSE T B k - KT8 L THRBIR SRR -

-

‘l(‘

AL X B. L |2k c. L |2k D. L % LS
27 V\5m 27 \5m 27 \6m 27 \5m 27\ 2m
k% k% %k
k k
m
{END OF MC’s 3%5EFH52 )
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Open Problems Bgi#RE
Total 5 problems 3£ 5 &

The Open Problem(s) with the ‘*’ sign may require information on page 2.

i * BHRGE P RERR S A S — H _EAYERY -
1*. James Bond Ski Chased by a Killer #&FE#& 5 LF8 (10 marks)

In James Bond movie “The Spy Who Loved Me” (584 # 55 i i IS 3K), James skiied down a snowy
slope in an attempt to escape from the killer. Unfortunately, the killer had a higher skiing speed than
James’s; they are 45 m/s and 40 m/s respectively. Now consider an alternative version of the movie.
James noted that he and the killer carried the same kind of rifle and estimated that their masses M
(including body mass, skis, weapon, backpack, etc) were about the same. Recalling high school
physics knowledge, James realised that each time he fired his weapon back at the Kkiller, his
momentum would change; whereas when the killer fired, the killer’s momentum would also change.
Every time James fired a bullet, the killer would fire back accordingly.

(a) How many bullets James had to fire in order to assure that the killer couldn’t catch up with him?
Assume that all bullets missed their targets (otherwise this exercise would terminate). Given M =
100 kg, mass and the muzzle velocity of a bullet are m = 0.02 kg and v = 500 m/s respectively.

(b) Traveling with the final velocity obtained in part (a), James Bond escaped by sliding down a cliff
at an inclination of 20°. After 20 seconds, he opened his parachute and landed safely. The average
air drag during his fall is 600 N in both the vertical and horizontal directions, as long as the
velocity components are nonzero. Calculate the landing position of James Bond and the height of
the cliff. (Neglect the distance he traveled with a parachute.)

£ H B e M BRI » S e NI o hEZER T IER - N ERTHE
RS > ARy 45 mis F1 40 m/s » IR E B E RN S —hRA -

b A B R TR R ARG T > SO ANEE M (EiESE ~ ET 8 - 1E -
FHHEE) 135 o MR EER YR B E M 7K MVEIER SR [H
SE H IR BB E M e - FRE LHEN T - W mEE S5 -

(a) G LHFRERG X/ DVIETE » T Relfradi TR g LA 2 3% M =100 kg » FH#HVEE R m

=0.02 kg * FHEHTEEZRIE Ky v =500 m/s ©

(b) HEFELA()EHI R AR » & MMEMA Fy 200 HVERE » BIhkAR - 20 F0% > TR AR 0 &

eFE - FeftiE NS #E T AIKSE T MY Z2 R LE T EEE RS By 600 N(L 2254 2R S HY
SERIEE)  STELS LIEENUBENRENEE - (02 E IR EEEE - )

Killer \

James Bond
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2. The Bicycle EfTE (10 marks)

A student rides a bicycle on a slope of inclination 4. Due to air drag, he found that the bicycle can
barely move down the slope without his pedaling. He would like to estimate the power he needs to
drive the bicycle up the same slope at a uniform velocity.

To achieve this, he measured that during the up-slope drive, one of his feet pedaled N cycles in a time
interval T (assuming that the pedaling is continuous and at a uniform rate). He also obtained the
following data: the total mass of the bicycle and the rider m, length of pedal crank L, radius of gear 1
Ry, radius of gear 2 Ry, radius of rear wheel Rs, as shown in the figure.

It is given that the air drags during the up-slope and down-slope drives have the same magnitude, and
there are no slippings between the wheels and the slope during both the up-slope and down-slope
drives. The energy loss due to the relative motion of the bicycle components is negligible.

(a) Derive an expression for the force needed to drive the bicycle up-slope at uniform velocity.

(b) Derive an expression for the power needed to drive the bicycle up-slope at uniform velocity.

%FJ 2T —EEA R 0 KRt INERIH - MSsE 51T I REE N BRI AR 3 E
TTHG RIS R R N TERE - SRAE MRS AN S bR A B A R TR DR -

P%JH: ST IR T — ISR A RS N (R A IR 22888 ) » SRy

el T o FEAS NYIMHRBEER - BTTEMANGEER m - BRIFHRE L > fiE-FE R TRim

P Ry~ BIRE-FE R - WA

EAIE ~ MR PRYEPE AR/ NMES - AR ERGEE TR Bl B P e A

BE o AETETEAES T Z FRAE RS R -

(a) s\ BB T A 2R BT RR (E DAy -

(b) SE L AR R R -

Rear

=
>
®
@

-----‘

h---------------------

3. The Ships #sffi (10 marks)

Consider two ships on the sea as shown in the figure. Ship A moves with velocity u directed to East.
Ship B moves with velocity 2u directed to North. At time t = 0, ship B crosses the path of ship A at a
distance a in front of ship A.

(a) Find the shortest distance between the ships, and the time they reaches this position.

(b) Suppose at t = 0, the speed of ship A remains at u, but its direction can be adjusted. What should be
the direction of ship A such that the shortest distance between the two ships is minimum, and how
much is this minimum shorter than the result obtained in part (a)?

AE AR 5@J:7Eﬁﬁﬂ£$maﬁ“ il A LALT“ u [EIEERTT AT - i B PUEE 2u mIEILTT HEAT
17 o FERFZI t = 01 > fiti B f“ﬁ?ﬂﬂ ABAT A YRS AL A BYATTT > fir B EIRL A HYEEEER

ao

10
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(a) KRR FE AT HYRERE - FOZ| 2SRRI 4] -
(b) BAIFERFZ] t = 0 » fits A HYEEARAYE u > BT AT LAE HHERET - AREERS A EE(TEETT1H - R
N AR PEATHIREREA JE il » B s A PR DL (a) BR A5- LH B ERERG 25 /D2

Ya

4*, STEP (15 marks)

According to Newton’s second law of motion, F = m,a , where m, is the inertial mass. According to
Newton’s law of universal gravitation, the gravitational force between Earth and an object is
F=GM _.m,/R*, Where mg is the gravitational mass of the object (here R is the distance between
Earth’s center and the object). Presently, it is widely accepted that mg = m,, but some physicists would
like to test the validity of this assumption. If there is a difference between m; and mg, even as small as
one part in 10*, our present understanding about gravity has to be revised. Hence they proposed a
satellite experiment called STEP to measure the mass ratio r = mg/m,. (STEP represents Satellite Test
of the Equivalence Principle.)

In the proposed experiment, several test bodies are enclosed in a vacuum box in a satellite that orbits
around the Earth. The box protects the test bodies from outside disturbances and all forces from the
satellite acting on the test bodies have been carefully eliminated, so that each test body can be
considered as a mini-satellite orbiting around the Earth.

(@) The proposed satellite has a circular orbit with a period of 24 hours. Calculate its orbital radius R.
Express your answer in multiples of Rg, the radius of Earth.

(b) Consider test bodies A and B with mass ratios ra and rg respectively, as shown in the figure.
Suppose the two bodies have the same position at a point on the orbit. When body A completes one
orbit, what is the displacement of body B relative to body A?

(c) Simplify your result in part (b) using the approximation (1 + x)" ~ 1 + nx when |x| << 1. Suppose
the position sensors in the satellite can detect position changes as little as 10> m. What is the duration
of the satellite flight before differences in the mass ratio of the order 10™*® can be detected? Express
your answer in hours.

RIBAIEEE —E#E > F=ma » Hf mE/ELEEE. RIBTHER 5 0EHE, HERIERR
YIRS 12 F =om (m /R® > Hot mg s 7/ 7 & CGERE R ZHERF OB BE R EERE ) - B
IRp 240 me = my o (EA W B 5K A BE i e I (BRI LAV . TSR my B ma B ZE > B
10" Jp 2 — BB » BB B AT 51 IR th B R . B LU MR 4% 2 STEP (fi 2 5t
PLEEE &L r=mg/m; - (STEP {C3 Satellite Test of the Equivalence Principle. )
R ER T - IBEEMRNEETE —HE25M > BEERYETEES - FrREERY %2
S8 BEAEREERY ENFTEER A AT - 5 — 5 5ai R vl 25 B R IR S
BRIJH AT A -

11
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(a) SRR HUERETE > HA 24 /N o SEHEHPUEEIE R o BZEMELUERAE ReHY
R AL -

(b) HREEEY) AR B BRI rafl rg > WIETN o BEMYIIEHUESELLE AN o E4)
% ASSRC A IS BB IS A AR 2 2 D0

(c) B << THFAVATINL + X)" ~ 1 + nx B E(0)EPHVEE R . Wt 2 b 0 B R 2 ] i 280 /)
£ 10 m ALK . BESTEZA, A HEMHIE 107 8RR L2 & REUNR 2 EAL -

5. The Floating Ice 77K (15 marks)

As shown in the left figure, a cylindrical piece of ice floats in water. Its cross sectional area is A and its
height is h. The density of ice and water are p; and py respectively.

(a) Find d, the depth of ice immersed in water.

(b) Suppose the ice is pushed slightly in the vertical direction. Find the frequency of oscillations. You
may assume that the motion of water is negligible.

(c) Suppose the ice floats in water in a container of cross-section area 4A, as shown in the right figure.
The ice is displaced from equilibrium by z in the vertical direction. (i) Calculate the change in the total
potential energy of the system, up to order z°. (ii) Calculate the kinetic energy of the system during the
push when the ice moves at velocity v. You may assume that the water below the bottom level of the
ice does not move, and the water above the bottom level of the ice moves with the same velocity. (iii)
Hence find the frequency of oscillations.

WEEFTR - —ERPRKSAAEKE - EETTERERE A &2 h o KRZKEYERE 355
yo/ *Dpw °

(a) KKBURAEKEATEEd -

(b) S/KERAETE BT A HAHE - SREAIRENES - R RE/KAVRE T LS -

(c) WAEFTR » BKBUFERSRIVKE - BRI 4A o KERAEEE T A - A%
PFEREIINIIS B 7 - (i) shaT B AMMBEENIEE - BE 218 - (i) SeTEEE /K EiE
Hro KRR Ry v B 2 SRAREIRE « IR PTEERARTA VKRS KSR KR Bl - T R KBRS K
SR PATE—ZREERED © (iii) IR R RVIREIER -

A _4A
A ——
 —
: h:
hl 1 1
: v :
1 1 1

(END 5g)
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