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Rules and Regulations g4 fl]]

. All questions are in bilingual versions. You can answer in either Chinese or English.

T R E IS o o SR 1 o ]"E’FAT .

. 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 further announcement.

SRR ATEATH T PRI e TS A ST e S R
i o B SRV R [ R I ) -

. 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 “I1.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 number & Section No.”

%fﬁﬁ%’_%@ﬁ@%}p@ F“ﬁ » HIHBE T R A REATAYLD. No A E e flp
Eg 8 W H B R - TSR B U 2 MR RS ff,’Eﬁ@é"TﬁfﬁE
O £ e A Course & Section No. "AA[” |3 ey = o) FRIBRE ©

. 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.

BRI AR ORI ST AR MBS I 2

. 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 ID number in the field of “Student Number”. You can write your
answers on both sides of the sheets in the answer book.

a2 ﬁ'ﬁiﬁﬁ‘pﬁ[f ’ ﬁ%ﬁ? Course Title ﬁ;ﬁﬁ[tﬁffﬁ;ﬁ@ﬁ}ﬁ%&ﬁﬁ% ; ﬁ?)ﬁf* Student Name
A EN R G A < ﬁ%ﬁ? Student Number A#f[ 5 =iy 8 G B 52 F BT -
FTREE ST -

. The information provided in the text and in the figure of a question should be put to use
together.

LRSI oLy & PRI O e~ B -
. 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.

HBRIRER, - TR ) 3 - %, S T e e
AR S -
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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™2 (A s)/(V m)

m. — electron mass = 9.11 x 10 kg

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

Radius of Earth = 6378 km

Sun-Earth distance (= 1 Astronomical Unit (AU)) = 1.5 x 10"* m
Earth-Moon distance = 3.84 x 108 m

Mass of the sun = 1.99 x 10*°kg

Density of water = 1.0 x 10° kg/m®

Standard atmosphere pressure po = 1.0 x 10° N/m?

BRZERBREEL - 2 S TR

g- #‘jﬁi%‘p’[fj‘ TR, 9.8 (m/s%)

G- L \f667><10“ (N m%/kg?)
e~ fEr- ufr% 16><1019(A s)

&~ Jﬂﬁ g;r, 8.85 x 10™% (A s)/(V m)

me — F- £1,9.11 x 103 kg

c—d faluﬁ, 3.0 x 10° m/s

PSR = 6378 km

A PR-PUERIEEE (= 1 9 B6) = 1.5 x 10M m
BYTRe F| SREEEE = 3.84 x 10° m

AJBETEN = 1.99 x 10°kg

i = 1.0 x 10°kg/m®
fEYE A S pg = 1.0 x 10° N/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.

PRI F - EI FUREFERH 1 45 e i -
1)“E%?ﬁ“j%%%ﬁ’éwm*

2) PR
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

R (S 25 SRR )
The MC questions with the **’ sign may require informatlon on page-3.

T~ PO T R bR -

MC1

%ship-A moves at velocity 40( X, + Y, ) km/s relative to a fixed coordinate system.
Spaceship-B moves at 30 (X, — Y, ) km/s as seen by Spaceship-A. Find the velocity of
Spaceship-B in the fixed coordinate system in the unit of km/s.

TRAT-A L] 40(%, + Y, ) 2* EUFSROSRA AR — [l AR SR JRAG-A T2 1R4A-B '] 30
(%—%ﬁﬁwﬂﬁﬁ@ﬁﬁwﬁﬂWﬁBﬁﬁjWiéﬁwﬁ@(' awaﬁaﬁ>

(a) 10%,+10Y, (b) 10%,+70y,  (c) 10X, +10Z, (d) 70%,+10Y,
(€) 10%,-10Y,

MC2*
A light glass tube with a sealed lower end and cross section area S = 2.5 cm? contains a
column of mercury of mass m = 2 kg. Between the mercury and the
lower end is some trapped gas. The glass tube is sliding down a slope
with an inclining angle « = 30°. The dynamic friction coefficient
between the tube and the slope is iz = /316 . Find the pressure of the
trapped gas in terms of the standard atmosphere pressure po.
‘*ﬁ}ﬁﬁf Tﬁ@:pﬁs 2.5 cm® fIuiiEs js: Hgﬁgé £l m=2kg
s Ealds o “A%‘Fﬂw‘ﬁﬁf 'i7f‘ffWE‘ ua %c?rf (il ’}[Fl
“la = Smm%r“ﬁ“‘&%F§ﬂr¢ﬂﬂﬁwwxfamu V316 o MRS
HdEy (IS S0 B po ER R ) e

Gas xfl

(@) 1.7 (b) 1.2 () 1.9 (d) 2.3 (e) 16

MC3*
Saturn revolves around the sun at 29.5 years per revolution. Find the distance between Saturn
and Sun in terms of astronomical unit (A. U.).

+ B 5 29.5 F e MR - [ o R BEEMERIPVERES (MY IR RGE ) -
(@) 5.2 (b) 9.5 () 11.9 (d) 15 (€) 3.0

MC4

The pixel size of a digital camera is 5.0 x 10 mm. The focal length of the lens is 10 mm.
The image plate from the lens is 15 mm. Find the minimum size of an object the camera can
resolve.

- @(ﬁﬁﬁlﬁkpu[%\ii Rl 15 5.0 x 10 mm > TS SR PERY & JFES 10 mm > [ I EEHpEH 15
mm © AT PR | P

(a) 5.0 x 10° mm (b) 1.5 x 10 mm (c) 1.5 x 107 mm
(d) 2.5 x 10° mm (e) 1.0 x 10° mm
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MC5
Following MC4, if the diameter of the camera lens is doubled, what will be the increase of
light intensity on the image plate?

(@) 4 times (b) 2times  (c) 1.5times (d) YLtimes (e) Yatimes
¥ MC4 < 1 ARG PRIFO T EE - TR PSR ER RUR

@ 41 ®2f (€ 15 (d) ¥ (e) ¥
MC6

A uniform chain of mass m and length L is originally placed mid-way on the top of a fixed
smooth double-sided wedge (Figure-A). The length of each side of the wedge is L. It is then
given a slight push. Find the kinetic energy of the chain when the whole chain has just slid to
the left side of the wedge (Figure-B).

(A) (B)

— VB RG m R T L VIS S o TRUR R — SR T L VR ROk WEJ&EJPI -
(H-A) U I BIHI 2 HE S A (-8 FOBPRS -

. mgLsin @ mgLsin @ mgLsin @
(a) mgLsin 6 (b) MY () T2 (d) TI=ST
2 4 8
(e) 2mgLsiné
MC7
A uniform “L”-shaped rigid body AOB of mass m, where o

AO = OB =1land ZAOB is a right angle, is hinged to a
smooth joint at Point A of the body and can swing freely in
a vertical plane. Initially, the body is released from rest with B

A% Smooth joint

AB horizontal. Find the maximum Kkinetic energy of the - it
body. (,} :
— WVEILE mpvis =L -MP@J?E' AOB>AO =0B = 1> ¥ J 4

ZAOB Er@[F F_ﬁ?ﬂﬂj (%A)ﬁ'jﬂ?ﬁqf
FLﬁJ?E‘A Jf;f‘f(ﬁlpl E[ l[%dE}J IKLA[JJ?E;J:Q:{ Fil '*E ﬁ AB
IE—' LAt EJ T‘ﬂ“jﬁﬁj?ﬂ ﬁfi—]ﬁ j%pb‘?‘ﬁ? % Rﬁﬁ%’ﬁ' f’ (QF[ Jﬁ—(ﬁuﬁb

@ (@]mql (b) (ﬁgﬁjmgl (c)(*r”_] gl
(@ (“@;ﬂmgl © (%mgl
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MC8
A 20 uF capacitor charged to 2.0 kV and a 40 pF capacitor charged to 4.0 kV are connected
to each other, with the positive plate connected to the negative plate, and the negative plate to
the positive plate. What is the final charge on the 20 uF capacitor?
fﬁ 20 pF E{Trgﬁ"’"ﬂar - 2.0 kV EIJF?‘*’E{’ — {fi# 40 pF¥§ IJQ*FLI?L = 4.0 kV Fﬁ%@& 5
FLIF“L”@E‘* AR o E T R F - 20 UF pJ FL‘ HE % J,Fzg—fﬁ 2
(a) 50 mC  (b) 200 mC (c)40mC (d) 67 mC (e) 120 mC

MC9

A particle of mass M and carrying charge Q is launched with initial speed v and at an angle of
0 relative to the horizontal direction. When it reaches the maximum height it enters a region
of uniform magnetic field. In the region it moves at constant velocity in the horizontal
direction. Determine the direction and strength of the magnetic field.

a) outward, Inward, C) outwaraq, -
@ d Qvl\(/:lgse 01 d Qvl\(/:lgse © d Qv'\gllgne
(d) inward, QV'\Q%Q (e) inward,

|

- WTEI1 Mif‘% [F5 QPR LS IS A AR ORI o SR R
R T nlmiﬁ@Fﬁjﬁﬁﬁ°TF%WWfﬁ*J

@) [p It Qvl\élgse (®) [l Qvl\élgsg © [t stm@

ONi thgign ; () [Fr"), Qvl\ffn 0

MC10

As shown, one end of a light thread is fixed on the ceiling and the other end tied to a small
sphere. The angle between the thread and the vertical direction is 3. When

B = aand «is a small angle, the sphere is in simple harmonic motion like e

a pendulum with period T. When = o4 or &, (e < ea < ), the sphere is

in a uniform circular motion in a horizontal plane with period Ty or T, ﬂl
respectively. Then the correct relationis_ _I__
N S R *ﬂﬁ%*JTvﬁ?&f“ — >

pl Rl U IR = G R ﬂ‘“‘VIEaﬁDaz T VPR | SR
TSR EFF'&TN?DTF ° é[a< a1< o H Hlaf;J S R R PRE PR e o T RLf
R ] i |HH > EIIJL*F‘EF”%%II

(a) T<T1<Ty (b)T:T1:T2 (C) T>T,>Ts (d) T.<T<T,
€ T1>T>T,
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MC11
A cone of height H with a mass attached is floating upside down in water, as shown. The
water reaches H/2 when in equilibrium. Ignore friction. Find the vibration
frequency after the cone is slightly pushed downwards.

- PSR T H o B R - 1 BRI o AN HI2
i o et o TR B 1 — R

1 |69 1 |g 1 |39
a) —.[— by —.[— C) —.]—
()272 H ()27zH ()27rH
1 (8¢ 1 |29
d) —,— e) —.—
(@) 27\ H © 27V H
MC12
In the circuit, when the voltage between a and c is 20 V, the
voltage between b and d is 10 V. When the voltage between b ao 10 4Q | b
and d is 20 V, what is the voltage between a and c?

PO PO A PO 20V IR W L g T g | d
Hb-~d mﬁpgﬁg&;@ 10V ; ig[a’ +b-~d F‘xjf‘r'ﬂ{’[lj* 20V pv
R Y a - o Py 7

(@) 4v (b) 5V (c) 8V (d) 10V (e) 20V

MC13

In the circuit, the electric current through the battery is 20

Ampere(s). —
PR ATV - 80/ i |
(a1 (b) 2 (c) 255 (d) 4 @15 Y, /42, |
MC14

Obiject-A is dropped from a height h. At the same instant object-B is thrown vertically

upward from the ground. Right before they collide in mid-air, the speed of A is twice the

speed of B. Determine the height where the collision occurs.

P % 10 1 ORI « B IR (0 o ) 45 B 2B

E;%Féﬂ s PUREL-A EIfJﬁ;kfcfPagg-B SRRy l'f’[ o j@zb*fﬁﬁﬁ@ggﬁq@ o

@2 wx 02 ! @
3 V3 4 2 4

MC15
An object of mass m is placed on a horizontal floor. The static friction coefficient between

the object and the floor is ¢ = 1. Find the minimum force that can move the object.
FrEHEL m Elfjff’uﬁgfgfﬁ “J<2T f&lfxiqf ) flf”l’ﬁ%'ﬂ[fﬁ]?'IF'EFJEW??’?@%I}FE‘WJ= 1> jkﬂtlﬁ[ﬁij,f[r’u”?g%
gposs T 9t

mg

mg
@ = (mjjg (c) mg (d) v2mg (e) 2mg
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MC16

In the circuit Ly, Ly, L, and L4 are four light bulbs. L; and L, are labeled 2®
"220V, 25W". L3 and L, are labeled 220V, 60W". When voltage U is ®L3
applied, the sequence of the brightness of the four bulbs is, from the ®L1 ®
brightest to the dimmest, : L,

pw:g?s,fg N1 [ﬁiﬂ% F”szwfl' » BRI Ly AT Lo B R 220V, 25W, Lg <~ U—>
j/‘:[l LAE VR E220V, 60W" o ‘JD '—?:@tu |¢<|EH]: Fuf 853 [IF‘L—"EF‘PEI JFE”

R

(@1,2,34 (b) 2,3,4,1 (c)4,2,1,3 (d)3,4,1,2

(e)1,4,3,2

MC17

A charged object is launched inside a time varying electric field. Its motion is recorded by a
video camera on a video tape. When it is at a certain moment A, its position vector r, velocity
v, and acceleration a are measured. A student watches the video at a later time but mistakenly
plays the tape in the reverse direction. What are the position, velocity, and acceleration of the
object at moment A observed by the student?

- e R L EJ%ﬁﬂfhﬁLﬁﬁﬁPi%%Jt$qf%5}%&ﬁé Lo A
CRVRRHELRL T AL RLV *Jplﬁﬁf'ia o — S s 'ifﬁw%\;%iﬁ %f‘fﬁﬁ”ﬁ IfI%
1o }f“ AE%E 9% 2= Fun‘ @Hﬁ Jpﬁﬁﬁiﬁlﬁko

@r,v,a ()r,-v,-a (c)r,-v,a @r,v,-a (e)-r,-v, -a

MC18

An object of mass m is attached to a spring. The restoring force of the spring is F = -1x°,
where X is the displacement. The oscillation period now depends on the oscillation amplitude.
Suppose the object is initially at rest. If the initial displacement is D then its period is z. If the
initial displacement is 2D, find the period. (Hint: use dimension analysis.)

~ ERIEL m R - T R )RR x = L )
F=-Ax° W[%Jﬁﬁ'p VPRE R J?‘éﬂ FTJ *",;’ﬂﬁﬁ'fﬂp [FLP%EWV }“%ﬂ {Es D Eﬁ
[P ARG 7 > IR 2% 2D P EF 2 p? (FA 2 F|P IR T o )

(@) 87 (b) 27 ©) 7 (d) 72 (€) 78
MC19

A small air bubble is inside a drop of water residing in a space station on an orbit around
Earth. The direction to Earth is downwards and the space station is moving to the left relative

to Earth, as shown. The air bubble will relative to the water drop.
«—V
(a) move to the left (b) move to the right (c) move up
(d) move down (e) not move
3 I'[E'ﬁ%i%f‘\‘}ﬁﬂﬁfm“ f — AR AR (F 3R ERILE l
= P o B T\r; R . EFJV ﬁbfqﬁ*’j e E‘IJ#‘WW*T
RS Eﬁgﬁjfc Earth #9351~

@fx  Ofh @t @[t @ T
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MC20
A satellite of mass m is at a distance a from a star of mass M. The speed of the satellite is u.

Suppose the law of universal gravity is F = G Mm instead of F = -G I\ﬁn , find the speed

of the satellite when it is at a distance b from the star.

TR M R 0 BTRG MVRERSRESD a O - Byl
F -6 1 TiF——G— o i B SREHEET b R ik -

1 1 1 1

(© \/U2+£GM (%—%} (d) \/u2+£GM (%—%}
1.1 b* a’ 21 b at

(End of MC’s i)
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Open Problems B
Total 5 problems H 5 &

The Open Problem(s) with the **’ sign may require information on page-3.
iy * ORI e SIS F1 e -
1Q 1Q

Q1 (8 points) 1 e——ANA _——
Consider the figure of an infinite ladder of resistors as W

shown in the figure. Calculate the equivalent resistance 1Q 1Q

between point a and point b.

FE1(851) e T

T PR RS - o 2 b B S s -

Q2 (12 points)

A firework exploded into N fragments and converted chemical energy E into the Kinetic

energies of the fragments. The masses of the fragments are {m;}, i = 1, ... N. The spinning

motions of the fragments are ignored.

(@)  Consider the 2nd to the Nth fragments as a whole system, find the velocity of the
center-of-mass of the system v in terms of the fragment masses and the velocity of

the 1st fragment v, . (4 points)

(b)  Let the velocities of the 2nd to the Nth fragments relative to the center-of-mass of the
system be {V. }, i1 =2, ... N. Find their total kinetic energy in terms of their masses, V.
and {V. },1=2, ... N. (4 points)

(c)  Find the maximum Kinetic energy the 1st fragment can have in terms of E and the
masses of the fragments. (4 points)

B2 (125)
- }D"T"}EJF':V 1%"7&} N fﬁlﬁi“ JI}FT F < E (" l—_,i/ﬁjfkf EILJEI}J o o ﬁjf” FIJ@TEIE@{mi}, i
=1, ... N pgeih e I s

(a) }I@]’@T Z15Y NIRLEA, L CRL i 508 o BT S O A A OTTE
j‘%éﬁ/—ﬁﬁﬂj@’?uﬁuﬁ% V.o (457)

(b) jé',ﬁl —UE‘IN&F@IH FESE ERRET SO £ {V 1 i =2, . N SR RO
e I {3 122, N A VTR AR (4 P

(©) aT- iFaLﬁIH, p r%lp Jﬁ*;ﬁiﬁ: » FEI]E ﬁl’ﬁfH{ Em@’rg,qé?kg_ o (457)

Q3 (15 points)
Two vertical pistons of total mass M and different diameters are connected by a rigid light
rod of length H. Trapped in between is N mol of ideal gas. The area of the

upper piston is A; and that of the lower piston is A,. The air pressure 4,
outside is po. The wall of the cylinder is smooth. The gas constant is R. (a)

Find the distance between the bottom of the large cylinder and the lower

piston L when the system is in equilibrium. (b) Find the vibration L
frequency of the pistons near the equilibrium position. A

N

(Hint: for x << 1, (1+x)" ~1+nx, where n can be a fraction number or an
integer.)

10
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BE3(155)

s P A MT [l it [V g [y LMTIERYR G H Y ‘
T SE S i er‘x (T 747 N mol f J@ﬁl%ngaﬁ%f@;ny[ - [y Iﬁk*
F[LJ:TF'[@T‘EI kL ’ P:ZI[%:}E;E [% t() Al A rﬂﬂi tr AZ ’ %‘u T} T.ﬁ]'

* J@tﬁﬂﬁ Po ° [iﬁ‘ ;@ﬁ*aapp j%g}%}iﬁ?’{'ﬂj ) [ﬁ%%?a TEL R o L
E;);E*; r-ffﬁﬂﬁ*i TR E S TR EEL - (b)j\ T rgggm PR ry

(2 i x << 1, (L X)" L, EfEn T LRLS) Bt )

Q4* (15 points)

(@)  Use suitable parameters on Page-3, calculate the mass of Earth. (3 points)

(b)  Geostationary satellites seem stationary in the sky all the time. One such satellite is
right above Singapore on the Equator. Find the orbit radius of the satellite. (5 points)

(c) Hong Kong is 22° N in latitude. To maintain a geostationary satellite of mass m right
above Hong Kong, the orbit of the satellite is no longer around the Earth center and a
constant force f from the small rocket engines on the satellite must be provided. Find
the height of the satellite when the force f is minimum. (For A, B, x > 0, the function

1+A(L-BC) 1+8(1+1/ A) -
y= > Is minimum when x = 2B

X

1}1/3 -
) (7 points)

RE 4% (1557)

(2) FIPIBYS PR SRESHIOTTEL o (35))

(b) [ R 7 3 G e B oy SR R T T S S
e L SRR - (65

(c) =} ;[ “SE 22° %‘ lif?%F p}*ﬁ'ﬁﬁt YETETEL ET, m Eﬁ[— WoE EIUEyﬁFEFIpLJ
EE}LAF_j FIFJBYERe o g FERIFNGEE Ry j:E_{ﬁ— (R[]0 o S fEG
, , JL1+ A(L-Bx)
& R R PO - (:E'I A, B, x>0, [y = 2 &

~ 1+8(1+1/A)— L ) (7 5
X= 5B Ejjr bR e ) (7 57)

Q5 (10 points)

According to quantum mechanics, a particle of momentum p C
can be regarded as a plane matter wave with wavelength :
A=h/p, where his the Planck Constant. As shown in the
figure, ABDC is a flat square of side length L at an inclined
angle @ to the horizontal plane. A neutron beam of initial
kinetic energy Ey is divided into two beams at point-A. One A
beam moves along the path ACD and the other beam along

the path ABD. When the two beams meet at point-D they interfere. The mass of a neutron is
m. How many times can one get maximum neutron number readings at point-D when &
changes from 0° to 90°?

11
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U= 08 EI}J FES p gt HJA[ Bl Pl?ﬂﬁd
W ERERITA=h/p o h ﬁf\f Ui
ABCD i~ 3= Hy L9 =7 o S0ofs sk £
0 ~ FUFIEEYHE LS Boffuf] 1o 7 A%’*&N’?‘fﬁ*ﬁ* - ﬁ”'\
i ACD [iF > - [NIREE 2 ABD 5 - Z[3E DE; ”T*‘*J
ﬁwgwrp* 53— [T m - 10 1.0 42 30
7 D B EAS S e @J\@ i

(END 5%')
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