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. All questions are in bilingual versions. You can answer in either Chinese or English.
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. 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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. 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.”
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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.
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. 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.
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. The information provided in the text and in the figure of a question should be put to use together.
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. 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.
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The following symbols and constants are used throughout the examination paper unless otherwise
specified:

g — gravitational acceleration on Earth surface, 9.8 (m/s?)

G — gravitational constant, 6.67 x 10! (N m%/kg?)

e — charge of an electron, —1.6 x 10™ (A s)

& — electrostatic constant, 8.85 x 10™ (A s)/(V m)
— electron mass = 9.11 x 10 kg

c — speed of light in vacuum, 3.0 x 10® m/s

Mass of Earth = 5.97 x 10**kg

Radius of Earth = 6,371 km

Mass of Moon = 7.4 x 10% kg

Radius of Moon = 1,737 km

Density of water = 1.0 x 10° kg/m®

Air Density at 20 °C and 1 atm = 1.2 kg/m®
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g- #‘jfji%kﬁ @ JrpiiE, 9.8 (m/s?)
G EE gr,667x10“(Nm2/kg)
> _,r% 16x1019(A )
& — @ }_ﬁ i, 8.85 x 10™% (A s)/(V m)
@JTE, 9.11 x 10°* kg
c— ‘Ef' f“vluﬁ 3.0 x 10® m/s
PYSRETE! = 5.97 x 107 kg
i «jk# 7 =6,371 km
EJ?‘ Bl =7.4x10%kg
|5 @ = 1,737 km
j\p 9 =1.0 x 10°kg/m®
20°C. — fil 5By b = 1.2 kg/m?

The following conditions will be applied to all questions unless otherwise specified:
1) All objects are near Earth surface and the gravity is pointing downwards.

2) Neglect air resistance.
3) All speeds are much smaller than the speed of light in vacuum.
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Multiple Choice Questions
(2 points each. Total 10 MC’s. Select one answer in each question.)
h%E(J@ZJJ » H 101 > ) R [4*3}(
The questions with the ‘*’ sign may require information on page- 3
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MCL B 1

Two small blocks A and B with mass ratio M, / M, =3 are connected by a light spring and on a smooth
horizontal floor. The blocks are pressed towards each other a little and then released. The ratio of the
maximum displacements from their initial positions of the two blocks A, / A; is
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(@) 1/9 (b) 1/3 ©1 (d)3 ©9
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Following MC1, the ratio of maximum momenta of the two blocks P, / P is
B o Pl N EUEL VPSP TR L °

(@9 (b) 3 ©1 (d) 173 (e) 1/9

MC3 SR 3

Following MC1, the ratio of maximum kinetic energy E, / E;is

B PRI B B

(@9 (b) 3 ©1 (d) 173 (e) 1/9

MC4* EEH 4
The period of a simple pendulum on the ground is 1 s. If it is placed on the surface of the moon, the
period of the pendulum will approximately be
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If the pendulum in MC4 is placed on a satellite on a circular orbit around Earth at 100 km above the
ground, its period will approximately be

J MC4 RIS B B 100 2 EI 7 YRS 8 S ot b IV OB
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MC6 = 6

Electric current I is flowing out from point-O and spread out radially on a conducting plane.
Find the magnetic field amplitude on the axis through point-O and perpendicular to the
plane, at distance H from the plane.
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MC7 ZEHE 7

Two chambers of the same volume are filled with air and connected by a pathway. The temperatures in
the two chambers are maintained at different values. Which chamber contains more air?

(@ the chamber with lower temperature

(b) the chamber with higher temperature

(c) the chamber with higher pressure

(d) neither, because both have the same pressure

(e) neither, because both have the same volume
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Which of the following correctly describes the difference between microwaves and radio waves?
(a) Microwaves are used for communication but not radio waves.

(b) Microwaves are electromagnetic waves, while radio waves are sound waves.

(c) Microwaves travel faster in vacuum than radio waves.

(d) Microwaves carry energy but radio waves do not.

(e) Radio waves can go around a building but microwaves cannot.
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Which of the following statements about a magnetic mono-pole is correct?
(@) It must have a south pole.

(b) It must have a north pole.

(c) It has a south pole or a north pole, but not both.

(d) It must have a north pole and a south pole.

(e) It must have more than one pairs of north poles and south poles.
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MC10 =R 10 — — — -
As shown, the electric currenet through the 3Q resistor is Amperes. 0
PR At 3Qﬁ”pu LT, ?“Fﬁ
@?~o (b) 1.0 (c) 1.75 (d)2 (e) 2.25 1 = = —
1
1
9V
(End of MC’s sZ{&fH%)
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Open Problems BeRE
Total 6 problems # 6 f#

Q1* (10 points) B 1(1057)
Estimate the force of heavy rain on an umbrella, and compared it with that of wind with a modest wind
speed of 36 km/hour. Please provide the details on how you reach the answer.
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Q2 (10 points) B2 (1057)
In a ski jumping competition on a slope with inclination angle 6= 60°,
an althlet jumps at point-O with initial speed vo = 25 m/s and lands at

point-A. Find the optimum jumping angle « so that the distance OA is
maximum, and the maximum distance. (You may need to use

sin(x+ y) +sin(x—y)

2 )
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sinxcosy =

- —_—
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Q3 (15 points) 3 (1557)
A rigid uniform stick of length L is restricted to move on the horizontal X-Y plane. A point charge q is
fixed on one end of the stick and a point charge —q is fixed on the other end. At a
particular moment the velocity of the stick center is V=V X+V, ¥, the stick is at an
angle @ to the X-axis, and is spinning around its center at angular velocityw . A /9 ~

uniform magnetic field B is applied along the Z-axis. Find the net force on the stick / T X
and the net torque relative to the center of the stick. -
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Q4 (15 points) 4 (1557)

A 50 kg refrigerator, which can be regarded as a uniform block, is

resting on two feet A and B on a cart. The static friction coefficient

between the feet and the cart floor is 0.4. The height of the refrigerator is

3 times of its width.

(@) Find the maximum horizontal acceleration below which the
refrigerator can still rest on the cart. (5 points)

a
(b) For acceleration a = 0.1g, where g is the gravity acceleration, find a B —
the total force acting on each foot by the cart. (10 points)
— [EETRIEG 50 kg IV FIJFIILPH l[%aijpjwﬂﬂgﬂ Jﬂﬁ ERLPTE Y 3 ]‘Fﬂ > b ETHN o S

AR~ T A BE"‘E“ﬁle’i IR 0.4 -
) B A ST ARSI | R s (5 )
(b)*' ETHrGRE h a=0.1g > g ByE T e o S ET AR S RV T - (10 55)
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Q5 (10 points) 5 (1057)

(@ A block of mass M is connected to a weight-less spring with force
constant k and on a horizontal plane. The friction coefficient between the A
block and the floor is . Initially the spring is at its natural length. Now M
give the block an initial velocity v to the left. If the block stops ~
oscillating completely before it moves to the right, find the displacement of the block and the initial
velovity in tems of M, k, z, and gravity acceleration g. (4 points)
~ WVEIEL M UL ST JJ'JEIWE“ K FOgEGRIET T o Patpdse s o U RPV I T R . o ¥
SRR I E BT [ ISl o PRSPt Il S R v e T PO [ RS
£ j@ﬂxﬁ%ﬂj%ﬂl?ﬂﬂﬁﬁ@ o ’%}TJ‘} M-~k e ijmpﬁ@ gFE o (455)

(b) The block-spring assembly in (J is now fixed on a plateform B with the same mass M as the block,
which is on a smooth floor, as shown in the figure. The friction coefficient between the block and the
platform is 4. Initially the spring is at its natural length. Now give the
block an initial velocity v to the left. If the block stops oscillating A
completely before it moves to the right relative to the platform, find the l@@@@. <—
displacement of the block relative to the platform and the initial velovity B
in tems of M, k, 1, and gravity acceleration g. (6 points)
SR{PApAFTETE TR [FAISEEY M VIR B > Pulpl ASEIRE B 1 RIPVRER R o TRA K
ARV it e RN R E R R s o LA [ ) S O RRERE Ve T PUAT
SEPI R [ SREERT 1 T PR » SR AR R O RS A BT Mok
EUJ e g A o (657)

Q6 (20 points) 6 (2057)

A number of gas cylinders, each containing n moles of ideal gas with pressure Py and volume Vy, are used
to fill up an empty tank with volume V = 10V, until the gas pressure in it reaches P=P,/2. The
temperature remains the same throughout the process.

() If a gas pump is used to pump all the gas inside a cylinder to the tank, how many cylinders of gas is
needed? (5 points)

(b) If the pump is not used, then the gas transfer can only be done by natural flow of gas. Suppose a
number of cylinders can be connected together and to the tank. A valve on the inlet of the tank is then
opened to let gas flow until no gas is flowing in or out of the tank. How many cylinders of gas is
needed? (5 points)

(c) Suppose each time only one cylinder can be connected to the inlet of the tank and no pump is used.
After the gas stops flowing, the valve is closed, the cylinder is removed, and another cylinder full of
gas is connected to the inlet,...., find the number of cylinders needed. (10 points)
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(b) 2 TP e o I 50 | e Sfase JRIPS PLARE B 0 BHA ) |- SRg A 0050150 25
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