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Rules and Regulations  

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

̢ ̢  

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 

questions without waiting for announcements.  

̢

̢ 

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 ñI. D. No.ò, 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 ñCourse & Section No.ò 

HB  ñI. D. No.ò 8

 ñCourse & Section No. ò ̢ 

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. 

HB ̢ 

5. On the cover of the answer book, please write your Hong Kong ID number in the field of ñCourse 
Titleò, and write your English name in the field of ñStudent Nameò and your 8-dight Participant I. 

D. Number in the field of ñStudent Numberò. You can write your answers on both sides of the 

sheets in the answer book. 

 Course Title Student Name

Student Number 8 ̢ 

̢ 

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

̢ 

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. 

̢

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

otherwise specified:  

 

g ï gravitational acceleration on Earth surface, 9.8 m/s
2
 

G ï gravitational constant, 6.67 ³ 10
-11

 N m
2
/kg

2
 

e ï charge of an electron, ï1.6 ³ 10
-19

 C 

e0 ï electrostatic constant, 8.85 ³ 10
-12

 C/(V m) 

me ï electron mass = 9.11 ³ 10
-31

 kg 

c ï speed of light in vacuum, 3.0 ³ 10
8
 m/s 

Radius of Earth = 6378 km 

Sun-Earth distance (= 1 Astronomical Unit (AU)) = 1.5 ³ 10
11 

m 

Mass of Jupiter = 1.9 × 10
27 

kg 

Mass of the sun = 1.99 ³ 10
30 

kg 

Air Density = 1.2
 
kg/m

3
 

Water Density = 1.0 × 10
3
 kg/m

3 

Standard atmosphere pressure p0 = 1.013 ³ 10
5
 N/m

2 

 

 

 

g ï , 9.8 m/s
2
 

G ï , 6.67 ³ 10
-11

 N m
2
/kg

2
 

e ï , ï1.6 ³ 10
-19

 C 

e0 ï , 8.85 ³ 10
-12

 C/(V m) 

me ï , 9.11 ³ 10
-31

 kg 

c ï , 3.0 ³ 10
8
 m/s 

 = 6378 km 

-  (= 1 (AU)) = 1.5 ³ 10
11 

m 

 = 1.9 × 10
27 

kg 

 = 1.99 ³ 10
30 

kg 

 = 1.2
 
kg/m

3
 

 = 1.0 × 10
3
 kg/m

3 

p0 = 1.013 ³ 10
5
 N/m

2
 

 

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. 

 

 

 

1)  

2)  

3) ̢ 
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M 

m 

q 

a 

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

2 ̢  

The MC questions with the ó*ô sign may require information on page-3. 

 *  ̢ 

 

MC1 

As shown in the figure, a wedge of mass M is placed on a smooth inclined ramp that makes an angle 

q to the horizontal.  An object of mass m rests on top of the wedge. The 

system is sliding down the ramp at acceleration a. Determine the 

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

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

relatively at rest on the wedge. 

M

q̢ m ̢ a ̢

̢ ̢ 

(a) mg cosq      (b) mg cos
2q     (c) mg sinq cosq          (d) mg tanq  (e) mg 

 

MC2 

A ball is released vertically from a height H above an inclined plane and makes several bounces. The 

angle of the inclined plane is q. Assume the ball bounces elastically in each hit. Calculate the distance 

from the first hit to the fourth hit on the inclined plane.  

H ̢

q̢ ̢

̢ 

(a) 3Hsinq  

(b) 24Hsinq  

(c) 30Hcosq  

(d) 36Hcosq  

(e) 48Hsinq  
 

MC3* 

The first two extra-solar 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 planets is 98 days. Ignore the gravity 

interaction between the planets. Find the distance between the pulsar and the planet in terms of 

astronomical units (AU). 

1992 ̢ 1.5

98 ̢ ̢ (AU) ̢ 

(a) 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 angle a with the horizontal, where sin a = 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 

q with the horizontal. Find q. 

a  sin a = 3/5̢ 1/2̢

5/16 q ̢ 

(a) 23
o
  (b) 37

o
  (c) 53

o
  (d) 63

o
  (e) 83

o
 

 

 

q d 

H 
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MC5 

As shown in the figure, an hourglass is put on an electronic balance. At time t < 0, a clot at the 

constriction prevents the sand from passing through. At time t = 

0, the clot clears and the sand begins to drip down from the 

upper part to the lower part at a constant rate, until all sand is 

collected in the lower part after one hour. Assuming that the 

sand powder is extremely fine, how does the force acting on the 

electronic balance depend on the dripping process? 

 

(a) The force increases to a higher value during the dripping 

process and then returns to the equilibrium value after the 

process. 

(b) The force decreases to a lower value during the dripping 

process and then returns to the equilibrium value after the 

process. 

(c) The force increases momentarily at the beginning and restores to the equilibrium value, and 

remains the same thereafter. 

(d) The force increases momentarily at the beginning and restores to the equilibrium value, and 

decreases momentarily at the end of the dripping process, and remains at the equilibrium value 

thereafter. 

(e) The force decreases momentarily at the beginning and restores to the equilibrium value, and 

increases momentarily at the end of the dripping process, and remains at the equilibrium value 

thereafter. 

 

̢ t < 0 ̢

t = 0

̢  

(a) ̢ 

(b) ̢ 

(c) ̢ 

(d) 

̢ 

(e) 

̢ 

 

MC6 

A piece of ice with an embedded stone floats on the surface of water in a glass. After the ice has 

melted, the stone sinks to the bottom of the glass. Compared with the initial 

water level, what is the change of the water level in the glass, first during the 

period the ice is melting, and second after the stone sinks to the bottom? 

 

(ice) (water) (stone)̢

̢

 

(a) Remains the same then rises.  ̢ 

(b) Remains the same then falls. ̢ 

(c) Remains the same all the way.  ̢ 

(d) Rises then falls. ̢ 

(e) Falls then rises. ̢ 

 

ice stone 

water 
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MC7 
A student observed the presence of strong winds generated by moving trains in the tunnels of subway. 

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

following statement(s) is(are) correct? 

I. The electricity generated by the turbines can be supplied to the air conditioners of the 

underground train stations, thereby saving energy. 

II.  The electricity generated by the turbines can be supplied to the electric motors of the 

underground trains, thereby saving energy. 

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

̢

̢ ̙ 

I. ̢ 

II.  ̢ 

III.  ̢ 

(a) All are not true   (b) Only I is true I  

(c) Only II is true II   (d) Only III is true III  

(e) All are true  

 

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 surface 

of the bowl are smooth. A particle of mass m1 is placed in a bowl and is 

tied to a string with negligible mass. The other end of the string is tied to 

another particle of mass m2 hanging outside the bowl. When the system 

is in equilibrium, the line joining the particle m1 and Point-O makes an 

angle a = 60
o
 with the horizontal. Find the ratio m1/m2. 

O

̢ m1 m2

m1 O a = 60
0̢ m1/m2̢ 

(a) 0.71 (b) 0.87 (c) 1.15 (d) 1.41 (e) 1.73 

 

MC9 

A non-viscous liquid of density r, as shown in 

figure, is filled in a óVô shape tube with A, L1 and L2 

being the area of cross section and arm lengths 

respectively. If the liquid is slightly depressed in 

one of the arms, find the oscillation frequency of 

the liquid column. 

 óVô

r̢ A, L1  L2 ̢

̢ 

(a) 
21

21 )sin(sin

2

1

LL

g

+

+ qq

p
  (b) 

21

21 )sin(sin

2

1

LL

gA

+

- qqr

p
       (c) 

gA

LL

r

qq

p
2211 sinsin

2

1 +

  

(d) gA
L

L
r

q

q

p
Ö)

sin

sin
(

2

1

22

11  (e) 

2

2

1

1

sinsin

2

1

qq

p LL

g

+

 

 

 

q1 q2

L1 L2

q1 q2

L1 L2

m2

m1

O
a

m2

m1

O
a
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MC10 

The kinetic energy of a particle in a simple harmonic motion is21

2
av , its potential energy is 21

2
bx , 

where x is the coordinate for the position of the particle and v is its speed. Find the frequency of the 

motion. 

21

2
av 21

2
bx x v ̢

̢ 

 

(a) 
b

a

p2

1
 (b) 

a

b

p2

1
 (c) 

a

b

b

a
+

p2

1
 (d) ab

p2

1
 (e) 

ab

1

2

1

p
 

 

MC11 

Someone is using a scissors to cut a wire of circular cross section and negligible 

weight. The wire slides in the direction away from the hinge until the angle 

between the scissors blades becomes2a .  Find the coefficient of friction 

between the blades and the wire. 

̢

2a ̢ 

 

(a) 1 tana-   (b) 2cosa (c) 2 tana  (d) tana  (e) 1cos2 2 -a  

 

MC12 

A person exerts a horizontal force F at the upper edge of a box to push the box of uniform mass 

density, length L, and height H across the floor. The friction coefficient  between the box and the floor 

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

value of mo. 

F ̢

L H̢

m ̢ m > mo ̢ mo ̢ 

(a) 
H

L

2
 (b) 

H

L
  (c) 

H

Lm
 (d) 

H

Lm
 (e) 

L

H

m

2
 

 

MC13 

A compound pendulum is made of a light and rigid rod of length L with one end 

attached to a hinge on the ceiling. A small ball of mass m is attached to the other end 

of the rod, and another small ball of 2m is attached to the middle of the rod. Find the 

frequency of the simple harmonic oscillation of the pendulum. 

L ̢

m 2m ̢

̢ 

(a) 
L

g

22

1

p
   (b) 

L

g

3

4

2

1

p
  (c) 

L

g

2

3

2

1

p
  (d) 

L

g

4

9

2

1

p
  

(e) 
L

g

2

9

2

1

p
 

 

 

m 

2m 
L 

Wire

2a

Wire

2a

H 

L 

m 

F 
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MC14 

A small object is initially at the bottom of a plane inclined at an angle a with the horizontal. It is 

projected upward along the inclined plane with an initial velocity, and reaches the maximum height 

after time t1. It then slides downward and returns to the initial position after time t2. If the coefficient 

of sliding friction between the object and the surface is m, find the ratio t2/t1. 

 a ̢

t1 t2̢

m t2/t1̢ 

(a) 
ama

ama

cossin

cossin

+

-
 (b) 

ama

ama

cossin

cossin

-

+
 (c) 

ama

ama

cossin

cossin

+

-
  (d) 

ama

ama

cossin

cossin

-

+
 (e) 

am

a

cos

sin
 

 

C15 

As shown in the figure, AB is a board of mass M = 4 

kg and length s = 2 m, placed on a smooth horizontal 

surface. A bumper of negligible mass is fixed at end-

B. A peg of mass m = 1 kg is placed at end-A. The 

coefficient of kinetic friction between the peg and 

the board is m = 0.2. With both the board initially at 

rest, the peg is ejected with an initial velocity of v0 = 10 m/s in contact with the board surface until it 

hits the bumper at end-B. After the collision, it just returns to end-A without falling off the board. Find 

the mechanical energy loss in the process. 

AB M = 4 kg s = 2 m̢B

A m = 1 kg̢ ɛ = 0.2̢

v0 = 10 m/s B

̢ A ̢ Ȃ  

(a) 20 J (b) 24 J (c) 28 J (d) 32 J (e) 40 J 

 

MC16 

The elastic collision between two bodies, A and B, can be considered 

using the following model. A and B are free to move along a common 

line without friction. When their distance is greater than d = 1 m, the 

interacting force is zero; when their distance is less than d, a constant 

repulsive force F = 6 N is present. The mass of body A is mA = 1 kg and it 

is initially at rest; the mass of body B is mB = 3 kg and it is approaching body A head-on with a speed 

v0 = 2 m/s. Find the minimum distance between A and B. 

A B ̢A B

̢ d = 1 m  ; d 

 F = 6N ̢ A mA = 1 kg  ; B

mB = 3 kg, v0 = 2 m/s A ̢ A̡B ̢ 

(a) 0.25 m (b) 0.50 m (c) 0.75 m (d) 1 m  (e) 1.25 m 

 

MC17 

A uniform rod is hung at one end and is partially submerged in water. If the 

density of the rod is 5/9 that of water, find the fraction of the length of the 

rod above water. 

̢ 5/9

̢ 

(a) 0.25 (b) 0.33 (c) 0.50 (d) 0.67 (e) 0.75 

A B 

d 

s

A B

s

A B
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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 uniformly, 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? 

̢

5 s̢ ̢ 

(a) 1.18 s (b) 1.07 s (c) 0.98 s (d) 0.91 s (e) 0.81 s 

 

MC19 

As shown in the figure, two blocks of masses m1 and m2 are 

connected by a light string, and are placed on a horizontal smooth 

surface. Forces of magnitude F1 and F2 act on them respectively, 

causing them to move linearly. The force constant of the light 

string is k, and F1 > F2. What is the extension x of the light string? 

ml m2 F1 F2

̢ k F1 >F2̢

x̢ 

(a) 
)( 21

2211

mmk

mFmF

+

+
 (b) 

)( 21

1221

mmk

mFmF

+

+
 (c) 

)( 21

1221

mmk

mFmF

+

-
 (d) 

)( 21

2211

mmk

mFmF

+

-
 (e) 

21

2211

mmk

mFmF

-

+
  

 

MC20 

As shown in the figure, a triangular wooden block of mass M is 

fixed on a horizontal table. Its top angle is 90
o
, and the base angles 

are a and b. Two small pieces of wood, each of mass m, are located 

on the inclined smooth surfaces. When the wood pieces slide down 

the inclined surfaces, what is the normal force acting on the table 

by the triangular block? 

M 90
o

 a̡ b

m ̢

̢ 

(a) Mg (b) 2mg  (c) Mg+mg (d) Mg+2mg (e) Mg+mg(sina + sinb) 
 

 

 

̨END OF MCôs ̩ 

m m

M
a b

m m

M
a b

m1 m2

F1 F2
k

m1 m2

F1 F2
k
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Open Problems  

Total 5 problems 5  

 

The Open Problem(s) with the ó*ô sign may require information on page-3. 

 *  ̢ 

 

Q1 (10 points)  1 (10‍) 

A ñHK Physics Olympiad sandwich boardò sign 

consists of two uniform pieces of metal 50.0 cm 

wide and 1.0 m high, each of mass M = 3.0 kg, joined 

at the top forming an angle q = 30
o
. The sign looks like 

an inverse letter óVô when viewed sideways. Assume 

that the friction between the sign and the ground is 

sufficiently strong to prevent the sign from sliding on 

the ground, and that the board surface can stop any 

horizontal movement of air hitting it. The density of air 

is r = 1.2 kg/m
3
.  Find the minimum wind speed vmin 

above which the sign will turn over. 

 

ɼ ɽ M = 3.0 kg

50.0 cm 1.0 m q = 30
o ̢ óVô ̢

̢ r = 1.2 kg/m
3̢ vmin̢ 

 

Q2 (10 points)  2 (10‍) 

Rectangular block A of mass 3m is placed on the rough 

surface of a table. Another block B of mass m with rough 

surfaces is placed on top of block A. A light inextensible 

string connects blocks A and B, and winds through the 

massless smooth pulleys P1 and P2 fixed at the edge of the 

table. A massless smooth pulley P3 hangs from the string 

segment between pulleys P1 and P2, and block C of mass m 

hangs on pulley P3. Let m be the coefficient of friction 

between all contact surfaces. 

(a) Find the range of m within which the system stays in equilibrium. 

(b) Find the range of m within which block C moves downwards, while block A remains stationary. 

 

3m A m B

A ̢ A B̢ P1

P2 P3̢ m C P3 ̢ m

̢ 

(a) m ̢ 

(b) A C m ̢ 

 

wind 
30

o
 

A

B

C

P1

P2

P3

A

B

C

A

B

C

P1

P2

P3
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Q3 (15 points)  3 (15‍) 

As shown in the figure, spheres A and B have 

equal radii R and mass 4M and M respectively. 

They are separated center to center by a distance 

of 6R. A projectile of mass m is ejected from the 

surface of sphere B in the direction towards the 

center of sphere A. 

(a) Find the minimum speed vmin of the 

projectile so it can reach the surface of sphere A. 

(b) If the projectile is ejected with the minimum speed vmin, calculate the speed of the projectile 

when it reaches the surface of sphere A. 

(c) If the projectile can be launched from the surface of sphere B in any direction so as to escape to 

infinity, find the speed of the projectile when it leaves sphere B. 

 

A B R 4M M 6R̢

m B A ̢ 

(a) A vmin̢ 

(b) vmin A ̢ 

(c) B B

̢ 
 

Q4 (15 points)  4 (15‍) 

As shown in the figure, a pendulum is made up of a bob A suspended 

from a fixed point O by a light inextensible string of length L. A nail 

P is located at a distance L/2 vertically below O. The pendulum is 

lifted with the string taut until line OA is horizontal and then released. 

When the pendulum swings to the vertical position at point B, only 

the portion below point P can swing further. 

(a) When the interrupted pendulum swings further, the string 

becomes loose at point C. Find the angle between the line PC and 

the vertical direction. 

(b) After the string becomes loose, the bob continues to move and 

reaches its maximum height at point D. Find the maximum height of the bob above point P. 

(c) The bob then passes through point E which is right below O. Find the distance between E and O. 

 

O A L

̢ O L/2 P̢ OA

̢ B

̢ 

(a) C ̢ PC ̢ 

(b) D ̢ P ̢ 

(c) O E O E ̢ 

 

vmin 4M 

6R 

m 

M 

R R 

B A 

O

A

B

P

E
D C

O

A

B

P

E
D C
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Q5 (10 points)  5 (10‍) 

As shown in the figure, a particle A of mass 2m and carrying charge q is 

connected by a light rigid rod of length L to another particle B of mass m 

and carrying charge -q. The system is placed in an electric field E . The 

electric force on a charge q in an electric field E  isF qE= . After the 

system settles into equilibrium, one particle is given a small push in the 

transverse direction so that the rod makes a small angle q0 with the 

electric field. 

(a) Find the period of the angular oscillation. 

(b) Find the maximum tension in the rod. 

 

A 2m q̢ B m   -q̢

L̢ E
C

E
C

q

EqF
CC

= ̢ q0̢ 

(a) ̢ 

(b) ̢ 

 

 

 

 

̨END ̩ 

A, 2m, +q

B, m, -q

q

L

A, 2m, +q

B, m, -q

q

L


