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Rules and Regulations

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

. 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.

L

. Please follow the instructions on the multiple-choice answer sheet, and use a HB pencil to write your
8-dight Participant ID Numberi n t h e fDi Nolo dnd follfout fiiel appropriate circles fully .
After that, write your English name in the space provided and your Hong Kong ID number in the field
of ACourse & Section No.oO

HB i 1D. No.0 8

fCour se & Section No. 0

. 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
.On the cover of the answer book, pl ease writ
Titleo, and write your Engl i sh n-dightParticipantt. D.e f i
Number in the field of AStudent Numbero. You
the answer book.
Course Title Student Name

Student Number 8

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

. 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
spedfied:

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

G1 gravitational constant, 6.67 3 10 (N m?/kg?)

el charge of an electron, i1 1.6 3 10™ (A s)

@1 electrostatic constant, 8.853 10 (A s)/(V m)

me i electron mass = 9.11 3 10! kg

ci speed of light in vacuum, 3.0 3 10°® m/s

Sun-Earth distance (= 1 Astronomical Unit (AU)) = 1.53 10"'m
Mass of the sun = 1.99 3 10*°kg

Air Density at 20 °C and 1 atm = 1.2 kg/m®

Water Density = 1.0 x 10° kg/m®

Ice Density = 9.2 x 10 kg/m®

Standard atmosphere pressure po = 1.0 3 10° N/m? = 760 mmHg

gi ,9.8 (m/s?)
Gi ,6.67 3 10 (N m?/kg?)
ei ,11.63 10™ (As)
&l ,8.853 107 (A s)/(V m)
me 1 ,9.113 10* kg
ci ,3.03 108 m/s
- (=1 )=1.53 10"'m
=1.993 10%*°kg
20 °Ca =1.2kg/m®

= 1.0 x 10° kg/m®
= 9.2 x 10° kg/m®
Po = 1.03 10° N/m? = 760 (mmHg)

The following conditions will be appliedto all questionsunless otherwise specifig

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.

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

MC1
A glass bottle falls off a table onto the floor and breaks into pieces. Which of the following statements
regarding the process is incorrect?

(@ The potential energy of the bottle has changed.

(b) Some of the potential energy of the bottle has eventually been converted into the energy to break
the bottle.

(c) Some of the kinetic energy of the bottle has eventually been converted into the energy to break the
bottle.

(d) The impact from the floor to the bottle is larger than the impact from the bottle to the floor.

(e) The impact from the floor to the bottle breaks the bottle.

MC2
A small weight of mass 2M is attached to the bottom of a hollow sphere of mass M and radius R. Half of
the sphere is submerged when floating in water with mass density 7 . Find the frequency of the simple
harmonic oscillation of the sphere in the vertical direction.
R M 2M ,
r

@ w=y2mg B/M (b) w=y g B/(BM) ©w=ymg BIM
d) w={ g B/2M) € w=\3mg FI/M

MC3
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 as the ice melts, and second after the stone sinks to the bottom?

(water) (ice) (stone)

1 2 I

(a) Remains the same and then rises.
(b) Remains the same and then falls. Stone ___——lce
(c) Remains the same all the way.
(d) Rises and then falls.
(e) Falls and then rises.

—— Water
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MC4*

An extra-solar planet revolving around a pulsar of 1.5 solar mass was discovered in 1992. The period of
the circular orbit of the planets is 98 days. Find the distance between the pulsar and the planet in terms of
astronomical units (AU).

1992 1.5
98
(@ 0.11 (b) 0.27 (c)0.36 (d) 0.40 (e) 0.48
MC5
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 Wire p
2a | &/

between the scissors blades becomes 2a . Find the friction coefficient
between the blades and the wire.

2a
(@) V1- tana (b) 2cosa  (c) tana (d) 2tana (e) V2cos®2a-1

McC6

The kinetic energy of a particle in a simple harmonic motion is0.5aV?, its potential energy is0.5bx*,
where X is the coordinate for the position of the particle and v is its speed. The frequency of the motion is
then

0.5aV? 0.5bx? X v

1 /b b 1 1 1
@gg ()—f ()——+— (d)gda_b (e)ga—b

MC7
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 mass 2m is attached onto the middle of the rod. Find the frequency of
the pendulum in small amplitude simple harmonic oscillation.
) L m
2m

9 49 g g
()— oL ()— 3L ()—\/T_ ()zp\/i ()zp\/i

MC8

A small object is initially at the bottom of a slope inclined at an angle a with the horizontal. It is
projected upward along the slope with an initial velocity, and reaches the maximum height after time t;. It
then slides downward and returns to the initial position after time t,. If the coefficient of sliding friction

between the object and the slope surface is /77 find the ratio t,/t;.

a . ty
o, m
tz/tj_L
(@ \/s?n a+mosa \/s?na - mosa sin a- mosa s?n a+mosa . |sina
sina - nrosa sina + nrosa sina + ncosa sina - nrosa nrosa

5
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MC9

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 /7= 0.2. With both the board
initially at rest, the peg is ejected with an initial velocity of vo = 10 m/s along the board until it hits the
bumper at end-B. After the collision, it returns to end-A without falling of the board. Find the mechanical
energy loss in the process.

=N N

SN 30 T R ST NG o T R T e S
AN S IR L RN o SR IR A

F s g
AB M = 4 kg s=2m_ B
A m = 1 kg, € =02
Vo = 10 m/s B .
A . .
(@167 (b) 24 (c) 2817 (d) 32 ()40

MC10

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 A B
constant repulsive force F = 6 N is present. The mass of body A is ma =1 kg and it is G\q 0
initially at rest; the mass of body B is mg = 3 kg and it is approaching body A head-

on with a speed vp = 2 m/s. Find the minimum distance between A and B.

A B . A B
. d=1m ; d
F = 6N . A ma = 1 kg ;B mg
=3 kg, Vo=2m/s A . A B .
(@0.25m (b)0.50 m () 0.75m (d1m (e)1.25m

MC11

Two identical parallel plate capacitors 1 and 2 are placed vertically and connected

in series to a battery. In capacitor-2 there is a charged small particle attached by a a
1 2

thin wire to a fixed point, as shown. Ignore the effect of the charge particle on the
charge distribution on the capacitor plates. At equilibrium, the angle between the I;

wire and the vertical direction isa . Now slowly pull a plate of capacitor-1 until the

distance between its two plates is doubled. After equilibrium, find the angle between the wire and the
vertical direction.

1 2 2
a 2

(a) tan'l(gtana) (b) tan'l(%tana) (c) tan'l(%tana) (d) tan'l(gtana)

(e) sin'l(gtan a)
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MC12
Four lamps are connected in the way shown in the figure. When switch S is open oo
and switch S, is on position-2, Lamp-b is the brightest, and lamp-c and lamp-d are b, S gC

the dimmest and are of the same brightness. Now  is closed and S is on 2
position-1, the sequence in brightness of the lamps is , with the first in the -1, S
sequence being the brightest. a d

. S , 8§ 2 b c d

02, S 1
@c,d b, a (b)a, d, b, c (©)ab,cd (d)ad,c b (e)d,c, b a

MC13

An open-end hot air balloon with fixed volume of 2000 m* and weighs 100 kg (including the payload but
not the air inside the ballon) is floating in air. The air density outside is 1.2 kg/m?®, and the air temperature
outside is 20°C. Find the temperature of the air inside the balloon.

1000 m* 100 kg ( )
1.2 kg/m® 20°C
(@) 46.6 C (b)20 C (c)26.6 C (d)146.6 C (e)56.6 C
MC14
A beam of light with wavelength 500 nmis incident from glass (refractive index = .
1.5) to an air gap at an incidence angle ¢ =75 . To get maximum reflection, the VA n=1.5
width of the air gap should be :
(@ 653nm  (b)1306 nm (c)327nm  (d) 980 nm  (e) any of the listed n=1.5
values
500 nm ( 1.5) qg=75
(@ 653nm  (b)1306 nm (c)327nm  (d)980nm (e)
MC15
A simple pendulum is made of a small ball of mass m carrying charge q attached by
a thin wire to the ceiling. Its original simple harmonic oscillation frequency is vy .
After a uniform electric field E is applied horizontally to the pendulum, its frequence __E ,
becomes 2 1y, . Find the strength of the electric field.
[
m q
W E 2ug
(3) v15mg/ q (b) 3mg/ g (c) VBmg/ g (d) mg/q  (e) 2mg/ g

MC16

As shown, a uniform magnetic field B pointing out of the paper plane is confined in the shaded
area of radius r. At a distance R from the center of the shaded area there is a point particle of mass
mand carrying charge g. The magnetic field is then quickly changed to zero. Find the speed of the
particle.

r B R
m q
(@) v=98" (b) 0 (© v=98" (d) v=298" (@) v=98"
2mR mR mR 4mR
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MC17
Shown in the figure is the top view of a long and thin wall tube of radius R carrying
uniform electric current | flowing out of the paper plane. Find the magnetic field at the
center of the tube.

R I

B g aml
@0 (b 2R (©) R (d) R (e) IR

MC18
Similar to MC17, structure-A is a half-circle sheet carrying uniform 7~ O\
electric current | flowing out of the paper plane. Structure-B is a quarter- /-\ ‘
circle sheet carrying uniform electric current | flowing out of the paper S © R T © I
plane. At the center of the circular arc point-O the total magnetic field is . ’
pointing to in both cases and the field strength of structure-A is A B
than that of structure-B.
(@) up, larger (b) left, larger (c) left, smaller (d) right, smaller (e) right, larger
MC17 -A -B 1/4

0] -A -B

@ . (b) © . @ € .

A square coil of N turns with length L, mass m, and resistance R is falling

through a region of uniform magnetic field pointing out of the paper plane.

The coil quickly reaches the terminal speed v, which is :
N L m R

\Y

\/ R
() v=mgR/ (BL’N) (b) v=mgR/(B’L) (¢) v=mgR/(B’LN)
(d) v=mgR/ (BLN) () v=mgR/ (B2L*N)

MC20

Similar to MC19, two square coils are falling down at terminal speed through a magnetic field region.
The materials of the wires of the coils are the same, and the cross section area of the wire in coil-A is half
of that of coil-B. The number of turns of coil-A is twice of that of coil-B so the two coils are of the same
mass m. After the two coils fall down by a distance H (< L), the energy dissipated by the electric heating

of coil-A and coil-B are , respectively.
MC19
A B A B
m H (<L) A B
(@0,0 (b) mgH mgH (c) 2mgH mgH (d) mgH 2mgH

(e) mgHR/ (B’L’N), 2mgHR/(B*L’N)

End of MC®O6 s
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Open Problems
Total 5 problems 5

Q1 (10 points) 1 10
(@) Derive the formulae for the total resistance of two resistors in parallel and serial connections.

(b) Derive the formulae for the total capacitance of two capacitors in parallel and serial connections.

- C C C
(c) Find the capacitance between point-A and point-B ofan A _| I | I I | I I |
infinitely long chain of capacitors as shown. oc oc oc 66
A B
B
Q2 (14 points) 2 14
A small ball of mass M is attached to one end of a light but rigid rod of o)
length L. The other end of the rod is attached to a hinge O around which
the rod can rotate freely in the vertical plane. The hinge is fixed on a
rectangular block with mass M, which is on a smooth horizontal floor.
An impulse is suddenly applied to the ball so that it acquires initial
velocity vp to the right in the horizontal direction.
M; L
O 0] M,
Vo

(@ Suppose the impulse is small enough that the ball remains near the bottom position. Find the
position of the ball and the position of the block as a function of time. (7 points)

(b)  Suppose the impulse is large enough that the ball can circle around the hinge. Find the force from
the rod to the ball and the force from the block to the floor when the ball is (i) at the lowest position
(ii) at the same height as the hinge; and (iii) at the highest position. (7 points)

(1) (i) (iii) 7

Q3 (10points) 3 10
An electron has intrinsic angular momentum S called spin, and a permanent magnetic dipole moment

~ e x . : . . . .

M= 2&8 associated with the spin, where e is the positive electron charge, mis the electron mass, and
m

g is a number called g-factor. An electron with its spin aligned along its initial velocity in the x-direction

enters a region of uniform magnetic field in the z-direction. Show that if g is exactly 2, then the spin is

always in the same direction as the velocity of the electron. (Hints: (1) The relation between torque and

angular momentum is the same as the relation between force and momentum. (2) Recall the way the
acceleration of uniform circular motion is derived. (3) The torque to a dipole is F =M 3B.)

S M= 99§ e
2m
m g 0- X- Z-
g 2 ( (1)
) (©)
F=M 8B )
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Q4* (12 points) 4% 12

When the partial pressure of water vapor in air exceeds the saturated water vapor pressure (Ps) at a given
temperature, the water vapor will condense into droplets which fall down as rain. Ps =55.35 mmHg at

40 C, and Ps=6.50 mmHg at 5 C. The air + vapor mixture can be considered as ideal gas and the mass of

a water molecule is approximately the safte as
water vapor partial pressure is 90 % of P, and the pressure is Py = 1.0 atm.

(a) Find the air mass density rat the sea level. (2 points)
The humid air then rises adiabatically to an altitude where the temperature is 5 C. Ignore air pressure
change due to the reduction of water vapor. For adiabatical processes of air, PV"”® = Constant , where V is
the volume, and the pressure at height HisP =R (1 -2r,gH/ (7 R))"’?, where g is the gravity acceleration

near Earth surface.
(b) How much rain can one cubic meter of the humid air at sea level generate? (7 points)
(c) Find the altitude where the temperature is 5 C. (3 point)

(Ps)
40C Pg=5535mmHg 5 C Ps=6.50 mmHg /
‘ ’ 40°C
Ps 90% Po=1
(a) ry 2
57C
PV®= TV H P=R@ 2r,gH/(7R))"?
(b) 7 )
(©) 5C G )
Q5 (14 points) 5 14

Refer to the figure which is not drawn to the correct scale. A positive lens of radius R= 1.0 cm and focal

length f = 20 cm is cut in the middle. The upper part is lifted up by d = 1.0 mm and the lower part pulled

down by the same distance. The gap in between is blocked by an opaque sheet. A point light source with

wavelength / =500 nm is placed on the optical axis at 2f distance from the split lens. A large screen is

placed at L = 1.0 m from the right focus point of the lens.

(@) Find the number of interference fringes on the screen. (7 points)

(b)  The point source is pulled up by a small distance b from the optical axis. A second identical source
is placed at a distance 2b below the first source. Find the minimum value of b to make all the
fringes on the screen disappear. (7 points)

L |
j |

R=1.0cm f=20cm
d=1.0 mm d=1.0 mm
/ =500 nm 2f L=
10m
(@ 7 )
(b) b 2b
b 7 )
END

10



