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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.
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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 “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
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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.

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.
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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)

me — 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
Mass of Jupiter = 1.9 x 10%" kg

Mass of the sun = 1.99 x 10*°kg

Air Density = 1.2 kg/m®

Water Density = 1.0 x 10° kg/m®

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

BRZERBREEL - 2 S TR

g- %fﬁ%_p’ [fj TR, 9.8 (m/s%)
G- i:g r667x10“(Nn¥mg)
= qﬁ 16xuﬂWA9
@-J_ £ 8.85 x 10™2 (A s)/(V m)
%£[911xloﬂkg
7" ZA 50, 3.0 x 10° mfs
;F#.g'-6378km
*k@+%$%ﬁiﬁlidyﬁ@)215xm”m
7+ B ETEN = 1.9 x 10% kg
APHETEN = 1.99 x 10°kg
* 5k = 1.2kgim?®
i = 1.0 x 10° kg/m?
FEIYE A S po = 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.
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Multiple Choice Questions
(2 points each. Select one answer in each question )
Z2EE ( jf_@ 25] 0 HEEE- ]ﬁ E &
The MC questlons with the **’ sign may require mformatlon on page 3

R (e AL e IR RR T

MC1*

An opened parachute of mass 1.0 kg is coming straight down from the sky. Attached to the
parachute is the upper end of a light spring scale, while a block of mass 10 kg is attached to
its lower end of the scale. The scale reading is 80 N. The air resistance at the moment is
approximately :

— (WI=AHPVETR G 1.0 kg = EE N 'ILJF)‘“M“ 1 (WEE FREEE 80N fu i
FRE o R P (B RREE - (W ETERNED 10 kg U ETP e PRRE A S0 A £

(2) 55 N ()66N  (c) 77N d)88N ()99 N

MC2*

The wind speed is 100 Km/h. Estimate the force of the wind on an adult human being
standing facing the wind. Choose the answer below that is closest to your result.

P S 100 ST FROIP S o~ (R TR s s f RS AL 4
POEETT @R YRR [%Jfljfég

(a) O N (b) 4630 N (€)1.9 N (d)39 N (€) 463 N

MC3*

The first extra-solar system discovered in 1995 consists of a solar type star and a planet with
mass similar to Jupiter in the solar system. The period of the circular orbit of the planet is 4.2
days. Find the distance between the star and its planet in terms of astronomical unit (A. U.).

1095 5 i WAL MR 919 B A WIS B AT TR A B
ﬁHr[F[JI—rE‘J;rrpf&}, ° l—rE,_JF[J[EHJI/‘E"}LAﬁFUFrJHFJE 4.2 o —TQ[FJE‘_J '_IEF[ [/FIE UELEP‘“E ( r J—\Ti/
HitAE) -

(@) 0.2 (b) 9.5 (c) 0.05 (d) 15 (€) 3.0

MC4*
Following MC3, find the orbital speed of the star around the center of mass of the star-planet
system.

B I SR BT B - B RO T O -
(@) 2mis (b) 84 m/s (c) 62 m/s (d) 126 m/s (e) 312 m/s

MC5*

A small wooden sphere of density 0.8 g/cm?® is attached to the end of a string of length 4.0 m

in water. The other end of the string is attached to the bottom, forming a reverse pendulum.

Ignore water friction. Find the period of the pendulum.

n‘a@ £ 0.8 g/cm FIJ T AGRET A EL 40 m Elfj,%Elg’\E‘iElfj_I—irﬁ} ; ;:EI;E%!E SN ’rlﬁ,j_pﬁ R
- (IR o % PR o o SRR -

(@ 4s (b)2s (c) 5s (d) 1s (e) 8s
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MC6
A U-tube of small and uniform cross section contains water of

total length 4H. The height difference between the water
columns on the left and on the right is # when the valve K is
closed. The valve is suddenly open, and water is flowing from
left to right. Ignore friction. Find the speed of water when the
heights of the left and the right water columns are the same.

BTSSR AR By AH Ol o BIGIRRAT &
o = w%‘?rwwﬁ'@:ﬁz ”ﬁ.uﬁﬁ‘?ﬁ@plﬁ BU o g s A - 3
s RS BRI A B IO R AR IO -

@ et (b) © et @ & () Vi

MC7
As shown, the left end of an upright U-shaped glass tube of uniform cross section is sealed
and the right end is open. In the atmospheric pressure of po= 76 cmHg and at To = 15°C, the
length of the gas column sealed by the mercury is /o = 8 cm and the height
difference between the left and the right mercury surfaces is # = 4 cm. I,
When the temperature is raised to 73, the length of the gas column
becomes /; =9 cm. Find 7. A
ypqg\lrgﬁ *rrvEHrgLJ%?@[WfF,'EJ U ﬁ%ﬂ,ﬁ‘“} wﬁjﬁf Jrf ||
[ TR St po= 76 cmHg ™ o Hiik S To= s Eﬂﬁ

ﬁﬁf%wlo—ScmﬂJ-}(nﬁ ;LEE [ﬁ” ’J\ENLI}IE @ﬁ h= 4cmo FI
@7‘ | = TR == L= 9cm ilTi=_ e

(a) 40°C (b) 60°C (c) 70°C (d) 50°C (e) 80°C

MC8
Following MC7, keep the temperature at 71, fill in mercury in the amount of length x from
the open end such that the gas column length returns to /o= 8 cm. Find x.

- ﬁ}fﬁ‘@,@ T 1@ F] IR IJF‘ SES ﬁj@k x O S e 5« FAZ B =8
cm » El[Jx—
(@) 11.25cm (b) 13.25 cm (c) 14.35cm (d)8.25cm () 7.25cm

MC9

As shown, two parallel plate capacitors are placed horizontally and connected to a battery E.
After charging the capacitors, the switch K is open. A charged particle is placed in the left
capacitor and is at rest. If one reduces the distance between the plates of the right capacitor,
the particle will then

(a) move horizontally (b) move upwards (c) move downwards

(d) move in circle (e) remain at rest

MI[—{ A<t FVLIIF[ Jzr l—;;ﬁgrze_-f:h ELK I&g{/[[ I ”}—‘ﬁj E Sfd ﬁ:ﬁr ) [

Bt %%K L JF‘*VF’?FHJFV f[““ EHRE P Ki
gk R B R g |

Hk: Pt g ET
(@) =T s (b) fitTr] Fﬁﬁi“ﬁ’éﬁ

() Ty raigy (d) 52 (&) #I-T
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MC10

A 30 uF capacitor charged to 2.0 kV and a 60 uF capacitor charged to 1.0 kV are connected
to each other, with the positive plate to the positive plate, and the negative plate to the
negative plate. What is the final charge on the 30 uF capacitor?
—fﬁsoﬂFﬁﬂﬁffﬁﬁﬁ%zokVEm%ﬁB,—fﬁGOyFE@%ﬁfﬁﬁﬁ?1okVBU%€ﬁo$J
MR PV LA - P FOAE - (7 30 uF pURE - 2 DT

(@ 50mC (b) 200 mC (c) 40 mC (d) 60 mC (e)0mC

MC11
Two astronauts, 4 and B, both with mass of 60 kg, are moving along

a straight line in the same direction in a “weightless” spaceship. 4 B
Relative to the spaceship the speed of 4 is 2 m/s and that of Bis 1

m/s. A4 is carrying a bag of mass 5 kg with him. To avoid collision

with B, 4 throws the bag with a speed v relative to the spaceship

towards B and B catches it. Find the minimum value of v. 2 mis g Tmis

PR El A~ B> SIFAVETEIE 60 kg > F - EET AU

SO USRI S - ARISEY SRS 2 i BAEE eifit s
1m/s o ERAERAEHE A}{%]”E’Tﬁ& E5 5 kg EIfJ;F"J‘EIJ,‘)PFEI%J if‘élﬂﬁ % E'@i%@f’j[ﬁj B-Bf [’_i’F"J‘
o i v T -

(@) 7.8 mis (b) 26.0 m/s (c) 14.0 m/s (d) 9.2 m/s ()0

MC12

As shown, a narrow beam of light is incident onto a semi-circular glass Vol

cylinder of radius R. Light can exit the cylinder when the beam is at the d

center. When the beam is moved parallely to a distance d from the central \ >/
Y R

line, no light can exit the cylinder from its lower surface. Find the refractive

index of the glass. N

YRR > = AP AR TR A S R R [ R T

L aE P @ﬁ%ﬁéﬁt[ﬂ o PRI NS T BYFEEN 5 Ay T FPA PHES ek Bl d

E\jf ; @ﬂ%ﬁ%‘{i %F[E}\ H'[F[fjﬁ{j;\ﬁﬁﬂﬂljﬁj‘ik 0 jkiw,ﬁrf]ﬁfjﬁéﬁ; -
R d R VR? -d* R®

(a) i (b) 2 ©) ——— d) ——— (e)

JR? _ 42 R R?-d’?

2]

o

MC13

As shown, the circuit is made of 8 different resistors. It is found that

when R; = 4 Q, the resistance between A and B is 2 Q. Now replace 4 —

R; by a 6 Q resistor, what is the resistance between A and B? :

OIS P18 [ T A REAIIAE 5 o <141 Ry= 4. Q B - J= ]
A~ BIBJFUREEE 5 2 Q » JUK] Rufiss 6 Q pUEHE > [l 4 - B[y _
?Fﬂ%ﬁ_fg% »Q27?

@1 (b) 2 (c)6 (d)2.4 (e) 1.5

MC14*

To reach the fire at the height of 30 meters, what should be the initial speed of water jet on
the ground?

S 30 S i > T B P % D7

(@) 30 m/s (b) 12 m/s (c)300m/s  (d)5mis () 24 mis
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MC15*
Following MC14, the area of the cross session of the water hose is 10 cm?. What is the recoil
force?

B R AT BT 10 om? > SR fepo B

(@) 588 N (b) 60 N (c) 705 N (d) 24N (e)5N

MC16

Three point charges, each with charge Q, are placed on the apexes of an equilateral triangle of
Q2

=_ where K is
dre, R

= TR ST O, o ST~ (RS D RIS 9= PRTE - F3
AUBEfE I At @4K 0 o Ko

length R. The potential energy of the system is then

ey, R
(@2 (b) 3 (c)6 d)1 (e) 12
MC17
As shown, the electric current in a straight wire is increasing with time.
The direction of the electric current in the square wire loopis .
P RSO 1 T - RS pOp SR ) ¢ d
o ff ch7 .
(a) abcd (b) adch (c) adbc (d) acbd (e) bead

MC18

A cubic block of mass m and side length 4 is placed on a smooth floor. A smooth and rigid
rod of length L and with negligible mass is leaning against the block. A
sphere of mass M is attached to the upper end of the rod. The lower end
of the rod is fixed at point-O, but the rod can rotate freely around the
point within the vertical plane. Initially the angle between the rod and
the floor is a while the system is at rest. After releasing, find the speed
of the block when the angle between the rod and the floor is f.
AR LR THETE 5% m SRR bR 3;&;@ T - S L
= glﬁ?{@[?}ﬂi ﬁgu_ | ﬁ?{%%ﬁ'ﬁﬁ:j BT '—OE#" AT Eﬂ*&?‘@[ |}|[
ST e S e | M & TRk - i[FIEHﬁFﬁwgiFﬁdfﬂF FERI
e E Ko G R I B REE R A P £ BIHAE -

@ b Mng(sinaz—_sir:,b’) b) b\/ZMgZL(SmOZ__STﬂ)
mb® + ML"sin™ mb* + ML sin™

© b\/ZMgZL(sinozz—si?,B) ) b\/Mgé(sinaz—sirlﬂ) ©0
mb® + ML" cos” B mb® + ML" cos” B
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MC19

In a traffic accident, a taxi runs into a bus initially at rest. The two vehicles are locked
together after impact and slide for a distance of 4 m. It is known that the frictional force
between the locked vehicles and the ground is 25000 N. Find the speed of the taxi just before
impact. Mass of the taxi = 1500 kg. Mass of the bus = 6000 kg.

T Eﬁ\ﬂi}}F"ﬂ‘Hl > — BRIETEL 1500 kg F{LJF’[LH i - WS pus T I AUETEL G,

6000 >t 7 - #f % % IE’;hj; JHIJ(HI DA m o BUHIRHE YAV Sz ] £ 25000N
A p Jﬁ@

(@) 23.1 km/h (b) 46.2 km/h (c) 69.5 km/h (d) 93 km/h o0
MC20

A block of mass M; is hanged by a light spring of force constant

k to the top bar of a reverse U-frame of mass M, on the floor. The k M,

block is pooled down from its equilibrium position by a distance
x and then released. Find the minimum value of x such that the
reverse U-frame will leave the floor momentarily.

~ BVEE, M E["Jf[”li‘F.JePHH}# £ g@ﬁﬂﬁpﬂ B gﬂ R (7
Beeh ko FERETRETE LG MoV U- #ﬁ JE‘J# > 7 U-S
TR e 2 '}LH?’JJEFM”“L fo-T fd e iEf il 47— PSSR SRR U- kR
BEFFI YRy x fifi

M,

@ x=WM,+M,)glk (b) x=2M,+M,)g !k
(€) x=(M,+2M,)glk d) x=M,glk (e) x=M,glk
(End of MC’s ;Z 5% )
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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 * BRI e PSS F1 ey -

Q1 (5 points)
As shown in Fig. (a), a charged particle enters a region of uniform electric field £ with initial
horizontal velocity v. When it exits the region, its speed is v,. In the second case, the same

particle with the same initial velocity enters the

region where a magnetic field B (v < E/B) is added NEAR
perpendicularly to the original electric field £, as

shown in Fig. (b). When it exits the region, its speed E XX
is vy.Compare v, with v,, which one is larger? Give E B
brief explanation in no more than 5 lines. oy oy v Xy Xy
BH1(557)

U@~ [Tk T g v o (a) (b)

TEIEEA BN Inl - i EEE#J”F%%E&E? T J@} K v o RS B T [l kS (v <

E/B) ﬁrufg‘_—kif;_[,ﬂ:[ ’%IQ_T\E’[ f#l ) [:I(b)l:ﬁ[rﬁ»—] *q‘“ 4 ”f -FJ(E@ V-r% %Eﬂq vfl[*i’:i'@‘galﬂ
A *h U B vy o ESRE v ATy o P (7 (gﬁrﬁﬂmt ERI o i’ﬁﬁlj\{%l
?F,I@ 55 o

Q2 (15 points)

Air is filled in a vertical cylinder of length L. The lower end of the cylinder is sealed and the
upper end is open. The air pressure outside is po. A piston, which can move freely up and
down the cylinder without gas leakage, is placed from the open end and sits down on the gas
column. At equilibrium the length from the upper end of the cylinder to the outer surface of
the piston is L/4. The temperature of the air inside is kept at 73 in the process. Now, lower the
temperature of the air inside to 7, = 71 /2, and keep the temperature constant while turning the

cylinder upside down. At equilibrium the outer surface of the piston is

right at the open end edge of the cylinder. Find the thickness and the mass T

density of the piston. L F=

B2 (1557) — [WEROAIEEY ~ SR ED L BT i ﬁﬁf ; I—Jr‘“,j“é’? : L
EF@F Er’r pO F[ JJ\?:(KJFE[AEJ[ o -Té JY)([I:I]EE'I: IS'_;IT %QEE‘LEI,@ ’5('1 Tl :‘I;F - [ISI_;IT T

BEFIF @F*Fﬁjg SRR L df Jhﬁg re I—’F*,J)S’Vq BV > 3 [ﬁk} F‘ FlT

FRIENS (P T2 137 gL - T R Hp ER wfwce LI4 < [0y
KRR R To=T1/2 > T ﬂ@j‘@*ﬁ”[ (R TR - {%ﬂ/&(i Ea JF‘.J_‘ B 7
TR e M SRR d AN TR p o

Q3 (15 points)

As shown in the figure, the pages of two identical books 4 and B are overlapping on one
another. The mass of each book is 1000 g and the number of pages of each book is 200. The

friction coefficient between the pages is = 0.3. Book-4 is fixed on the table. A horizontal
force F'is applied to book-B. Determine the minimum value of F to pull book-B out.

Book-A4 Book-B
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@3 (1553)
It > Ry ARl > Sk 20010 E11000g 0 BTG W 2R - 8 FrpfH]io
AL g = 03°%"AW£T}¥L—]}”‘ BN }H?'-Bﬁ“'guﬁ o s F o

Q4* (15 points)
As shown in the figure, an astronaut of total mass m = 110 kg was doing a spacewalk when
his jetpack failed. His only connection to the spaceship was the communication cable wire of
length L = 100 m. Assume the radius of the orbit R is the

Earth’s radius. Also assume that the astronaut and the

spaceship underwent circular motion with the common angular
velocity of @and remained on a straight line projecting from
the Earth’s center. The mass of the spaceship is much larger
than that of the astronaut. Find the tention in the cable.

[Hint: For R>> L, (R+L)*-R*=3R’L]
fE 4% (15 5} )
y[[[ﬁl » = WVEIEG m = 110 kg =4 £ 17 2 @Jﬁﬁ E1EPE

%ﬁiﬁﬁ@? PR~ % wt'rL 100 m fUsp VAT TR - F@JM #¢i |£14
S P SR YA IRAR! mm i a)l'E{E‘”rJﬁEI*J » i ES ﬁé‘ﬂ,
Hlu\tm o o [l — oA | ffé‘ﬂ BN EY A L% o S RT3 Jo

: FJ,[R»LE\JT » (R+L)° —R3:3R2L]

Q5 (10 points)

A photon of angular frequency w carries energy hw/ 27z and momentum hw/ 2zc , where h is

the Planck Constant, and c is the speed of light in vacuum. When a photon meets an atom, it

may be absorbed by the atom. The probability P for an atom to absorb a photon depends on
A

(@, _a’o)2 +7/2 1

where 4, 7, and e, are constants. Shortly after absorbing the photon, the atom re-emits a

photon of the same frequency in an arbitary direction. Within a very short time the atom

absorbs many photons from a laser beam in one direction and re-emits photons in all
directions. Therefore, on average over time, the atom experiences a force which can slow
down its speed. This is the principle of cooling atoms with laser.

@) An atom is moving in the positive x direction with speed v (<< ¢), and a photon with
frequency w is moving in the negative x direction. What is the frequency of the
photon e, in the rest frame of the atom? (2 points)

(b) Suppose the atom is moving in the positive x direction with velocity v, and two
identical laser beams shine along the positive x direction and the negative x direction,
respectively. There are n photons from each beam colliding with the atom per unit
time. Find the expression for the average force F acting on the atom. If the expression
contains e, , you should replace it with the answer in (a). (6 points)

(©) For small v, we have| o — @, |<<| @ — @, |, the force in (b) can then be expressed as
F =—pv. Find the expression for . (2 points)

(Hint: For small 6w, 4 = 4 __20dow )

(0+6w)’ +y° & +y° (a)2 _,_7,2)2

the photon frequency in the rest frame of the atom e, , namely P(@,) =

FE 5 PRl 45 E o %’}(ﬁﬁ?{ﬁL o

10
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5 (1053)

— FHF Ry o P 2 E EIfcE hol 27 FI £ hol 27c > ﬁf lh EE[F[WHJ PBr o o pLE

Z—LL"H[F[U%BE o EI’I’%Q'I{EJA’FL_J IEI\JJT 7{4—; ]:| H T@J—’L_; IIIEIL[SF T@l 3 l]Ez SFIE[ Jﬁ&‘}‘ (Ff&

ﬁ%ﬁ*\,PI'Obabi“ty)?&/ﬂg:ﬂ/ﬁjﬁﬂjﬁ‘ﬁ%ﬂjﬁa A af} , | Tﬂ HHE

Plo,)= Ay g EVHR e TR A s LR
(0, =) +y

o R l[ﬂf}frﬁ[ IO o - SR ;ﬁ"ﬁ@ i s L Ll

ﬁb[ﬂ?ﬁ” E i A Eﬂj il [I[*‘J il PR ASA S o P AR IS R T[J#

[l o fprd-p Jﬁ?xﬂﬁv‘l\@ ’ § LB SRR o (BRCE -

(@ — Fl gy (<< c)ipr XH[pREEY > - D o pUk jf T RE R
Flaij%?ﬂépjxﬁf FHAAUTIF @, o (2 57)

(b) & R E v [L X*J[HEEFI*J > N AETRIFY 5T ] Hﬁﬁm x LA x
Fﬂ E‘F{«H SN ET '*Eﬂj nl[ﬂwtﬁ’r’w fE0f - R TUEF =

Fo 3BpAERA ST e, ’”““\’F'“ (@) ORI T4 - (6 9)
©) u[v'ﬂ il e w|<<lw @, | (b)H'F”JH%L%E&F —Bv o B (257)
Al el A A4  2wAbw
: Fi-l§a) I:LJEf’ (a)+5a))2+7/2_a)2+7/2 (a)2+y2)2 )
(END 5")
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