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Rules and Regulations

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

L L

. The multiplechoice answer sheet will be colledt1.5 hours after the start of the contest. You can
start answering the opemded questions any time after you have completed the midtiplee
guestionswvithout waiting for announcements.

L

. Please follow the instructions on the multjglroice answer sheet, and use a HB pencil to write
your 8-dight Participant IDNumberi n t h e DiN®o dnd fill fout tfhd appropriate circles
fully . After that, write your English name in the spacevjgted and your Hong Kong ID number in
the field of ACourse & Section No. o

HB i ID. NoO 8

fCour se & Section No. 0

L

. After you have made the choice in answering a multiple choice question, fill the corresponding
circle on themultiple-choiceanswer sheefully using a HB pencil.

HB .
.0On the cover of the answer book, pl ease writ
Titl eo, and write your Engl i sh n-digheParicipanttlt he f
D.Number in the field of AStudent Number 0. Y
sheets in the answer book.
Course Title Student Name

Student Number 8

L

L

. The informatiorprovidedin the text and in the figuref a questiorshould be put to use together.

L

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

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

gi gravitational acderation on Earth surface, 9&/s’
Gi gravitational constans.673 10 N m?/kg?

ei charge of an electroiil.63 10'°C

&1 electrostatic constant, 8.8510*2 C/(V m)

mei electron mass = 9.8110°! kg

ci speed blight in vacuum, 3.6 10° m/s

Radius of Earth = 6378 km

SunEarth distancé= 1 Astronomical Unit (AU)} 1.53 10" m
Mass of Jupiter 1.9 x 16"kg

Mass of the sun = 1.9910*°kg

Air Density = 12kg/m®

WaterDensity = 10 x 10 kg/m®

Standard atmephere pressum = 1.00133 10° N/m?

gi ,9.8m/$
Gi , 6.673 10 N mé/kg?
el ,11.63 10%°C
&l , 8.853 102 C/(V m)
me | ,9.113 10°% kg
ci ,3.03 10° m/s
= 6378 km
- (=1 (AU)) = 1.53 10"'m
=1.9 x 16'kg
=1.993 10*%kg
= 12kg/m®

=1.0 x 16 kg/m®
po = 1.0033 10° N/m?

The following conditions will be appliedto all questionsunless otherwise specified:

1) All objects are near Earth surlaand the gravity is pointing downwards.
2) Neglect air resistance.
3) All speeds are mucsmallerthan the speed of light.

1)
2)
3) L
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Multiple Choice Questions
(2 points each. Select one answer in each mure)st
2 .
The MC questions with the 0*8 sign may require
*

L

MC1

As shown in the figure, a wedge of médss placedon a smooth inclined ramp that makes an angle

gto the horizontal. An objectf amassm rests on top of the wedge. The

system is sliding down the ramat accelerationa. Determine the

apparent weight of the object as it slides down. Note that there is 3

friction between the object and the wedge so that the object remains /

relatively atrest on the wedge.
M

q m L a L

(amg éosq (b) mgcosqg (c) mgsingcosg (d) nL19 tang (e)mg

MC2

A ball is releasedrertically from a heightH aboveaninclined planeand makes sever&ouncesThe

angle of the inclined plane g Assume the ball bounces elastically in eachQaticulate the distance

from the first hit tathe fourth hit ortheinclinedplane
H

a .

(a) 3Hsing

(b) 24Hsing
(c) 30Hcosy
(d) 36Hcosy
(e) 48Hsing

MC 3*
The first two extrasolar planets were discovered in 1992 to be revolving around a pulsar of 1.5 solar
mass. The period of the circular orbit of one of the two plane@3islays.Ignore the gravity
interaction between the planetsind the distance between the pulsar and the planet in terms of
astronomical units (AU).
1992 . 15

98 . . (AU) .
(@ 0.11 (b) 0.17 (c)0.36 (d)0.40 (e)0.48
MC4
A ball hits a horizontal plane in a direction making an amg¥th the horizontal, where sia = 3/5.
The coefficient of friction between the ball and the plane surface is 1/2. If 5/16 of the kinetic energy of
the ball remains after the impact, then the ball bounces off the plane in a direction making at an angle
gwith the horizontal. Findy.

a sina=3/} 1/2,
5/16 q.

(a) 23 (b) 37 (c) 53 (d) 63 (e) &°



HKPhO 2011 - Junior Level

MC5
As shown in the figure, an hourglass is put on an electronic balAhdene t < 0, a clotat the
constrictionprevents the sand from passing througghtime t =

0, the clot clearsand the sandbeginsto drip down from the
upperpartto the lower parat aconstantrate until all sandis

collectedin the lower part after one hauAssuming that the
sand powder isx@remely fine, low doesthe force acting on the

electronicbalance depend on thieppingprocess?

hourglass ¥ig

constriction &%

electronic balance
B

(@ The force increasew a higher valuaduring the dripping
processand then returns to the equilibrium value after t
process
(b) The force decreases & lower value during the drippin(==

process and then returns to the equilibrium value after tne

process.

(c) The force increases momentarily at the beginning and restores txqtildrium value, and
remains the same thereafter.

(d) The force increases mmentarily at the beginning and restores to #uwgilibrium value, and
decreases momentarily at the end of the dripping process, and remhdims equilibrium value
thereafter.

(e) The force decreases momentarily at the beginning and restores to thieriequilialue, and
increasesmomentarily at the end of the dripping process, and remains at the equilibrium value
thereafter.

t<O0

(@) .

(b) .

() .
(d)

(€)

MC6
A piece of icewith an embedded storfloats on the surfacef waterin a glassAfter theice has
melted, the stone sinks to the bottom of the gl@ssnpared with the initial =~ jce
water level, watis the change ahe waterlevel in the glass, firsluring the \

) > : . t
period the ice is meltingand secondfter the stone sinks to the bottom? it

(ice) (water) (stone) /

L

(a) Remairs the sameéhen risa. .
(b) Remairs the samehen falk. .

(c) Remairs the samaill the way. .

(d) Rises then falk. .

(e) Fallsthen rise. .
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MC7

A student observed the presence of stnengls generated by moving trains in the tunnelsuifway

She suggested that wind turbinesuéd be installed in the tunnels to generate electricity. Which of the

following statenent(s) is(areforrect?

l. The electricity generated by the turbines canshepliedto the air conditioners of the
underground train stations, thereby saving energy.

Il. The electricity generated by the turbines daa supplied to the electric motors of the
undeground trains, thereby saving energy.

1. The air resistance experienced by the trains will not be affected.

L

l.

1.

1. .

(a) All are not true (b) Only lis true I
(c) Only Il is true I (d) Only Il is true 1]
(e)All aretrue

MC8

As shown in the figure, a hemispherical bowl is placed horizontally on a
table.Point-O is the center of the hemisphere. The edge and the su
of the bowl are smoottA particle of massn, is placed in a bowl and is
tied to a string with egligible mass. The other end of the string is tied
another particle of mass, hanging outside the bowlhen the system
is in equilibrium, the line joining the particley and PointO makesan
anglea = 60° with the horizontal. Find the ratimy/m.

O

. my mp
m O a=60", Mmy/my,
(@)0.71 (b) 0.87 (€)1.15 (d) 1.41 (€)1.73

MC?9

A nonviscous liquid of densityr, as shown in

figure, is filled in advéshape wbe withA, L; andL,

being the area of cross section and arm lengths
respectively. If the liquid is slightly depressed in Ly
one ofthe arms,find the oscillation frequency of

- G q
the liquid column ! 2
&6 ¥
r. AL Lz,
(@) 1 g(sing, +sing,) (b) 1 rgAsing, - sing,) © 1 L,sing, +L,sing,
2p L +L, 2p L +L, 20 rgA

d }J(ﬂ) &rgA
p\ L, sing,

sing, sing,
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MC10

The kinetic energy of a particle in a simple harmonic motie%]ai\sz, its potential energy i%bxz,

wherex is the coordinate for the position of the particle and its speedFind the frequency of the
motion.

la\/2 bez X v
2 2

1 |a 1 (b 1 ja b 1 1 /1
(a)z b (b) z\/g () 5‘/64-5 (d) 5@ (6)5 b

MC11
Someone is using scissors to cut a wire of circular cross section and negligil _
weight. Thewire slides in the direction away from the hinge until the ang ~ VI'® p
between the scissors blades becoPaes . Find the coefficient of friction 2a7$/ -
between the blades and the wire. /

2a v
(@) V1- tana (b) 2cosa  (c) 2tana (d) tana (6) V2cosa-1
MC12

A person exerts a horizontal for€eat the upper edge @& box to push the boyof uniform mass
density,lengthL, and heigh# across the floor. Thigiction coefficient between the box and the floor

is m If m> mg, the box will overturn before it slides. Determine the .

value ofm. —
F .
L H, H

,77l. /77>,7a L ,78 L /m

L L H m 2H
a) — b) — c) — d) — e
@, () ©@ - @ @ .
MC13

A compound pendulum is made of a light and rigid rod of lehgtith one end
attached to a hinge on the ceiling. A small ball of nmss attached to thetherend

of the rod, and another small ball ah® attached to the middle of the rod. Find the m
frequency of thesimple harmonioscillationof the pendulum. L
L .
m 2m . "

1 1 /4 1 /3 1 /9
@ =2 (b) =22 (©) =20 P

20\ 2L 20 \ 3L 20\ 2L 20 \ 4L

1 /9
©) =\

20\ 2L
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MC14

A small object is initially at the botto of a plane inclined at an angé#ewith the horizontal. It is
projected upward along the inclined plane with an initial velocity, and reaches the maximum height
after timet;. It then slides downward and returns to the initial position after tiniethe coefficient

of sliding friction between the object and the surfacey fnd the ratiot,/t;.

a L
15} to,
m 122/12;]_L
@) \/s?na - mcosa \/s?na tmcosa s?na - meosa g, s?na tmeosa | sina
sina + ncosa sina - ncosa sina + ncosa sina - ncosa ncosa

Ci15

As shown in the figure, AB is a board of m&ds 4

kg and lengtts = 2 m, placed on a smooth horizontal
suface. A bumper of negligible massfised atend

B. A peg ofmassm = 1 kg is placed a¢endA. The
coefficient of kinetic friction between the peg and [ S g

the board igm= 0.2. With both the board initially at

rest, the peg is ejected with an initial velocityvpf= 10 m/sin contact with théboardsurfaceuntil it
hits the bumper a&ndB. After the collision, it just returns ndA without falling off the boardFind
the mechanical enerdgss in the process.

le N|

AB M = 4 kg s=2m B
A m = 1 kg, €=0.2
Vo= 10 m/s B
L A L A

(@)20J (b)24J (c)28J (d)32J (e)40J
MC16
The elastic collision between two bodies, A and B, can be considersr A B
qsing _the foIIo_wi.ng model. A gnd.B are f.ree to move alamgpmmon G\dA 4_o
line without friction When their distance is greater thdn= 1 m, the

interacting force is zero; when their distance is less tham constant

repulsive forcd= = 6 N is presenfThe mass obody Ais my = 1 kg andt

is initially at restithe mas ofbody Bis mg = 3 kg andt is approaching body A heawh with aspeed
Vo = 2 m/s. Find the minimum distance between A and B.

A B . A B
. d=1m X d
F = 6N . A ma = 1 kg ' B
mg = 3 kg, Vo=2m/s A . A B .
(2)0.25m (b)0.50m  (c)0.75m (d)1m (e)1.25m

MC17
A uniform rod ishung at one end and partially submerged in water. If the
density of the rod is 5/9 that of water, find the fiametof the length of the
rod above water.

5/9

L

L

(a)0.25 (b) 0.33 (c) 0.50 (d) 067 (€)0.75
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MC18

An observer stands next to the front end of the first carriage of a train. When the train starts to
accelerate miformly, it takes 5 seconds for the first carriage to pass the observer. Assuming that all
carriages are of the same length, what is the time taken by the tenth carriage to pass the observer?

L

53 .
(a)1.18s (b) 1.07s (c)0.98s (d)0.91s (e)0.8Ls
MC19
As shown in the figure, two blocks of masses and m, are
connected by a light string, and are placed on a horizontal smoothF1 k F,
surface. Forces of magnitudle andF, act on them respacely, «— M m;, —

causing them to move linearly. The force constant of the light HEEEEEER—
string isk, andF; > F,. What is the extensianof the light string?

m Fi.. R
. k F1>F2t
X
(a) Flrn1+ Fzmz (b) Flrnz+F2rnl (C) |FlrnZ B FZrnl| (d) |Flrnl_ F2m2| (e) Flrnl+ F2m2
k(m, +m,) k(my +m,) k(m, +m,) k(m, +m,) Kim, - m,|

MC 20
As shown in the figure, a triangular wooden block of miEss

fixed on a horizontal table. Its top angle is’98nd the hse angles Y 0

: m {3 m
area andb. Two small pieces of wood, each of magsare located
on the inclinedsmoothsurfaces. When the wood pieces shifdsvn A ~

the inclined surfaces, what is thermalforce acting on the tabl G
by the triangular block?

M 90° a

L

m

(@ Mg (b) 2mg ((;) Mg+mg (d)Mg+2mg (e) Mg+mg(sina + sinb)

ENDOF MCO0 s

(4 1
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Open Problems

Total 5 problems 5

The Open Problem(s) with téneag8* 6 sign may r equ

Q1 (10 points) 1(10f )

A HK Physics Olympiads and wi c h boar do
consists of twouniform pieces ofmetald 50.0 cm
wide and 1.0 m higheachof massM = 3.0 kg joined
at the topgforming an angleg = 30°. The sign loks like
an inverse lettedv/6 when viewed sidewag. Assume
that the friction between the sign and the groursd /
sufficiently strong to prevent the sign frosliding on
the ground, andhat the boardsurfacecan stop any
horizontal movement of air hitting The density of air
is r = 1.2 kg/m’. Find theminimum wind speedmi,
above which the sign willirn over.

wind

r ( M= 3.0 kg
50.0 cm 1.0m g=30 . /o .

. r=12kg/m’ Vinin,
Q2 (10 points) 2 (10f )
Rectangular blockA of mass & is placed on the rough
surface of a table. Another blod&k of massm with rough B[ |— P,

surface is placed on top of blocl. A light inextensible A
string connets blocks A and B, and winds through the
massless smooth pulle¥s and P, fixed at the edge of the
table. A massless smooth pull® hangs from the string
segment between pulleys andP,, and blockC of massm
hangson pulley P;. Let mbe the coefficiat of friction
between all contact surfaces.

(a) Find the range ofwithin which the system stays in equilibrium.

(b) Find the range afwithin which blockC moves downwards, whilelock A remains stationary.

3m A m B
A . A B P:
P, Pa, m C P3 m

@ m
(b) A C m

10
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03 (15 points) 3(1% ) le 6R R

As shown in the figurespheres A and B have

equalradi R andmass4M and M respectively. Vimin

They areseparatedenterto centerby a distance o S

of 6R. A projectile of massis ejectedirom the m

surface of spherB in the directiontowards the

centerof sphereA. B A

(@) Find the minimum speedvyi, of the
projectile so ittanreachthe surfae of spheré\.

(b) If the projectile isejectedwith the minimum speedn,, calculate the speed of the projectile
when it reaches the surface of sphire

(c) If the projectile can be launché&bm the surface of spheBin any direction so as to escape to
infinity, find the speed of the projectile when it leaves spBere

A B R 4M M 6R.
m B A .
(a) A Vimine
(b) Vmin A L
(c) B B
Q4 (15 points) 4(151 )

As shown in the figure, pendulum is made up ofteb A suspended

from a fixed pointO by a light inextensible string of length A nalil

P is located at a distandg2 vertically belowO. The pendulumis A e T

lifted with the string taut untiine OAis horizontal and then released. "

When the pendulum swings to the vertical positibrpointB, only

the portion below poirf® can swing further \ i P

(@) When the interrupted pendulum swings further, the string \ f
becomes loose at poi6t Find the angle betweenettinePC and \,h_ O . 4
the verticaldirection B

(b) After the string becomes loostine bobcontinues to move and

reaches its maximum heigat pointD. Find the maximum height of the bob above p&int
(c) The bobthenpasseshroughpoint E which is rightbelowO. Find the distancéetweerk andO.

Q

@) A L
. @) L/2 P, OA
. B
(a) C . PC .
(b) D . P .
(c) O E O E .

11
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Q5 (10 points) 5(10f )

As shown in the figure, particle A of mass Phand carying chargeq is
connected by a light rigid rod &&ngthL to another particleB of massm
and carryingcharge- g. The system is placed imalectric fieldE . The
electric force on a charggin an electric fieldE isF = qE. After the

system settles into equilibriurone particleis given a small push in the
transverse idection so that the rod makes a small angjewith the
electric field.

(a) Find the period ahe angulapscillation

(b) Find the maxinum tension in the rod.

I'I'I(3

(b) .

END

12
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A, 2m, +q
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o)



