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Multiple-choice Questions
(2 pointsfor each question, 20 questionsin total)

ST EE (4 2088 - HFE 257)

The following constants may be useful F* = [P2ZE H B
Specific latent heat of fusion of ice (Y]J“Elf’li’ﬁfﬁj%f 7o) = 334 KJkg
Specific heat capacity of water (7<% 'Fklé',) =4.2 KJkg/K

MC1

Ball A was dropped from the top of atall building. At the same instant and from the same height ball B
was thrown straight downward. Neglecting the effects of air friction, compare their accelerations while
they were falling.

Their accelerations are equal.

Ball A hasthe greater acceleration.

Ball B hasthe greater acceleration.

It isimpossible to tell since their accelerations vary greatly.

None of the above.
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MC2

Two objects, A and B, accelerated from rest at the same uniform rate. Object B accelerated for a distance
twice as long distance A. Compare to Object A, Object B was moving

Twice asfast.

1.414 times as fast

Three times as fast.

Four times as fast.

None of the above.
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MC3

Five people measured the distance between 2 points by the same ruler with the following results: (1)
5.0cm, (2) 5.2cm, (3) 4.9cm, (4) 5.0cm, (5) 5.5cm. Which of the following istrue?

We know for certain that the distance is between 4.9cm and 5.5cm.

We know for certain that the distanceis 5.12cm.

We know for certain that the distance is between 4.92 to 5.34cm.

The best estimate of the distance is 5.12cm.

None of the above.
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MC4

Which of the following statements is correct?

When you are not moving there is no force exerting on you.
When there is no force exerting on you, you cannot move.
When you are not moving there is no net force exerting on you.
There must always be force acting on you when you move.
None of the above.

moowz

‘WWEﬁpﬁm
Fr EX ??I,J_I—E Jl* IH IRZEIGIES A
Hy EJ JJFJW}/\ a £) I—EST y fa; E'T ot JE%J
fﬁﬁﬁ fwﬂwwﬁﬁw
S - e o
.,JFHTLWE

I'I'IUOlI!ID

MC5

A desk and a book are resting on the ground. Which of the following changes when the book is put on the
desk?

The net force acting on the desk.

The gravitational force acting on the desk.

The reaction force from the ground acting on the desk.

The kinetic energy of the book.

Thekinetic energy of the desk.
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MC6

A large negatively charged object was placed on an insulated table. A neutral metallic ball rolled straight
towards the object but stopped before touching it. A second neutral metallic ball rolled adong the same
path as the first ball, struck the first ball driving it a bit closer to the negatively charged object and
stopped. After al balls stopped rolling, the first ball was closer to the negatively charged object than the
second ball. At no time did either ball touch the charged object. Which statement is correct concerning the
final charge on each ball?

Thefirst ball is positive and the second negative.

Thefirst ball is negative and the second positive.

Both balls remain neutral.

Both balls are positive.

None of the above.
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MC7

The lamps in a string of Christmas tree lights are connected in parallel. What happens if one lamp burns
out? Assume negligible resistance in the wires leading to lamps.

The brightness of the other lamps will not change appreciably.

The other lamps get brighter equally.

The other lamps get brighter, but some get brighter than others.

The other lamps get dimmer equally.

The other lamps get dimmer, but some get dimmer than others.
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MC8

As shown below, an object is placed on the left side of a lens with its focal points labeled as ‘F. A flat
mirror is placed at the right side focal point, with its reflecting surface facing the lens. The image of the
object isat

A. Point A Lens D
B. Point B o ©oB
C. PointC ObjeCt T D — M”-ror
D. PointD —@ = O
E. Point F ontheright side F l /F C
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MC9
Which of the following setups can make a small conductor coail that is placed horizontally float on top of
an object?

A. The object is a magnet that provides a magnetic field pointing straight downward, while

the coil carries an electric current flowing clockwise as viewed from top down.

B. The object is a magnet that provides a magnetic field pointing straight downward, while
the coil carries an electric current flowing counterclockwise as viewed from top down.
The object carries positive electric charge while the cail carries negative charge.

The aobject carries negative electric charge while the coil carries positive charge.
None of the above.
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MC10
In the following circuit, the current through the battery is 20

4A R

3A 40
2A — 1 =
1A 2Q

None of the above
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MC11
Car A ran the red light and hit Car B which had the right of way at the intersection. Car A was more
severely damaged than Car B, but fortunately no one was injured. You are to investigate the accident and
decide which of the following statementsis correct.
A. Driver of Car A was at fault because Car A collided with Car B before Car B collided
with Car A.
B. Driver of Car A was at fault even though both cars collided at the same moment.
C. Both driverswere at fault because both cars collided at the same moment.
D. Driver of Car B was at fault because Car B exerted more force on Car A, and as a resullt,
Car A was damaged more.
E. Driver of Car A was at fault because being the initiator Car A exerted more force on Car
B.
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MC12

From which point indicated here, if any, should you position your eyesight if you wish to see an image of

the arrow in the mirror?
A.
B.
C.
D.
E.

2 12

) - Eﬁl‘l%ﬁ Rl

ﬂArrow

Point A
Point B
Point C
Point D
None of the above
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C.
D.
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As shown below, a sealed piston was slowly moving to the left, compressing the (ideal) gas trapped in the
chamber. A pressure relieve valve was connected to the chamber. 1t would let the gas out whenever the gas
pressure in the chamber exceeded 3 atm. When the piston was at position A, the chamber volume was V
and the gas pressure inside the chamber was 1 atm, same as the air pressure outside the chamber. When
the piston reached position B, the chamber volume was reduced to V/2; and at position C, the volume was

reduced to V/4. At position B and position C, the gas pressure in the chamber was

atm and atm,

respectively. The gas temperature remained unchanged throughout the process.
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A 2,3
B. 2,4 Vgllve
C. 42
D. 3,2 Ca
E. 2,0 Piston
C B A
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lkgoficeat0°Cismixedwith 10 kg of water at 5 °C. After thermal equilibrium the water temperatureis

A.
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-3°C.
0°C.
-5°C.
5°C.
-8 °C.
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MC15
In Newtonian mechanics the upper limit of speed any object could reach under constant action of aforce F
is___ . In Rdativistic mechanics, however, the mass of an object is no longer a constant, but changes with

LN
v1-v?/c?
and my is the mass when the object is at rest. Therefore, the maximum speed the object under constant
action of forcecould reachis____

the speed v of the object in the following way: m= Here c is the speed of light in vacuum,

A, © ©
B. F/m, Fimg
C. F myg F/m
D. ¢, ®©
E. ©,c
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MC16

Which of the following isimpossible in electromagnetism?
A. Breaking a magnet in half, with one piece having only north pole and the other having
only south pole.
Breaking a charged conductor in half with one piece carrying positive charge and the
other carrying negative charge.
Detecting static el ectric charges with a compass.
Detecting steady electric currents with a compass.
Detecting static magnetic field with a voltmeter.
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MC17

Which of the following describes what we now believe about our universe?
Our universeis expanding.

Our universe is contracting.

The size of our universeisinfinite.

Newton predicted the expansion of our universe.

Newton predicted the contraction of our universe.
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MC18

Which of the following describes most closely the color of the sky on the moon?
Blue

Red

White

Dark

Yellow

>
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MC19
Which of the following processes does not involve the transformation of energy from one form to another?

A. You lift up acup of water.

B. You turn on an air-conditioner.

C. Plantsgrow under sunlight.

D. You light up amatch.

E. A planet moves around a star in acircular orbit.
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Which of the following describes correctly the difference between microwave and radio wave?
One of them is an electromagnetic wave, while the other is a sound wave.
Microwave travels faster in vacuum than radio wave.

Microwave carries energy but radio wave does not.

Water molecules absorb energy from microwave but not from radio wave.
Radio waves can travel longer distance than microwave in vacuum.
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Open-ended Questions (5 questionsin total)

B RE (F 5|F)

Short Questions HifEE ! (10 points each & 10 57)

Q1
As shown in the figure, a conducting dope frame with inclining angle 6 is placed in a uniform
magnetic field B pointing upwards. A conducting rod of length L, mass M, resistance R, is moving
down the frame at steady speed v. (Hint: the em.f. of arod moving in magnetic field is BLv,, where
v, is the velocity component perpendicular to the field. If the rod carries electric current ‘I’ which is
flowing in adirection perpendicular to the field, then the magnetic force on therod isBL1.)
(& Findvintermsof 0, L, M, R, B, and any
other physics constants you think Magnetic field B
appropriate. (5 points)
(b) If thedirection of B isreversed, what will
be the direction of the steady velocity Rod onducting frame
when the rod is released from rest? (2
points)
(c) If R= oo, describe the motion of the rod 0
after it isreleased from rest. (3 points)
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(b) DN B [ R A R }H RE R SO 2 (255)

(C) Ml%\] R= o #ll_%ﬁiﬁﬁér@ﬁﬂ—}{kﬁuﬂ%mij@&ﬂ JLE}J (353)

Q.2
Suppose you are to move a piece of heavy furniture at home. Let us approximate it by a cubic block
of uniform mass M on a rough floor surface with friction coefficient p=1. Your strength can only
provide aforce F = 0.8Mg, where g is the gravity acceleration, so you cannot simply lift the block and
move it around.
(& If you apply the force as shown in the figure, what
will happen to the block? (3 points) F
(b) You are free to apply the force F in any direction to
any point of the block, how to apply the force so the
block will have maximum acceleration in sliding
motion but without tipping over? (7 points)
[There may be many ways and you are only required to find one. You may also need this:
sind + cosd = 1.414sin(0 + 45°)]
Hint: The magnitude of the friction is the smaller of the two: F or uN, where N is the
reaction force of the floor perpendicular to the surface. The effect of the friction is to
keep the block from sliding until it reaches its maximum value pN.
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(b) oI f R S O SR R [T F e DO F Y SR
—T ﬁﬂl;rj ? (771)
[ '1 L% o [ T - AR SR EIE I sing + cosd =
1.414sin(0 + 45°)]
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Q.3
(@) Complete the drawing below to show where the image of the object formed by the lens is. (3

points)
(b) Use the drawing you have completed, prove that — ! + 1 :% . Here siis the distance between the
s s
object and the lens, s is the distance between the image and the lens, and f is the distance
between either of the focal points F and thelens. (5 points) L
(c) Prove that the image magnificationisM = s'/s. (2 points) Object efs

?

s F F
@ T A S PRI - (35)

1 1 1 - DU o R
(b) g LRy - P —+—= T SELYVRIFNAS V [BPUBHES > s RLaY (A NAS DV [BIpuBHEE
S S

fRLEBIF Z[ESY RFsEE - (557)
(©) FEPIIRFUI S FUALM = sls - (257)

Long Questions = [ (15 pointseach & 15 57)

Q4

Stationary liquid on Earth exerts pressure on any surface in contact, and the resulting net force is
aways perpendicular to the surface and pointing away from liquid. For example, as shown by the
arrows in the figure, the pressure force of water on the sidewalls of the container is horizontal, and the
force on the bottom of the container is straight downwards. The same is applicable to any object in
liquid. The pressure force of water on the bottom surface of the cubic object shown in the figure is
straight upwards; the force on the top surface of the cubic object is straight downwards; and the force
on the side surfaces of the cubic object is horizontal and pointing towards the cubic object. (The
lengthes of the arrows have no relevance to the strength of the forces.)

(@ Use the above concept, derive an expression for
the pressure at any point in water in terms of the
depth h of the point (the distance from the point
to the water surface in contact with air), mass Water
density of water p, and gravity acceleration g on
Earth surface. (6 points) (1 point will be
deducted in exchange for hint)

(b) Usetheresultsin (a), prove that the net force of
water on the cubic object is equal to pVg and
pointing straight upwards, where V is the
volume of the cubic object. (5 points)

(c) If the container is placed in a weightless outer
space environment, what is the pressure of water
on the bottom of the container? (1 point)

1111




(d) We now replace the water and the cubic object with some ideal gas and seal the container.
When it is in a weightless outer space environment, is the pressure of the gas on the
container the same as it is on Earth? Explain your answer. (3 points)
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Q5
In the following discussions, we assume that all people and objects involved are in vacuum. They can
wear oxygen masks when necessary.

One of the principles of Einstein’s Relativity is that the speed of light in vacuum is constant ¢ (c =
2.99792458 x 10° m/s), regardless of the motion of the light source or the observer. That is to say,
once light leaves its source, it ‘forgets' all about the motion of the source, and moves at speed c. For
example, if the source moves at ¢/2, the speed of the light emitted by the source in the same motion
directionisnot c+c/2 = 3c/2, but c. And the speed of the light emitted in the opposite direction is not
c—C/2 = ¢/2, but dso c. Furthermore, to someone who is moving with the light source the speed of
both light beams is ¢ too. This might sound strange, because common sense tells us that if an air gun
moving at speed v relative to you shoots out a bullet at speed u relative to the gun, the speed of the
bullet you see is either v+u if it was shot forward, or u—v if it was shot backwards. It turns out, as
you may learn later in a university physics course, that the common sense answer is correct only when
u and v are much smaller than ¢, which is the case in ordinary situations such as air gun shooting out
bullets. Einstein’s principle of speed of light, which has been proven by numerous experiments, has
profound implications to the most fundamentals of physics. Here you are asked to study a particular
case, as given below.

A cart of length 2L with one marker at each end is moving at constant speed v along a straight rail. On
board is Observer A. Right in the middle is a light source. On the ground is Observer B. Both
observers are able to measure the time instantly whenever alight pulse (you can treat it as a small ball
of light) hits amarker*.

Source
L eft marker OA ? Right marker
—_—
@) @) v |
©B

(@ The light source sent out two light pulses simultaneously, one to the left and one to the
right. The pulses eventually hit the markers. The time for the right pulse to travel from the
source to the right marker is T,, and the time for the left pulse to travel from the source to
the left marker is T,. Find T, and T, in terms of ¢, L and v if necessary, as recorded by
Observer A. According to her, did the two pulses hit their markers ssimultaneously? (2
points)



(b) Find T, and T, as recorded by Observer B. According to him did the two pulses hit their
markers simultaneously? (4 points)

(c) Along the same way of thinking as (a) and (b), design an experiment to demonstrate that it
is possible for Observer A to see a pulse hits the right marker (let us cal it event-1) before
another pulse hits the left marker (event-2), while according to Observer B the same pulse
hits the right marker (event-1) after the other pulse hits the left marker (event-2). (5 points)

(d) What has been shown in (c) is that the sequence of two events can be reversed, i.e,
according to Observer A event-1 took place before event-2, while to Observer B event-2
took place before event-1. However, reversing the sequence of two events is not always
possible. Use the results in (c), prove that the two events are reversible if the distance
between the two events is larger than |cAt|, where At = T, — T, is the difference in time
between event-1 and event-2. The maximum value of visc. (4 points)

*Both observers have as many assistants as needed. Any one of them is capable of recording a hit by a
pulse on a marker instantly if the marker is right where the assistant is. Observer A can have one
assistant at each marker for such purpose. Observer B can have many assistants aligned side by side
aong the rail so that when a pulse hits a marker, there is always one assistant right at where the
marker isto instantly record the event.
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Take Home Question

HH

The following is an open question that you are encouraged to take home to study. How you
answer it will NOT affect in any way your grade and standing in HKPhO.

IR, G o R P TR T B £ R -

The battle to overcome SARS is still raging, and everyone must maintain high vigilance. Infrared
thermometers are used widely in schools now. Due to shortage of disposable lens filters, some schools
use plastic wrap sheet instead. But experts warned that wrap sheet will distort the temperature
readings.
(@) Design asimple experiment to test whether experts' warning is justified.
(b) If the result of your experiment shows that there is indeed small (~ 1°C) deviation of
reading when using wrap sheet, design away to correct the reading.
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Hong Kong Physics Olympiad 2003
25 May 2003
Answer s and Suggested Solutions

Answers to Multiple-choice Questions:

1A 2.B 3.D 4.C 5.C 6. A 7. A
8.D 9.E 10. A 11.B 12.C 13. A 14.B
15.E 16. A 17.A 18.D 19. E 20.D

(Note for MC9: The magnetic field force on the coil is horizontal)

Suggested Solutions to Open-ended Questions:

Q1

(8 Asshown, the forces on the rob are the gravity Mg,
the reaction force from the frame N, and the
magnetic field force Fs.
The emf is BLvcosb, so the electric current is
| = BLVCOSH/R .....vvev. (1)
The magnetic field force on therod is
Fo=BLl.ccovireeinennnn. 2)
The balance of force along the slope implies

it =

Mgsin® = F,cosd = v(BLcost)%/R
So v = RMgsind/(BLcosh)?

(b) v isthe same, but the direction of current is reversed.
(0 Thenl=0soF,=0.
The rod will slide down under constant acceleration gsing.

Q.2
(@ Taking point-A as the pivot, both the floor reaction
force N and the friction force f are acting upon the N
point because it is where the block touches the floor
if it is about to turn. The torgue (moment) dueto F =
0.8mg is FL and clockwise, where L is the length of
the cubic side. The torque due to gravity is mgL/2 f

and counterclockwise. So the block will tip over B A
around point-A.
On the other hand, the maximum friction forceis mg

UN =pmg=mg > F

So the block will not slide.
(b) With the force applied as shown in the figure, N

the reaction force of floor N = mg — Fsine,

So the maximum f = (mg — Fsino).

The dliding acceleration is

ma = Fcosh — (mg — Fsino)

or f

alg = 0.8(cosb + sinf) — 1, and its maximum is 0.13

when 0 is 45 degrees.

mg
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Q.3

Now, will the block tip over around point-A or point-B?
The torque dueto Fis 0.5FLcos45° < 0.5mgL so it will not tip over.

Note that if force F is applied on point-A at 45°, the block will tip over around
point-B. To prevent tipping over around either point-A and point-B, force F must be
applied near the middle point. Maximum distance x away from the middle point is
determined by (0.5L + x)Fcos45° = 0.5mgL, which leadsto x = 0.384L.

Now let us go back to part (a), and consider F in general term. One type of answer |
often encountered during grading is ‘The friction and F form a clockwise torque
that tips off the block’. This, however, cannot be true because it implies that no
matter how small F is, it can always tip off the block, with the help of the friction.
The key element missing in the consideration is the illusive reaction force of the
floor on the block. Its direction must be upwards and strength equals to mg to
balance the gravity force along the vertical direction. The question is, where is the
reaction force N (= mg) acting upon? Or more precisely, what is the torque of N?
Just for the consideration of torque we can view N as acting upon a point on the
bottom of the block, adistance ‘X’ from the center. The reaction force N is of course
acting upon all the places the block is in touch with the floor but the force is NOT
uniformly distributed on the bottom surface. The net effect of it is to produce a
torque to keep the block in balance.

Choose the center of mass as the pivot point, the torque dueto Fand f (= F) isFL.
This must be balanced off by N so N must acting upon a point at X distance to the
right of the center, and Xmg = FL, so X = L(F/mg). Note that X cannot exceed L/2
so when F > 0.5 mg the block will tip over.

One can aso choose point-A as pivot. In that case f produces no torque. The
clockwise torque is now FL + N(L/2-X), and the gravity produces a counter-torque
0.5mgL. So we have FL + mg(L/2-X) = mgL/2. Again we get X = L(F/mg).

(@) Complete the graph

(b)

Lens
A
C;I'-.r ...... 1 A
T S — o s 32
D, e TN
1 B Dz-r’ .............. /
2 A

Define:
CiD;=h=A0,CD,=h =0B,0D; =AC;=5,C,0=BD,=5, OF; = OF, =f,
Anglea = AC;B = OF;B, Angle p = AF,0 = AD,B (1 point)
Then OF/OB =h'/f =tana. = AB/AC; = (h+h')/s .............. Q)
OF,/AO =h/f =tanp = AB/BD,=(h+h')/s ............. 2
QD+@(h+h)f=(h+h)/s+(h+h)/s, cance (h+h).
Note that there are many ways to prove the formula, and any one of them is as good
asthe others.
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(c) Angle C;0OD; = Angle C,OD, (1 point),soM =h'/h=s/s.

Q4
(@ Consider the column of water of height h and cross area
A shown in the figure. The force the rest of the water on
the water column must balance the gravity force of the
column. Ignore the air pressure on the surface of water,
the force on the bottom surface of the column must equal

to mg, where m is the mass of the water column.
So
m = phA o e
F=mg, and _» <_
pressure P = F/A nl S ¢ o
Combining the three, one gets P = pgh _’m g‘_

(b) Using the result in (a), the force from water on the top
surface of the cubic is Apgh;, where h; is the depth of ?
the top surface, and is pointing downwards. Likewise, F
the force on the bottom surface of the cubic is Apghy, e

where h, is the depth of the bottom surface, and is
pointing upwards. The net force of water on the side
walls of the cubic is zero. So the total net forceis

F= Apghz — Apghl

=Apg(hz - hy) = pgV

(c) Pressure is zero (not counting the water vapor) because g = 0 in weightless
environment.

(d) The same, because pressure of gas is a result of the therma motion of the gas
molecules that keep hitting on the container wall. Acceptable answers also include
‘the pressure is smaller because the outer space is cold’, or ‘the balance of force on
the wall is changed because there is no gas pressure outside the container, so it will
explode’, etc., athough the mechanical strength of the container may well sustain
such difference in pressure, just as a spaceship can keep normal pressure inside
while there is vacuum outside.

Q5

(a) Observer-A seesthe following. The two markers are stationary. The two light pulses
are moving at ¢ towards their markers at distance L away. So
T, =T, =L/c

(b) Observer-B sees the following. The two markers are moving to the right at speed v.
The two light pulses are moving at ¢ towards their markers, initially (right after the
pulses are emitted) at distance L away.

For theleft pulseL =cT, +vT,,so Ty = L/(c + V)

For theright pulseL =cT,-vT,,s0 T, =L/(c-Vv) > T,

So Observer-B sees that the two pulses hit markers at different times. This means
that ssimultaneity is no longer absolute. It depends on the motion of the observers.

(c) Relocate the light source to the right, so that its distance to the right marker is L,
and its distance to the left marker isL;. 2L = L, + L. SinceL, <L, T, <T,i.e,
event-1 takes place before event-2, according to Observer-A.

According to Observer-B,
T = L and T, b
c-V C+V
If T >T, then Observer-B sees event-1 takes place after event-2.
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=T T b b vl |_|2)—cg|_I -L) _ 2vL—2c(L| - L)
C—V C+V c -V c°-v

At > 0if 2vL > c(L, — L,). This can be easily achieved since (L, — L) can be as
small as we want. For example, let (L, —L,) = 0.1L, then all we needisv > 0.05c.

(d) From the expression of At’ in (c) we see that 2vL is maximum if v = ¢ (To save the
denominator from being zero we can let v very close to but not equal to c).
The inequality becomes
2L > (L, —L,) = cAt, where At is the time difference of event-1 and event-2 seen by
Observer-A. Note also that 2L is the distance between the two events.
So the general criteriais (distance) > (speed of light) x (time difference).
To put it into words, suppose Observer-A sees that event-1 takes place at time At
before event-2 at a distance S away from event-1, then it is possible for Observer-B,
who is moving relative to Observer-A, to see event-2 takes place before event-1 if S
> cAt. But if S< cAt thenit is not possible given the restriction that he cannot move

faster than light.
Take-Home Question
Answer to (a)

Take two measurements on the same person, one with the filter and the other with the
wrap, and compare the readings.

Answer to (b)
| would like to ask a more general question: Is the reading of infrared thermometer
reliable? There are severa aspects to be considered.

First, what isthe random error of the reading? Thisis the spread of the readings when you
use the thermometer to measure a person (perhaps yourself) many (say 20 +) times within
a short period of time, and do statistics of the 20+ data to find out the Mean (say 36 °C)
and the Standard Deviation (say 0.2 °C), which is the random error of the thermometer
you operate. The Mean may not necessarily be the same as your true body temperature.
This brings out the second point: the systematic error of the thermometer.

The body temperature can be most reliably measured by the old fashioned mercury/glass
thermometer. In the following, when | say ‘temperature’ | mean that measured by a
mercury/glass thermometer. When | say ‘reading’ | mean the temperature reading
displayed by the infrared thermometer. Obvioudly, to find out the systematic error, you
need to compare your body temperature with the reading. Now, what if the reading is
different from the temperature but the difference is smaller than the random error? Then
your thermometer is fine. But what if the difference is larger than the random error? In
that case you need to do a‘calibration’ of your infrared thermometer using the ‘ standard’
mercury/glass thermometer. First, you need to find an object that you can change its
temperature with relative ease. Second, such object must give out the same reading as
your body when its temperature is the same as your body. This ensures that the emissivity
(I will explain what it really means later) of the object is the same as your body. Third,
change and record the temperature of the object within the normal range of human being
(say 34 to 42 °C) and record the reading at each temperature. The data you obtain
(temperature versus reading) then give you the correction you need. Y ou can even fit the
data by a function with temperature as the Y value and reading as the X value. Suppose
you find that the temperature (Y) versus reading (X) data can be best described by Y =
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1.2 + 0.9*X, then when you get a reading of X = 39, you know the true temperature is
36.3°C.

Some genera information

The working principle of an infrared thermometer is that it measures the amount of
infrared light emitted from a particular part of a human body, say inside an ear, the
forehead, etc, and from the amount determines the temperature. Every object at non-zero
degree Kelvin emits light, or electromagnetic waves. This is the so called blackbody
radiation. The total amount of emitted energy is proportional to (Temperature)*. So alittle
bit of change in temperature brings a much larger change in emission power. An ideal
blackbody (totally black object) does not reflect any light, and in return it emits the
highest amount of light among all other non-black objects held at the same temperature.
Hence comes the term emissivity e. Blackbody’s e is 1. Other objects have e < 1, and
their €' s vary from object to object. But some objects may happen to have amost the
same €'s. In general, objects that ook shinny (high reflection) tend to have low €'s. A
piece of charcoal for barbeque has e ~ 0.95, while a piece of gold has e < 0.05. Therefore,
at the same temperature, a piece of charcoal emits 19 times the amount of energy of a
piece of gold. An infrared thermometer should have been calibrated for emissivity of
human skin. But skin covered by other substances such as sun cream or water may have
its emissivity modified. All these variations, however, can be tested by yourself. Different
parts of the human body have different temperatures. How do you deal with that?
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The following symbols will be used throughout the examination paper unless otherwise
specified:

g — gravitational acceleration on Earth surface, 9.8 (m/s?)
G - gravitation constant, 6.67 x 10! (N m%kg?)
e — charge of an electron, -1.6 x 10™° (A s)
g0 — electrostatic constant, 8.85 x 102 (A s)/(V m)
— electron mass, 9.11 x 10 kg
¢ — speed of light in vacuum, 3.0 x 10® m/s

2R IR S e

g- #%Fiwgluwwﬁgsamw
G- g i g, 6.67 x 10 (N m%/kg?)
e~ fE- Jfﬁ -1.6x 10" (A5)

%—Jf gmsssxuﬂ%AQKVm)
f}rgl 9.11 x 10 kg

c— ‘f' /“7&@ 3.0 x 10° m/s
The following conditions will be applied 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 lower than the speed of light.

SEZER IR > A SR IR
1) P Eﬂ&zﬁﬁ’\*’jj*%pl P

2) 5u|;[é_[5.
3) HE iU R .
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Multiple choice questions (2 points each. Select one answer in each question.)

2R (U= 77 DR W 50

MC-1
Which of the following provides the largest buoyancy to a totally submerged object?

(A) shallow sea water (B) shallow fresh water (C) deep fresh water

(D) oll (E) oil and fresh water mixture

R 1

P AR R S R SRR ]

(A)E- (B) iR (C) PRI%k (D) 3 (B) JE=R5p 59
MC-2

A sinusoidal wave is traveling along a string. Any point on the string:

(A) moves in the same direction as the wave

(B) moves periodically with a different frequency from that of the wave
(C) moves periodically with the same frequency as the wave

(D) moves circularly with a different speed from that of the wave

(E) moves circularly with the same speed as the wave

i 2
TR R L E e B

<A>t%w@%ww i (B) [t [bgisk o el sty
(Olﬂ%ﬂ%ﬁ%ﬂﬁﬁﬁ (D) [EE ] @Mﬁ%Lw

(E) ==Ly HEW i3 E

MC-3

The diagram shows four situations in which a source of sound S and a detector D are either
moving or stationary. The arrows indicate the direction of motion. The speeds are all the same.
Detector 3 is stationary. Rank the situations according to the frequency detected, from lowest
to highest.

<+——0 0> <+“—0 <0 o—> 0o > <O
S D S D S D S D
1 2 3 4
(A) 1,2,34 B) 4,321 © 1,3,4,2
(D) 2,1,4,3 (E)  None of the above
I 3

N qﬁlﬁéh,céqgﬁf&ﬁ%lki%ﬁ SZEEAH D pyf Juﬁa[?yw o F’F'%*F[F SEEIES il « S ik
RLAETRIFY - qﬁl 3 Fl B i?g;*LPF” o BEE E['[ UE AL

(A) 1-2-3-4 (B) 4-3-2-1 (C) 1-3:4-2
(D) 2-1-4-3 (E) J‘;_Hﬁj\ﬂo



HKPhO Z s B AU~ Fu 2004

MC-4
In constructing a thermometer, one must use a substance that:

(A) expands with rising temperature

(B) expands linearly with rising temperature

(C) will not freeze

(D) will not boil

(E) undergoes some changes when heated or cooled

g %:*4
Ii’”%? (RHEVE FHI o R IPOATR S RL -

(A) IS AT (B) BEES A TEIR  (C) Ty
(D) Thavs (B PRI fan s R

MC-5
Two identical rooms in a house are connected by an open doorway. The temperatures in the
two rooms are maintained at different values. Which room contains more air?

(A) the room with higher temperature

(B) the room with lower temperature

(C) the room with higher pressure

(D) neither, because both have the same pressure
(E) neither, because both have the same volume

SR 5
e BRI R GRS A SR = ALRIRY SR > DN R S T AT E R
AR et ) f Jf’ﬁﬁi PFUJ?W ?

(A R P (B) TR R Xpy 5] (C) B ]

(D) Ti’{“’: b S E AR SR

(ED WAL PRSP F AT IR -

MC-6
In the right figure, a light string is wound round the rim of a yo-yo (ﬁ
of mass m and radius r. One end of the string is held by a person. —
When the yo-yo is released from rest, it falls and rotates at a linear

acceleration of 0.8g. What is the tension in the string?

(A)O (B) 0.2 mg (C) 0.4 mg (D) 0.8 mg (E) mg
Y 6

[ﬁ[]:[ [— F“LHEL[E% 'v:—a‘ El Er'r J;-I:[# Iw; [J}(»U:(»U"Aﬁ[ JH:E[ o —,Et‘ 15— 7}““ k Iiﬁ%
Hi i B+ 1] 0.8 R TS el - e oy

(A)O (B) 0.2 mg (C) 0.4 mg (D) 0.8 mg (E) mg
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MC-7

A magnetic bar is in front of a coil as shown below. The line joining the center of the bar and
the center of the coil (central axis) is perpendicular to the plane of the coil. Which of the
following motions of the bar will NOT induce electric current in the coil?

(A) Translational motion back and forth. < O
(B) Translational motion up and down. v
(C) The bar axis is at an angle to the central axis and spins around it. 7

(D) The bar axis swings back and forth about the central axis within the paper

(E) The bar spins around an axis in the paper plane. “' O
AR T
- RO I O« GRS o e
T P[Pﬂﬁﬁ'ﬁﬁﬁéﬁﬂj\?&i ':S”EFLHJ’T ?

............................

(A)  fj=F2gn. BN

o o D)
s g e o - [ @7@
(C) WHRpVIIE= o dilisy— F R > 0 [Rlared o,
o 4gmo
(D) AP ARAOT T 1 - uxqigl g,
(E) WAR] ) T Apy= o |z, \4 O

MC-8

A coil is moving towards a straight long wire carrying a steady

electric current. The wire and the motion are within the plane of the O
coil. The force exerted by the wire on the coil is in the direction ___. e
(A) away from the wire (B) towards the wire

(C) into the paper plane (D) out of the paper plane
(E) upwards

"l*’E‘“'*[ﬁ\léré}\:«%S‘ %E—gi_Lg'_—L?(jf E JWE[ ?'E:'-ﬂ;\ *E:'-wﬁ*j"['jf'_"_iﬁij FI fﬂ?};ﬁ«[ﬁ\lﬁ g I:L lf J ﬂﬂ%ﬁ:’-ﬁ@«?{[’
@@%mwbv%wﬁ

(A) ¥B7 (B) 3] (C) WRFF ) (D) st (B) fi b
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MC-9
A battery is connected to a solenoid and a light bulb in parallel.
When the switch is opened, the light bulb

(A) remains off

(B) instantly goes off

(C) slowly dims out

(D) keeps burning as brightly

(E) flares up brightly, then dims and goes off

H '@9
- gifb BUEIAVER T o HidT BIBIREE A

(A) TSI T (B) 2P (C) MRy
(D) fRFfR (E) ZESRAfL > SR MR

MC-10
We have seen on TV how the astronauts were trained in weightless condition in a large
airplane. To achieve weightless condition the plane should

(A) Dive downwards at constant velocity

(B) Dive downwards at constant acceleration that is equal to g
(C) Accelerate in horizontal direction

(D) Move upwards at constant velocity

(E) Move upwards at constant acceleration that is equal to ¢

ZEE10
ey T AR~ YRR USRS A R U TR
e 0

mF/_

(A) =l frﬁ‘fﬁ?
(B) | } =] JLIﬁ@g Fl J—ﬁ(ﬂr
© ?f[ AR R

(D) T} = B
() I'l= JLlﬁ@g g
MC-11

You have a manual camera with a focal length of 5cm. It is "focused™ at infinity, but you
want to take a picture of an object that is only 30cm away. What should you do?

(A) Move the lens out by about 1 cm

(B) Move the lens out by about 5 cm

(C) Decrease the distance between the lens and the film by about 1 cm (move the lens
in)

(D) Decrease the distance between the lens and the film by about 5 cm (move the lens
in more)

(E) None of the above
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R 11
OCE |~ Y EE T 5 SR U B o DN L AR B S R P'GE"JVFJEJ?J
(CEEUE i e ol

(A) S5 1 ERE -

(B) }{ﬁj/ FEHFLLGI 5 B

€) W] Eﬁ?fﬁw fioft 1A L ERR CRpESFs ) -

(D) Vil [ BSOS 5 BF CRpAgFs - %) -

® IIHiTR.

MC-12

As shown below (not drawn to the proportion), the focal lengths of both lens-1 and lens-2
are 10 cm. If a third lens identical to lens-1 is added while maintaining the image position
unchanged, where should the lens be placed?

1 2
R 20 cm 70 cm N

Object U \/ Irr};ge
)

(A) Between object and lens-1, 10 cm from lens-1

(B) At the middle point between lens-1 and lens-2

(C) Between lens-1 and lens-2, 20 cm from lens-1

(D) Between lens-1 and lens-2, 20 cm from lens-2

(E) Between lens-2 and image, 10 cm from lens-2

SR 12
wkﬁ“ﬂ<w*ﬁPm%W>z%1 S 2 (VB IHISEE 10FEF < IR BYS
B 15 2 AHRIOES - [0S R g T A8 BB RaS e i -

(A) #ﬂ?ﬁﬁ LIV A 1 10 B

(B) 375 LI 2 OfI M

(C) & 1= 2 VL] > DS sh 1M 20 B9 F

(D)Aﬁﬁr§£%2Lﬁﬂ’"$ﬁ%2ﬁ%mog$

(E) A& 2% [/ > 1 2HH 2 419 10 ik

MC-13
As shown in the right figure, a point light source is
placed at distance 2f from a lens with focus length f, and S}%;;n

a screen is placed at 4f from the lens. The lens is then cut
at the middle into two equal portions: upper half and

lower half. The upper half is moved upwards by a small 2
distance d comparable to the light wavelength, and the

lower half is moved downwards by the same distance d.

What is the light pattern on the screen?

[ —

(A) Bright and dark stripes similar to the pattern seen in Young’s double slit experiment
(B) Bright and dark concentric rings

(C) Two large, bright, and partly overlapping patches

(D) Two separate bright spots

(E) A large and nearly uniform light patch
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HEE 13

f/[l (AT - [*Eﬁuﬁﬁr}"%%ﬂ‘i&? BLET TS 2 Ut el ﬁﬁr}"ﬁ e Af
Rt - WI&}H’E%“HIF RS ENRETD o B lﬁﬁ%“ F%E# WP ATy
SREE > Ty A (A PRI VR HEEd ﬂﬂﬁ%ﬁﬁ}ﬁﬁ Rl kL B 2

(A) 5107 g R B R P S 55
(8) [T~ 3 " L4
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(E) - irﬁjf{—k%[h L35 S e o U ‘
MC-14

It has been shown recently that there exists media with negative refractive index (n, <-1). If
a light beam is incident on the surface of such a medium from air, which of the following
describes correctly the beam entering the medium? Choice-E means that the beam cannot
enter the medium. In all the others, the reflected beam is not shown, but is present.

?EE?E}J% 14

R 70501 [P <00 BT - B K (8 31 1 T
o HI G [T A RO 2 SR E AP T {F & i
A P T ’*F‘[Lt[r@,ﬁﬁ s ([ pLiE TR Y o

\ I’l1=1
n =1 n=1
n,<-1 -
(») (8 <l N <-1

> = e

(D) (E)

_A
° l

MC-15
Two balls of masses m; m, and speeds v; and v, collide at right angle. The maximum amount
of kinetic energy loss due to inelastic collisionis

1 ) ) 1 mm2
(A) E(mlvl +m2V2) (B) Em (V ) o \*7;
1 1 1 mm
C = m2v? + m2v?2 D 2 (v, +V
© w03 m1+m2( )’ Y,
(E) None of the above @)
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N 15
[ TR G my, mp PSR T I s v A v = o P o 2 AR o [E s
PURCHf AL

1
(A) E(mlvlz + m2V22)

1 mm, 2 2 \‘/)1
(B) _—(Vl +V2) O
2m,+m,
7
© i1 (mazemi) 2
2m, +m, ')
1 mm
D) ——12 (v +v.,)?
(D) 2m1+m2(1 2)
(B) )14 T
MC-16

The rebound coefficient between a tennis ball and a racket is defined as y = v,/ v, where vy is
the incoming speed of the ball and v; is the speed of the ball after rebound while the racket is
at rest. A tennis ball falls from height H to a racket at rest and bounces back to 0.8 H. A
tennis player is using the racket to hit an incoming tennis ball traveling at 150 km/hr and the
racket is moving at 100 km/hr. What is the speed of the ball after being hit? (Assume the
mass of the racket >> that of the ball)

(A) 323.6 km/hr (B) 350 km/hr (C) 150 km/hr (D) 250 km/hr
(E) 234 km/hr

SEIE 16
AR SRR RS Ty = vol va o v ERAERMEE Ok o vo ERATSRD
refis o PERT D - qrﬁ:wz;f % H RS ISR P REE EL 08 H - - [

AR H R ] 100 km/hr (193 B [l £ 150 kmv/hr Sl o proafsr o e E
PP AL e 2 (ISR BT R > >R T
(A) 323.6 km/hr (B) 350 km/hr (C) 150 km/hr (D) 250 km/hr

(E) 234 km/hr

MC-17

As shown to the right, in a “He (the number on the
left-up corner is the number of nucleons, i. e,
protons plus neutrons, in the nucleus) cloud chamber
photograph, an unknown nucleus collides with a *He
nucleus, and after the collision the two nuclei travel
in perpendicular directions relative to each other. If
kinetic energy is lost in the collision, the unknown
nucleus mustbe .

(A) 'H (B) “He (C) C (D) a nucleus with mass lighter than *He
(E) a nucleus with mass heavier than “He
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SEIRRE 17
f/[‘ﬁ[ﬁ'% T THe (P b R i
AP A% HIE T A 1= r'/ﬂ') eSS atilE
= [ HAP T He Ay R > ARt f’%éﬁwjfﬁﬁi'
I S < P TR RS
ST HUBSR AU, ST~ ERL

(AH @ (©FC (DRI He il
(E) BVEIEIHT *He kg~

MC-18
A heart shaped conductor shown below carries net charge Q. Which of the statement about
the electric field E and the surface charge density ¢ below is correct?

(A) E strongest and ¢ smallest at position-1

(B) E strongest and ¢ highest at position-1
(C) E weakest and o highest at position-2 -
(D) E strongest and o highest at position-3 1 —» 3

(E) E strongest and ¢ highest at position-2
= 18

- [4 TR o SR EL Q o N IR IR P B AR PR T okl
L*FEF[JQ

(A) 0] 1f0 E R ol ] 2

(B) Tribh ;, 1V E EHF; ) cﬁﬁj l

© ?i[jF,ZEJE:EEUJ’cﬁﬁ'J 1_’<3<_3
(D) [ 3[UE R ol

(B) Tl 2V ERTF > ol

MC-19

A second conductor identical to the first one, originally carrying no charge, is brought to
contact with the first one which carries charge Q. In which way will the second conductor
receive most amount of charge?

>q FL <o

(A) (B) (©) (D)

(E)  none of the above

10
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HEE19
9Y7 REREESY - R 2 - A /T L?‘q—‘  REEEST- (R Fj‘q‘xr’ﬁﬂ}}fﬂ‘é& 1
Tk BV )20 Y WA ISR 2 p U 2

<3 %<3€>{§3

(A) (B) ©) (D)

() I) AL

MC-20

A piece of ice at 0 °C is mixed with some water also at 0 °C. If there is no heat exchange of
the ice-/water mixture with the outside world, what will happen when the ice-water mixture
reaches equilibrium?

(A) All ice melted (B) All water becomes ice (C) Portion of ice melted
(D) Portion of water becomes ice (E) No change in the ice/water ratio
2 20

~ BAREHT 0 °C A~ BRI 0 °CF”7N£¢ » IR P O IR E R
FUE AR ﬂW“E’,Uﬁ Hﬁi [ff’lx_ NIE @%;E*] fﬁﬁ (7 2

(A) e JE”#}%{HI

(B) HE it

(C) jﬁ SRR

(D) ffﬂﬁ“ Al

(E) {F-lE=fyRe e 5% & vigh

11
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Hong Kong Physics Olympiad 2004
Answers and Suggested Solutions

Answers to Multiple-choice Questions:

1A 2.C 3.A 4. E 5.B 6.B
7.C 8. A 9.E 10. B 11. A 12.C
13. A 14.D 15.B 16. A 17.D 18.B
19. E 20. E

Open Questions Total 7 questions

Q-1 (5 points)

One kilogram of coarse sand is placed in a can, as shown to the right. Is the
total force of the sand directly acting upon the bottom of the can larger or
smaller than 9.8 N? Limit your argument to half a page.

Solution:
Due to the friction between sand grains and wall, the force on the bottom is less than 9.8 N.

Q-2 (5 points)
A rigid can with an open end is inserted into water upside

down, as shown in the figure. A mass m is attached to the
end of the can so that the can becomes stable when it is at
a depth h in water. Assume air cannot escape, what

happens to the motion of the can if (i) the can is moved a

little bit upward from the depth h, (ii) downward a little
bit from h and (iii) the can is being heated?

Solution:

The buoyancy of water is determined by the volume of air trapped inside the can. The
volume in term is determined by PV = RT. In equilibrium at depth h,

PoVo = (Po + pgh)V, and mg = pgV, where p is the water density, Py is atmosphere pressure,
Vo is volume of the can. (2 points)

Q) Decrease h by a little, V increases, so does buoyancy. The can will keep rising
faster and faster. (1 point)

(i) Increase h by a little, V decreases, so does buoyancy. The can will sink faster and
faster. (1 point)

(iii) T rise causes V increase. Same motion as (i). (1 point)

Q-3 (7 points)

The Cherenkov radiation is caused by an electron moving faster than the speed of light in a
medium, such as gas. At any instance, the electron can be considered as a point source
emitting spherical electromagnetic wave. Suppose the electron is not slowing down, find the
shape of the wave front and its relation with the electron trajectory, in terms of the electron
speed v, refractive index of the medium n, and speed of light in vacuum c.
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(3 points)

A series of spheres form a cone-shaped wave front, as shown in the above figure. Within
duration t, the radius of the wave sphere emitted at t = 0 is R = ct/n (1 point),

and the electron has traveled distance L = vt (1 point).

So sinb = R/L = c¢/nv (2 points).

Q-4 (8 points)

A typical Young’s double spit experiment setting is
shown to the right (not drawn to the proportion). The
solid curve represents the light intensity on the screen
when only the lower slit is open, and the dashed curve
represents the light intensity observed when only the
upper slit is open. Draw a curve that qualitatively
represents the light intensity on the screen when both Light
slits are open, and briefly explain your answer (< half

a page).

=

Screen

Solutions:

Take the coordinate x on the screen along the direction perpendicular to the slits, then at any
point on the screen, the E-field from the wave through the upper slit is

E joper = Aupper (X) COS(kd,; — at) , where dy is the distance from point-x to the upper slit, and

Apper (X) is given by the dashed curve. (1 point)

Similarly, E, .. = Agwer (X)COS(kd, —at) , where A, is given by the solid curve, and d; is the
distance between x-point and lower slit. (1 point)

Note that d, — d; = xd/L, where L is the distance between slit and screen, and d is the distance
between the two slits, and x is measured from the mid-point on the screen. (1 point)

When both slits are open, the total E-field at any point on the screen is then
E = A e (X) cOs(kd, — at) + A, (X)cos(kd, — at) (1 point)

The light intensity is | (x) =< E? >= AL .. (X) + Al e (X) + Apper ) Ager (X) cOS(kxd /L) .
(2 points)

The actual light curve is show below.
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(2 points)
Q-5 (10 points)
Two small solid spheres of mass m are thrown at the
same time with the same initial velocity v and angle 6.
Sphere-1 is thrown from the ground level while Sphere-2 2@;«"

is thrown at a height h above Sphere-1. Counting the

gravitational force between the two spheres, calculate the 10"{ 0 G
amount of distance change 5h between the two spheres at Wi
the moment Sphere-1 hits the ground. You may take the

distance between the two spheres as constant h in your

derivation for the gravitational force because dh << h.

With v =200 m/s, 6= 30 °, h =1 m, mass of both

spheres m =1 kg, find the value of h, and compare that

to the size of an atom.

Solution:

Take the center of mass of the two balls as the reference frame, the two balls can be
considered as attracting to each other via their gravity F =Gm?/h?. (2 points)

The flying time is t = 2vsind/g . (1 point)

During that time the distance between the two balls has reduced by
sh= 2x%(F/m)t2 (2 points)

_ Gm 2vsind

=7 )? (2 points)

0.5%x200

=6.67x10"x 4(
9.8

2
j = 2.8x10°*(meters) (2 points)

An atom is about 107" (meters) so the distance has reduced by an order of magnitude of about

200 atoms length. (1 point)

Q-6 (10 points)

In classical hydrogen atom model an electron is circling around the nucleus like Earth
revolving around the sun, except that the force between the electron and the nucleus is due to
the electric field. However, an electron under acceleration also emits electromagnetic waves,
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2,2
and its radiation power is given byW :Ge—i, where a is the acceleration of the electron.
c’e,
Given the radius of the circular orbit R, find the radiation power W, and compare that with the
kinetic energy E of the electron. Assuming that it roughly takes t = E/W for the electron to
loose all its energy and R = 5.0 x 10™ m, what would be the lifetime of a hydrogen atom
before it becomes a neutron?

Solution:
2 2A2

a:+,W= ea; =... (3 points)

47R"meg, 67C°g,

v: 2E .
a=—=——, (2 points

5 = Rm (2 points)

E 127%c®*¢’m?R? )
t=—= 0 3 points

W o (3 points)

2 24 2 —24 2 -62 -33
:12><3.14 x 27 x10°* x8.85° x10™°" x9.1° x10™>° x125%10 _ 4105 (2 points)
1.6*x107"®

Note that because of a typo in the examination paper some students may use m = 9.1 x
10*! kg, and t so obtained is off by a factor of 10°? Take such answer as correct one.

Q-7 (15 points)

An automatic mechanical damping system is shown to the right.
The seat of mass M can move vertically inside the cylinder. The
wall of the cylinder is coated with a thin layer of electro-
rheological (ER) fluid. The friction force between the seat and the Cylinder
wall is f = -yv, where v is the relative speed between wall and seat, x i
and yis the viscosity constant. The force f is always in the opposite
direction of relative motion. The yof the ER fluid can be adjusted
by a voltage applied between the seat and the wall (both are
metallic). At the bottom of the cylinder there is an ideal spring M
with force constant K and natural length d.

(@) Choose your own x = 0 initial position, write down the general expression for the
acceleration of the seat when it is moving at velocity v at an arbitrary position x. (2 points)

(b) Find the position of the seat when everything is stationary. (2 points)

(c) An impulse then hits the cylinder from below at t = 0, instantly giving it an upward
velocity vo. The viscosity at this moment is . Using the cylinder as the reference frame,
find the acceleration ap of the seat at this moment. (2 points)

(d) The active damping is now turned on and yis controlled by the applied voltage. Find yas
a function of time such that the acceleration at t ( > 0) remains to be ao until the seat
comes to rest. (5 points)

(e) Find the distance traveled by the seat in (d). (2 points)

(F) Find the amount of energy converted to heat due to friction in (d). (2 points)

Solution:
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(@) Choose x = 0 point when the spring is at its natural length, i. e., when the seat is at

distance d from the bottom, and downward as positive. a = mg——yv—kx
m
(b) mg—-kx, =0, x,=mg/K.
(c) Incylinder reference frame, the seat suddenly acquires vo downwardsatt=0. a, = %"VO

(d) The seat is decelerating at constant ao, so the velocity at any time t is

v(t) =v, —a,t (1 point)

X(t) = X, +V,t —%aot2 :%+v0t—%aot2 , (1 point)

mg —ma, — kx(t)

Using the answer in (b), y(t) = e

, with ag given in (c), x(t) and v(t) given

above. (3 points)
(e) Setv(t) = 0 in (d), we getT :Z_O’ (1 point)

0
2

and using the results in (d) we getx(T) = ZV?O' (1 point)
0
(F) Using energy conservation. At t = 0 the total mechanical energy is (choose the
gravitational potential energy to be zero at this point)

E. :%mvj +%kx§ (1 point)

The final energy iIsE,; = %kx(T)2 —mgx(T), and energy loss to friction is

AE =E, —E; =... (putting vo, Xo, X(T) in) (1 point)
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The following symbols and constants will be used throughout the examination paper unless
otherwise specified:

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

G - gravitation constant, 6.67 x 10! (N m%kg?)

e — charge of an electron, -1.6 x 107%° (A s)

& — electrostatic constant, 8.85 x 10™% (A s)/(V m)
— electron mass = 9.11 x 10™" kg

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

Radius of Earth = 6378 km

Sun-Earth distance = 1.5 x 10" m

Density of water = 1.0 x 10®kg/m®

Density of iron = 7.7 x 10®kg/m?

Density of mercury = 13.6 x 10° kg/m®

Speed of sound in air = 340 m/s

2R IR S T B

g- %?%plg Jrp, 9.8 (mis?)
G- g i g, 6.67 x 10 (N m%/kg?)
e~ fE- Jfﬁ -1.6x 10" (A5)
go— e ED 8.85 x 1072 (A s)/(V m)
@Jm 9.11 x 10 kg

*' /“ﬁﬁ 3.0 x 108 m/s

«H % = 6378 km
«Bﬂ PYSREEEE= 15 x 101 m
Jpukr = 1.0 x 10°kg/m®
S = 7.7 x 10°kg/m®
e = 13.6 x 10° kg/m”
2 3 [@%ﬁ 340 m/s

The following conditions will be applied 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 lower than the speed of light.

SEZER IR > A SR IR
1) e f}ﬂ Eﬂ&}ﬂi"%,ﬂ*ﬁpl ) g[ TIG H

2) 5”E§?J: '
3) T | PR (S
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Multiple choice questions (2 points each. Select one answer in each question.)

BERE (DR ) DR WO

[1] A car of mass m is slipping down a slope of inclination angle #at a constant

acceleration a. The static friction coefficient between the wheels and the slope is z.

What is the friction force between the wheels and the slope?

— WVELEL m Ay Hi R B
T o RO -

@) umgcoso. (b)
(e) mgsin® - ma.

umg. (c)

[2] Refer to the figure, rectangle PQRS represents the cross-
section of a uniform magnetic field region of 0.20 T. An
electron is projected at a speed of v = 2.0 x 10° m/s into
the region at an angle of 30° to the direction of the
magnetic field. The length of the magnetic field region is
0.01 m. Find the number of revolutions made by the
electron before it leaves the magnetic field region.

IPRFT o S R[GkE PQRS Hi—- 0.20 T Ul Siitif)

Eﬂl‘f@'pl Eﬁ{'ﬁfﬂw@t 0.01m -~ 'l v=2.0x

106 /s [ AL RS S0V E L3 7 o S B
G o P

@ 28 (M 16 @€ 9 (d 6

mg(sino - p).

ORBLT | SISt T o SR

(d  m(g-a).

P . Q
E Y > ;
L0, :
€l g !

S — S i

e 32

[3] Two weights, both of mass m, are joined by a weightless spring of natural length | and
force constant k. They are placed on a smooth surface and at rest. One weight is
suddenly given an impulse and acquires an initial velocity v towards the other weight.
What is the speed of the center of mass of the weights-spring system?

?i%iﬁ*j‘F'I_FEJEJ GRS
ST AT - %‘J\’Iﬁw}

Vo j\pr}*ﬂgﬂﬁu [ﬂ SRR -

(@ 05v. (b) 0.5v—+kl*/2m. (c)
(d v (e) 0.5v—+vkl*/m.

’ILJ#J?E' FIRE - E[’]ﬁﬁﬁrt
[HP Pl BRI ESER R b #’J‘Fr’ﬁ'ﬂ J?Jﬁ’iﬁ

L

VKI?/2m —-0.5v.

[4] Following the above MC. What is the minimum distance between the two weights?

R < o PP ) PR

vV |m m

@) I_E PR (b) l-v P
vV |m
(e) VK

m m
©) |—v\/; @ v



[5]

[6]

[7]

[8]
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As shown, a wheel of weight W and radius 0.8 m is placed against a 0.3 m height
rectangular block fixed on the ground. The wheel has an axle of radius 0.1 m. A force
F is applied tangentially to the axle to lift the wheel. The minimum value of Fis___

i/[[qg\l?f’?? g FLW 4 @ EL 0.8 m Fmg%i'ifr‘i 0.3 m Fuﬁ,liijﬁ—gﬁ fi] - i
R NEEY 3}[#@'* Jfﬂ JTIF] ﬁ*“—“‘ﬂf4 o ’?ﬁﬁﬁj Jie

¢0.3m

@  1.05W (b)  0.86W c)  0.69W d) 032w
(€)  2.45W

A helicopter is trying to land on a ship deck which is drifting south (unit vector y, ) at
17m/s. A 12m/s wind is blowing from east (unit vector X, ). The ship crew sees the
helicopter descending at 5 m/s. Take the downwards direction as unit vector Z,. What
is its velocity relative to water and air?

~ EHK BSRIRETS ) 17m/s[ (gﬁ n“[ Yo ) S Jr.j H}éj A RLE
12m/s [ et (Eﬂﬂ“[ Bl X,) ° f.j T AE A ES ] 5 mis EJﬁ@‘@l[ﬁk*éﬂ 7»

[l T p EV T R 2, Tﬁh‘[ BAIET I S fuie -

@) (5Y, —17Z,) m/s; (12X, +17y,+5Z,) m/s

(b) (12X, +17y, +5Z,) m/s; 17y, +5Z,) m/s

(©) (5Z,) mls; (-12X, +17y, +5Z,) m/s

(d) 17y, +5Z,) m/s; (12X, +5Z,) m/s

(e) 17y, m/s; (12X, +5Z,) m/s

Suppose the force by air to a plane is always perpendicular to its wings’ surfaces. The
plane is moving in a circle of radius R at speed v. The inclination angle & of the
wings should satisfy

5 S 0 AR RS R = ) HRRS) 5% v [ 5 R (O
Ul B s e -

2 2 2
@) sing=—~— (b) c0s6 = ~— (©) tang=—~—
R Rg Rg
(d) tand = R—? (e) 0= R—?
v v

The mass of the sun is
NHpETE RS

(@ 2x10%kg (b) 2x10%kg () 2x10¥kg
d) 2x10¥%kg () 2x10%kg



[9]

[10]
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A loudspeaker L is placed in the hall with two doors D; and D, open to the
playground, as shown below. The distance between D; and D, is 8.5 m. The
loudspeaker L is at equidistance from D; and D,. Monotonic sound waves are emitted
from the loudspeaker, and it is found that at point P which is 6.0 m from D, and at
point Q the sound intensities are minimum. The line joining D;, P and Q is
perpendicular to the line joining D; and D,. No other minimum intensity locations can
be found between PQ and beyond Q along the PQ line. Find the frequency of the
sound wave generated by the loudspeaker.

___________ @------"—"—"———e @ - - = —
P Q
PR TR jﬁ[é‘ > BEM] Dy Al Do R T R HTHHIEN o R

HEEEEE, 8.5 m o /}iﬁéﬂ% o HHED; 6.0 mEY Pk %p QK .ﬁfj;lﬁﬁzp Jé“;@ﬁ
(& o D1PQ 3= DDy st El o PQ limst - PQ &Ht %p i Q th&f_ 5 o
R o ST A

@) 17 Hz (b) 41 Hz (©) 52 Hz (d) 116 Hz
(e) 123 Hz

As shown in the figure, a smooth rod is mounted horizontally
on a tabletop. A 10-kg collar, which is able to slide on the rod
without friction, is fastened to a spring whose other end is fixed
at point-O. The nearest point of the rod to point-O is point-A,
and the distance is 20 cm. The spring has a natural length of 10
cm and of negligible mass, and a spring constant of 500 N/m.
The collar is released at 15 cm from point-A. Find its speed
when reaching point-A.

I > AT AT ORI F - 10kg AL — - S
B Pl Bl FESF 20 em i O %{‘ FEIR=EES 10 Cm é\fSOO
N/m o A BHRLFE FEEQ Eﬁﬁi#&#‘ IE'}{ R = UP“ AE#‘lS cm kY] TJ\IEL A
Eﬁﬁﬂf f~ ﬁ@

@) 0.59 m/s (b) 0.791 m/s (©) 1.04 m/s (d) 0.88 m/s
(e) 1.24 m/s




[11]

[12]

[13]

[14]

[15]
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As shown, a big box of mass M is resting on a horizontal
smooth floor. On the bottom of the box there is a small
block of mass m. The block is given an initial speed v
relative to the floor, and starts to bounce back and forth Vo
between the two walls of the box. Find the final speed of

the box when the block has finally come to rest in the box.

- ETRNER MY g0 ARy b e LUIE - BTRIER m VP o -
IS Vo » {7 A3 PURYEE IR o ST PO IR G -
m

@ 0 O w © v (d) mTM

Vo

m
m+ M

()

Vo

A jet of water from the 30cm-diameter nozzle of a fire hose can reach the maximum
height of 25 meters. How large is the force from the water jet to the hose?

FEH 2 5 30 om I R SRR R 25 F © SRR ) -

@@  15kN (b)  3.46 kN ) 346N d) 346N
€)  34.6kN

As shown in the figure, AB=3.5m, AC=3.0m, AD
= 0.5 m. The two rods AC and BC weight 150 N each.
The floor is frictionless. Find the tension in the rope.

500 N
Ui - AB=35m, AC=3.0 m, AD' =05m © FEACH! 5 y Figfﬁﬁ B
BC (S i 150 N « s il g o ofipipogie )y -
@ 280N (b) 500N () 150N
(d) 300N (€) 180N

9 kg of mercury is poured into a glass U-tube with inner
diameter of 1.2 cm. The mercury can flow without

friction within the tube. Find the oscillation period. 2’1: 1T
- ['[&Ey1.2ecmpy U ﬁj%%ﬁ@%ﬁj 9 kg <&l o F%?F

EEL SV AR YRR o ORI -

(@ 12s (b) 34s () 56s (d 78s

(e) 89s

A tank contains water on top of mercury. A cube of iron is
sitting upright in equilibrium in the liquids. Find the fraction of
its total volume in mercury.

= RECN ﬁﬂf&‘ﬁ%ﬂ’ 11> S i TN 1R i 14
FEATRPRITL o TR S SR VIR SR 1 P )
@ 035 (b)) 053 () 01 (d) 062 € 073




[16]

[17]

[18]

[19]
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The average density of Earth is x 10% kg/m?®.
PSR fe 1, x 10%kg/m® -
@ 31 () 22 (@ 55 (@ 11 (9 41

Each of the four cells shown has an emf of 3.0 V and a
0.0075-Q internal resistance. Find the current through the
3-Q resistor.

O 5 O ES 3.0V o 7P £ 0.0075-Q ¢
Japlig 3-Q FjiT‘fL pJF‘iﬂh o

@@ 097A () 0 € 195A d) 048A
) 323A

The mass in the figure below slides on a frictionless surface. When the mass is pulled
out, spring 1 is stretched a distance x, from its equilibrium position and spring 2 is

stretched a distance x,. The spring constants are k, and k, respectively. Find the force
pulling back on the mass.

W[ﬁ‘ , %[;Ji_Flle:ld—[“iﬁ?’,:ﬁ_l P@Fﬁlj o FURPURML O TR Ry o 24

1 xy e §gﬂ -1 ﬁ@gﬁ’ r{ gurjj HIES k, FTk, o jﬁgﬁ’ ﬂﬂtﬁ;p SR o
(@) -k, X (b) —kK;X; . (©) = (KyX; + Ky %))

ki +k, _ kik,
(d) 5 ——— (X +X,) (e) Kk, (X +X,) .

An empty open bottle has an inner volume of 1.31 x 10* m®. It has a mass of 112 g
when filled with air at 1 atm, and it displaces 1.63 x 10 m? of water when fully
submerged. What fraction of the total volume of the bottle will be beneath the surface
when it floats on water but without water inside the bottle?

— B Ry Fﬂ%a%'rlslxlo m® * 1][4{7@E‘<Eﬂjfpj1]§fl@'rf—'tn 112 -
FEE F%EﬂjJ%#EﬁﬁJEJ PR 163x10 m® o L[] 1) rﬂ‘pi
o L R AR R

Ea; 69% (b) 18% (©) 38% (d) 100%
e 46%
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A parallel plate capacitor of capacitance C is charged to potential V by a battery. The
battery is then disconnected. Which statement is correct?

- AR P PRV RS R] o 1) PHESIE ALY

(a)
(b)

(©)
(d)
(€)

There is no charge on either plate of the capacitor. & & e P“%

The capacitor can be discharged by grounding any one of its two plates. 7|1
;i”g“ £ V'LfFI}{’j’ﬂ FHE - BiEby -

Charge is distributed evenly over both the inner and outer surfaces of the
plates. ; & E R r*ﬁﬁi PRI [ o

The magnitude of the electric field outside the space between the plates is
approximately zero. *F%iﬁﬁ‘i RS LT F o 2 T R R

The capacitance increases when the distance between the plates increases. Fuf

AR T A LSS T 7
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Open Problems B
Total 6 problems H 6 &

Q1 (8 points)

On a smooth and insulating ring of radius R there is a small ring of mass m and carrying
charge g. The large ring is placed horizontally and in a uniform magnetic field of strength Bo
and perpendicular to the ring plane. Starting from t = 0, the magnetic field is changed

toB(t) = B, + at . Find the force of the small ring on the big ring afterwards.

fE1 (857)

- FZEyRE Jﬁ??"”ﬁ;&[&ﬂiﬁu—q SARACS miﬁI & EEh qpue) %L A [ESRL A ;WJFFI' ) ot
5@@ £ Bo fvis = {E A iﬁfﬁl ° ri—EﬂjiF =0f FEJL‘[F[F—%F;%? BB(t)=B,+at - I ix

| BB R o

Q2 (8 points)

As shown in the figure, separating two sealed gas chambers is a
piston of mass m and area A that can move horizontally without
friction. The volume and temperature of the left chamber is V;
and T;, and that in the right chamber is V, and T,. At equilibrium
the pressure in both chambers is P. Giving the piston a small
displacement Ax off balance to the right, find the maximum
displacement to the left and the time needed to get there. The

: . 1
temperatures remain the same. (Hint: 1-x =1+ x forx<<1)

iégz (877)

Qﬁifﬁﬁ “ﬁﬁﬁf;ﬁ;ﬁf'“ WPE L m A R Ain ,i '@‘}ﬁﬁ'ﬂi*“iﬁg{;oi (S
F VR ST HIEE V. Tl%pvz Tzo_r;FEJJf?x F[J%nﬁﬁtﬁdtgP I;@m [ﬁ';[ i
il ] SEAEA » SR ISR S RS AIERE I - PR e 18 -

a =1+x o YN x<<1)

-

1-x

Q3 (8 points)

The shaded area in the figure is the side view of a disk shaped magnetic

field region of radius R and thickness d. A parallel electron beam being —_—
accelerated by a voltage V is normally incident onto the region. Findthe —

spatial distribution of the magnetic field (magnitude and direction) in
the region such that the beam is focused to a point along the disk central

axis at a distance L (>> R) from the disk. Your answer could also
include the electron mass and charge.

fH 3 (87))

IS RGHIT 4% o 2 RS d PORRTRIREBIA IV » 2 o RS V i
g@%jwﬁﬁ°‘@?$H§@”@¢TWﬁﬁﬁ%E%FL@>Mw%+ %
S k ELAR B 2] 5] F (H‘J[ 5‘;1@) BEN EJ‘A'“:jt fi cpﬁr%,:a F”F“fﬁﬂ”ﬁi' .
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Q4 (10 points)

As shown, a large ball of mass M is connected on each end by
a weightless thread of length | to a small ball of mass m. Tv
Initially the three balls are along the straight line on a smooth
. X o L ° @

surface. The large ball is suddenly given an initial velocity vin M
the direction perpendicular to the line. Find

(a) The tension in the thread at the moment the large ball gets the impact;

(b) The tension in the thread at the moment the two small balls meet.

Ie

R4 (1055)

W@H2w¢¥3w$}$ FWWﬂmWF?rW%?@@E%MW*$°W
~@@kwwﬂﬁﬁi SR AT < R M- W e
S S v '

A%

@
M

(8) i MBS BRI > A ss]) -
(b) T Tt SR 2 A OB » SBT3 -

30
Ie

Q5 (13 points)

A wooden toy horse rests on a tablecloth on a table, with its

front legs 0.3 m from the cloth edge. It weighs 100 grams and

its center of mass is 0.05 m from the front legs and 0.05 m

above ground. The distance between the front and back legs is Pull
0.15 m. The tablecloth is suddenly yanked horizontally with -

constant acceleration of 9.0 m/s? relative to the table. The
friction coefficient between the cloth and the horse is pn = 0.75.
Find

(a) the acceleration of the horse relative to the table;

(b) the force on each leg of the horse by the tablecloth;

(c) the velocity and the distance the horse has traveled relative to table when the edge of the
tablecloth reaches the front legs.

(d) If the height of the center of mass could be adjusted, find the value above which the
horse would tip off.

RE5 (1357)

Sel! ARy o ETEIEE 100 u o £ ‘\7i§§qu§§*'_0-05 m > B&EY 0.05 m 5 FJ'&%&"#E’;
°15m’“ﬁfzﬁﬁﬂ%ﬁ1k APBAEAT % 0.3 m - s+ PO e ea v
0.75 o S SR 7)1 AR HI1 9.0 m/s® Py 47 5 o ofs

(2) + AL ATt
(b) J ] R B ]

© Fi P RABS PRSI T gt

(d) YT A S R T R

10
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Q6 (13 points)

As shown, L; and L are two thin lenses sharing the same optical axis and 30 cm apart. The
focus length of L; is 10 cm, its radius 4.0 cm, and the focus length of L, is 5.0 cm, and its
radius 2.0 cm. AB is a bright disk object of radius 2.0 cm and 20 cm from L;. (a) Find the
position of the screen so that a clear image of the disk is formed. (b) The edge of the image is
found to be dimmer than the center. Why? (c) In order make the image uniformly bright on
the screen, a third lens is added. Find the position, focus length, and radius of the lens.

Screen

fE 6 (1357)

GBI Ly 1 Lo AL H 50 - RySPRBERS 30 om - Ly 19 585 10 om » 4 i 5
4.0 cm o Lo iV PR ES 5. 0 cm > F @5 2.0 cm o AB ER— = £ 2.0 om [FIPE]L [EiRG
S BHEEL £ 20 cm o B4 P‘J— EHifgpufg - (a) 1*5#”3"*?%' ° (b)t(bl'Fl PR
U = P 2 (C) BB I g AL = — AL kj[‘ FH Ls o 7 Lafiufib g FF[ » B RE
FiE e

11
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Hong Kong Physics Olympiad 2005

Answers and suggested solutions

The Answer of Multiple-choice questions:
l.e 2e 3a 4b 5a 6.¢c 7.c 8d 9.d 10.b

11.e 12.a 13.a 14.b 15.b 16.c 17.c¢ 18.c 19.¢c 20.d

The Answer of Open Questions:

Q1 (8 points)
- 0B
VxE=-——
x p ()
= oB
Eedl =—¢—ds
= §Bedl =—f 7 0
= E.(27R) = —anR? 2)
__R
2
yoJt_ogRt ")
m 2m
2
—~ F_quB= mI\Q/ 2
2
F=%R 0B rat) @)
4m
Q2 (8 points)
PV, = P, (V, + AAX) )
P AAX
=~ PL-")
1 1+(AAXV1) Vl
PV, = P,(V, — AAX) ()
, P AAX
P=—1——~P(1+ )
_(AA
o) T
F=AP -P,) 1)
=—PA® (i+iij
1 V2

Which shows that the piston performs simple harmonic oscillation with

k= PAZ(iJriJ, the maximum displacement is Ax on the left side from

1 2
equilibrium position. (2)

12
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V.V
tZH\/EZH —le (2)
kK PAT(V, +V,)

Q3 (8 points)

Solution 1:

t=9 and v:‘/2e—v (2"
v m

When the electron enters the disk, the impulse is

mAv = t(evB) (2"
AV evBt _ eBd
m m
= av = _eBd _r where r <R (3")
v mv L
dL e
Solution 2:

Let r' be the radius that electron changes it direction during inside the disk,

ng and V:‘/ZG_V (2"
r L m

evB = mv =B _mr where r <R (3"
r e dL

gt [V @)
dL Vv e

Q4: (10 points)

(a)

Consider we observe the motion in the reference frame of mass M , the two small

(b) Ans:

mass m will seen to be performing circular motion with initial velocity —v. The
acceleration of M , by symmetry of the forces acting upon it, will be along —v and
perpendicular to the acceleration of the small masses. (17
So, we have

2
T:mr )

2T

2T, =Ma,, = a, =VZ 1) (1)

13
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taking into account the initial force:

2

T2+maM=m‘%, 2 @)

2

Mmv, (1)

From (1) and (2) one gets T, = m
+

According to conservation of energy, kinetic energy of small balls in translational
direction can be related as

1 1 1
2(=mv2) = =Mv? —=(M +2m)v? 1
(2 ) > 2( ) 17
2
:mvf:EMvz—E(M +2m) M_,
2 2 M +2m
:>va2:1Mv2 2m (1)
2 M +2m
Finally one gets
M *mv?
I rrver— ()
(M + 2m)?I

Q5: (13 points)

(@) Let the acceleration of horse relative to the table be a,,

ma,, = umg (1’)
a, =g =0.75x9.8ms ™ =7.35ms ™ (1)
(b) Consider the net moment acting on the toy horse should be zero, we have

N, +N, =mg (1)
N.n = N,r, + mgh )
= (mg — N,)r, = N,r, + mguh

= N2 — mgﬂ (1’)

N+,

0.05m - 0.75x 0.05m
0.15m
=8.16x10°N (1)

N, = (0.10kg)(9.8ms ™)

(© Let the acceleration of horse relative to the tablecloth be a,_,

a,, =a—a, =(9.0-7.35)ms? =1.65ms™ (1)
The time required for the horse reaches the edge of tablecloth is
t= \/ﬁ = \/2(0—3m_)2 =0.603s (1)
Qe 1.65ms
The velocity of horse relative to table at time t is
V,, = a,t=4.432ms™ (1)

The displacement on the table is

14
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s':%amt2 :%(7.35ms‘1)(0.603s)2 =1.336m (1)

(d) When the horse is fallen, N, = 0. It implies that

[ —uh>0 @)
helt Z00M ¢ 67510%m )
U

Q6 (13 points)

€)) Using the lens formula, (17)
the image of AB after L, is at 20 cm after L; and 10 cm from L. 1)
The image after L, is at 10 cm from it. That is where the screen should be. (1)

L1

L2
i} 4 !
: T |
‘ 20 20 | 10 L 10 ‘
E ILI EII
Cbject fﬂms;tﬂge s;eﬂijuﬂnéj_e

(b)  All the light from the center point of AB that passes through L; will get through
Lo. (1)
For the light from point-A which passes through the edge of L;, using graphic method one
can show that it will not pass through L, so it will not reach the image on the screen. Only the
light through the central area of L; will pass L, and reach the screen. So the central image is
brighter than the edge. (2"

\< / L2
n o
4 i 7

\’f/lﬂ' 7 .
})/ 10

Object : second
ez image

Alternatively, the image of L, by L; is at 15 cm from L; to the left. (1)

Its size is 2 x 15/30 =1 cm 1"
Light from the edges of object AB can reach L; without going through the image of L, and
the same conclusion as above is reached.

15
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L1 L2
":" 4 ":LII
2 Timaqe af L1E [ TQ 7
20 10

%0 L 10 ‘
[ Y g
. first
Cbject : second
i ge image

(©) To keep the image on the screen, Lz must be placed at the image of AB after L;.

(2)
To allow all light pass, the size of L3 must be at least that of the AB image, which is 2 cm in
radius. (27)

To determine the focus length, one may use graphic method and geometry.

L1 L3 L2
n 4 4

B B
Object szeond
1nage

This is equivalent to require the image of L, formed by L3 to coincide with L;.
The focus length is then 6.67 cm. (3)

16
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The following symbols and constants will be used throughout the examination paper unless
otherwise specified:

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

G - gravitation constant, 6.67 x 10! (N m%kg?)

e — charge of an electron, -1.6 x 107%° (A s)

& — electrostatic constant, 8.85 x 10™% (A s)/(V m)
— electron mass = 9.11 x 10™" kg

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

Radius of Earth = 6378 km

Sun-Earth distance = 1.5 x 10" m

Earth-Moon distance = 3.84 x 10° m

Density of water = 1.0 x 10° kg/m®

Density of iron = 7.7 x 10° kg/m®

Density of mercury = 13.6 x 10° kg/m®

Speed of sound in air = 340 m/s

FRZER IR R SR T SRR e

g- F*H*%‘«p[g JI5HE , 9.8 (M/s?)
G- g i 57, 6.67 x 107 (N m?/kg?)
e~ Lﬁ -1.6x 10" (As)
@—Jf i, 8.85 x 10 (A s)/(V m)
%g[gllxlo“kg
c- m /“7&@ 3.0 x 10° m/s
PSR 7 = 6378 km
Mﬁ-f‘ﬁjﬁ{;ﬁ&— 1.5x 10" m
PYSR-E | SREEHE = 3.84 x 108 m
FEJ%@ =1.0 x 10°kg/m®
HpuEt = 7.7 x 10°kg/m?®
P8R = 13.6 x 10° kg/m®
2 Sl 1A= 340 m/s

The following conditions will be applied 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.

2R ISP > R USRS 5 e R -
1) ﬁ?ﬂ?d?% Iﬂﬁﬁ{‘\fﬁ;‘j{%?[ ’ E_JJ[F'J_R

2) iR
3) FE | S R -
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Multiple Choice Questions (2 points each. Select one answer in each question.)
AR (UM 207 DRLER- W 540

MC1

Given that the moon revolves around Earth at a period of about 27.3 days, use the parameters
given in page-2 to find the mass of Earth.

FIRIEL 2 j:ﬁl_]ﬂ guﬁ;{e[ o PR EI 555 27.3 SRS T @gﬂ% SREETES

(a) 2.3x10* kg (b) 4.6 x 10 kg (c) 6.0 x 10* kg (d) 7.8 x 10** kg

(e) 9.8 x 10 kg

MC2

As shown, a piston chamber of cross section area A is filled with ideal

gas. A sealed piston of mass m is right at the middle height of the .

cylinder at equilibrium. The friction force between the chamber wall

and the piston can be ignored. The mass of the rest of the chamber is

M. The atmosphere pressure is Po. Now slowly pull the piston upwards, l m 7

find the maximum value of M such that the chamber can be lifted off .

the ground. The temperature remains unchanged. A
e ,ieljp[ - ﬁ‘fg&,p[%ﬂﬁt Apj[éﬂﬁ - SRR b

o @?ﬁiﬂ’ (RN ﬂ%np@fﬁ'e mp;j @'kﬂ ﬁijtuilﬁ[%n?i' o I
LIAR lirﬁw*ﬁ”ﬁaﬁ{ |Vl S e “'JMWT R Ef*@p Gl
5 P - ] 2t Fﬁiﬁﬁ» AR R

TRETAVETEL MU il o

AN AN |

(a) M = P,A—2mg (b) M = P,A—mg () M = P,A—mg
29 2
(d) M = o8 () M =2
29
MC3

Find the electrostatic energy of an equilateral triangle of side a with a point
charge q at each vertex, excluding the self-energy of the point charges.

WREL apuE S F Y puE (e - E’Jf_ﬂﬂ: (o JEII A jaufi»r_ff‘,ﬁ, )
Cliﬁ[%ﬁi SPEREED)
3 2 2
@ T (b) —— ©) =L -
&, a dre, a 272'80
1 q° 1 q°
d a _
@ 8re, a © 4drg, a
MC4

Two cars A and B are moving towards each other along the same line at 2/3 of the sound
speed. Car-A sends out continuous sound waves at frequency f. The frequency of sound heard
by the driver of car-B is

fHI AFIB f '] 2/3F 3@ uﬁ’% @n&\lﬂpﬁﬂ A F R TRV AT L f o B I 2R
WA 1T

(a) 5f (b) of (c) fI5 (d) /9 e) f
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MC5

As shown, the tiny ball at the end of the thread of length 100 cm has a
mass of 0.6 g and carries charge 5.88 x 10°° C. It is in a horizontal
electric field of intensity 1000 N/C (Newton per Coulomb). Find the

vibration frequency of the ball near its equmbrlum position. é’ q
v[lﬁi’—’?’?ﬁtrOGgﬂJJﬁ& i”%588x10 C B =17 100 -

em [ - B 9 4 1000 Nic; oA BB o o] SR T

RIES T o grrsfiss -

(@ 0.70 Hz (b) 0.59 Hz (c) 0.50 Hz (d) 3.2Hz

(e) 6.4Hz

MC6

As shown below, a plane microwave is normally incident on four evenly spaced identical
narrow slits Sy, Sy, Sz and S4. XY is a line parallel to the plane of the four slits and far away
from the slits. Point-X is at equal distance to slits S, and S3. When only slits S, and S3 are
open, the wave intensity at point-X reaches the maximum value of A, and that at point-Y is
zero. When all four slits are open, the intensity at point-X is :

IR > < T S PSR Sy - Sy~ Sg > Sa b o XY SRS - T kRE
TR Féﬁx BES, ~ Sy PHEEAIE - i 7] Se » SR X B oS A - Y R
i&lzélg‘{@ FF o DM [l A L?B Fif] Eﬁ &p EAE JﬁLaﬂ@ £,

@ o0 (b) 2A (c) 4A (d) 8A (e) 16A

S1
— s, ey

., ® X

- > 83

— S,

MC7
Same condition as MC6. When all four slits are open, the intensity at point-Y is

F@ o F; [L[[[—{/JLL?B Eﬁ g{ &Jlﬁ”ig’g‘* e
(a) 0 (b) 2A (c (d) 8A (e) 16A
MC38

As shown, three large conductor plates of area A are placed parallel to
one another at equal distance d. Find the capacitance between the left
and the right plates.

qgﬂi y = |[44\£l i L l}]i‘abtr, s 1T d 2 - y}}flﬁj/ﬁﬂgg
Fh e
EA
(a) T (b)

EA 2¢,A A 4e,A
— c d —— e
2d © d @ 4d ) d
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MC9 y
As shown, inside a cart that is accelerating horizontally at
accelerationd’ there is a block of mass M connected to two
light springs of force constants k; and k,. The block can M
move without friction horizontally. Find the vibration m
frequency of the block.
(/[qu\l s = T *’Jpﬁﬁﬁ 53‘4@“ Ml @Eﬁﬁ[’%@i“‘ (TR £
F' P - PUAER R HBT S b - R O O
T Hn@?éiﬁa PRSI S

k, +k, k, +k, 1 [k +k,
(@ —,/T () o ©) 5oyt -a

kK, 1

e e — |——=—+a
() (k, +k,)M © \/(k+k)M
MC10 4‘
Five identical 1 pF capacitors are connected as shown, find H# F<| H k4,
the capacitance between point-A and point-B. A B
DR e = 1 pF BB R S —jw%FA 1B RV
(@) 1uF (b) 2 H (c) 3uF  (d) 4pF (e)
MC11
Two small balls of mass m and 3m, respectively, are connected m

by a thin and rigid bar with negligible mass, and are free to

slide on the 45° inclines, as shown. Find the angle of the bar to

the horizontal plane in equilibrium. The angle being negative 45° 450

means that the heavy ball is above the light ball.

[n J ) IR BRI m A 3m o fli- f;%];?{vﬁﬁ}% p T A i 450 1;“4|}1 ETE Iwg.—: °
ST B APESET r £] « FioRe ok S

(a) 46.6° (b) 26.6° (c) 45° (d) —26.6° (e) —46.6°

3m

MC12

A uniform cylinder of radius a originally had a weight of 80 N. T

After an off-axis cylinder hole at 2a/3 was drilled through it as

shown, it weighs 65 N. The axes of the two cylinders are parallel O )
and their centers are at the same height. A force T is applied to the

top of the cylinder horizontally. The value of the force should be

in order to keep the cylinder is at rest.
— B SETE A EET RN R 80 N - 4 1 H) a o 5 EEfil o 2a/3 #f - [5Y
il » T e S - i [E*"f*HﬁElﬁ' k65N -
PR AT s T e PR B e
@ 1IN (b) 3N (c) 5N (d) 8N (e) 10N

MC13

The electric field is Ili = (5>r<0 —3{/0) V/m. The potential at the point (0,5m,5m)is___if the
potential alt coordinate origin is taken as zero.

~ I E = (5% —3Y,) V/m - U RS B (0,5 m, 5 m) RS
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@ -25v  (b)-15V (c) 0 (d) 15V (e) 25V

MC14

As shown, an infinitely large surface on the left carries fixed surface

charge density o. The one on the right carries -2c. A conductor slab

is inserted between the two and its potential is fixed at zero. In

equilibrium, the surface charge densities on the left and the right

surfaces of the middle conductor are - —
q%ql R AT p[pu[aﬁiiéhp[ = %@Ha’ *F LA INEAY

PPVl EA I L -20 I,Eﬁ‘;f—[ﬂjpi VIelE T - B S

PR ER - T RS S TR PP R T

(@) cand -o (b) -2cand20 (c) -2cand o

(d) cand-2c () -cand 20

+ + + +
Ll

‘\}7

MC15

A spherical cave of radius R/2 was carved out from a uniform

sphere of radius R and original mass M. The center of the cave is at P
R/2 from the center of the large sphere. Point P is at a distance 2R

from the center of the large sphere and on the joint line of the two

centers. The gravitational field strength g at point P IS

— GRS RUREEIEE M > @G R o i H EESR L RI2 rghis— AT # £ RI2 ok > T SR
SR OR 1 FEESR o 2R R;Eflfﬁj BT -

GM _ 5GM _3GM
@) 9= R () g " 8R2 © 9 T 16R?
GM 7GM
d = e =
(d ¢ oR? e) g 36R?
MC16

A small block slides down from rest at point P, on the surface of a
smooth circular cylinder, as shown. At P, the particle falls off the
cylinder. The equation relating the angles 6, and @, is given
by—

th,plfiLF (AT A Pll‘iﬂﬁﬁfés I PR EEI 1 e By
0, zﬁjﬁjﬁll LS,

(@) sing, :gsin 6, (b) sing, :écosé’2 (c) sing, =cosé,
(d) cosé, =sing, (e) cosg, :gsin o,
MC17

50.0 g of ice at — 40 °C is mixed with 11.0 g of steam at 120 °C. Neglect any heat exchange

with the surroundings. What is the final temperature of the mixture? (Specific heats of ice,

water, and steam are 0.50, 1.00, and 0.481 cal (g °C)™ respectively. The heat of fusion of ice

is 79.8 cal/g. The heat of vaporization of steam is 540 cal/g.)

/L‘H 50.0 9 7 —40 °C == 11.0 g & 120 °C piv-f<2” dﬁi ) ?’r@'ﬁ PAANE S B o A
o (UF ~ s~ AERRpYESEUT £ 0.50 ~ 1.00 ~ 0.481 cal (g °C)™ o YA (£, 79.8

cal/g o ZpuZkFEET 540 callg - )

(@) 35.3°C (b) 30.3°C (c) 25.3°C (d) 20.3°C
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(e) 15.3°C

MC18

Electrons accelerated from rest by a voltage V enter a magnetic field of strength B which is
perpendicular to the electron velocity. The trajectory of the electrons in the magnetic field isa
circle of radius R. The electron charge to mass ratio e/me is then

”FI:Q'E [F?;;L IHF* TV UM e 9 1 B ORI - R [ [ﬂﬁ@a W= %4 TR
Bt Je“hmqlri_:f B R pHfE - Emmg ey Fu?ﬁfﬂﬁ’?@? N f~e/me B, o

€)) VI(BR)? (b) 2V/(BR§ (© 4V/(BR)? (d) 8V/(BR)?

(e)  16V/(BR)?

MC19 F
A thin uniform rod is partly immersed in water, while being lifted /

by a string fastened to one of its ends, as shown. If the density of

the rod is 3/4 of that of water, what is the fraction of the length of

the rod that is above the water when in equilibrium?

ypqgni[ ~ BEARIRE PEEE 3/4 > — i lFﬁjﬁ'EHﬁ s f S5 feEL o

= BERAPIAEE) 2 DR e 2

(@) 0.134 (b) 0.203 (c) 0.5 (d) 0.75 (e) 0.866

MC20

A U tube which is partially filled with liquid is in a vehicle under
horizontal accelarating motion, as shown. Find the maximum
difference in height of the liquid surface over the lateral distance
of L.

i’[‘ﬁ%ﬂ[ o— U fr'jg'f ,ﬁﬂj}% ?Jyﬁzﬁg » e (B "J[‘i@ﬁ@ﬁl%' o TAFIEE
L Fof B ety 2 -

Ul
@ 2L
a

a a a g

b L —L d .|[—L
()m (C)g (d) . (€)



HKPhO 75 H4*2221ig775 2006

Open Problems B
Total 6 problems H 6 &

Q1 (5 points)

Describe, in less than one page, a way to determine the mass of a small object (~ kg) in
weightless condition.

Bl (55)
PP PSRRI TP GO k) i -

Q2 (10 points)
As shown (not to actual scale), a thin convex lens with focus length 10 cm and a concave
spherical mirror of radius 20 cm are placed on the same optical axis. The distance between
the center of the sphere at point-P and the lens is 20 cm. A point light source O is placed on
the optical axis and at 20 cm from the lens.
(a) Find the position of the final image of the light source.
(b) Assume the brightness of the final image in (a) is unity. The lens is then cut into two
equal half disks, and the upper half is lifted by 1.0 mm from the original axis. Find the
final image(s) and their brightness of the source.

\_/

Lens Mirror

B2 (1053)
pERTEe o - SRR 10 om iSRRI A R 20 om FU[ISREC HEEH . P REER
wERG 20 cm - &ﬁﬁ’ TR O bl FEEZR SR 20 em
(@) T OpuEAX(g i i FF
(b) @) s g 1 fjfﬁ I N R e T R ZEER 1.0
mmZig > T Of Jﬁﬁ{ﬂ]%\ﬁjﬂ‘ AEaLEiI

Q3 (10 points)

A conductor rod of length L, resistance R, and mass m is

placed on an inclined rectangular frame made of perfect

conductor in a uniform magnetic field B pointing upwards.

The frame plane is at an angle #to the horizon, as shown. Lg
Find the terminal velocity of the metal rod if

(@) there is no friction between the rod and the frame; and

(b) the friction coefficient between the rod and the frame is z.

B3 (1053)

i/[[qﬁ‘gi’ﬁ‘ » — [RE RS s AR JIFIFJ O W [l PV SR Bl - R L,
£ EL m, F%[Z”t@ R p J:E’;*Fgﬁ 2 (AL "Vﬂ"

(a)T‘F‘ AR R AR s

(b) o iR A FU@J"‘%I'@WE bu PR A -
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Q4 (10 points)

Two small and hard spheres, one right on top of the other and almost in : l
touch, are left to fall from a height Ho. The lower sphere of mass M

collides with the ground, and almost instantaneously it collides with the
upper sphere of mass 0.1M. Both collisions are elastic. Find the maximum
height the upper sphere can reach.

B4 (104)

PRI 5 > Yoo RSCR B o Ry i) » (e Ho FIFTE ™ o s (7
B £ MY?%w@ﬁ‘b%%%W%F?(ﬁ“tOlM)U'ﬁﬂi%fwﬁﬁﬁ%’ﬁf
SR gt~ iyt

Q5 (12 points)

As shown, a block (Object-A) of mass ma moves on a frictionless plane at initial speed vy,
and lands onto a cart (Object-B in the figure, mass mg, length L, initially at rest) smoothly.
Ignore the size of the block. The friction coefficient between A and B is ¢ and the cart is on a
frictionless plane. The block collides elastically on the fixed wall at the end of the cart and
eventually falls off the cart.

(a) Find the minimum value of vy such that the block can indeed fall off the cart.

(b) Suppose the initial speed is larger than the minimum value in (a), find the kinetic
energy loss of the system (block + cart).

(c) Same condition as (b), find the time the block spends on the cart.

(d) If the initial speed is less than the minimum in (a), find the time the block spends on the

cart.
A
L AB
S 24 )

mBguaﬁ;N ;gh ﬂjtﬁﬁ* i I/ HJ@?BME‘TEW J{EI'H W’”fﬁ [ ”F'* s &@E'B'
LA BRI (R - A e T

(@) ik s R vo it T RL b 2

(0) A e s A ()l Uﬁ SR I MR o T G T
(© ri(b)gulHigH[ S AN

(d) DTG vo T (@) 1 § i IR TSR L 2 2
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Q6 (13 points)
This is an experiment that demonstrates the ‘matter wave’, i. e., particles such as electrons
move like light wave propagation. A beam of electrons (ignore interactions between the

. . h :
electrons) can be viewed as a plane wave with wavelength 4 =—, where h is a fundamental

constant called the Planck Constant, and p is the momentum of an electron. The intensity of

the wave is proportional to the electrons density. The electrons ‘matter wave’ is used to

replace the light waves in a typical setting of Young’s experiment (for light waves), with two

narrow slits separated by a distance d, and a large screen at a distance D (>> d) from the slits.

A broad beam of electrons, accelerated by a voltage U from rest, is incident perpendicularly

onto the slits plane. You can use the appropriate constants in page-2 without substituting the

actual values in your answers.

(a) Find the electron density distribution on the screen, assuming that its maximum value is
unity and the screen can somehow remain neutral.

(b) Add one more slit at the middle position between the two original ones. Find the electron
density distribution on the screen, and its maximum value.

B6 (134)
iﬁil_— I[E‘f?rﬁ— PIEL U R o ’33—3 l/;fgﬂu%'(@ﬁ—; RS T | PEEET ug[,gﬁﬁﬁj [ o~ Fhf—’;‘

vm YV REpAE e (R I U W= ﬂ:_pﬁ E Pove s H[pfq%m[al%ﬁa p\@ﬁ

El > hRLy FivTp e EECOCNINEAE 2 E‘v’%@ﬁ“/rFﬂ %T'Hj’ PR R A
Elp Jﬁi'&ﬂh%i HIAOE PR o HERR IR AERERVHIFEEE d 0 ZE % AUBEEEEE D (>>d) - - 30
PN R RS PP U g o B S R e P FH 2 o 1R

@) SR L SERERT R
(b) FTJ/‘I“—'M;_EJHIFEH'TP?‘FII FIF= [EAVECS Ry - BRpVAERE - I 'J nd '?@JJ fiF155 [LJ
|j§=yl—’\[;@ o

END %
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Written Examination
Answers for M.C. Questions

GM
(1) Apply —
r
i.e. answer is ¢
(Pin - PO)A: mg
(2) 1PV, =PV <2PV, = M <
Mg = (R, -P)A
where Pj, is the pressure inside
P is the pressure after the lift
i.e. answeris b
(3) There are three combination of a pair.
I.e. answeris b
@) f = C+V
c-v
i.e. answer is a

=r”® then plug in numbers from the table

RA-mg
29

f , where f and v’ is the frequency received and the velocity of the observer

B)w= /il , Which reduce to \/lgas usual, when F=mg, which cancel out with the other m
m

because inertial mass is equal to gravitational mass
Where F = (mg)2+(qE)2 now

i.e.answerisb

(6) Note: Far Away, so that the rays are approximately parallel
E-field double, intensity 4 times
I.e. answer is c

(7) As S; and S is destructive at Y, the total is destructive too. (the spacing are the same)
I.e. answer is a

(8) The existence of the middle conductor is useless. The system is equivalent to a gap of 2d
i.e.answerisb

(9) The acceleration only introduce a shift of equilibrium position
i.e.answerisd

(10) By symmetry: g1=0s, 02=04
By Kirchhoff law: q1=-02, q4=-0s, q2+03+qs=0, qz=CoV, where q1, 2, 3, 4, 5 is the charge
on the corresponding capacitor form left to right, and Cy is the capacitance of individual
capacitor, and V is the arbitrary voltage across AB
Express the energy stored in two different ways:

¥ g
l 2 =1 i .C=2C,
2 2 C,
i.e. answerishb

(11) Horizontal component along the inclines must vanish:
T cos(45°-6) =mg cos 45’ 3 cos(45° + 6)
T cos(45° +6) = 3mg cos45° cos(45° - 0)

Where T is the tension of the bar, @is the angle of the bar to the horizontal
Plug in the numbers from the choices to solve the equation



i.e. answerisd
(12) If there is one more hole on the other side of the cylinder, the system is self equilibrium.
So, the system is equivalent to hold a mass filling the right hole
Considering the moment: 2a T = 2a/3 (80-65)
I.e. answer is c
(13) In general, V=-5x+3y
i.e. answerisd
(14) By Gauss law and knowing that the inside of a conductor have no E-field
I.e. answer is e
(15) Calculate the g-field of the large sphere and then subtract the contribution of the small
one. It works because of the superposition principle.
i.e. answer is e

%mv2 =mgR(sin g, -sin 4,)

2

(16) ymg siné,-N = mVE
N=0
i.e. answer is a

(17) From the choices, we know that the mixture is in its liquid state.
Including proper treatment on the heat of fusion, the answer can be found
i.e. answer is a

iva:eV )

(18) 2::v2=mﬁg=(EBRJ
v m

evB=m—

R

i.e.answerishb
f=p.NVg
3

4
P = P 3( )Mg

/N =@1-nNM
(19) ] T FRLE TR
f+F = Mg 3 1+r 2

(ll_rj Mg :(1-1-—er, moment
2 2 2

Where f is the buoyancy force
P, 1s the density of water, p,1s the density of the rod
r is the ratio of the rod above the water surface
and V is the volume occupied under the water
I.e. answer is ¢
(20) By principle of equivalence, the acceleration can be treated as gravity
The water surface should perpendicular to this gravity

i.e. tand = a_ % where h is the height required.
g

i.e. answerisc
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Answers for Open Questions
Q1 (5 points)
State the principle, the setting, and the formula to obtain the result. For example, use a spring of known force

S

constant Kk to attach to the mass, and measure the vibration frequency f. Then use 2z \m to determine

the mass m.

Q2 (10 points)
a)  The first image due to the lens is at 20 cm from the lens, and at point-P. The second image due to the
mirror is at point-P too. The final image of light source is back at the point O. (2 points)
b)  Ignore the light passing through the gap since it is small comparing to the other dimension of the system.
There are four possibilities:
Case 1: The light pass through the lower half lens first. The intensity is reduced by 1/2.

Case a: After that, by the reversibility of light, all of them will follow the same route going back to O. So,
the final intensity of this spot is 1/2 of the original one. (2 points)

Case b: The light pass through the lower half lens, mirror, and then upper half lens is at 2.0mm above the
source (concerning the axis of the upper lens when it travel back from the right hand side). But by the argument
in (1a), after passing through the lower half lens, there will be NO light traveling trough the upper half lens. (2
points for identifying that there is no light traveling in this way)

Case 2: The light pass through the upper half lens first. The intensity is reduced by 1/2. After that, it can be
easily found that the light can travel back via both the upper and lower half lens:



o

Case a: traveling back via upper half lens. By simple geometry and appropriate shifting of axis, one can
find that the position of the image is 4.0mm above O.

Case b: traveling back via lower half lens. Again, one can find that the image is formed at 2.0mm above
0.
To find out the intensity, neglect the effect of finite size of the lens.
Method 1 (Qualitative argument):
From the above two figures, if the light coming out from the source passing through the red region, it will
eventually go back via the lower half lens. As shown in the figures, the smaller the gap (which is 1.0mm in our
case), the smaller the red region. In our case, the gap is very small, comparing to other physical dimension of
the system. So, the red region contributes only a very small portion of the light. i.e. nearly all of them will
going back via the upper half lens.

i.e. Intensity in case 2a is ~1/2.

And that in case 2b is ~0.




a~112
o~

A
'

Method 2 (Quantitative argument)
i) calculating the height of the red region first
i) calculate the portion of light that will pass through the red region (i.e. going through the upper half
lens and back via lower half lens)
answer to (i): (define d=1.0mm, D=20cm)

Gl

D 20

Small angle approximation (d<<D): x/2D = 3d/D => x = 6D

Gl

o 20

By the congruent triangle: height of red region: 7d + d = 8d
2”%—02 2z
answer to (ii): the portion: I Isin aadg divide by the total: I
0 0

a
)
2 1

sinddédg ,  where

oe—|N



tan 6, = %and tan @, =%

. . 8d
So, the portion of lightis sin@, —sin@, = tand, —tan o, = D
Considering that the light passing through the upper half lens first is 1/2 of the original
Total intensity of the spot 2.0mm above O = 1/2 * 8d/D = 4*1.0mm/20cm = 0.02
The rest if light will focus on the spot 4.00 above O: 1-1/2-0.02 = 0.48

o043
ooz
=|:|.5 U
Q3 (10 points)
v W w
U=(xB)-L=VLBcos@= I :%:@ (2 points)
a)F:ILxB:ILB:% ................................. ) (L point)

Since the rod is in equipoise, we have F cosd =mgsin €

S =EMOtaN G (2) (1 point)
combine (1) with (2),V = —1IRSING_
b)

As the rod is in equipoise, we have

UNsind+Ncosd=mg = N =L_ (1 point)

cosé@+ usin g
uNcos@+F =Nsing (1 point)
_Sin6—pcoso L1 To R (3) (1 point)

 cosO+ using
mgR sin@— pcosd

Combine(1) with(3), V=—— X -
B°L"cos@ cos@+ usind

(2 points)




mg mg

Q4 (10 points)
When a ball with mass M1 and velocity V1 collides elastically with a ball with mass M2 and velocity V2, we
have

MV, + MV, = MV/+ M.V,

1M1V12+1M2V22 :£M1V1’2+1M2V2'2
2 2 2 2 (2 points)
v/ _Vl(Ml—M2)+2M2V2
=
M, +M,
V’_Vz(Mz_M1)+2M1V1
, =
Then M, +M, (2 points)

In this question, regard the velocity upwards to be positive, V1 = -V, V2 =V , where V= V29H° is the
terminal speed of the balls falling from a height HO.

Vl,:—V(ml—m2)+2m2V:3m2—m1V:3—yV y:ﬂ
m, +m, m, +m, 47 where M, (2 points)
3-0.1
V.

In this problem, 7 =110, so “1=1+01 =p64v (2 points)

So the maximum height the top sphere can reach is 2.642 HO = 7HO.(2 points)



Q5 (12 points)

a) Considering the critical state that the block stops at the left edge of cart,
according to the law of conservation of energy, we have

2\/2
—V lm V7 (2 points)
(my+my)> 2

=V, =2 [(1+ &) gL (1 point)
mB

b) In the coordinate system moving with the cart,

2um,gL+= (m +m;)

the block is decelerating with initial velocity V, and acceleration -(1+ %),ug (2 points)
mB

v \/voz — 4@+ My 4gL
a., Mg .
Vot+zt =2L=t= - (3 points)
L+ S)ug

B
c) The work done by the friction is 2um,gL. This is the amount of kinetic energy loss. (3 points)

d) Infinite (1 points)

Q6 (13 points)
The momentum of the incident electron is
2

eU = P
2m

(1 point)

e

So the wavelength of the 'matter wave'is A = (1 point)
p eUm

e

Consider a point-X which is at a distance x from the central line. The difference in distance from the two slits
to point-X is given by

dx i
As=— (2 points
5 (2 points)
s
W =W,(1+e *) (2 points)
2 2 As ) dx .
=1 =W |"=2W, (1+c057)=2W0 (1+cos/1—D) (1 point)

1=1,_, =4W}?, soW,2=1/4 (1 point)



~8=dx/D

b)the distance difference changes to % (1 point)

. As . As

W =W, (1+e?% +e 24) :W0(1+2cos§) (2 points)
S 1) W Pe W21+ 2005 23)2 —W 21+ 2c0s—2)2 (1 point)
0 24 ° 24D

Ima\x :W02 (3)2 = (1 pOInt)

N|©
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Rules and Regulations &4 fl]]
. All questions are in bilingual versions. You can answer in either Chinese or English.
E RV ER O o O A [

. 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

AN AREATR T EE R e P = A ST EIpt e SURYE R > B B T
-l f
\—R—‘IEIE FV&J °

. Your Participant Number is printed on the small green label. Please follow the
instructions on the multiple-choice answer sheet, and use a HB pencil to write your 8-

dight Participant Number in the space of “I.D. No.”, and fill out the appropriate circles
fully. After that, write your English name in the space provided.

PSR ISR ISAR L - RGEE R ol e
I @*A‘“ﬁ%ﬁ Y 1.D. No A -y -af 8 b By hEE - F”#IE{J“EJ’:’I%E%;EI@

g F 1 FlJ[Etl[ﬁlj—l-“ FWE S R 'iﬁﬁﬁ”i”fs‘ R Y g £

. On the cover of the answer book, please write your Chinese and English name in the field

of “Student Name” and your 8-dight Participant Number in the field of “Student Number”.
You can write your answers on both sides of the sheets in the answer book.

2 f[EE ED TR Ml %15/\ Student Name MfF| i a3 4 £ ¢ 4 Student Number
53 l""'V'V—‘J e,
’rg oy F[} 8 ""E‘Txfr TE o f 1587 ' P”EUH °

. 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.

MR ?“%E’ﬁ%t Ry % "f:efdﬂf TR PRI S HB 52T S e

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

FEREIIRE TR < AR P — &

. Some open problems are quite long. Read the entire problem before attempting to solve it.
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.

AV » SR RERERRI A e f | = el = 2 S 000 Tﬁié‘r’ ElE e i)
;ft Fillﬁ:ulip‘{\ Igfrtt ﬂ,ﬁjj 5
. The questions with the “*” sign may require information on page-3.

f” *EJ%'EFI‘ “3:15,[“ 572 FIpuers] o
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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 - gravitation 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)
— electron mass = 9.11 x 10°* kg
c — speed of light in vacuum, 3.0 x 10® m/s
Radius of Earth = 6378 km
Sunx-Earth distance (= 1 Astronomical Unit (AU)) = 1.5 x 10" m
Earth-Moon distance = 3.84 x 108 m
Density of water = 1.0 x 10 kg/m®
Density of iron = 7.7 x 10°kg/m®
Density of mercury = 13.6 x 10%kg/m®
Speed of sound in air = 340 m/s

BIERBIER > BRI S TR e

g- %,j*%p If,l JIp %, 9.8 (m/s%)
G- Ijgdl §r667x10“0um%m)
i, 16qu%A9
&— Jf gila g;r, 8.85 x 10™2 (A s)/(V m)
me — 35— T El, 9.11 x 10 kg
c—H fﬁiﬁ, 3.0 x 108 m/s
PSR @ = 6378 km
»km+&$§wq 13V |ifh) =15x 10" m
BYTR-F | SREEEE = 3.84 x 10° m
i = 1.0 x 10°kg/m®
Pk =7.7 x 10°kg/m®
P8R = 13.6 x 10°kg/m®
2 3l @%@— 340 m/s

The following conditions will be applied 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.

[ BRI P A I S 1 R
1) FI’?"EJ?"’J?E |B§“Eﬁ?\i*’ﬁ§ji%fpl[ , E-JJ[F’IJ—R

2) iR
3) FE | S R -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

R (D25 DR )

MC1

It takes 240 s for the escalator to bring a boy, who is standing still, from the bottom to the top.
If the boy walks on the moving escalator, it takes 60 s for him to reach the top. If the
escalator is not operating, how long does it take for the boy to walk from the bottom to the
top?
~ﬁﬁmmﬁ*%W@%‘W?@%%%W¢®)°~H%&ﬁEWW%Wfi’@
B SPEUEISH 60's o Sl i o [P IEEY N AR ¢

(@) 80s (b) 140's (c) 150s (d) 60 s (e) 120 s

MC2
Ship A moves due north at 40 km/h, while ship B moves due west at 30 km/h. Find the
relative speed between the two ships.
AT E | E 40 T EN (40 km/h) EJ@W’* (== R f.jp -B I'] 30 km/h i [ [H i
éoew% RO i -
30

(@ 10km/h  (b) Tkm/h (c) 50 km/h  (d) 40 km/h (e) 60 km/h
MC3

The balance with beam and strings of negligible masses is X em 10 om
at equilibrium. Choose the correct values of x and y below. - >
EF{S};FE%D;QEI;\QF[U@TE}FJ PR o FEHTN T“H[ Fg’F{fj X Hly

{a)le,y:Z (b)x=10,y=1

(c)x=20,y=4 (d)x=40,y=10 2kg y kg
(e)x=2,y=2 MC3

MC4*

An object of weight W has a uniform rectangular cross-

section of a x 2a and density of 0.25 g/cm®. Part of it is

immersed in water and the rectangle is tilted by 45°, while

one of its corners is just at the water surface. Find the Air 5 45°

torque of the buoyancy force to the center of mass of the
. Water <

object. \/

— 1“:fﬂf}*ﬂ?§j1gly LW PEE1EE 0.25 glem® Bt a

2a [ 4 > HUTR T B FflE J‘pl ’ MC4

=z J‘pl’?‘/ 45 0¥ ﬂ*i’%"“JJé%W’J?EeI’“F‘@‘ S

aw aw
(@ 2v2aw O Z O ()%f

(e) aWw
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MC5*

A dwarf planet, Eris, was discovered recently together with its satellite Dysnomia. The Eris-
Dysnomia orbital period is about 14 (Earth) days. Assuming that the mass of Dysnomia is
much smaller than Eris, and it performs circular motion with a radius of 33,000 km around
Eris, find the mass of Eris.

TR B Eris > YR Dysnomia s ﬂrﬁﬁpﬁjgﬁﬁ VYHEHRSEY 14 BITRET 5 B
A £ 33,000 km - Dysnomia &l = Eris /] L% o Tf Eris fUFTE} -

(a) 8.5 x10% kg (b) 1.45 x10% kg  (c)  2.45 x10% kg (d) 2.85 x10% kg

(e) 3.5 x10% kg

MC6*
A small ball is projected up a smooth inclined plane with an initial

speed of 9.8 m/s along the direction at 30° to the bottom edge of the S . \
slope. It returns to the edge after 2 s. The ball is in contact with the X a
inclined plane throughout the process. What is the inclination angle MC6

of the plane?
— IR FRE 9.8 m/s - ﬂiﬁqpiﬁmﬁg irfxa"ﬂnsi e 30°E'Jﬁ5[ﬂ Efké;&qp[,}t[r %
,j&t[F[_ISC%ﬂ’JPI}%E}%J 2Fp i) T*[fIITU’IIE —j‘)JPIF[J]FT%J

(a) 15° (b) 60° (c) 37° (d) 45° (e) 30°
MC7
Four point charges, each carrying charge g, are at the positions
with coordinates of (a, 0), (—a, 0), (0, a), (0, —a), respectively. 2y
Find the electric field strength at (0, a/2). g
Pl B g U%gr%?é‘# i e RS (a, 0), (-2, 0), (0, a),
m—mﬂw*Foz(owa&ﬁf%%@O q q
4 q 1 ¢ 3.84 ¢
a — b — C —
( ) 4 2 ( ) 472’(90 a2 ( ) 472'80 a2 'q
1.8 q 2.84 ¢
d L e L MC7
@ drg, @ © drg, @
MC8

A parallel-plate capacitor consists of two conductor plates of area A and separated by a
distance d. A dielectric slab with dielectric constant ¢ , thickness d/4 and area A is inserted
between the plates. What is the capacitance of the capacitor?

- TP AT SRR - RSSO A
JF“F'EJ J“ F £ d/4 ”%ﬁjéﬁ RIS AR I

o SRR -

A 4e EA( e 2¢
@ T(1+35j ® =4 (1+gj © = (1+gj

EEA &EA
@ =g © =

MCS8
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MC9*

An electron is in uniform circular motion in a uniform magnetic field perpendicular to the
circular orbit. If the period of the circular motion is 1.0 x 10 s, what is the magnitude of the
magnetic field?

~ P R SR (SR S SR 1.0 x 10°F) o REBZEIT P o R
B e

(@) 3.0 x 10*T (b) 8.6 x 10* T (c) 1.6 x 10°T
(d) 2.6 x 10°T (e) 3.6 x 10°T
MC10*

At a certain moment, the passengers on an airplane flying at a height of 8 km see sunrise.
How long would it take for the people on the ground directly below the plane to see sunrise?
- YRR B K FAIRIT o 4 PR A LR RS o S R 2
FFEBLEIEE 2 (min. = 208D

(@ 5.8min. (b) 7.3 min. (c) 9.1 min. (d) 11.5 min. (e) 13.2 min.

MC11
A conducting rod with resistance r per unit length

is moving inside a vertical magnetic field B at
speed v on two horizontal parallel ideal conductor
rails. The ends of the rails are connected to a
resistor R. The separation between the rails is d.
The rod maintains a tilted angle é to the rails. Find
the external force required to keep the rod moving.

LT PSP AT i ) SRR B ) - BRI
Pyl 1 P51 1 R PEEAESAR o o PSR PRI B i i T vif
fo ﬁﬁﬂﬁﬁ’ﬁiﬁlﬁ&ﬁ %0 - ﬂ*lﬁaﬁé’ﬁﬂ%ﬁiﬁ 9] o

B?d%v B%d%v B?d®v/sin’ 6
(@ F= (b) F=r—70m—r (€ F=———" ——

(R+dr) (R+dr/sind) (R+dr/sind)

242 2 242

(@ I::de/cose () F= B°d“v

(R+dr/cos®) (R+dr/cos8)
MC12
The resistance of each resistor is 1Q. Find the equivalent -
resistance between points A and B. 5\"_-_-_"_8
5 W 55 10 - o A - BRIFOSBE -

— T HE -

(@) 6/11Q (b) 11/6Q2  (c) 2/3Q
(d) 3/4Q (e) 20 MC12
MC13*

A rocket is launched vertically upward from ground and moves at a constant acceleration of
19.6 m/s?. By accident, the engine is suddenly shut off 10 seconds after launch. To escape,
the astronauts must eject at least 3 seconds before the rocket hits the ground. Neglect air
resistance How long will the astronauts have before ejection?
i 9] 19.6 m/s? ISR = RS - Wﬂa i E [k 10 7S A VLY -
% Eakqﬁ%H*LSﬂ AR o (IR 2 DRI & 2
(a) 45, 5 S (b) 34.55s (c)6.5s (d)41.5s (e) 1355



HKPhO 75 H4*2221ig175 2007

MC14

An object of about 10 kg is measured by a not-so-ideal

balance. The pivot is provided by a 4.0 mm wide ribbon, <)I<5°m>
so the uncertainty of the position of the pivot is 4 mm. All

distances on the scale are measured from the midpoint of |
the ribbon. Estimate the percentage error if the weight of

the object is measured using this balance. 2 kg 10 kg
~ S EBORT B R — (TR 10 kg g

FEE} o LR gﬁt’r ’EIT4.0 mm F’[fjﬂjiﬂ“ PP g\\#ﬁ'm {TFFI’I MC14
40 mmpy T ﬂé%[_“[\fk FURE - pEAS E'f%l‘}ﬂjiﬁ’fpfj

H lg’g—t b x {E’J‘o ]Ff[—*[-”?"; %”J’Eﬁ‘gl Ellf[ VEI5 R

@ 0~1.0% (b) 1.6%~20% (c) 8% ~10% (d) 20% ~ 30 %
(e) 50 % ~ 60 %

MC15

A piston chamber of cross section area A is filled with ideal gas. At

equilibrium a sealed piston of mass m is at the height H; from the P,

bottom of the cylinder. The friction force between the chamber wall B

and the piston can be ignored. The atmosphere pressure is Po. Now a

weight of mass M is added onto the piston. Find the height of the m

piston. The temperature remains unchanged. o !
- AR TR AEJEE“FT RICTE) PP SRR

TELES M G ERIAGE - 2 Es mpey  MES

e HlF[LJﬁLFEI o SRR A {@E@F;g@ Py © gurﬁﬁ%g_p{P TR E MPVETP > TR

St F[Jm‘ PF' o
() MOy () —2_h, ) Ay
(M +m)g+PRA Mg + R,A (M+m)g-RA
P,A+mg
d 0 H e) H
()(M—m)g+POA ' € s
MC16

A smooth circular track of mass M is vertically hung by a string down the
ceiling. Two small rings, each of mass m, are initially at rest at the top of the
track. They then slide down simultaneously along the track in opposite
directions. Find the position of the rings when the tension in the string is
zero.

— HVENER M Eﬁ‘ﬁ’jﬁ [Nl E | '«El’ﬁﬁﬁ[ﬁaﬁ‘iz\ﬁﬁ o Ex (e E!ED mgm ak
[E“Iﬁ@{%“‘"jﬁﬁ' R LRI [ e ™ 3 ?FJ,?EH%Q ] ER A ][R
F[ Jr*f‘ PF' o

i MC16
(a) @ =cos™ EIEW m—ﬁﬂ
3 2m
(b) H=cos™ > 1+‘/1_3_m (c) @ =cos™ 1y 1—3M
3 2M 3 2m
(d  #=cos™ 1y /1—ﬁ (e) 0 =sin™ Ly phom
3 3m 3 3M



MC17
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A small block of mass m is moving on a smooth horizontal table surface at initial speed vp. It
then moves smoothly onto a sloped big block of mass M. The big block can also move freely

on the table surface. After the small block reaches the
helght h on the slope it slides down. Find the height h.

BIFD o S P v K17 A e M
ﬁm o B by e TR M E T R
[Jif}’ﬂ;]ﬁu, &f}’ﬂ;ﬁf[ﬁ};{fﬁ I—E Iﬁl [3#’ = TUL— JP[ MC17 & 18
] &p& R R ST D

1 MV 1 my}
(@ h= 2g (b) h—g . (© h_29m+M
1 My Vo
(d) h_£m+M’ (e) h_g
MC18
Following MC17, find the speed v of the small block after it leaves the slope.
B MCAT » S PHRUEER PR ik v -
m -m

@ v=-v, (b) V=Tt (© V=Y

m-M
(@ Thm e © Tham e
MC19

A balloon filled with helium gas is tied by a light string to the floor of a

IS moving at a constant velocity. If the car is traveling with constant
speed along a circular path, what direction will the string tilt towards?

= Fe g R YRR A R PT—E} s AT BRI E T fﬁp Jﬁ]

car. With all the windows shut, the string remains vertical when the car é

gy b o il (B usi iy &

RELRLEE LAY o Fi i J@[ga[

SEER  AFREVTR P ) (A 2 Me19

@ A (b) B (c) C (d) D (e) Remains vertical @}‘ﬁ%ﬂ‘ﬁl
MC20*

An electron is moving at a horizontal velocity of 5x10° m/s | j/ \:/4 -

before it enters a region of uniform downward electric field.
It leaves the region after traveling a horizontal distance of
20cm. If the electron is deflected by 4 cm when it reaches a
screen 10 cm from the electric field region, find the field
magnitude.
— #3711 5%10° m/s El"ﬁfq‘ Flﬁﬁr’ri_ X Eh 20cm FILH“S

JF%%E& > Bh [ [T R %%Eﬁf‘éﬁ" b RilRL

7% 10 cm iU i%a © Y YEERL 4 cm T*%Tﬁﬁp@

(a) 142 N/C (b) 102 N/C (c) 213 N/C
(e) 355 N/C

(End of MC’s 3 &/fE5%)

(d) 42 N/IC




HKPhO 75 H4*2221ig175 2007

Open Problems B
Total 5 problems H 5 &

Q1 (8 points)
Object-A is at a distance 2f from a positive lens of focal length f, and Object-B is at f/2 from
the lens. On the other side of the lens there is a flat
mirror laying parallel to and coincide with the
optical axis of the lens. Find the positions of the
final images and the magnifications of the two
objects. Also, determine whether the images are
real or virtual.

B1(857)

— BEEEEL FRVT %ﬁﬂéﬁjﬁ’xj (4 o Po-A BERGAAVIFEER 2f » $2-B BESAEAUREEET,
fl2 - m%?lng“ g \,%PIE‘— 505 i iEl—' RSN I/EI —j“[ﬁ |GEdEEY |¢<ﬂ J’?}'I'%é'—f' FFI
HIle ok » SRR -

Mirror g~

Q2 (8 points)

Shown in Figure-a are two identical simple pendulums joint by an ideal spring of force
constant k and natural length d, which is equal to the distance between the fixed points of the
two pendulums. At equilibrium the two strings (length L) attached to the
two weights (both having mass M) are straight upright. For such a
system even the small amplitude simple harmonic motions are quite
complicated, but there are two ‘normal mode’ motions that are relatively @
simple. One is shown in Figure-b, in which the two weights move in
unison, i. e., in the first quarter of the cycle, both weights move to the
right by the same amount, and in the third quarter of the cycle, both @000 #
move to the left. The spring is neither stretched nor compressed in the
entire cycle. In the second mode shown in Figure-c, the two weights are
moving in opposite directions while keeping their combined center of
mass fixed. In the first quarter of the cycle, both move outwards by the

same amount, and in the third quarter of the cycle both move inward by (b)

the same amount. Find the periods of the two modes.

gE2(83) oo .
Ipp-a T > R AT B °El%&§ HL Lo EIPETEIEL Mo TS o o
ﬁ:}w LR et d FIPINL |~ RS frE'iE; » R

R K - Elﬁi«@&'ﬂ—“EH@ 4 [‘J' PSR - T ff?ﬂff’%&

'é‘f‘f‘jpiiﬁl - SRR ﬁjg s P 1)y ©
(FAESAFRAEIEY TR PR o ARt 1f/L'[ﬁ‘ -b F o R T

[ﬁﬁﬁﬁéﬂ T3 {fW 1/4 zﬁfﬁﬂ[ﬂ (- Sl FI:EE*J MR AR

Y= [ LA SRR - S SR S R AT o SR L0 g

{ﬁ_f.ﬁEJ%(\lr = S o B - Zf/DEa’I'-C Fte o | [”Q%&E@*JI—WFE“@ ’

Pjﬂ* M [T - H%\Fﬁ??ﬂh ot 5T [t VA SE PR g Y- &) /iﬁp@”ﬂﬁ’*"ﬁ'[
o Y2 I LA AR R S R G2 R A ﬂ‘xﬂ[ﬂ (A P = o= A
#] o
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Q3 (12 points)

On a smooth horizontal ground surface there is a big block P of mass M. Its AB section is 1/4
of a circle of radius R, while its BC section is a horizontal surface of length L. A small cube Q
of mass m is released from the top of the arc from rest and slide down. When it reaches point-
B at the bottom of the arc its speed relative to P is v. It then continues to move forward and
finally stops at point-C.

(@) Find the maximum value of v when Q reaches point-B in terms of R, M, m, and g.
(b) Given speed v, find the kinetic friction coefficient between P and Q.
(c) Find the displacement of P relative to the ground when Q reaches point-C.

)

B3 (12757)

AT SR - BT ML > 5 AB SIS VA RITY > o (24D R > BCERRLAT [

Wk',l_o—ﬁﬁ'k m [P Q (“AE#}H?%TLF%“W j];[ABC¥FHl_"~UBE’;’—EJIAQ7FE[3:T%3PEJJ$
A EL Vo R T c&g

(a) FP244 Q 2| BRI UL v v Sprfeff - (7 R, M, m, g A5£)
(b) Y150 =1t v o SR QT BC ik IO Tt -
() 7215 Q £ C RHFIIFL P AL ZEHI o i 72 o

Q4 (10 points)
As shown, two weightless and rigid thin rods are connected by a spherical joint A of mass M.
The rods can swing freely around the joint. On the other ends of the rods are two small hard
balls (B and C) of masses M and 2M, respectively. Originally both

rods are upright on a smooth table surface with joint A on the top, A

and B and C are on the surface. After releasing, balls B and C

remain on the surface and move sideways, while the rods remain

in the plane perpendicular to the table surface. (a) Find the

velocity of A right before it hits the table surface. (b) Find the

velocity of A when the rods are at angle @ to the table surface after B /o o\C

releasing from the upright position. (c) Using the results in (b) to |< """"""""

verify your answer in (a).

B4 (1057)

AR B L PRI - — BRI MRS AT > b)Y SEETE £ M
M 2B C IR 10 - WA ol SEA ¢ o B
3F’$Cpl F @?%?LF%BJW "R B~ Ctifpf‘&ﬁgt]}[ F[ﬂ R 3{;{*1 ) [mFIt{Fﬁﬂ?i%ﬂﬁgtpfﬁ[pﬂ Bl
0« FERSEOTTRU AT AR 205 - (@) SPSLA R [REHIS - () ey
B WFESEATES O ORHELA L - (©) 7] (b)ﬁ'LJ"ﬁA&A%‘(a)EJETi :

10
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Q5* (22 points) & 5* (2257 )
About half of the stars in the sky are actually binaries, i. e., two stars revolving around a fixed
point bound by their mutual gravity. Because the two stars in a binary system are quite close
to each other and they are at far distance from us, they look like a single star in the sky.
Consider a binary system consisting of two stars of the same mass as our Sun, and the
distance between them is 1 Astronomical Unit. Both revolve around a fixed center in a
circular orbit, as shown.
BBl E - R URLSR) o WAL (I B AR )
A W%’%ﬁ@éﬁ o P SRR RV EREE T o [EEESS P06 - Bl ) %
Efe figehl— IR o JBUF) [ TR N PRAT RO T B AP S5 > SRR ]
AVSRRER, 120 f60  Rylp B 9 BB [EVep i) -

(a) Where is the fixed point? (2 points)
EREE P ? (253) vy
Earth sz
(b) Find the revolving period in the unit of year. (3 points)
REPGELETERVIEP] (P& ERHIE ) o (357)

(c) Our Earth happens to be in such a position that our line-of-sight is parallel to the orbital
plane of the binary. For the light of wavelength 4 =500 nm emitted from the stars, find
the maximum Doppler shift o4 , and draw a sketch of the Doppler shift as a function of
time. (4 points)

FEER b o 75 PR G T AT o SR S PR 4 4 = 500 nm » o
K S F RS » 28 A P RO - (45)

(d) A Michelson interferometer is employed to Mirror-1
detect the Doppler shifts when the separation _#1 &
between the two stars appears largest. The Q\*‘
light from the stars entering the instrument is é&
a narrow parallel beam containing two waves Qﬁ*f’\
of equal intensity lo with wavelengths 1 — 64 f » ~
and A+, where 201 4. The beamsplitter Starlight 4 1 5
reflects half (in intensity) of the incident Bk / = %
waves, and let the other half through, without )
introducing any phase shifts. The optical path <>
distance between Mirror-1 and the
beamsplitter is fixed at L while the distance w
between the beamsplitter and Mirror-2 is L + —
X, where x can be varied. The waves reflected Detector g5
from Mirror-1 and Mirror-2 finally meet at
the detector and interfere. The total light Michelson Interferometer ¥4

intensity received by the detector can be

expressed as | (x) = 1,(1+ f(x)cos(4zx/ 1)) . Find the function f(x), and the value of xo
when f(xo) = f(0)/2.

(Hint: The total intensity due to the interference of two waves of equal intensity 1o and
equal wavelength is| = 21,(1+cosA) , where A is the phase difference between the two

waves.) (5 points)

11




HKPNO {5 k#2215 2007

ﬁ_ﬁh (oA Yol E SRR E L ST ﬁﬂa&]ﬁ [Y %3, WIS o [P:ﬁ% 5T BRI
AT h S A PYRFE SET bo o IR ITHIELA - OA AIA+ SAOT I H

AD ok DI AL HSI ) RIES [0 R sy
73R A AR Lo §-2 ][0T H P A RS L+ x o K H'XF'J]%‘ Tl R SR

P BERIHAET o PARIBORIZIIOROA S 2SR 1(X) = 1o (L+ f(x)cos(dax/A)) » iy

f(x) » I') % i f(xo) = F(0)/2 E%‘J: Xo fif o

CHEA T AR > B8 B9 Lo gl YT o OREA IS | = 215 (1+cosA) » I fl1

A BRIV BIRSAE AR o ) (557)

The Doppler Effect can be ignored for the rest of the problem.
RELE V6T O i R 2

(e) The binary is at 1000 light-years distance from Earth. Find the maximum angular
separation 66 between the two stars in the unit of arc degree. (1 point)
SRR EEPYSR 1000 5K F o TSR RS BHEESO (P PVE RRETAE ) o (15))

(f) A Stella Interferometer is used to accurately measure the angular separation between the
two stars. As shown, the light from the stars can be approximately treated as two broad
parallel light waves of 500 nm in wavelength; one (wave-1) is at normal incidence and
the other (wave-2) is off by a small angle 66 . Each wave is then split into two by the two
entrance mirrors. The distance between the mirrors is D. There is no phase difference

between the two waves split from
wave-1 at the entrances. Find the Star light I3
phase difference between the two T 7
waves split from wave-2 atthe | e 0 Slits gz
entrance mirrors. (3 points) ,,/ il
BRSO SR Entrance Mirrors 2, |+

- G LR 1 500 RN
nm ORI S (- X N
11 fH %J Fh (P-2) 220 — Screen iy
S [ﬂ j 56? JEWEL = [ﬂ Star light gl

IR RS R [ IV RS Stella Interferometer Ef3k7 ¥4

HEET D o (- 1735“, BILETE
I R AT KL ﬂ*r:ﬁ%b 253 IR O [ IR AR AR o (357)

(g) The waves at the entrances are then brought to the two narrow slits of a Young’s
experiment, without introducing further path differences between the waves through the
upper entrance and the ones through the lower entrance. If on the screen the bright
interference fringes of one star exactly overlap the dark fringes of the other, what should
be the minimum distance between the two entrance mirrors? (In actual operation, the
entrance mirrors are moved slowly until the fringes on the screen disappear.) (4 points)

M T [ﬂgumm&d[ﬁi:u Young’s Ty E RV RGE o 1 BT TR FARGETUA

;ﬁ‘;’?f"‘m TR ARG A o F;ilﬁfﬂ Y Ry po T ﬁh}u ['7‘.2(;&%?{,} ST B P,

Uj T 1% l“z”zﬁﬁJﬂ+giﬁﬁ‘l R L'y%;‘/ HIf e o[ BREE o (Eﬁ’ﬁﬁﬁéf‘Eﬁ\ﬂj » T Ig%?ﬂz‘[@r[@@
L RO WG - ) (457)

(END %)

12
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Answers for M.C. Questions

1) 80s, a; 2) 50 km/h, ¢; 3) x = 20,y = 4, c; 4) ,% d; 5) 1.45 x10%* kg, b; 6) 30°, €;

2849 o 9) gO_A( 4e j a;9) 3.6 x 105 T, &; 10) L1.5 min., d;
4re, a d (1+3¢

B
(R+dr/siné)

15) RA+Mg H,,a;16) #=cos™* 1 1+ /1—ﬂ , C;
(M +m)g+FRA 3 2m

2 —
17) h:i Mvy ,d; 18) vlzuv0 ,d; 19) d; 20) 142 N/C, a
20 m+M m+M

7)

11) F . b; 12) 6/11Q, a; 13) 4155, d; 14) 8 % ~ 10 %, C;

Details

MC 01.
Escalator velocity=u , boy velocity=v and L be the length of path
t, = 240s and t, = 60s

L =ut, and L=(u+Vk,

= L= (L + v]t2
tl

N (240s)(60s) _ 80
v t +t, (240s-60s)

MCO02.
Simply velocity addition,
Vig =4/Vs +Vy = \/(30kmh’l)2 + (40kmh’l)2 =50kmh™
MCO03.
Consider the balance of moment,
m,L, =m,L,
=> 2x =10y
=> X:y=5:1
=> The choiceis (c). x=20 and y=4
MCO04.
W =buoyancy force
Consider the center of mass and symmetry of immersed part of the object,
1 a
r=—+va’+a’=——
4 242
aw
=> I'=Wr=——
2V2

13
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MCO5.
2p3
CMM _mw?R =>  GM=wR® => M=2F
R G
w= on =5.194x10°s
14 x 24 x 3600s
®’R® _(5.194x10°s™ (3.3x10"m)
= M = == R =1.45x10%kg
G 6.67 x107" Nm™—“kg~

MCO6.

Let v, be the velocity along the plane in the y-direction,

v, =vsiné 0 =30°

v=u+at => vsind=-vsin@+(gsinglt ¢ isangle of incline

. -1 . 0
o ing o 2vsing 2(9.8ms )Ssm 30°) s
gt (9.8ms 2 )(2s)

=> ¢ =30°
MCO7.

From the symmetry of charges, we only have to count y-componets,

- 1 q 1 1 1 1

E= | 2X -

4re, az[ 12 +05° /5 15° 0.52j
E-—1 9 (280
4re, a

MCO08.

Consider the capacitor as two capacitors with different dielectric and thickness in
series.

A .
C-= gé— (parallel plate capacitor)

= 111 here C, = £oA and C,= £, A
C C ¢ (3/4)d (1/4)d
s C_ gA( 4de
d \1+3¢
MCO09.
qvB = me’r and V=ar
= B=""and w- Z_I_—ﬁ =6.28x10°s™, m, =9.11x10*"kg ,e =1.6x10™°C
q
=> B=3.6x10"T
MC10.
Radius of earth R, = 6378km
cosg= e O3TBM ___ 987
R, +h  6378km +8km
=  §=287°

2.87°

T ety = (24x 60min) =11.45min
360

delay

14



MC11.

MC12.

MC13.

=>

MC14.

Resistance of rod = r_i
sing
dg
=|——|=Bdv
ar
2 242,,2

P= 5 = B .d v =Fv
Ryy F(d/sin@)+R
r(d/sind)+R

Simply consider the resistances in series and parallel,

£:i+i+i => R:EQ
R 1Q 20 3Q 11

At the point the engine just shutting down,
5= %at2 - %(19.6ms‘2 J10s)? = 980m

v =at = (19.6ms? J10s) = 196ms
Then, consider the free falling,

s:ut+1at2
2

—980 = (196)t +%(— 9.8 =>  4.9t°-196t-980=0

t =44.5s or —171.5s (rejected)
The time left is 41.5 s.

Find x =25cm
Consider the max uncertainty at extreme case as
25.4cm
m. = 2kg ) =11.04k =>
wax =1 pom (2K9) g
werror = 220410 1009 = 9.49%
11.04
24.6cm
m., = 2kg)=9.11k =>
o = 5 o (2K0) g

%error = %MOO% =9.8%

The % error is about 10%.

15
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MC15.
According to Boyle’s law,
PVi,=PRV, => PH, =PF,H,
(PO +ij1 - (PO L (m+Mg )gJHZ
A A
s H, = P,A+mg 1
(m+M)g +P,A
MC16.

Balance of force in vertical direction,
Mg + 2mg cos” 8 = 2N cos &
Normal force component,
mv?
R
Conservation of energy,

=N

2

mgR(L— cosf) = %mv

=> Mg +2mgcos’ 8 = 4mg cos (1 —cos )
6mcos @ —4mcosd +Mg =0

_ 4m++/16m’ - 24mM

cos@
12m
=> cosﬁzli%/l—ém.
3 3 2m

MC17.

To find h, consider at the highest point, mass mand M moving with the same
velocity. Then, by conservation of momentum,
m

mv, =(m+M => V= v, .
o= (m+my Ty,
By conservation of energy,
lmv§=1(m+M)\/2+mgh
2 2
1, 1 2
=> —mv; ==(m+M V, | +mgh
2 ° 2( )(m+M °j J
2
- -5
20\ m+M
MC18.
Similarly for finding v,
_ m 1 o, 1 5 1.,
mv, = mv+ MV =  V=—o(v,-v)and =mv ==mv’+ =MV
M 2 2 2

_ m—-M
= VNl Mim )

16
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MC19. (D) Itis not towards ‘B’ as would be ‘obvious’. The balloon experiences a
buoyancy force by the air which is opposite to ‘gravity’. Inside the car, the ‘gravity’
component due to centrifugal force points outwards to ‘B’.

MC20.
Consider the cases as inside E-field and outside E-field,
Inside the E-field t, = a_ % =4x10"%s
v 5x10°ms
Outside the E-filed t, =2x107°s
. Eq 1 Eq Eq
Given a :F’ Y, =§th, Yy, = (FtIJIZ
Eq, (t,
=> =y, +Yy,=—1] =+t
Y=y.tY, m 1[ > zj
Given y=4cm, q=1.6x10"°C, m, =9.11x10">"kg
=> E =142NC™

17
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Answers for Open Questions

Q1. (8 points)

=> v=—f

For Object A,
L —+= LONE N L,11 (1 point)
u v f 2f v f
= v=af (1 point)
and ‘ ‘ 1 (1 point) :
- A
=>  real, up (1 point) -ﬁ'k SR
For Object B, _
1+1 _1 = | 77777 AT AT
v
v

(1 point)

m=

1‘ =2 (1 point)
u
=> virtual, inverted (1 point)

Q2. (8 points)

and

For the first mode (Figure b), it is exactly the same as the simple pendulum. (1 point)

w=13 = 7 :Zﬂ\ﬁ (2 points)
L g

For the second mode (Figure c),

Consider the spring constants contributed from different parts,

From the pendulum,
k, = m—Lg (1 point)

From the spring,
k, =2k (1 point)

Ky =k, +k, —mg 2k_m9+2"L

(1 point)

=> T=2x \/7 / (2 points)

18
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Q3. (12 points)

(a)

(©)

Consider the arc AB is smooth,
By conservation of momentum,

mv, =MV, => V, = %vl (1 point)
By conservation of energy,

%mvl2 +%MV12 =mgR (1 point)
1, 1.(m Y
—mv; +—M|—v, | =mgR
ymt s 2w, | =g

v, =4/20R M and V, :%(JZgR M J

m+ M m+ M

V=V, +V, :1/2gR‘/mJ|\F/|M (1+%j:1/29R 1+% (2 points)

At the end point, both m and M stopped simultaneously,
By conservation of energy,

2 2
lm[ M vj +£M( m vj = umgL (3 points)

2 \m+M 2 m+ M
M v2 )
= 1 point
H (m+szgL( point)

The displacement of P is

. m M R .
—u’®=2al' 1point) => —-2gR— =2 ——g |L' (1 point
(1 point) g M(WMJ ( ng (1 point)

(Or because the center of mass of the system remains fixed) (2 points)

m :
L'= L (2 t
[m+Mj (2 points)

19
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Q4. (10 points)
(@) Since the velocity of B and C are zero at the moment when A hits the table, by
conservation of energy,

MgL :%Mv2 (1 point) => v? =2gL =>  v=,2gL (1point)

Method-1 for part-b
According to the condition, B will move to the left at vg, C will move to the right at vc, while
A will move at vV, =v,, X, +V, Y, , Where x-direction is horizontal and y-direction is vertical.

(1 point)
Energy conservation: mgL(1—sin @) = % m(vy, +Va,) + % mv; +mv2 (1) (1 point)

Horizontal momentum conservation: v, +Vy = 2V, (2) (1 point)

The rods are rigid, so the relative velocity between A and B and between A and C along the
rod direction must be zero. This leads to two equations below.

—Vj, COSE+V, sind =V, cosd (3) (1 point)
Vp COSE +V, Sin G = vy cos O (4) (1 point)
(4) - (3) leads to —2v,, =Vg —V, (5).

From Eq. (2) and (5) we get 3v,, =V, , and 5v,, =V, . (1 point)
Putin Eq. (4) we get 4v,, cosd=v, singd.Put v, , v, and v into Eg. (1), we get
_ - - 2 _ - 2
V2 = (l_ ilne)sm 02 2gL . and Vf\y= (1_ szlnH)cos 26’ 9
44sin” +16cos” @ 11sin“ & +4cos” 4
i P2 2
Finally, v2 = @ sm@(;sm 49+16(2:os 0)
44sin° @ +16cos” 4

2gL (1 point)

Method-2 for part-b
(b) Find the lateral shifting of the position of A first relative to the center of mass which
remains fixed in the horizontal direction,

M,(Xx=L)+Mg(x=2L)+M.(x)=0

=>  M(x-L)+M(x-2L)+2M(x)=0 => x:%L

20
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To find the x-component of velocity of each ball, consider the rotation axis at Center
of Mass, while the y-component of velocity of ball A requires to consider the rotation axis at
C. Then, we can express the velocity of each mass in term of angular velocity,

Vi :%Lésine, V, =L0Ocoso, v, :%Lésine, Ve :%Lésine

By conservation of energy,

mgL(l—siné?):%MAvf\ +%M5v§ +%Mcv§

=>  mgL(1-sin 6?):%m(v,§X +vf\y)+%mv§ +%(2m)v§

2gL(1-sing)=L%6’ [isin2 0+ cos? 0+ 22sin? 9+ 2 sin? 6}
16 16 16

=126° {%rls,in2 0+ cos’ 9} = 126 Esin2 0+1}

L \ 4cos® @ +11sin® 6

I . ,
=> v2=v2 4v2 = 2p2 M—FCOSZG _ gL (1—Sint9 sin“ @+16cos” @
A AX Ay 16 —2

11sin? @ + 4cos’ 6

=2 2

— v, = g—L(l—sine sm' f+16cos 29
2 11sin“ @+ 4cos” @

(c) Pute=0° => v, =,2gL (1point)

21



Q5. (22 points)
(@) Center of mass

(b) The force on one of the star is

RZ

2
Therefore M, o g _ M,

2GM
and T, _2z =1 year.
Wy

= T =0.71years

HKPhO FK, HPZERETE 2007

2

—st“” , where R is 1 AU. The acceleration is »*R/2

. => = /2, , where @, is the orbital frequency of Earth around Sun,

©  v=(75x10"m)2.8x107"s)=2.1x10"ms™

4 -1
5= A(Xj ~ (s00nm) 2219 MS ) _ 4 635nm
C 3x10"ms

The graph of Doppler shifts versus time is sinusoidal.

(d) I(x):%(lJrcos[f_ﬂ;Djt—

1 47X
=l,+=1,|cos +CO0s
2 [ [ﬂ—&J (

=1,+1,cos an( 1

+
A=0A A+A

(“ COS( ff ;/ID
o)
ﬂcos{ZﬂX( P &ﬂ

i 24 267
=ly|1+cos ZﬂX[ﬁj cos sz(ﬁj
i A —80 A =80

47X 47X O
~1,|1+cos cos —
{ A j ( A iﬂ

=> f (X) = Cos(ﬂﬁj
A A

_ _fO) _,
=> f(xo)_T -

f(0)=1

2 2
Xo = Cos‘l(ij[ A j— 1A 059 mm

2 \arsa) 12 64

(€ 1 light year=365x24x3600s x (3x10°ms )= 9.46 x10*m

~ 15x10Mm
1000x9.46x10°m

=1.6x10"%rad
_ 27Dsino8 22D 60

U] Ax = Dsino6 => AGO

27D 066
= =T
A

=>

@ A0

A A
D= A1 =1.56m
2 00

22
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Rules and Regulations g4 fl]]
. All questions are in bilingual versions. You can answer in either Chinese or English.
E RV ER O o O A [

. 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.

:HH#UEEFIJ]:[@:] }I"/ﬁ/\[—‘—‘—gr 'E [lﬂ—‘ E = 7}_[_[’9‘[:]:[[ %E&;\' EEII,L s fay [ _I:‘[’FEJ EI
TR - ?ﬁ%ﬁ@ﬁ$ F@#’“WﬂWﬁ A= 2

PJ VRS [sal— ffF i o

. 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.”

%ﬁ*ﬁ #JEE' EE'EEpJfFﬁ » HH B%‘ﬁi‘ﬁ‘if’f’_ EQ'FIEEQ HJ1.D. Noﬁ%ﬁ F*[jﬁ@h;\
E[J 8 b g xxfrgﬁg » PIURER E  Br OB R 2 R > IR flpu;—?rﬁ gty
Y R ﬁ.ﬁif”“Course&Sectlon No. "fff[* |31 b avp s me d J o

. 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.

N 7 Jfﬁﬁ‘p’[ Fo %Jb‘” Course Title ﬁ;ﬁg[[iﬁgfr’ﬁcpfjg’p}%%ﬁ% ; %}E{f Student Name
R Ay i 7‘%‘? Student Number 1 _Fi5ifi 8 & By~ 52 3B - FATE‘E
ET:IJ %I:\_IIE[ FI °

. 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.

SRR o ORI ATERE PR HBSR IR 2 v -

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

SRR TR & IR 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 b 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 (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®

Density of iron = 7.7 x 10°kg/m®

Density of mercury = 13.6 x 10° kg/m®

Speed of sound in air = 340 m/s

IR BIER > B S TR e

g~%$%E§HWME$98mm)

G- ijgd §r667x10“(Nnﬁmg)
e - T, 16x10m(As)
@—Jf gasssqu%AQKVm)

%g[911x10“kg

c-— ‘f' /“7&@ 3.0 x 108 m/s
PSR 7 = 6378 km
*#@fﬁ$%ﬁ%@1:ayﬁ@)=15xmﬂm
BYTR- F| SREEEE = 3.84 x 10° m
*%ﬁfy-199xHWkg
Ppu = 1.0 x 10°kg/m?®

HpUEE = 7.7 x 10°kg/m®
FEEE = 13.6 x 10°kgim®

2 Sl 1B = 340 m/s

The following conditions will be applied 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.

PRIER MNP I TIEFER A e 4 o e
1)%*%Fﬁﬁﬂ%$%@’gjw :

2) Su Eé _LL.
3) U ] R -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

SR (D 25 SRR )
The MC questions with the “*’ sign may require information on page-3.

T R B el EI9Y= fr T pueR] -

MC1
An object in constant acceleration motion with zero initial velocity covers 1 meter within the
1% second. How many meters will it cover within the 4™ second?

- ?Jﬁg]ﬁwﬁ@ BV S VIR > 7 BT FREH[T S BHEED 18 o (P 57D
PR T HEERY 2Dk 2
(a) 7 (b) 1 ()9 (d) 3 (e) 16

MC2
Spaceship A moves at velocity 40( X, + Y, ) km/s, while spaceship B moves at 30 (X, - Y,)

km/s. Find the relative velocity in the unit of km/s between the two ships.

TRAT-A ] 40(%, +Yo) =74 2 ETsit SEL > TRAR-B ) 30 (%, - ¥o) 7Y 2 Bt 5
@°?W%WVENW#$@('JH Eﬁﬁﬁ)o

(a) 10%, +10y0 (b) 10%,+70y,  (c) 70%,+10Y, (d) 10%, +107

(e) 10%,-10Y,

MC3*
Jupiter revolves around the sun at 11 years and 315 days per revolution. Find the distance
between Jupiter and Sun in terms of astronomical unit (A. U.).

B 115 315 S - B - b BT (PR B A ) -
(@) 5.2 (b) 1.0 (c) 11.9 (d) 15 (€) 3.0

MC4
An object is in motion with constant acceleration. Which of the following statement is correct?

(@) The object must move in a straight line.

(b) The distance traveled must be proportional to the square of the time.
(c) The speed of the object must increase uniformly with time.

(d) The velocity must be constant.

(e) The total external force must do work to the object.

— PR (SR o 1) HJFFUL_ LSHA 9

(a) PR R [ ARGEE -

(b) IR R AT Fig’“ﬁf IR A
) ?#J?gpﬁﬁjr PCRLREE ]2 = 5
O e o PRt

(@ FAnSY Tl
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MC5
An object is placed on the left side of a positive lens and the real image is formed on the right
side of the lens. If the object is moved slightly to the right, the image will

(a) not move (b) move to the left (c) move to the right

(d) move up (e) move down

B ?JFE"FV’} JTAE%PE e EJ , E UL [r%g ,ijjz%rp JF SEL E'{}{ﬁ/?{l?ﬁmj?[%éﬁ— %ﬁ’ E[“[,%é
& o
1

i
(d) [f] P4 ON il
MC6

Same initial condition as MC5 above. If the upper half of the lens is covered with black cloth,
the image will

(a) totally disappear (b) move up (c) move down
(d) become brighter (e) become dimmer

FIE T IR=E MCS AR = ' RpZal -4 iR TR E'l I%\ff

(8) % =ik (b) [f) - (© fji ™ (d) e By
(e) - B
MC7

Five circuits are shown below. The batteries all have the same voltage V and all resistors
have the same resistance R. In which circuit does the battery output the most power?

NI szfﬁ[fﬁml > HE R E AT F” RV ”"’TE P AN E AR F[Lfrﬁ’ =l R e FHJPHFI'[E'
fﬁf—ff IFU%W?JHHJEF oA 9
R R R R
— R — —
R s O ey B
\Y I
_||— I
B C
L3 :
o v
\ R II
| '
b E
(@ A (b) B (©C (d)D (e)E
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MC8

A 20 uF capacitor charged to 2.0 kV and a 40 uF capacitor charged to 4.0 kV are connected
to each other, with the positive plate connected to the positive plate, and the negative plate to
the negative plate. What is the final charge on the 20 pF capacitor?

fﬁ 20 pF E{LJ%”?TNF = 2.0 kV EILJ%’E{’ — {5 40 pF¥f IJQ*FL,‘{L = 4.0 kV Eﬁ%@% 3
(TP RO LA FOR FIRAECEL - [T 20 WF o FL‘ | PR
(a) 50 mC  (b) 200 mC (c) 40 mC (d) 67 mC (e) 120 mC

MC9

A cylinder is filled with ideal gas with pressure P. The gas is then heated up by an external
source and has doubled its volume and temperature, while half the gas has leaked out. Find
the pressure of the remaining gas.

i i )Lﬁ %E'%Uﬁﬁ‘ T'?J;‘l' E@F;t — 71[%[{73& Fh—ﬂ‘?@’ff&‘ UpE %LFE‘F[ ﬂﬁﬂﬁﬁuﬂ@?ﬁ
fgrop= UFW‘F[ Y I?ﬁ » (fE _—f Fu%pﬁﬂiﬁd}ﬁﬂ o TRFEH %LFE‘F[ VS -
(@) 2P (b) 4P (P (d) 0.5P (e) 0.25P
MC10
In the circuit, the electric current through the battery is Amperes. -
T F R ﬁuﬁﬁﬁbguﬁ,ht» —L% o 20 10
(@)1 (b) 2 (c)3 (d)4 ()5 —]
av
MC11

Which of the process below DOES NOT involve energy transfer?

(a) Lifting a cup (b) Turning on a lamp (c) Burning some wood
d) Motion of a simple pendulum (e) Moon revolving around Earth in circular motion

Y PSP i i 2

(a) = &t~ (b) BHE S (c) A K<

d) Fiigseisy () FI Fueb s i

MC12*

Ignore friction between water and pipe wall. Water is pumped from a reservoir up to a height

of 10 m at the rate of 30 kg per second through a pipe of 2.0 x 10 m? in cross section area.
Find the pumping power.

THRIER Eﬁl V] o SRR - AR B AT 2.0 X 103 R P AR R
I JEFp 30 2t oA 107{~p JE,'JE;E’_ o ISRk

(a) 6315 (b) 2940 (c) 3573 (d) 1305 () 4960
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MC13
As shown, a triangular coil is moving into a uniform magnetic p Q
field region (field pointing into the paper) at uniform velocity.

Which of the following statements is/are correct?

1) An induced current flows from P to Q through resistor R.

(2) The magnetic flux passing through the coil is increasing
at a uniform rate.

3) The induced emf is increasing at a uniform rate

motion

i’[‘[ﬁ‘ > = PRI SNSRI (B AR - i ‘I/IJPyFEfﬁ%
;\_i_J; N

1) Fyr‘%f“f(f“'l‘ff“f ERETP R Q -

(2 # IHWF"[?IE RS ﬂf—'l SISAETp o

3) F&”‘%F{fﬁﬁﬁﬁl Jﬁfgl e

(@) (1) (b) (3) (c) (1) and (2) (d (2 and(3)
(e) (1) and (3)

MC14

Two uniform circular discs of the same material and thickness
are adhered together at point-N. Both discs lie in the same
vertical plane. The rigid body is hinged at point-P and it can
rotate freely about P in the vertical plane. PO 1. OM and ON =

2 NM, where point-O and point-M are the centres of the discs. N
When static equilibrium is reached, find the angle @ between a
PO and the vertical direction.

[ [l R P s g o pHRIRTTRE Y > 3 N Eﬁﬁ&
- & Ry Eﬁj‘ﬁ%} ﬂ%p[&;ﬁﬁ”*‘@lp[ . *k[gslﬂgglﬁl o PEF HEa e R i e Pgﬁ g
F1e OFIM ) Hliﬁ‘ ERAVE 1~ > POLOM > ON=2NM - Tlﬁ B PO =Hh
RS

(a) 16.7° (b) 26.6° (c) 30° (d) 36.9° (€) 11.7°

MC15

Two monkeys of the same weight are holding tightly the two ends of a
rope with negligible mass. The rope passes through a smooth pulley, as
shown in the figure. The two monkeys are initially at rest. Now the left
monkey starts to climbs up the rope at an average speed v relative to the
pulley. Find its average speed relative to the right monkey.

qﬁn—'ﬁm " MEE IfE'l[ ﬁiﬁ PRy BB 2 B T REVRY T S
rijLYFrﬁ [Jyﬁ‘ oo T F[ NEES FIE t[F ﬁ[ﬁ:j.jj‘/\?{’_:ﬁi‘r/\k 4t i‘:‘@@
I S s T S ©

@ o0 (b) v upwards (c) 2v upwards (d) v downwards
(e) 2v downwards
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MC16
As shown, find the charge on one of the capacitors with capacitance C.

PR L (R S C R o - I>—H:|
1 1 C 2C
(@) 2cv (b) CV (© ECV (d) ZCV
\
_||

1
e) —CV
(e) 3
MC17
Same initial condition as MC16. If the battery is suddenly taken away C
and the switch shown in the circuit diagram is closed, find the total
charge that will pass through the switch. I,
FI RIS MCL6 A « 2K -5 - (2 3 Fpespoi] c_ %€
Fﬁf& T‘}HY?HH'E “%EHF" T%E o , . VI|
(@) 2cv (b) CV (© ECV (d) ZCV
1
e) —CV
(e) g
MC18*

An object of volume V is submerged in a liquid of density p. It has a flat
bottom of area A which is at a depth of H in the liquid, and a dome shaped
top. Find the total force of liquid acting on the top of the object.

(@ | pHAg - pVg | and upward (b) | pHAg — pVg | and downward
(c) pVvg and downward (d) pVg and upward
(e) pHAg and upward

?‘E—l% 55“ VF[LJ?J?EEI;I%’ 54?{54 l:[‘: '14@ 130 pFlJ{&?yi ° fF’jJrg‘El [E“Elgﬁi ?*E‘[Jf’-l:[j Flfﬂ::sijfk[“ , E{jﬁ[g
R EL H ’EE?Z[]}-I KA o R E[FIJF[ 91

(@ | pHAg-pVg | it (b) | pHAg - pVg | [~ (¢) AV JiIh
(d) oV it (e) pHAQ [p| &
MC19

An AC generator consists of 6 turns of rectangular wire coil. Each turn has an area of 0.040

m?. The coil rotates in a uniform field (B = 0.20 T) at a constant frequency of 50 Hz. Find the

maximum induced electro-motive force.

- ?'zi;aé’i”rq 5| 6 [IpOR BT B EIEAREL 0.040 T o BUPSTE 0.20 VIS D
REHAH 1] 7] 50 I afis gy » SR ERESE -

(@ 48V (b) 2.5 \% (c)3.0V (d)15Vv (e)75V
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MC20

A cup of water is placed in a car under constant acceleration to the left, as shown. Inside the
water is a small air bubble. The following figures show five situations of the shape of the
water surface and the direction of motion of the bubble as indicated by the arrow on the
bubble. Which one is correct?

o RSO BT - AT AEUE - W] 509 o N ISR R
I /J\F?J“gg%ﬁ p@;?v]ép{éjpﬂj [ (154 ?Elr/ FH[iI[—ifL FEpJ ?

J a
A B C D E
(@ A (b)B (cC (d)D (e) E
(End of MC’s ;Z#&a% )

Open Problems B
Total 5 problems H 5

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

i~ FOBRIRRE [T 5030 B bR

Q1* (10 points)

A particle of mass m carrying charge q is placed mid-way between two fixed point charges,

each carrying charge Q. All three particles are on the x-axis. The distance between the fixed

charges is 2d. The particle is confined to move along the x-axis only.

(@) Determine whether the equilibrium position of the particle is stable when g and Q are of
the same sign or of opposite sign. (3 points)

(b) In the case of stable equilibrium, find the vibration frequency of small amplitude
oscillation of the particle. (7 points)

(Hint: for x << 1, (1+ax+bx*)" = (1+ax)" =1+ nax, where n can be a fraction number or an
integer, and a and b are constants.)
R 1* (1055)

~ VR K m FERED, Q OB B i (A PR Q O LB Tl 1R - S (BT
I e e ”ri e /F'EJEJ“'EFﬁut“ 24 fo ) gﬂi X-41_- {1 Téf:;w e
() Q1 Qi ERIFIFKEY = i SRy ri;iﬁ“’tiﬂl ? (353)
(b) A o BERLAR LR o TR (B s o (753)
(= fﬁ x<<1, (I1+ax+bx*)" = (1+ax)" ~1+nax, Ef[in i’ I'[ kL5 CHYRERE > aFib b
e
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Q2* (12 points)
(@) The distance between Mars and Sun is 2.28 x
10" meters. Find the period of revolution of
Mars (in the unit of days) around the sun. (2
points) Mars
(b) To launch a spaceship from Earth to Mars, the
spaceship should follow an elliptical orbit with
Earth on one end of the long axis and Mars on
the other end. The sun is also on the long axis, as
shown. The time it takes to fly half the elliptical orbit is 259 days. Where should Mars
be relative to Earth when the spaceship is launched? Express the position of Mars in
terms of the angle between the line joining Earth and Sun and the line joining Mars and
Sun. (5 points)
(c) Tocome back from Mars the spaceship will follow the same elliptical orbit and take the
same amount of days as the first journey. How many days should the spaceship stay on
Mars before it is launched again on its way back to Earth? (5 points)

Earth

fE2x (1251)

(@ FEBEENBUEHEER 2.28 x 10M4 o o kR EA T
Sl SRR (PJERETE ) o (257)

(b)  FEERp) kB Bﬁéﬁgsﬁ[@ﬁﬁ’;‘Fjj"[{/p[ﬁiﬁga froffLE,
PR - PSR B0 B ROy
Fi o PR s o SRR L
I 250 = o 1 SRS LAY B Mo
R SRR AR T 1
eSO f) 38 AR 2 (557)

(©)  [PROTRA AR RGN » S - 487 [ TR B S

227 (557)

Mi
o

Q3* (8 points)

As shown, a uniform block of mass m and with equal lateral triangle cross section is placed at
the edge of a step on a car floor which is under constant acceleration a (< g) to the right. A
horizontal force on the apex of the triangle F is large D E

enough to just tilt the block.

(@) Find the magnitude of F . (3 points)

=

(b) Find the force at point-A where the block is in contact —a
with the step edge. (5 points) A

BE3* (85)

i/[lqg\ﬁfﬁ» v — BRI mﬁ%hflﬁ%*éi_: RIS S PR - i%ﬁlﬁﬁ_’flgf}ﬁﬁ;@; ’

PO T =0 a (< Qp R o — s R PER S SRR

B o

() RFEpuAT e (351)
(b) i PEREE P Y A B[R e (557)

10
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Q4* (14 points)
As shown, a block-C of mass Mc and length L is placed on a smooth horizontal floor. On its
two ends are two small blocks A and B with masses of Ma and Mg, respectively. The friction
coefficient between block-A and block-C is x, , that between block-B and block-C is x4 . The
three objects are originally at rest. Block-A is then given a short impulse I, and starts to move
to the right.
(@) Find the condition that block-B will remain rest relative to block-C. (4 points)
(b) Assuming that block-B remains rest relative to block-C, find the minimum impulse Inin
such that block-A can reach block-B. (5 points)
(c) Assume | > Inin. Block-A and block-B then collide elastically. Find the condition that
block-A’s velocity relative to block-C is
reversed after the collision. (5 points) A B

RE 4% (1457) &

JPAIF - BTEI M R ERLAYPL-CHY

%ﬁflfj”f‘j‘ E'[ Fo & UKF[LJ[ JJFF "E” | PHPLAFIB - Pulpl- AF[ GETE FEMa » IR cf 1

AT T 1y © PUA-BOTTE FIMe P CRUBAE LT 1 © = PO ﬁ%

S - PHAK IS RS B MU | R -

() SFPUIpLB EPIRLCC RU AT FIUIEE - (40))

(0) %'#Jfﬁi B(E:?inal CR TR AESR 1 > R [P AZIRPIR-C - frpo | B
E' Imin ° 71

© 7 > lmin o PUR-ASEPOIRL-BIER = IR o MO e PR AR PRL-C
FUSHAE =~ IRV IR - (550)

Q5 (16 points)

Shown in the drawing is a typical Young’s HEGERS RSl
interference experiment setup (not drawn

to the true scale, though). A point light

source S emitting monochromatic light

waves of wavelength A is placed at equal Sy
distance to two narrow slits S; and S, of S Y
width a on an aperture plane. The distance 3¢ O
between S and the aperture plane is D. A S
display screen is parallel to the aperture ' 2
plane and is at a distance L from it. D and :
L >> 4. A Y-coordinate is imprinted <
upright on the screen, its origin (Y = 0)

being at point-O. The line joining S and O Aperture Screen
is the central axis of the setup. It is

perpendicular to the aperture plane, and passes through the aperture plane at the middle point
between the two slits, which are separated by a distance d (<< D and L). The light intensity

on the screen can be expressed as 1(Y)/ 1., = f(Y), where the maximum value of f(Y) is 1.

(Hint: The total intensity due to the interference of two waves of equal intensity |y is given
by 1 =21,(1+cosA), where A is the phase difference between the two waves.)

\4

< »
N 7

(@ When a << 4, the amplitude E of the light wave emitted from the slits is constant in all
propagation directions. Find f (Y). (4 points)

11
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(b) Now the light source S is moved upwards by a small distance b (<< D) as the small
arrow indicates, find f (Y). (6 points)

(c) The light source is moved back to the central axis. When a is comparable to A, the
amplitude E of the light wave emitted from the slits is no longer constant. It is instead

given by E(0) = sm'é/i’)

where S :—6? and @ (<< 1) is the angle between the

emitting (propagating) direction and the central axis. Find f(Y) and the position on the

sin(x)

screen where the light intensity is maximum. (6 points) (Hint: —1 when

Xx—0.)

FE 5 (1657 )
IFL O £ PR LR o R ARERA B
AU e~ RS ST LR
VBT A B B [ P Khapy . 7
s 1)4' FF[LJSﬁPDSz AL IR S,

A VREEAEAUBHEELID - FHEEA g v
_:):(IL %EJ# ([ AL T 5 AUgE- (oY e)
5o DFIL >> 4. %ﬁ%%fﬁjﬂ%‘@l fiY S,
Y- ELElﬁ(Y—O) ?iogﬁ SHIO
f J;Ew%\ijﬁa[a'éé%éi&,'puﬂi S > =8 D L
A #J@l RS F[31 Al SZF[JHIE{
S1 A1 S feilp JE'{:“F yd (<D AL
R[NP T 8= 3
LY )/l = FOY) = ELHEFQY) POA T 1 -
(Fa * l[ﬂp@*ﬂt Lo 5T % AU IR | = 21, (L+-cos A) - EIFI1A BT
*I/Féfpmtﬁlf o

Fi,a« iﬁf AR A PR E 7 Ilﬁ,ﬁqgﬁj[ﬂ kL A, o

f(Y) - (453)

(b) UK Sifﬂﬁijﬁﬁf’% fI_FF2— [ BEEED (<< D) - R f(Y) © (653)
() ] PRI = Hy aAIAz 2T - [ AR IEJMEL PRI E 7 5

[BFE [ppR T RIS » 2V P PRl E(6) = sm/(;ﬂ) Hil1 g= 9 0 (<< 1)fu‘h &
B Sl B e o (V) 0 TR Fﬁ“v‘u?ﬁﬁ*ﬁ“‘* fle (657)
A F.r’l’x—>0 ’ M—>1 °)

\4

>
> |<

A

Aperture Screen

(END 5%)
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Solutions for Multiple Choice Questions
la 2b 3a 4e 5¢ 6e 7b 8d 9d 10a 11e 12a 13b 14a 15a 16¢ 17b 18b 19d 20e

Solutions for Open Questions

Q1
(a) Suppose the charge q’s position is r to the midpoint of two Qs.

__kaQ o _ kQ
d+r)?’ 2 (d-r)?

total — Fl - FZ = _kqQ[

1

1 1

The total forceonqis F -
d-r° (d+r)

-] . Obviously, the

factor

A% [dir) is positive. When g and Q are of the same sign, F is
negative, so its effect is to push the charge g back to the midpoint. Therefore q is
stable at the midpoint.

On the contrary, when g and Q are of opposite sign, a small deviation from the
midpoint will increase the in-balance of the two forces, so q is not stable at the

midpoint.
1 1 4dr 4kqQr

b) F=-k - =—k =—
(®) qQ[(d—r)Z (d+r)2] ©Q (d? —r?)? d?

50 o? =K

md®
Q2
@) The gravity force of the sun provide the acceleration for Mars’ circular motion

Gm, M , 27\
—:"2 =m, r:mMr(?j

2.3 2 1113
=T = an’r :\/ Az (2_'58X1O ) o = 9.93 x 10" s = 686 days
GM 6.67x107" x1.99x10

(b) Within 259 days, the angular displacement of Mars is %x 360° =136°, so
Mars should be ahead of Earth by 180° - 136° = 44°,

() When the spaceship arrives in Mars, Earth has covered angular distance

%x360° = 255", Earth is now AHEAD of Mars by 255° -180° = 75°. When

the spaceship is launched again in Mars, Earth will cover the same angular
distance. Therefore, Earth should be BEHIND Mars by 255° -180° = 75°, or
ahead of Mars by 360° - 75° = 285°. To wait for that to happen, and noted that



the angular speeds of Earth is @, = % degree/day and that of Mars is

Wy, = % degree/day, the spaceship should stay on Mars for

(360—75)—75  365x210x686

= =455 days.
360 360 360x (686 —365) y
365 686

Q3
Using point-A as the pivotal point, the total torque is

r:mg-ﬁd +ma~£d —F-ﬁd =0

4 4 2

=F= %(g +a)

Use the force equilibrium equation then.

In the vertical direction, f, =mg

In the horizontal plane, f, + ma=F =%(g +a)=f, =%(g —a)

The total force at point A includes f, and fi.
Q4

(a) The friction force of block-A on Block-C is x,m,g . The acceleration of C and B
is then UGS

(mB + mC)

The condition for B to stay with C is then g > Al

(mg +mc)

(b) When block-A reaches the end of Block-C while its velocity becomes the same as

C&B, the speed of the system A&B&C is v, = ! . By energy conservation,
(M, +mg +mc)
2 2 2
| —u,mugL> ! ,or I > M(mA+mB+mC)

2m, 2(m, +mgz +m.) (mg +m.)

(c) Suppose before the collision the speed of A is Va, and that of B and C is V.
During the collision process

! !

m,V, +mgVy, =m,V, +mgV;
2 2 12 12
m,V, +mgVy" =m,V, +mgV,

' :VA(mA _mB)+2mBVB
m, + mMmg

' :VB (m, —mg) +2m,V,
m, + Mg

VA
From them we have
VB




The condition for the relative speed of A to C is reversed is VA' <Vg, that is,
" Va(m, —m 2mgV . , .
V, = a(My = Mg) +2MgV <Vg =V, (m, —my)<Vy(m, —my;), since A collides with B
m, +mg

means that Va>Vsg, the condition ism, <m;.

Alternatively, in the instantaneous reference where C is at rest, B is initially at rest. So
v (m,
VA ( B) A

’ !
m,\V,=m\V, +mgV, m, + Mg . ' .
ATACTATA TR Then ) . So m, <mjg will make V, negative.
2 2 2 ! m
m,\V,” =m,\V, “+m.V, V, = AV,
m, +m
Q5

() The path difference is & = \/LZ +(Y +d7)? —\/LZ +(Y-44)? . Asd<<L, only the

linear terms of d should be kept.

sotfie e Sy ey _J {1+ dTY_LJl B

Y YY dy. dY
=L (I] o)L ( jI "L

The answer indicates that the pass difference is given by 6 =dé, where 6 :Yf is the
angle between the emission direction and the central axis.

Using the hint given, we get f(Y) == (1 cos(zzdLY D

(b) Now there is also a path difference for light from the source to the two slits. Using the

same calculation procedure as in (a), such path difference is ¢, = % and the total path

difference is 5:m+d—Y. Finally f(Y):E 1+cos 27dY + 27zdb , and the
D L 2 AL AD

interference fringes shift by a distance Y, = %b :

(c) Following (a), the emission direction angle is given by 6 = YI the amplitude is now

direction dependent, so f(Y):l 1+cos(27rde sin(4) , Where ﬁz”—ai. The
2 AL yij AL

maximum occurs at Y = 0 where f(Y) = 1.
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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 T SRR - 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.

BN R 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 TU RS

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 TR 45 e I -
1)“E%?ﬁ“j%%%ﬁ’éwm*

2) PR
3) FE | S R -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)

SR (D25 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 RIS NMERIPVERES (MRT IR RE ) -
(@) 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 19 4Q o b
and d is 20 V, what is the voltage between a and c?

P PSR fas ey 20V SRR 1 L g 4Q |- 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 -

Q1 (8 points)

Consider the figure of an infinite ladder of resistors as
shown in the figure. Calculate the equivalent resistance
between point a and point b.

FH1(853)
TR LSRR © o a s bR PSS

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) ﬂfj’ﬁﬁﬂ Z15Y NIRLEA, L CRL i 508 o BT S O A A OTTE
??&éﬁ/—ﬁﬁﬂj@fuﬁuﬁ% 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. Y

[\

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

10
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B3 (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



5 (1053)

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 5v)
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HKPhO 2009 Solutions

MC1 (d) 70%,+10Y, MC2 (b)1.2 MC3 (b)9.5
MC4 (e)1.0x102mm  MC5 (a) 4times MC6 (c) M
MC7 (a) V24410 mgl  MC8 ()40mC  MC9 (b) inward, — "9
4 Qvcoséd
1 |69
MC10 (c) T>T;>T, MC11 (a) Pylary MC12 (a) 4V
T
2h mg
MC13 (e) 1.5 MC14 (a) 3 MC15 (b) E MC16 (e) 1,4,3,2
MC17 (c)r, -v, a MC18 (d) 72 MC19 (e) not move
2 1 1
MC20 (C) \/Uz +HGM (F_Fj
Q1
Let R be the resistance of each resistor in the ladder and let R¢q be the R
equivalent resistance of the infinite ladder. If the resistance is finite and “ WA
non-zero, then adding one or more stages to the ladder will not change
the resistance of the network. We can apply the rules for resistance %R %Rm
combination to the diagram shown to the right to obtain a quadratic d
equation in Req that we can solve for the equivalent resistance between
points a and b. bR
The equivalent resistance of the series combination RReq
of Rand (R || Reg) iS Reg, SO: R, =R+R|R, =R +rReq
Simplify to obtain: Rezq -RR,, - R2=0
Solve for R to obtain:
Ry, = 1+2\/§ R
For R = 1Qx:
Ry = 1445 10Q)=[1.620
2
Alternative:
Do it the brute force way.
/
1x2 R
=——=0.667Q2. A
"= N
R — Ix(1+R) 1x(1+0.667) 0.6250 Rz/ Rl/,
? 1+(1+R) 1+(@1+0.667) N N

=0.619Q2 Ry

o _Lx(+R,) _1x(1+0.625) A L
* 1+(1+R,) 1+(1+0.625) N\




R4:1><(1+R3):1><(1+0.619):0.618Q - '/Lj | '/Lj | '/m | '/m |
1+(1+R;) 1+(1+0.619) N

R5:1X(1+R4) _1x(+0618) _,ciar) - R'/‘[j ' /m ' '/'m ' '/‘|j ' '/[j :
1+(1+R,) 1+(1+0.618) )

The total resistance isR = (1 + 0.618) = 1.618 Q

Q2
N
€)] The total momentum of the system is > m,V, . By momentum conservation,
i=2
_ ~ ~ m,v, m,V, N
mv, +mV, =0.So V, =——++=—-—1 wherem, =Y m,.
2 z mi mC i=2
i=2
1N

(b)  The kinetic energy KE = %% m, (V, +V,)* = 5 > mv? +%§j mv? + % myV, -V, . Note
i=2 i=2 i=2 i=2

Mz

N ~ N I N - 1 2 1N 2
that > mv,=0.So X mV, -V, =V, -(Z mivi)z 0.So KE =§vaC +§Z myv; .
i=2 i=2 i=2 i=2
(©) Since V; is dictated by momentum conservation, for minimum Kkinetic energy of
the 2" to the Nth fragments, the condition should be v; =0, i =2, 3, ..., N. Then,

. . . 1 1
using the result in (a) and energy conservation E = Emcvc2 +Em1vf, we get

Max. KE = ~my? =—™__E
2 m, +m,
Q3
(a) Force balance Mg+ p, (A —A,)=p(A -A,),50 p=p,+ AlMgAZ

Ideal gas law: p(LA, +(H -L)A)=NRT
Combine the two equations, we get

NRT _ Mg
A+(H-L)A " A-A
LA+(H-L)A _~ A-A

NRT P (A —A)+Mg

_ A-A
HAZA)=HA- P (A —A)+Mg NRT
HA NRT

L= - .
A=A p(A-A)+Mg
(b) Take downward as positive in displacement, we have

F=Mg+p,(A-A)-p(A-A)
And p((L+x)A,+(H-L-x)A)=NRT.



3

NRT (A -A)
(L+x)A,+(H-L-x)A

SoF =Mg+p,(A-A)-

Tidy up the equation,

i N NRT (A - A,)

PG R (A=A ) A X (ACA)

i _.\__NRT(A-A) 1

F=Mg+p,(A-A) LA, +(H-L)A, A=A

LA, +(H-L)A

. .1 NRT(A-A) A-A

F=Mg+p, (A A2) |_A2+(H—L)Al[1+LA2+(H—L)A1X]
Using the answer in (a), we get

__NRT(A-A) A-A :—NRT( Ak sz‘kx

LA, +(H-L)A LA +(H-L)A Ly (H-L)A

k:NRT( A-A J,w: NRT  A-A  P(A-A)+Mg
LA, +(H-L)A -

Q4

@ g :G%,so M =gR?/G =9.8x(6378x10%)?/(6.67x10™*') =5.98x10* kg
2

(b) G—zza)zr:(z_l_—”j r,so

_[oMT? P (grRT2Y” (9.8 (6378x10°) x (24 3600)?
T ax? ) an? 39.48

3
j =4.23x10" m

()
Let the latitude be «. s

= sina = fsin(6+a)

, GM
w’rcosa =—;
r

cosa — f cos(0+a)

Eliminate f from the above equations:

2.3
cot(6+a):(l—gl\;| ]cota.

From the first equation,

f:GM

r2

sinacsc(@+a)= G'Zl sin a\/1+(1— ZI\:I
r



Hence f is minimum when

13

1/3
i J1+8(1+tan* ) -1 { 1+gsecza_1] (GM j1/3z1034(GM j“s

2w° | GM 2 @* ®*

r

So the orbit radius of the satellite is about 3.4 % larger than a truly geostationary satellite
above the Equator.

Q5
The phase difference for the matter waves to take the two paths iSA® =@, — D, ,

Dpop =Ppc +Prp, ANA @ gy =D 5 + Dy

Note that ®,. =D,

The momentum on path AB is p,; =/2mE, , and the

momentum on path CD is pe, = /2m(E, —mgLsin 6) .

2L
h

Maximum reading of neutron number occurs when

2nz = %(\/Zm(E0 —mgLsing,) —/2mE, ) ,n=0,1, ...

S0 AD=D,, — Dy = (\/ZmE0 —J2m(E, —mgLsin 9)

So the number of maximum reading is N =%(\/2m(E0 —mgL) —/2mE, )



HKPhO FK, HHPZELETE 2010

Hong Kong Physics Olympiad 2010
2010 & FHAPIEBAT uptey

Written Examination
Tk

Jointly Organized by

The Hong Kong Academy for Gifted Education
AR P
The Education Bureau of HKSAR
A BT

The Hong Kong Physical Society

AHPIEEH
The Hong Kong University of Science and Technology

AR

HEREE

May 23, 2010
2010 & 5 E[ 23 FI



HKPhO FK, HPZERETE 2010

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 T SRR - 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.

BN R 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
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?

BRIERBREEL - 2 S TR

g- %fﬁ%_p’ [fj TR, 9.8 (m/s%)

G- IJE r667x10“(Nn¥mg)

e~ fEr- qﬁ 16xuﬂWA9

@-J_ £ 8.85 x 10™2 (A s)/(V m)
%£[911xloﬂkg

c-— 7"/“ KL 3.0 x 10° mis

PSR 7 = 6378 km

*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?

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.

BRI R I SURERER 455 B
1) FH:L ?J?E‘?—(%j BYyH ‘J‘*%LI:L[ > E‘I J I»FIJ :

2) bu Eé _LL.
3) U ] R -
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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 SR M IR 99 B A RIS 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 H 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 EL AH oot o BIGRERIAT &
o = w%‘?rwwﬁ'@:ﬁz ”ﬁ.uﬁﬁ‘?ﬁ@plﬁ BU o g s A - 3
s RS BRI A B IO R AR IO -

@ oM (b) © aH @ 2 (&) JoH

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 I = 8 cm and the height
difference between the left and the right mercury surfaces ish =4 cm.
When the temperature is raised to Ty, the length of the gas column
becomes I3 =9 cm. Find T.
y[[qgﬂrgq ;{—”“EI#:JLJ%?‘@[ﬁV‘f‘FI'F[J U Mﬂ,ﬁ‘ﬂ: F’r*uﬁf T ||
[ 1 T S Eepo= 76 cmHg ™ » k% To= 15°C Eﬂj
ﬁﬁf%w'o—SCmEJ-}(nﬁ ;LEE [ﬁ” ’J\E‘LPIE @ﬁ h= 4cmo FI
% 7] |2 TuB R SR b = 9 om - Jif 7=

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

lo

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

L R TO AR R R oD xR RS RAE 1o= 8
cmo flIx=___ -
(@) 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 ) [

A il - e R B er‘xyf’?Ew Gy <
gk R B R g

BERE P . ET
(@) =T s (b) fitTr] Fﬁﬁi‘{éﬁéﬁ

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

A 30 uF capacitor charged to 2.0 kV and a 60 pF 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?

— it 30 UF gy = 2.0 KV VRS> — ffi 60 pF FVEE ok E= 1.0 KV PRS- 3
}{ﬁ’ﬁ‘xj%’ﬁ’ﬁﬁ%ﬁy&%}@ﬁ&& » B A A L Fﬁj?} 30 pF EffFI:T‘”'Fﬁ}“E | %J/F%,—‘ w?

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

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

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

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

with B, A 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 - BASE eifi
1m/s o ERAERAEHE A}{%]”E’Tﬁ& E5 5 kg EIfJ;F"J‘EIJ,‘)PFEI%J if‘élﬂﬁ v E'@i%@f’j[ﬁj B-Bf [’_i’F"J‘
o v gL -

(@) 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 Yat

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

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

line, no light can exit the cylinder from its lower surface. Find the refractive
index of the glass. N

v[[ﬁ%ﬂ‘ﬁ?ﬁ » = ARSI TR SR RV [Ei”ri—%ﬁ%mﬁl Sy
L aE P ’ﬂ?ﬁ%:ﬁﬁiﬁﬁw o ST FPART S EERED VA SRR 1 eaE L d
Exﬂj > @%Hﬁﬁ‘ﬂ}* IR SRR ﬁ‘*ﬁ%%ﬁfiéf’?ﬁ}ﬁ 5

R d R JR? —d? R?
(a) q (b) R ) ——

2]

v O @

MC13

As shown, the circuit is made of 8 different resistors. It is found that
when Ry = 4 Q, the resistance between A and B is 2 Q. Now replace 4
R1 by a 6 Q resistor, what is the resistance between A and B? :
DT T 18 i [P A > S Ry = 4 QR IE
A ~ B RS 1T 2 Q » U Ry 6 Q VTS > JITA ~ BRIV

SHFEIRL 2D Q2
@)1 (b) 2 () 6 (d) 2.4 () 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

(a) 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
QZ

length R. The potential energy of the system is then -, where K'is

4re,

= IR+ SR QST HINTL— RS RV = TR - £

K
BRI FE B T Ko
il 4re, 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 PRSP TR | [ ST - RS pOpM RO L ° d
9 i mfcko
(a) abcd (b) adcb (c) adbc (d) achd (e) bcad

MC18

A cubic block of mass m and side length b 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 g.

ri%u WA P AR [WTTENT m £ b T BT - 3@}»&@31@5* ~ 2L LY
= glﬁ?{@[?}ﬂi ﬁgu_ | ﬁ?{%%ﬁ'ﬁﬁ:j B '—OE#" AR pr O E#‘&?‘@[ |}|[
ST e S s m 9.2 ISP« U FARRISL » A
e E Ko G R I B REE R A P £ BIHAE -

@ b\/MgI;(sinaz—_sir:,b’) b) b\/ZMgi'(SinOZ__STﬂ)
mb® + ML"sin" g mb® + ML"sin" g

© b\/ZMgzL(sinozz—siI\,B) ) b\/MgI;(sinaz—sirl,B) ©0
mb*® + ML" cos” S mb*® + ML" cos” g
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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 0
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.

— WTEl T, Mlﬁ'vf}*aip‘gepalfi# £ g@ﬁﬂﬁpﬂ B gﬂ R (7
B koo FHEETEEVELEG Mo iU U- #'M?ﬁ%x o {7 U-Si
B e QNP i i PFI il ™ £ BHEEX > IR el U- #‘E’yﬁﬂﬂj
BERFI YRy X fifio

M,

(@ x=(M,+M,)g/k (b) x=02M,;+M,)g/k
(c) x=(M;+2M,)g/k (d) x=M,g/k (e) x=M,g/k
(End of MC’s ;Z#fE5% )
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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 E with initial
horizontal velocity v. When it exits the region, its speed is va. In the second case, the same

particle with the same initial velocity enters the

region where a magnetic field B (v < E/B) isadded R
perpendicularly to the original electric field E, as

shown in Fig. (b). When it exits the region, its speed E XX
is vp.Compare v, with v, which one is larger? Give E B
brief explanation in no more than 5 lines. Y v v v Xy Xy
BE1(557)

(@RI >~ [ fj%ﬁ“—; PR v @) (b)

5‘;1%‘%1}&’@5 [P = F{fﬁggﬁﬁ B [ = i B 7 - Bhish » (v <
E/B) - ?_ﬁaﬂ[ ’gﬂﬂ\g gt > p(b)[ﬁirfm b=y ?J@@ viE T B vf{[*‘ﬁ:;‘;ﬁgﬁ
A ﬁ*W$}kW°HﬁwWW’WW*7(%ﬁﬁﬁbﬁwo A4 B T
?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 T, in the process. Now, lower the
temperature of the air inside to T, = T1/2, 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(155) — 4%‘@1#@B,’gu ST L OB B ﬁﬁf , wl;;gﬁ X =
EF@F bEG po IV kRG] © Mt[ﬁﬁﬁ %nﬁg@@ B Tq o % = RN r

BEFIF @F*Fﬁjg U TR T d POYESE 1 PRI 3 [ﬁk} F‘ FlT
w%@@#ﬁT@”&Ewaﬁ[’éwwmiﬁ%wPﬁmFTﬁU4ﬁﬁ%?\[
%%@@%lh—ﬂm’i%ﬁﬂ@T@W[ﬁ?ﬁﬁwF’AWwiimﬂﬁﬁm
TR e M SRR d AN TR R p o

Q3 (15 points)

As shown in the figure, the pages of two identical books A 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 x = 0.3. Book-A 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-A Book-B
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FEH 3 (155%)
i/pq&al % ﬁl[ﬁ Eﬁ%' » )4 200 f1 - £11000 9 - B EIDAS Y AR - E o prpEiflpye
PGS 1= 03  JH-A BT AT T o SRERH-B RO T o F -

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 _ g
velocity of @and remained on a straight line projecting from ¢
the Earth’s center. The mass of the spaceship is much larger & N

than that of the astronaut. Find the tention in the cable. “ L > R—»
[Hint: For R>> L, (R+L)*-R®*=3R’L] ’ AN !
B 4* (15 5} )
i/[lq*ai » — WTELEG m = 110 kg o= i £ 1o 2 ﬂv;HrFEﬂJi HEE

%ﬁiﬁﬁ@? PR — R |_ 100 m fUsp VAT TR - F@JM #¢i |£14
S PSR > SRR mm i a)l'E{E‘”rJ:EEI*J > g ﬁé‘ﬂ,
Hlu\tm o o [l — oA | ffé‘ﬂ BN EY A L% o S RT3 Jo

: g.[[ R>>LJH (R+L)° —R3:3R2L]

Q5 (10 points)

A photon of angular frequency w carries energy he /27 and momentumha/ 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)a _a’o)z +7/2 1
where A, 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 (<< c), 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 g. (2 points)

(Hint: For small 6w, A = A __20R0 )

(0+6w)’ +y° & +y° (a)2 _,_7,2)2

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

FE 5 PYpl 45 E %’}(ﬁ?‘?{ﬁL o

10
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FE5 (1053)

— FHF Ry o P 2 E fIfcE hol 27 FI £ hol2zc > ﬁf lh EE[F[WHJ PBy ¢ fpLE

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} , 7| Tﬂ HHE

P(w,) = A — EHHITA~ 7~ E@ﬁf@'ro Rl RS = WA= U

(0, —ay)" +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 -

(@ — R (<< C)? [ XY [pREEY o - AL o pUk jf T RE R
Flaij%?ﬂépjxﬁf %ELJLa P @, » (2 57)

() G B ViR X“HTHEEFW * Py Ao Tﬂﬂﬁﬁ X HRAT x
Fﬂ E’F{’H £ PN B '*Ejj [ElE n I[*7*H§’PH A - TE?{ S TUF‘ﬂ =N

Fo. & .6 F[Jil—:ﬁh% | @, IDHLJ\/FIFI (a)ﬁ”*&i;[ﬁj’drlxﬁ (6 7J)
©  FVET - - w|<<|w @) (b)H'ﬁ”Jrli%F vl p e 290)

. A A 20A0w
1 =L = = — o
’gl&a) L] Ef’ (0+60) +7° @ +7° (a)2+y2)2 )

(END 5%)
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MCQ’s
1(d), 2(e), 3(c), 4(d), 5(e), 6(b), 7(b), 8(a), 9(c), 10(c), 11(a), 12(a), 13(d), 14(e),
15(a), 16(b), 17(a), 18(b), 19(d), 20(a)

Open Q’s

Q1 (5 points)

The work done by the electric field is proportional to the vertical displacement of
the particle in the E-field. In case-B the magnetic field force has an upwards
component so the vertical displacement of the particle is less than in case-A.
Then, follow the energy conservation, we have v, > vy,

Q2. (15 points)

Solution:

PV =NRT, (2 points)

NRT, =PR,LS (2 points)

(R, +dp)(§L—d)S =PRLS (3 points)
(R,—dp)(L-d)S=PRLS/2 (3 points)

1
Solving the two equations, p= 4\/§P0 /L,and d = Z(Z —/3)L (5 points)

Q3. (15 points)

Solution:
As shown in figure below, the ith page of book B

subjects two frictional forces, f, (the page above <

ith page) and f. (the page below ithpage) @~ ------------ >

The force required to pull out the ith page from

book A is given by f = f +f (3 points)

Since f, =2(i—1)umg and f. = (2i—1)umg, (3 points for each equation)
thus we have

fi=(4i - 3)umg. ....(3 points)

From equation 1, when i = 1, f; = 1umg; when i = 200, f200 = 797 pmg

f,+f

Summing up all the forces, F = f, + f, +..f,,, = me 200 = 79800mg

.. F =79800x0.3x0.005x9.8=1173N (3 points)

Q4. (15 points)

Solution:

The spaceship moves under the influence of the Earth’s gravity, given by
MM .

2
1

F=G (2 points)



The net force acting on the spaceship is G MILVI E_T=MR®’ ...(1) (2 points)

2
1

where T is the tension of the communication cable. Similarly, for the astronaut,
mM
G—E+T =mR,@* ... (2) (2 points)

2
2

Equation @ from (1) and (2), we obtain

L oMM oyl 6™ 1y 3) (3 points)

MR, = RZ mR,  R?

From equation (3), we can easily find the tension T:

mM | R}-R?
T =G( ) (Creres
MR, +mR,”" R’R

M (2 points)

Using R, ~R,~R ; R;-R}=(R,-R)(R+RR,+R})~3R’L
We can now rewrite T in the following form:

T:B( mM J-LG'\QE:?{EJ( mi jg ; where g = 2Me (2
m+M R R)\m+M R

points)

Since M >>m, we can write an even simpler formula as an estimate:
mLg 3 (110)(9.8)(100)

T=3 ~0.05N (2 points
R 6400 10° (2 points)
5. (10 points)
Solution:
N1-Vv?/c? vcoséd
Ao, =—————Fw=1- @
14 vcosé C
c
For 0=0,0,=(1-Vv/C)w,
For0=r,w,=(1+Vv/C)w. (2 points)
b) F=ANp/t, (2 points)
AN 1 )
—=DnA — ,(2 points)
t @0y +77 @) +77)
F=nA( - L —— T 1 > 2\ he .(2 points)
(@0 =0 +77 @7~ w,) +77) 22
ho 20(o-w,) ho 20(o-0,)

c) F=nA

v, hence, f=nA

.(2 points)

7 (77 + (0~ @, )° ) 7 (77 + (@~ @) )
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Rules and Regulations B EHHH

. All questions are in bilingual versions. You can answer in either Chinese or English.
FiT A8 HE R TR 330 - (R ] e s DA SCe S F -

. 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.

RN E B T HEERRE — N =-T0UtE] - EIREE ZAIE5E T2 S - (RIR
A FAMGIEERIEUEE - A SR E A -

. 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 “I. 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 & Section No.”

S KSR A REAREN G 75+ ) HB S {EBEFERE A REAAT “1 D. No.” ML 5555 L Ren 8
BT 22 IR AR T H RS RE - AETEH A2 RIS
% F{E Y “Course & Section No. ” HiNE FURAY B 58 5REE

. 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.

BEBEENE L > S EEEEEN LAHENE R HB S EE 2R R -

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

FEEREEEHE E - 555° Course Title fHHE_EIRAYE 735856 © 557Y Student Name fiff 11 [
IREYBE S 5 55Y Student Number fifSHEE EAREY 8 (L2 F5R70E - B B0H nEEEH
A -

. The information provided in the text and in the figure of a question should be put to use together.
e AN SR I B R BE Y PR —AE B R -

. 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.

PRI & » SRR e & TR - SR Al AR EMNERE
TEERREHEE T -
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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" C

& — electrostatic constant, 8.85 x 10" C/(V m)

m. — electron mass =9.11 x 107! 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 = 1.013 x 10° N/m?

BRIERFRIED » BRIZGRER TYIRSTMESR

g - HERFREHESTINEE, 9.8 mys®

G- EAS | f1E#, 6.67 x 10" N m*/kg’
e— BFEH,-1.6x10"7C

& — BEEEHHY, 8.85 x 1072 C/(V m)

m.— BEFHEE,9.11 x 107" kg

c— EZeYE, 3.0 x 10° m/s

HBR 4% = 6378 km

KF5-HUBREERE (= 1 KCHAr(AU) =1.5x 10" m
KEEE=1.9x10"kg

KEE R =1.99 x 107 kg

ZEF I = 1.2kg/m’

FKZERE =1.0 x 10° kg/m’

AR BE po = 1.013 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.

BREFRIREIASD - THIRG R ERA TAEHA R -

1) FrAYsa#iiE THERRE - R
2) REgzRETT
3) FTAEREME/ NGO -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)
BIEE (G2 THEE EEE -
The MC questions with the ,,**sign may require information on page-3.

A * (R T A B S — B LA -

MC1

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

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

relatively at rest on the wedge.

WEFTR - BE R M ABTHER-FERIR L RS RK ¢

PHIEA R0 - —(FEER m (VIRSEINELT E - ERGELUNERE o %R - SKZWIRaHI2R
HEE < J1E VRS 2 RV S VRe B AR B AL -
(a) mg cos@ (b) mg cos’@ (c) mg sinfcosf (d) mg tan@d (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 6. Assume the ball bounces elastically in each hit. Calculate the distance
from the first hit to the fourth hit on the inclined plane.

—(EBRESAE SRR H NI B S B & FIREE o WA EX -
RIZHIEA Ry 0 - (EREBRAS BRI 58 MR - SR &5 — AL
S EECIC B e NpES pd il st i

(a) 3Hsind

(b) 24Hsin6

(c) 30Hcos @

(d) 36Hcos 6
(e) 48Hsind

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).

E MRS ZIMTER 1992 FE43 58 - B —REfTEEREE 1.5 KI5HE BAAKE 2 (F B #pnE
B EIS 98 H - RERTEZMERYS (7] » SKAKE 2Bz 1T EAVIERE - DIRSCEAI(AU)REE
(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 o 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
6 with the horizontal. Find 6.

—ERAGEL K EREEE - J7 B KRR ICE Fsa > sin = 3/5 o BRAGEI AT EEIZ 2805 1/2
WS EFE R R NAVENIRE R A TR 5/16 » SKEKHEE S5EIY J7 [RIBLKSEHI A O
(a) 23° (b) 37° (c) 53° (d) 63° () 83°
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MC5

As shown in the figure, an hourglass is put on an electronic balance. At time ¢ < 0, a clot at the
constriction prevents the sand from passing through. At time ¢ =

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.

WEFTR > —/VIRBAEETFEE - FEIRFfE ¢ < 0 B - VDRAVIESAAL B WOEZE - VDR s -

FEIFfE] ¢ = 0 W5 > SEFEMETE - VDR BRIGESS RN B RE N7 > B2 —/INRE > FrAD

HRE] N7 o e DL - FVE AR T L AY(E R D E R D i o an fmrigss 2

(a) [EAE R VR E—(E S E - AREBEREEE VHE -

(b) TER TR VSRR s 2 —E{EAE - MR BRRIR[E1E 2 P -

(c) fERTIEBIE PR BRI Il - A& IR 2 P (E - HIRFRAEE -

(d) TERTIEERE BRI BEETE 0 > MR IEIHE 22 P r{E - R seas il el 2R e
FEIR[H1{E 2 V- -

(e) TEHITIEBAZFRAGHF IR - ZAMREIE 2 V- {E - A E B Se &S BRfa g - MR A
FEIR[H1E 2 V- -

MCé6
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 stone ice
water level, what is the change of the water level in the glass, first during the \

. L. . . t
period the ice is melting, and second after the stone sinks to the bottom? e

— R 7K (ice)/F I PR HR Y 7K (water) [H] > JKBRANE —PHA T (stone) o & /K )_ 7/
RlfE1% - A IIEIME o BLgaRY/KE & E LR - ZKIH S EAE /KSR Rl
B > AIaFI RN ER A (A O ?

(a) Remains the same then rises. o R% > IRBTE -

(b) Remains the same then falls. S A8 > FABEAK -

(c) Remains the same all the way. 4R R EZENAEE -

(d) Rises then falls. 4t _EFf > ZRTBFFEE -

(e) Falls then rises. JC[FAK » 2R1% EFt -
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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?

L. The electricity generated by the turbines can be supplied to the air conditioners of the
underground train stations, thereby saving energy.

1L The electricity generated by the turbines can be supplied to the electric motors of the
underground trains, thereby saving energy.

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

HEABIEFIMEEN - stk EHYEEZE A RIRHY SRR - Mt ERE N ESomint -
FISREEEE « AR A2 IEhERY ?

L. A AR AU ER T A DLOL FESE R B UE R 22 3R 2485 > DABERETR -

L et ARV ER ST AT DAL FESE oK By ER gt - DAE & RETR

L KRR ZE R~ g2 & -

(a) All are not true FTA & 1F-hf (b) Only Iis true A 1 IFHfE
(c) Only Il is true =75 11 JERE (d) Only III is true =75 III IFff
(e) All are true FITA &) I

MCS8

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 m, 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 m, hanging outside the bowl. When the system
is in equilibrium, the line joining the particle m; and Point-O makes an
angle a = 60° with the horizontal. Find the ratio m;/m.

WE R > —(EFEIPAIBIRAERE £ > BEE7KF > O BEREERD - BiRYARE M2 s
Y - —HRANERESERE ] L - REVAIIm T IR AEE R mi fl my B/NEK > BT PEIRRE
[R5 > /NER my B O BEA AR K PRI Fyar = 60° o KR/ NERIVEL L mu/m,

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

MC9

A non-viscous liquid of density p, as shown in
figure, is filled in a ,,}"* shape tube with 4, L, and L,
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.

BT VIS NE IR S R - s
p o BHETRITE R RE A, Ly Rl Ly o 405 0088 K PAE E o — B i SR RBeAL
P IR SE -

@) 1 |g(sind +sinb,) ®) 1 |pgA(sin 6, —sin6,) © 1 |L;sinf +L,sinb,
2r L +L, 2r L +L, 2r pgA
1 | L sin@ 1

d — [(——1Y. pod -

@ 27[\/(Lzsin6?2) red @) o

sn@, sinb,
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=<

C10

o S . . .1 . . 1
The kinetic energy of a particle in a simple harmonic motion 1sEav2, its potential energy 1s§bx2,

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

AR R B %%mﬂwm%%%m CHE x BEIE v B - RE
B -

1 [a 1 [b 1 [a b 1 1 |1
(a)gg (b)g\/; (C)ZTZ (d)gm (e)gﬁ

C11

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

M—E877]) - RE—REEEHVEE - B gmsNgE) - BEEFT]Z R0

AL Ry 2a > KBTS 2 TR R E -

(a) Vl-tan (b) 2cosa  (c) 2tana (d) tanx (e) V2cos’ a—1

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 u. If g > u,, the box will overturn before it slides. Determine the

<

value of . L,
ﬁA BAMIER) F Sk o R T AT S

FHERBIAS  RIER L G H- ?@%@%Eﬁé "
%ﬁw%ﬂ Hip> o ?K/%@j Jiffﬁé]«ﬂiﬂ o Ko HIE © / #
@= L oL @i @9

2H H Lu H L
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 2m
frequency of the simple harmonic oscillation of the pendulum. L

A RO IRBERRIEN L SERER L > EEFRNE - 5
%%7% EER mVNK > G P IRSEEEER 2m HYNK - SREEEERERENTY

i /_ R e 1 Pg
@ 2\ar Ry EY; © 2\2s @
i 9_g
() Y3
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MC14

A small object is initially at the bottom of a plane inclined at an angle « with the horizontal. It is
projected upward along the inclined plane with an initial velocity, and reaches the maximum height
after time ¢,. It then slides downward and returns to the initial position after time #,. If the coefficient
of sliding friction between the object and the surface is g, find the ratio #,/¢;.

—EEA Ry o FIRNEREE —/ IR - B&EIBR— B W) 2% - e bR E m EIgEh - ACEiF]
n PR R 2R XEEEEERE > FTHE R o o GY)8a BRI E g BB R
o SKERBI t/ty -

sih @ — [ cosa sin @ + [ cosa sin o — [ Ccos
J—“ b)J 2% (o) ~

sin @ + pcosa sin
e

(d)

sin & + pcosa sin @ — pcosa sin o + pcosa sin @ — pcos Hcosa

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 = 0.2. With both the board initially at
rest, the peg is ejected with an initial velocity of vy = 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.

WEFTR » AB BALFOEEKPE EEANR B8 S M =4kg RER s =2 m - BlnA —[E
TEFEMR > AlmBCE—/NESE - HEE m = 1 kg - /INESREARIREAVBIEEE 28R 1 = 0.2 - R
PR R LEAYRIARARRRES - /NEBRLARIZRREE vo= 10 m/s BREAMGR IS > EEIA B Iy HEAR
HHTE - IR - /NEBRIE A EIR] A Ui A B EEAR - SKIELAEAR th iR HIBEIREE -

(a)201J (b)247] (c)281] (d)321] (e)40)J

MC16

The elastic collision between two bodies, A and B, can be considered A B
using the following model. A and B are free to move along a common P o
line without friction. When their distance is greater than d = 1 m, the G\‘

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 mp = 3 kg and it is approaching body A head-on with a speed
vo = 2 m/s. Find the minimum distance between A and B.

WG A F1 B BYSEPEREIE AL 0T LAg0 N RIS RE - A R0 B nE[E—E & B HEE) - AHH
FEEREE ] o B e BNERERR 4 = 1 m B> HEFEANAZ, 8EMZE0VER/NA d
o FAEA/IMER F = ONHYFRT] - 8 AVIRGEE Ry ma= 1 kg BAAANHEE HAE H 4% EHRE B
YIRS E & mp =3 kg, DU vo=2 m/s {EIBRG ELAR ] A ) - 5K A ~ B [MRYENEHE -

(2) 0.25m (b) 0.50 m () 0.75m (d) I m (e) 1.25m

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.

— I AT BomREKE - EEE R /KEEHY 5/9 » SKAEF
BTiRRERF - S /K _EES B R EEEER -
(a) 0.25 (b) 0.33 (c) 0.50 (d) 0.67 (e) 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 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?

— (R R B U A (Y Y B — BN R RS o &Y LI E RS - i fEsUa
EE Ss o EEFTAEMREMEE - SRS T Ei AR H SR -

(a) 1.18 s (b) 1.07 s (c)0.98 s (d)091s (e)0.81s

MC19

As shown in the figure, two blocks of masses m; and m, are

connected by a light string, and are placed on a horizontal smooth F, k F,
surface. Forces of magnitude F and F, act on them respectively, — my m, —»
causing them to move linearly. The force constant of the light e

string is k, and F'; > F,. What is the extension x of the light string?

WNE R > R E P E AR AR AL O EE K BRI - B8 B R mAl my > AIT] FiRl Fs
FEAER > ZRGOERE—/K P ELRED) - SRS k> B Fi>F, - KAEMEY) 5 ES)
R PSR RAVRE x -

F F. Fm,—F,m Fm, —F.m F F

(a) \my +rym, (b) Emz +F2m1 (C) | 17772 2 1| (d) | 11 2 2| (e) n, + r,m,
k(m, +m,) k(m, +m,) k(m, +m,) k(m, +m,) k|m1 — m2|

MC20

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

fixed on a horizontal table. Its top angle is 90°, and the base angles m {3 (5 m

are o and £. Two small pieces of wood, each of mass m, are located
on the inclined smooth surfaces. When the wood pieces slide down A P

the inclined surfaces, what is the normal force acting on the table P
by the triangular block?

WERTR - —EE28 M =P AREEEFKCERE L - EWNEAR 90° WEME o >
WA{E'E &35 By m A/ INAREBRAL T g M E/RAIRHE o BRI/ NRSDERIE N » SK=AP RIS
KR EEFHAST -

(a) Mg (b)2mg  (c) Mg+mg (d) Mg+2mg  (e) Mg+mg(sinax + sinf)

(END OF MC’s #E42H58 )
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Open Problems FEiE
Total 5 problems 3£ 5 F§

The Open Problem(s) with the ,,;**“ sign may require information on page-3.

BB RGE AT RE R EHEISR = H EVERL -

Q1 (10 points) 11043

A “HK Physics Olympiad sandwich board” sign
consists of two uniform pieces of metal J550.0 cm
wide and 1.0 m high, each of mass M = 3.0 kg, joined
at the top forming an angle = 30°. The sign looks like
an inverse letter ,,V* 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 —
isp=12 kg/mS. Find the minimum wind speed vpin

above which the sign will turn over.

wind

“EAYEEMT EEEHWS A E IR - ERSEIRVEER M=3.0kg > H
50.0 cm > /& 1.0 m > FETANGEAO = 30°HY A fEARE - (EMIEE > BRI DEER, VS - ek
& R B TP e #58 » S B S RR A SUERN AT - & 22 5R R A BT fEI o] DS 1R 22
R K S - ZZRMEE Fp=1.2 kg/m® © 5HE ] DHERE SRR BN R AR EZE v ©

Q2 (10 points) 2 (10 47)

Rectangular block 4 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 4. A light inextensible
string connects blocks 4 and B, and winds through the
massless smooth pulleys P, and P, fixed at the edge of the
table. A massless smooth pulley P; hangs from the string
segment between pulleys P; and P, and block C of mass m
hangs on pulley P;. Let u be the coefficient of friction
between all contact surfaces.

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

(b) Find the range of x within which block C moves downwards, while block 4 remains stationary.

H—BUE R R 3m BPHIE R TR A BRI K2 B Wi —SEE R m BHEYIIE B &
A ZE e — A RAVECARERE 4 R B - 4B TS8R (E S E 7 A2 H DR N P
Py > o 2 T4l TR —(ED B Py - —EHER m (IS C R P32 T - ik
Ry P PR T < [E]H EEER RE -

(2) 5 % FSORFTF P SRR (A B m] HUE A EEIE] -

(b) & A AE C [F) &S > SRIEEZ AR ] BUE R EE -

10
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Q3 (15 points) 3 (154%) le 6R K|

As shown in the figure, spheres 4 and B have

equal radii R and mass 4M and M respectively. Vinin

They are separated center to center by a distance | .. J@-rrmrmreeeeeeniieinineeiieeinne

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

surface of sphere B in the direction towards the

center of sphere 4. B A

(a) Find the minimum speed vpi, of the
projectile so it can reach the surface of sphere 4.

(b) If the projectile is ejected with the minimum speed vy, calculate the speed of the projectile
when it reaches the surface of sphere 4.

(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.

WEFTR > RIS EERES A M B9 5 R - B8 HI Ry 4M F1 M > WERHULEERESs 6R - B S
BEEE Ry m > £ BERGRIAIR 4 BRopuL 34 -

(a) STEIDET G FT DU R 4 ERR AR/ N v ©

(b) PR AG PAR NERTE v 365 » STRIDSTAGEIEE 4 SRR HHFHIZER

(©) EHHEG AT LUTE B BREE(T T m S5 DAk ik MRz - 5t AGRERE B BRI AR Y 28

3 o
=2

Q4 (15 points) 34154

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 \ )
becomqs looge at point C. Find the angle between the line PC and oy O . 4
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 £ which is right below O. Find the distance between E and O.

ﬁﬂﬁﬁﬁ—?ﬂﬁ%‘%ﬁ » PR UmE EAERE O 0 S TmmHEEEERK 40 B EME RER LB
HRHE o AE O BHIE T JTEERE L2 B A —EES] T P o BURHEBKALE] 04 SRECKPRIMLE >

é%%%ﬁiﬁﬁkﬁg NG - EREKESNFIEENE B - T RS SR AFE LU

HYERS) i DAESTAEE) -

(a) & 28] TIHERREFE T C Bhy - fﬁﬁﬁiﬁ'ﬁ%i% K PCERBIEE T RMYHCA -

(b) BESRRS R » BERRAEATIES) » SRS (L D& - SRIEEHESY PRHTR S &

(c) BEBKIEAAALHY O BEIE T JTHY E B - 76 O BhEL E 8L e pEEE -

11
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Q5 (10 points) 51043
As shown in the figure, a particle 4 of mass 2m and carrying charge q is ) T
connected by a light rigid rod of length L to another particle B of mass m 4, Zf%a +q

and carrying charge —g. The system is placed in an electric field £ . The 0

electric force on a charge ¢ in an electric field E is F = gE . After the

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

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

electric field.

(a) Find the period of the angular oscillation. B,m;—q
) S g

(b) Find the maximum tension in the rod.

WEFTR > B A VEER 2m > WEM g » 5o BE BIVEER m > WEM —¢ - WERH—
CMMIEEI SR - R RER L - BHERSBAEES E T - B5 E (FRINER ¢ LAVERD
By F =qE ° ZEETFE - 18— ER A et —T o (EREEGTRscAg o

(a) SKARAMIREIIAR

(b) KEREEH TR ATRS]

(END 52)

12
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Hong Kong Physics Olympiad 2011 (Junior Level)

2011 FEYH BAVC T (P14 4H)
Suggested Solutions & 25 ;S8 FEE

Multiple Choice Questions

1 71819 (1011121314 |15|16|17]|18]19]20

S
V)]
(@)

b|le|le|d|e|b|lale|la|b|d|a|b|ble|c|d|e]|Db]ec

MC1
We may consider the wedge and the object as one system.
By using Newton’s 2" law of motion, we have
(m + M)gsin@ = (m+M)a

S.oa=gsind  ..(1)

Consider the object:

mg— N =ma sing .... (2)

sub (1) into (2), we have — ________ e m

mg — N = m(g sin@) sin@ = mg sin’ @ b

N = mg — mg sin’ @ = mg cos’ 0 x’/

Answer: (b) ¢ v
mg

MC2

In the frame rotated by an angle €, we can consider only the horizontal component of the
gravitational force that accelerates the ball forward. In the vertical motion, the ball bounces
elastically with an effective acceleration gcos@. To find the distance between the first and the
last bounce, say the fourth, we should also account for the velocity the ball acquires before
the first hit:

Denote v, as the horizontal component of the initial velocity of the ball before the first hit
with respect to the inclined, #); as the time between releasing the ball and the first hit and #;4
as the time between the first to the fourth hit.

The horizontal component of the initial velocity of the ball before the first hit is given by
v, =gsm@-t, ...(1)

.2

) 2H 2H
The time #9;: ¢, :\/ ouey =\/

gcosf g
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Since the ball makes 3 hits and each hit takes 2 times of #y,, therefore,

[2 E]H EZRN
g g

The total distance between the first and the last hit, d, is

sin &
d=v0t14+(g2 )2 @)

By substituting equation (1), (2) and (3) into (4), we have

i 2
i =| gsino. /2H}£6 /2HJ+(gsm0).{6 /ZH}
g g 2 g
=12H sin @ +36H sin & Answer: (e)
=48H sin @

MC3*
Using Newton’s law of universal gravitation and Newton’s second law for circular orbits,
M oc R*/T?. Comparing with Earth’s orbit, where M = 1 solar mass, R=1 AU and 7 =1

2
year, R =3 1.5(%) =0.48 AU . Answer: (e)

MC4

Let the x axis points in the direction along the plane, and the y axis is normal to the plane. Let
m be the mass of the ball. Let u be the velocity of the ball immediately before it touches the
surface. Then the impulse of the impact is given by

I =my —mucosa

I, =my, +musina

Due to the presence of friction, /, = -z,
Hence mv, —mucosa = —pu(mv, + musin o)
v, =u(cosa —usina)— v, (1)
Balance of energy:

lmvj +lmv2 = imu2 where f = e
2 2 72 16
2 2 2
Vi +Vv, = fu
Substituting (1),
[u(cosa — usina)— w1 +v, = fu’
we arrive at a quadratic equation in vy:
(1+u2)vi —2u(cosa— pusin)uv, +u’(cosa—usina)’ — fiu> =0

S(n) _L(w)_L_,
4\ u 2\ u 16
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y =4, "
Y2t 4
Angle with the x axis: @ = tan™ » —tan2-63° Answer: )
vx
MC5

Consider the motion of the center of mass of the sand. At ¢ = 0, the center of mass starts to
move downwards. Hence there is a downward acceleration. Using Newton’s second law, the
reaction force of the balance on the hourglass should decrease, so that it cannot completely
cancel the weight of the sand, and the net force on the sand is downward. Throughout the
dripping process, the center of mass of the sand is moving downwards at a constant velocity.
There is no acceleration and hence the reaction force stays at the equilibrium value. At the
end of the dripping process, the downward motion of the center of mass is stopped. There is a
deceleration and the reaction force increases momentarily. Answer: (e)

MC6
Using Archimedes’ principle, volume of water displaced V. =(m,, ..+ 2Vie)/ Poster -

Suppose a volume of AVj,. melts, then the volume of water displaced decreases by
P AVoo ! Poier - At the same time, since mass is conserved, the volume of water increases by

ice

piceAV

ice

/ Poaer - Hence there is no change in the water level. However, when all ice melts and

the stone sinks to the bottom, the volume of water displaced is m

stone/pstone <m,

[ P
stone water
Hence the water level falls. Answer: (b)

MC7

The key is the conservation of energy. The electrical energy generated by the turbines comes
from the kinetic energy of the wind, which in turn comes from the kinetic energy of the trains.
Hence no energy is saved, and the air resistance experienced by the trains will increase.
Answer: (a)

MCS
Sol. % gzk 1 enT ffm> (T X 4 Bl T o
0 r C B
L]

a B\

T'=m,g, ,B:900—%.
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2F,=0,Tsin f+Nsina—mg=0, Nsina=mg—m,gsinf (1)
XF =0,Tcosff—Ncosa=0, Ncosa =m,gcosf (11)
(1)=(i1): S NG V3. Answer: (e)

m, J2(1-cosa)

MC9

The force which is responsible for restoring the liquid levels in two arms of the tube is
F=-A4pA =- (h; + hy)pgA, where Ap is the pressure difference and 4; & A, being the rise
and fall of liquid levels in the two arms in vertical direction respectively.

Denote x as the change in length of the liquid along the tube. (note: the change in length of
the liquid in both arms, either rise or fall, is the same)

Using this restoring force can enable us to have the following equation:
F =- (xsin6; + xsin6h) pgA = - pgA(sin0; + sin6,)x = ma

_ PgA(sin 6, +Sin92)-x=—a)2 =

—a=
m

By using S.H.M. equation, we have

o 1 [pgA(sm@ +snd,) 1 [g(sinb +sind,)
d _Z_Z\/ PA(L, +L,) _Z\/ L+1L,
where mass of liquid in the tube m = pV = pA(L; + L)

Answer: (a)

MCI10
For simple harmonic motion, x= Acosat and v=-wAsinat . Substituting into the

expression of the total energy,

E=lopilpe_Lpp +l(aa)2 —b)Asin® ot .
2 2 2 2

For energy to conserve, we have o’ = b and f = & _ Ry . Answer: (b)
a 2 2m\a

MCI11
Denote the friction force and normal force acting on each blade as Frand N, respectively. At

the critical angle the static friction force should reach its maximal value which is F' = uN.

The condition for the wire not to move is when all components of the forces adding up equal
to zero. As shown in the force diagram acting on the wire,
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the vertical components cancel each other by symmetry, and the horizontal components
. o sin
cancel if 2F, COSE =2N 5

Thus, from the condition of the critical angle we obtain: x = tan %. Answer: (d)

Note that the angle in the question is twice the angle here.

MC12

Let M be the mass of the box.

If the box is not sliding, we have F' < uMg ...(1)

If the box tips over, it will happen at the lower right hand corner, so it is better to measure
torques about this point. For tipping, clockwise moment must exceed counterclockwise
moment:

ie. FH>% ... (2
Combining (1) and (2), we have (tipping before sliding)
MgL
—— < i<
D uMg
s e
“ 2H

Thus, the critical condition in this case (x> p, ) is uy, = o Answer: (a)

MC13
Let v be the velocity of the particle of mass m. Kinetic energy of the compound pendulum:

2
K= lmv2 +l(2m) Z = gmv2
2 2 2 4
Potential energy of the compound pendulum:
U =-mgLcosl — 2mg§cos@ =—-2mglLcosf

2

For small oscillations, U = —ngL[l —%j = cosntant + mgL 6’

For small oscillations, we can approximate the linear displacement by x = L6.
Hence U = %xz

2mg

Using the result of MC12, we can substitute a = %m , b= and

f:i /2mg/L _ L /4—g.Answer: (b)
27\ 3m/2 27 \ 3L

MC14
Using Newton’s second law, we find that the acceleration of the upward displacement is

2
v Vi

- and L= - .
g(sina + ucosa) 2g(sma+ pcosq)

—g(sina + ucosa). Hence ¢, =
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The acceleration of the downward discplacement is g(sin @ — ucose) (in the downward

direction). Hence the time is given by L = % g(sina — pcosa)t; . Hence

2 2L B v _p sin a + pcosa
> g(sina—pcosa) g(sina—pucosa)(sina+ ucos) | sina—ucosa
h_ —51'11 aFpcosa Answer: (b)

t sin @ — pcos

MC15

Sol. mvy=m+M)v,v= V,=2m/s,

AE, :lmvoz—l(m+M)v2 :l><1><102 —l><(l+4)><22 =401
2 2 2 2

Answer: (e)
MC16

Sol. @ F m;=lkg, m,=3kg, F=6N, vy =2m/s, d =1m..
FAMERAPE S, RS, PR L v BRI E TR

m, 3
m,v, =(m, +m,)v,v= v, = x2 =1.5m/s.
270 ( 1 2) m1+m2 0 1+3
RS ) A RS T, v, =a T =v,+a,T,6T =2-2T,T =0.25s,v=1.5m/s.

1 1 1 1
AE, =5m2v02 —E(m1 + my )v? =§><3><22 —E(1+3)x1.52=1.5J=FAS, As = 0.25m.

B 3o B e ] BEHE = d — As = 0.75 m. Answer: (c)

MC17
Let x be the fraction of the rod length submerged in water. Using Archimedes’ principle, the
buoyancy is given by pyaerAxLg. Taking moments about the hanging end,

X L
pwaterAXLgL(l - Ej = prodALg(_j

2
x) 5(1 1
Ml-=|==|=| = x==
2) 9\2 3
The fraction of the rod length above the water is 2/3. Answer: (d)

MCI18

. 1 . . . . .
Using x = Eat2 , the time taken by the first carriage to pass the observer is the time difference

. . 1
between x = L and x = 0, where L is the length of a carriage. Hence L = Eat(f where t) =5 s.
The time taken by the tenth carriage to pass the observer is the time difference between x =

10L and x = 9L. Hence the time is ¢, —t;, where 9L=%az‘l2 and 10L=%at22 =

=i = (/10 —3)t, =0.81s. Answer: (e)
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MC19

Let 7 be the tension in the light string, and a the acceleration. Using Newton’s second law,
F-T=ma (1)

T-F,=mya 2)

(D+@): F-F,=(m+my,)a = a= h-F il = my by +m F,
m +m, m, +m,
_L_mbrmhy . Answer: (b)
k  k(m +m,)
MC20

Consider the forces acting on the two piece of wood. The normal reactions are
N, =mgcosa and N, =mgcosf.

Consider the vertical component of the forces acting on the triangular block.
F = Mg+ N, cosa+ N, cos = Mg +mg(cos” a+cos’ 3)

Since a+ B=90°, F = Mg +mg(cos’ a+sin’a)=Mg+mg. Answer: (c)

Open Problems

Q1* (10 points)

Solution:

Two forces act on the sign, namely the horizontal force,
Fying, from the wind and the force of gravity, mg, of the
sign.

If the sign turns over, it will be pivoting at the lower Fina
right edge and there will be no longer be a force between
the ground and the lower left edge. This means we need
to balance the torques, about the lower right edge.

The force of gravity, acting from the center of mass,

provides a stabilizing torque of weight

Taavity = Fpg -d = (mg)(M)tan(012) = (6 kg)(9.8)(1.0) v
[—g—

tan15°=15.8 Nm

The force from the wind acts in the center of the left board, causing a tipping torque of

h
wind Fwind (EJ (1)

By using Newton’s 2 law of motion, F),;,s can be expressed as:
F = A(mv) _ PAVAL) e
At At

T

pAv? ...(2), where 4 is the cross-sectional area of the board.

Combining equation (1) & (2), which yields z,,,,,. = 7,4 = (pAv’ )(gj

This suggests the minimum speed of the wind v,,;;, s

2
v = | | 2D g6
pAh (1.2)(0.5)(1.0)
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02 (10 points)
Sol.

1 1
() T mC 2T=mg,T=5mg; 4 B: N, =mg, f, =T=Emg;

+ J A: N=N,+3mg=4mg, = |, +T=%mg+%mg=mg.
ARTEFTL G PR, SuN e f<uN >

1 1 1 1
—mg < umg femg < u(dmg) > u>2—Ffru=>— > coou>—.
2gﬂgfgu(g)u2*fu4 Hzy
B —>
lmg T
hn 1
NI
\
7
A — T “ T,
7 |3mg !

<

K BhER L 20, CHhi#ER 5 a

2) %/ C: mg-2T =ma; (1)

4 B: N,=mg,T—f,=2ma, f, =uN, = ung, (ii)
T — umg = ma (111)

. ey 1-2u 2+u .

d (1)fe(iil), & a=Tg , Tz?mg (iv)

YA N=4mg, f=f,+T (v)

.. . 2 2

(V)& > W), 1 = gamg + = Emg =2 Xmg.

Co T3 segi@dm AF L > BB a>0fcf<uN » 7
1-2u

2+6u
=2k, o 040
5 87015

1 1 1 1

mg < u(dmg) > u<—Frpu>— - o —>u>—

§ < plg) BN m 5B
Q3 (15 points)

(a) First we calculate the position of the neutral point, where the attractive forces due to the
planet and the satellite are equal and opposite. Let x be the distance of the neutral point from
the center of sphere B. Then

G]\/;fm _ G4Mm2 =R

X (6R—x)
It is sufficient to send the projectile to the neutral point. Beyond the point, the projectile can
fall to the surface of sphere A under free fall. Using the conservation of energy,

1 3 GMm 3 G4Mm 3 GMm 3 G4AMm 3IGM

my . = Viin =
2 R SR 2R 4R S5R
(b) When the projectile reaches the surface of sphere A,
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GMm G4Mm 1 , GMm G4Mm 27GM
— — =—my" — — = v= 1/
2R 4R 2 5R R 5R

(c) Escape velocity:

1 , GMm G4Mm 18GM
S MVese — - =0 = Vee =V 2p
2 R SR SR

Q4 (15 points)
(a) Let @ be the angle between line PC and the vertical. Using the conservation of energy,
the velocity of the bob at point C:

Oz—mgé(l—cosﬁ)+%mv§ = V. =4/gl(l-cosH)

2
Using Newton’s second law, 7'+ mgcosf =m LV/CZ =2mg(l1—cosf)

T'=0 at point C. Therefore, cosé = % = 0=48°

(b) At point C, the velocity is v =,/gL(1—cosf) = 1[% and makes an angle 6 with the

horizontal. Hence after the sting becomes loose, using point P as the origin, the coordinate of
the bob is given by

x=§sin¢9—vccosé’t

L 1
==cos@+v,.sin G —— ot*
y > c 2g

Vosin@
g

Using v, = v, sin 6 — gt, the maximum height is givenby v, =0 = 1=

vesin® @ _L, gl/3(5)_23,
2g 3 2g\9) 54

Hence the maximum height is 232./54 above point P.

(c) At point £, x = 0. Hence

L
= —cosf+
4 2

_ Lsmé
2v.cosd
) )
yzécos9+ St HL—3sm29L:2
2 2cosld 8cos @ 32

Hence point E is at a distance 7L/16 below point O.

QS (10 points)

(a) The system oscillates about the center of mass, which is at a distance of L/3 from particle
A. Let a be the acceleration of A. Using Newton’s second law,

2ma =—qEsin6.

For small oscillations, sin@d ~ @ = 3% .
Hence a = —3q—Ex . This is the equation of a simple harmonic motion, with @* = 39E .
2mL 2mL



Period of oscillations: 7 = 2—” =27 2m_L

w 3gE

(b) The amplitude of x: x, = L,

oL 6,

The amplitude of the velocity: v, = ax, = 3

2

L/3

Using Newton’s second law, T'—gEcosf =2m

2
6myv

T =qgEcosf+

2

.. 6
tension is 7, = qE + nzvo =qE+qEO;

10
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. Both terms are largest when 6= 0, where v = vy. Hence the maximum
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Rules and Regulations &l

. All questions are in bilingual versions. You can answer in either Chinese or English.
P H 29 Ry o il o IRml B DL SO fR

. 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.

BHEEHE B T LEE IR R — /NS = lila] - FHIREEZAITESER T B - (1R A]
PR TEEBREGEE - A ST E A -

. 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 “I. 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 & Section No.”

SHIRHE SRR A AR e~ » B HB Sy S S A AR “L D. No.” i b5 /05 _HARAY 8 fir
BFS BRI  WEMHESEHFNEEREZERE » RBREEENZEREE BRI
&Y “Course & Section No. ” HiAE _FIREY B 75855 o

. 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.

BE BRI E % > SEREEEEEA LAEEN B HB $hEE 2R R

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

EEEHEH - > 555 Course Title 1l HHE RIS 77589505 + 5552 Student Name i HE 1R
YIS 44 ¢ 55Y Student Number 1 HHE_FIRAY 8 (U B TS B9t - BREH A S mEHA -

. The information provided in the text and in the figure of a question should be put to use together.
e REUS LR S I B B HE Y (R —AE S R -

. 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.

PHBUERR > BRI e 8 =4 T - R A g et EMNEEEF
RIS EH T -

i3
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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 107" (N m?*/kg?)

e — charge of an electron, —1.6 x 10" (A's)

& — electrostatic constant, 8.85 x 1072 (A s)/(V m)

me — electron mass = 9.11 x 10™! kg

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

Sun-Earth distance (= 1 Astronomical Unit (AU)) =1.5 x 10'' m
Mass of the sun = 1.99 x 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 x 10° N/m* = 760 mmHg

BRIEFFRIED » BRIZGRER TYIRSTMESR

g — HhBREHIE ST INERE, 9.8 (m/s”)

G- EAS1EE, 6.67 x 10" (N mY/kg?)

e— BTER, 1.6 x 107 (As)

& — EFEE YL, 8.85 x 1072 (A s)/(V m)

m.— BT'HEE,9.11 x 107 kg

c— EZeyEE, 3.0 x 10° m/s

KI5 --HIEREERE (= 1 ASCEEAr) = 1.5x 10" m
KISEE =199 x 107kg

20 °C. —{EKRABEZERFE = 1.2kg/m’
JKZERE =1.0 x 10° kg/m’

JKEYEE = 9.2 x 10 kg/m’

T3 KGR po = 1.0 x 10° N/m? = 760 Z>(584E (mmHg)

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 in vacuum.

BRIERFAER - BRI FIRERER T A 8RTA A

1) FrAYIRGE R T EREERE - ESET
2) REgzRETT
3) AR/ N EZE T -
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Multiple Choice Questions
(2 points each. Select one answer in each question.)
BIEE (G2 TEEE EEE -
The MC questions with the ,,** sign may require informa‘uon on page-3.

5 E PR T AR R P T = B AR -

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?

—(EE I - PER B E ERREEE R o DUNRE T E — SRR A PR — (2 8 Y ?

(a) The potentral energy of the bottle has changed.

T HYBSRE A T
(b) Some of the potentral energy of the bottle has eventually been converted into the energy to break
the bottle.

T HY— R B RE R A LRI T TR FT R HRE &
(¢) Some of the kmetrc energy of the bottle has eventually been converted into the energy to break the
bottle.

AT H— B B R A LR T TP FRHVRE &

(d) The 1mpact frorn the floor to the bottle is larger than the impact from the bottle to the floor.
HrE R TRV E R R SR E E X

(¢) The impact from the floor to the bottle breaks the bottle.
AR TR ET R TR T -

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 p. Find the frequency of the simple

harmonic oscillation of the sphere in the vertical direction.
—EZZOHVBRE S R - EHESE M MR T HEER 2M W NEY) » B EKE L, 5—F%
HAKE - KIVEEHEER p o KEKE T FEVERRIREER -

(@) @=+2pgnR* I M (b) w=+/pgrR’/(3M) (c) w=+pgrR* I M
(d) w=+/pgrR*/(2M) (e) w=+3pgnR* I 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?

—{EEE K (water) YR B2H —HRK(ice) FAE/KH » /KREHR —BAaTH(stone) © JKRlfE{& A EH) (]

7W?V A ACK A S EEREL - (1) EKEERIER - (2) EaBIIEKER - /KIS
& ﬁDﬁEﬁZ A 2

(a) Remains the same and then rises. &% » ZA1% FFf o

(b) Remains the same and then falls. N8 > A& N - Stome _—Ice

(c) Remains the same all the way. —F & o T |

(d) Rises and then falls. J-FH{&[F -

(e) Falls and then rises. JC[F{Z Tt o

——— 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 SR RIG R LIMIATE LRGP OB —(MEE SRS 1S (BRKE L - TR EPHEN
JEERR 98 K o SKIkil 2 BT B 2 FIHEERE (AR RE) -

(a) 0.11 (b) 0.17 (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
between the scissors blades becomes 2« .  Find the friction coefficient 2 !
between the blades and the wire.

M—E877]) - RE—RIEEEAVESE - B g msNgEh - 5] R0
PSRy 2a > SKEGTITIELES 7 BRI -

(a) Vl—tana (b) 2cosa (c) tancx (d) 2tanx (e) V2cos*2a -1

MCeé

The kinetic energy of a particle in a simple harmonic motion is 0.5av’, 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

— S Mﬁﬁﬁ%Z%’Tﬁ@J bEI’J@J %’O-Sav2 - BAEERS 0.5bx7 o M x BRI TRV B > v B TEAYH
J& > RIRSREIRBIAVARR

b / 1 1 (1
(a)g\/; ()—\f ()— -~ (d)g\@ © 5y

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.

— (i S AR E R AIERT, RIS L, — IR IO | — R m
FRIEEAERFA S 53— (B R RS, 2m [EIAERF I - SRAE MR AR
b%fo

4g 3g 9g 9g
MC8
A small object is initially at the bottom of a slope inclined at an angle « with the horizontal. It is
projected upward along the slope with an initial velocity, and reaches the maximum height after time ¢,. It
then slides downward and returns to the initial position after time #,. If the coefficient of sliding friction
between the object and the slope surface is g, find the ratio #,/¢,.
—EEAE S o WRHAREE —/ ML - BAEYIIR—(E0E - fEeaRtE R _EaE) - SORIRHE ¢
BEER SR - QT SO BEIRIRES - FrARRE S o o GYRGBRE R I BB 28Ry K
EEB 62/t -

sin @ + Hcosa sin @ — 1 COoSx sina — ucosa
aJ———ﬁ——me HE2E (o) =

sina + pcosa sina
e

(d)

sin o — g cosa sin o + pcosx sin o + pcosx sin — pcosa Hcosa

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 x = 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.

WEFTR » AB Br THOEE/KPE EEAR  BEEBE M =4kg> RERs =2 m- BlgH—[EE
St - AlmE —/INEBE > HEE m = 1 kg o /INEBREARRERIBIEEIE ZBUS 1 = 0.2 - EARMUE
THFIEATOTAAREERS » /[NEBRLLWIERE vo = 10 m/s SLORHRETH » EEIF B NnAHEHERE - Mt
& - /INEBRIG LA B E] A mifi AR REARIR o SKIBHE TR HITRIREE -

(a)161J (b)247] (c)281] (d)327J] (e)40)J

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 /= 6 N is present. The mass of body A is ma =1 kg and it is o\q 0
initially at rest; the mass of body B is mp = 3 kg and it is approaching body A head-

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

RO A Rl B (R MBI A DA TR RE o AR B BIATE— EL4 I FEEh - o 5
B9 o T2 RINEEREAR d = | mBF - AIE IR R, SO RIS N d B - (7
K/AME By F = 6NHIFES] » 3 AYBSE R Fy ma= | kg » FIHEHSRRIEE A -8 B YRR my
= 3 ke, DI vo=2 mis (LI ELARI A B - K A~ B RSIHOR MR -

(@025m (b)0.50m  (c)0.75m (d)1m () 1.25m
MCI11
in series to a battery. In capacitor-2 there is a charged small particle attached by a

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
wire and the vertical direction is @ . 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.

M FEEE R BN TINERES 1 H 2 R CERER - e 2 NI RS
TR A o PHTR RS B H S MR A Ry e o AR R E R A s 2 N R AR
& - WAL | (VIS S Ry 2 15 - TAEs 2 R B B E CE R
iy o SRR BIE T RIFTERAYA -

(a) tan™ (% tana)  (b) tan™ (% tan @) (c) tan™' (% tan @) (d) tan™' (% tan @)

Two identical parallel plate capacitors 1 and 2 are placed vertically and connected ‘ \ R
a
1 2
I
| I

(e) sin™ (% tan o)
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MC12

Four lamps are connected in the way shown in the figure. When switch S, is open .
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 S 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. d
PUSSRE T AN E PRIV RS 3 - & S5 ~ S 20 B b ige 0 c Ml d i

g HAE A E - & S PG ~ S1RE 1 - DUSIEH I EIE R RIE °

(a)c,d, b, a (b)a,d, b, c (c)a,b,c,d (da,d,c,b (e)d,c,b,a

MC13

An open-end hot air balloon with fixed volume of 1000 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.

— (BB I EGEEK > B4FEES 1000 m® > 5 100 kg (BUFEHKE > (B REIERBRENZER) - ERAEY
%%« FERIMEZERHTEIE R 1.2 kg’ » FERSNBZERATERE R 20°C » RIAFKIZE FATHIE -

(a) 46.6 °C (b) 20 °C (c) 26.6 °C (d) 146.6 °C  (e) 56.6 °C

MCi14

A beam of light with wavelength 500 nm is incident from glass (refractive index = P

1.5) to an air gap at an incidence angle 6 = 75°. To get maximum reflection, the \4: n=1.5
width of the air gap should be .

(a)653nm  (b) 1306 nm (c¢)327nm  (d)980nm  (e) any of the listed n=1.5
values

—HR R 500 nm 16 (EBE (WTETRET 1.5) {28 —(EER MG L ASAE 0=75°5
EFIESRNGT - 2R HEIR R EEZ S °

(@) 653nm  (b) 1306 nm (c)327nm  (d)980nm  (e) (E{H[FFFIE ZEHLES

MCI15
A simple pendulum is made of a small ball of mass m carrying charge ¢ attached by

a thin wire to the ceiling. Its original simple harmonic oscillation frequency is @, .

After a uniform electric field £ is applied horizontally to the pendulum, its frequence _E |
becomes 2 @, . Find the strength of the electric field.

—(EE 8 R m BN MR AR O L > R — R - /N g 0 BR

B EREEIREIRR S o, - FAEAKP A EI—ES E > QIBRRIAIARER 20, - SKEGRE -

(a) V15mg /g (b) \B3mg /g (©) 5mg /g d)mg/q  (e) 2mg/q
MC16

As shown, a uniform magnetic field B pointing out of the paper plane is confined in the shaded

area of radius 7. At a distance R from the center of the shaded area there is a point particle of mass

m and carrying charge g. The magnetic field is then quickly changed to zero. Find the speed of the

particle.

WlE - A —EEE R r (ks E — (B AR RS A0S B - fEBEk2 & T 0 R 0y 57H —(E

EEFm R q (VERL - BUREGRT N REIE > SKERIHRE -
2 B 2 2 B 2

(a) v= qBr qBr _ 2qBr

B B qBr2
2mR ®)0 ©v= mR @v= mR (€ v= 4mR
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C1
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.

AEFTRIE RS RAVEEEREVFGRIE - BRI ER  HERINR
> SKE LB R AR -

sl ol 2p,1 #ol
@0 ® 27R © TR @ 7R ©) 47 R
MCI18
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- /_\ ’ N
circle sheet carrying uniform electric current / flowing out of the paper S N Y
plane. At the center of the circular arc point-O the total magnetic field is e _/' e /
pointing to in both cases and the field strength of structure-A is A B

than that of structure-B.

(a) up, larger (b) left, larger (c) left, smaller (d) right, smaller (e) right, larger
B MC17 ML > &5tm-A B IRIEE @ &568-B 5 1/4 (REE - EfAViIE-FE—kk > SUdrysE s
Bt > FRALARE o RIEEN G O HIREES 5 [H A  GERE-A HINESELERE-B -
(a) £, K (b) 72, K (c) 72, /N (d) A, /N (e) H, K
MC19

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

—fEA NEAVIES PSR BRE L BERm  EHE R, TEE—
(&5 Arhd s - Wi Ta Ak - SRIRDUESIRE (k) ZBE v -
SRKERE v o

(a) v=mgR/(BL'N) (b) v=mgR/(B’L) (c) v=mgR/(B’LN)
(d) v=mgR/(BLN) (e) v=mgR/(B’L’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.

EA MC19 (L - W E 48R - DAUGR 2RISR 2 —(ES AR - 48R A RHE—1%
[ - 48R A BEENTEEE B4R B IY—F - 48/ A (YMEUE4ER B RIS - Rt (EEREIEA
[EIREHVE & m - MSSRETERES IR NE TS H (<L) > RIS A 1 B HEFVHFENIREE 777 B
W (b) mgH, mgH (c) 2mgH, mgH (d) mgH, 2mgH

(e) mgHR/(B’L’N), 2mgHR /(B’L’N)

(End of MC’s #EiEE52)
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Open Problems Bai0E
Total 5 problems 3£ 5 &

Q1 (10 points) BH1(104)

(a) Derive the formulae for the total resistance of two resistors in parallel and serial connections.
P (] BE H P I A R AR B P Y A=

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

5] B A SRR I A A Y A

C
(c) Find the capacitance between point-A and point-B of an A —| I
2C 2C 2= .......

infinitely long chain of capacitors as shown.
[ 5% —(E R B © oK A~ BREZFEIHVERS -

B

Q2 (14 points) BH2 (1443)
A small ball of mass M, is attached to one end of a light but rigid rod of 0]
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 v to the right in the horizontal direction.
—EE &5 M BN BAERE R L HIRIPEAT L - AT AYE & o] DURHES » diFTHI 55— Im B AE
P O %G - QAT AIEE O RE(EE BV A B Hhidg) - SOEEr—(EE &5 MW EITIPYIER L -
VISR /KPR L - BRZe2h4e/ Nk — (B & (E & B A 1A 7K 5 R YR 2R v ©
(a)  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)
s TR e /)N fEM/NER—EAE IR BT S - KNP 2 RAEER LI E - (7
77 )
(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
(11) at the same height as the hinge; and (iii) at the highest position. (7 points)
SfET R RN o fE/NERT] DAGEE S B ) - SRE/NEKAE MY B 4T BRAY S0
VISR ST o () TE R (BES o (i) FERISHIE — = Ry —8E - (i) FimeEht o (773)

Q3 (10 points) B3 (104)
An electron has intrinsic angular momentum S called spin, and a permanent magnetic dipole moment

— e = . . . . .. .
M = —f—S associated with the spin, where e is the positive electron charge, m is the electron mass, and
m

g 1s 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 7 = MxB))
ETHAERNAEES - W5 ETE - F8E TR o EmE M :_%S o Hft e BIEETHE
o] - mBETER > g F g -1 - —EFWRBEENE R X-J70 » A5 Z-J7 R
TEs5 - SIS g MIAFET 2 AT 2RV B FEBAAEE —J7 1M » G © (D) JJFEBLEE) &
HIRR (R BB EHYRE (R —F% - (2) [BlH— 2 2R [E H SR E R HEE T  (3) MhiERE
S HEBT=MxB )
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Q4* (12 points) B4 (1247)
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. P;=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 same as an ,air*“ molecule. In the humid air at sea level at 40°C the
water vapor partial pressure is 90 % of Ps, and the pressure is Po = 1.0 atm.

(a) Find the air mass density p, at 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 H is P = P,(1-2p,gH / (7P,))"* , 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)
22 R KZE RN oy B A R S N BRI KZORBR (PR » ZKZR R B K SRR -
L1 40°C B Py = 55.35 mmHg > 5 °C B% Py = 6.50 mmHg ° 22 &//KZES AR &Y Al (F R HAEE
B K FHVEENAUET ER 2 FIEE - BVE L 40°CHENRE RS - KRR BE
& PsHY 90 % » SRR Po= 1 {ERSRJEE -

(a) KBVHEZERNVEERE o, - (277)
Z R B TR — S 0 SRR R S °C o RS T /KZERAY R D BB SRR - 22
FABBUBTIREE HTZRE PV° = M8, VST (£5E HIVEERE P=R(1-2p,gH / (TR)” -

(b) —IrJ7 KV ERYRIRZE REEBREA /DR 2 (7 77)

(c) KRR S °C iV - 3 77)

Q5 (14 points) S (1443)

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

length /=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 4 =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.

(a) 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 26 below the first source. Find the minimum value of b to make all the
fringes on the screen disappear. (7 points)

L |
j |

SEIRERE  —EIEEFH PR R=1.0cm » B (=20 cm - FREESIE T EER o & LA

F B d=1.0mm » NEEAFE T d=1.0mm - FY{EFES 2 Y28 BN ERYReEFE o —(E

Ry A =500 nm HYBEEIR » el B AT AVEERE 2/ FE o —(EREY S m iR fERG L =

1.0mJgR

(a) KR L TABREUNEE - (7 57)

(b) BRI RSB —(E/ NEEEE b > S5—(EEEEERRAE S —EDERDUT Bl 26 &
(5w BT REUH AT b 8 E/IME. < (7 77)

-

KAE

(END 5%)

10
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Multiple Choice Questions

—_
[\
W
B~
W
(@)
-

819 101112 |13 |14 |15]16|17 18|19 |20

b|b|le|c|lal|lb|lal]e|c|la|d|a|e|a|]a|lal|d|e]|b

MC1: (d)

F
MC2: F=—kx=(3m—pV)g, k:—d— :pgd—V:pgﬁRz.

dx dx
o=k/M = pgrR* /(3m).(b)

It can be further simplified to p%ﬁR3 =3m=>w=, /;—g .

MC3: Using Archimedes’ principle, volume of water displaced is V; = (m .+ 0.V iee)/ Puater -

Suppose a volume of AVice melts, then the volume of water displaced decreases by
P AVoo | Poer - At the same time, since mass is conserved, the volume of water increases by

ice

piceAV

ice

/ Poaer - Hence there is no change in the water level. However, when all ice melts and the

stone sinks to the bottom, the volume of water displaced is m

stone

/pstone <m,

stone

/ Poarer - HENCE the
water level falls. Answer: (b)

MC4: Using Newton’s law of universal gravitation and Newton'’s second law for circular orbits,
M < R/T?. Comparing with Earth’s orbit, where M = 1 solar mass, R=1 AU and T = 1 year,

2
R=3 1.5(ﬁj =0.48 AU . Answer: (e)
365

MCS5: Denote the friction force and normal force acting on each blade as Frand N, respectively. At
the critical angle the static friction force should reach its maximal value which is F' = uN.

The condition for the wire not to move is when all components
of the forces adding up equal to zero. As shown in the force
diagram acting on the wire, the vertical components cancel each
other by symmetry, and the horizontal components cancel if

2Ff cosa=2N sin 2¢ .
2

Thus, from the condition of the critical angle we obtain:
M=tana. Answer: (¢)

MCé: (a)

MC7: Let v be the velocity of the particle of mass m. Kinetic energy of the compound pendulum:

2
K:lmv2+l(2m) Y zgmvz
2 2 2 4

Potential energy of the compound pendulum:

U =-mgLcosl — ngécosé? =-2mglLcosd


http://hkage.org.hk/en/download/Student/HKPO/HKPO2010_ExamPaper_Sol.pdf
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2
For small oscillations, U = —ngL(l - %] = cosntant + mgL 6’

For small oscillations, we can approximate the linear displacement by x = L&

Hence U = %xz

3 b 2mg r 1 [2mg/L 1 |[4g
a=—m = — = — _— e
Using the result of MC12, we can substitute 2 L and 27\ 3m/2 27 \3L

Answer: (b)

MC(C8: Using Newton’s second law, we find that the acceleration of the upward displacement is

2
- Y and L= - ld .
g(sina + ucosa) 2g(sma+ pcosq)

The acceleration of the downward displacement is g(sin @ — zzcosear) (in the downward

—g(sina + ucosa). Hence ¢, =

.
direction). Hence the time is given by L = Eg(sm a— ucosa)t: . Hence
2 2L _ v _ sin a + pcosa
? g(sina —ucosa) g’ (sina — ucosa)(sin a + pcosa) 'sine — cosa
Answer: (a)

MCO: Sol. mv, =(m+M)v,v = e v,=2m/s,
m+M
1 2 1 2 1 2 1 2
AE, =—mv,” ——(m+M)v" =—xIx10"—=x(1+4)x2° =40]
2 2 2 2

Answer: (e)

MC10: Sol. ¢ a1 mi=1kg, mx=3kg, F=6N, vo =2m/s, d =1m..
B R AR B ERE], LR R G vd BRI R

myvy = (my +my)v, v = e Vy = 3 x2=1.5m/s.

m, +m, 1+3
R e AT R L T, v, =aT=v,+a,T,6T =2-2T,T =0.25s,v=1.5m/s.
AE, :%mzvo2 _%(m1 +m2)V2 :%x?,xzz —%(1+3)X1.52=1.5]:FAS, As =0.25m.

7 fo 48 b fEdE= d—As= 0.75m. Answer: (c)

2
MC11: o = tan™' Lgtanﬂj , (@)

MC12: a>d>c>b, (d)

MC13: V(p,—p)=100kg = p=12-0.1=1.1 kg /m’.
I'=T1,p,/ p=293-1.2/1.1=319.6K =46.6°C (a)
MC14: Total reflection (e)

MC15: E=+15mg/q, (a)

2

B
MC16: v="—2L (a)
2mR

MC17: 0, (a)

MC18: (d)

MC19: v=mgR/(B’L’N), (e)

MC20: By energy conservation, O, =Q, =mgH . (b)
2
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Open Questions

Q 1 (10 points):
(a) For parallel connection, the total current I is the sum of the currents /1 and I; through the two

RR
resistors, and their voltage U is the same. So R, = v =U/ £+£ =—12

1 +1, R R,) R+R,

For serial connection, the current I through the resistors is the same, and the total voltage U
across the two resistors is sum of the voltages across each resistor. So
R =(U,+U,)/I=R +R,;(1.5 points)
(b) For parallel connection, the total charge Q is the sum of the charge Q1 and Q on the two
capacitors, and the voltage U is the same for both capacitors. So C, = (0+0,)/U=C+C,, (1.5
points)
For serial connection, the charge Q on each capacitor is the same, because in the section of
circuit between the two capacitors the total charge should be zero. The total voltage U is the sum

, (1.5 points)

of voltage across each capacitor. SoC, = 0 = Q/[g+2j = GG .(1.5 points)

U +U, ¢ C ) C+C,
(c) As the chain is infinitely long, it does not matter if one section is taken away.
1 1 1
Therefore — = ———+—, (3 points
c' 2c+C" C Gp )

Solving the equation one gets C' = (\/E - 1)C .(1 point)

Q 2 (14 points):
(a)

Note that for the whole system the net force in the horizontal direction is zero. The impulse will
: : : my,
give a total momentum to the system and its center of mass will move at constant speed ———,
m, +m,

while the block and the ball will move back and forth relative to the center of mass.

Two ways to determine the vibration frequency are given below.
Method 1: (4 points)

Take the following coordinate system.

x1 is the coordinate of the ball relative to the block. So x, = L6.
x2 is the coordinate of the block relative to the floor.

{—ml g6 =m, (% +X,), (Newton's equation for the ball)

. )
m, (%, + X, )+m,X, =0, (zero acceleration for center of mass.)

Solving the two equations, ¥, = - — ¥ =——"—L0
m, +m, m, +m,
m .. m - m, +m
-gf=|1- L% = 2 _J0=>w= —g( ! 2).
m, +m, m, +m, m,L

Method 2: (4 points)
Both coordinates are relative to the floor.

m,LO
X, =
X —x,=L0 m, +m,
= ,
mx, +m,x, =0 m,LO
X, =———
m, +m,
1 mm, [*0*
_ D A _ 1 2
E =—mx; +—mx; =————,
2 2 2(m1 +m2)
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1
U:EmlgLHZ.

g(ml + mz)
m,l '

Thus o =

We now proceed to get the equations of motion of the ball and the block.
The general solution is 6(¢) = Asin(wt) + Bcos(wt).

Consider the initial conditions 8(0)=0, 6(0)= v,/ L, thus

o(t) = —sm(a)t) v, /L) sin(wr), and
- "% / sm(a)t)
77’11 + m2 + m2

or, in the reference system of the floor,

m,v Lm . my,
x, =—= 2 sin(wt) +—"—¢
m, +m, ( ) m, +m,

my,
- ) sm(a)t) PO
m, +m, m, + m2 m, +m,

(b) Throughout the process, momentum and energy are always conserved. (7 points)
Take all coordinates to be relative to the floor. As the rod mass is ignored, the force of rod on the
ball is always along the rod so it does not produce a torque to the rod. One can therefore replace
the rod by a massless thread, or assuming the ball is moving on a smooth circular rail centered
at the hinge.

m,v, + m,v, = my,

1 1 1
B m, (V12 + vf, )+ 2 m,v; + mgh = 2 mv;

. (3 points)

— 2

v, =V
(i) v, =0, hzO:{vl _Oo,and F=myv,/L, T:F+mlg:ml(vzo+g},andTheforceofthe
L=

floor on the block is N = m,g +T =(m, +m,) g +my, / L.(2 points)

mpy,
v, =10
m, +m,
(i) h=L, v=v,=v. = > )
m,V,
v, = |2 _2gL
m, +m,
myv,  mmy;
1
T=F= v _ 1" Yo —2m,g

L (m, +m,)L

N =(m,+m,)g (2 points)

. m’v, —\/mlzm2 (mzvg —4(m1 +m2)gL)
=
(i) v, =0, h=2L= m, m + m,) ,
. mm,v, —\/mfm2 (mzvé —4(m, +m2)gL)
? m, (m, +m,)
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I'=F-mg=m, [(V‘Tvz’)—g}ml [%’—(%wjg]
2

N=m,g—T =(m +m,)(4m +m,)g/m,—my, / L.(2 points)

Q 3: (10 points)

Method-1

T=MxB,and F =evxB.

Maintaining the relative direction between spin and velocity requires simply that
t/I=F/P

geB evB eB

—=—,50g=2.
2m mv m &

Method-2

The electron will move in a circle in the magnetic field. We need to find the period of such

circular motion first. Let the radius of the circle be R. Then evB =mv’ /R =>v=eBR/m.The
2rmR _ 2zm

periodis T, =27R/v= = :
eBR eB

For the electron spin S, the torque is always perpendicular to the spin, so the spin will rotate.
Suppose the spin rotate by a small angle A# over a short time period Af, the change of angular
momentum is AS = SA#, similar to circular motion where the change of velocity is Av=vA#.
The angular speed of the spin rotation is then w=A8/At.

SB AS SA0O
Using the equation for torque and angular momentum, EOP =22 207 _ s,
2m At At
The rotation period of the spinis 7, = 2z _ dam .
o geB
Finally, 7, =T, = g =2.
Q4 (12 points)
(a) At the same pressure, T p = Constant, (1 point)

The density at 40°C is p, =1.2x % =1.12 kg/m’ (1 point)

55'?(’)5 x90% (2 points)

(b) The fraction of water vapor at 40°C at sea level 7, =

For adiabatic process, PV’ =constant, and for ideal gas PV = nkT, so P = CT""

The fraction of water at 5°C at high altitude 7, = L7 (2 points)
760(%)5
313
: 55.35 6.5 :
Rain = (n, —n,)x pxV = (7—x90%——7)x1.12 =(0.0665-0.013)x1.12=60g (3 points)
760(L)5
313
(c) Height: 278=313(1— 211298y 3673 (3 points)

7%1.03x10°
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Q 5: (14 points)

(a) (7 points)

Using the lens formula, we know that there are two images S1 and Sz at distance 2f from the split
lens and their distance is 4d. (1 point) The two images are equivalent to the two small holes
illuminated by a point source in a typical Young’s interference experiment. Their interference
effect produces the fringes on the screen.

L=L-f.Let & be the distance of the observation position on the screen to the optical axis.

1/5 2d) +I* = fﬁzd m( ézdn,

2
S, _—L1+[5+L d] J And then optical path difference is A =|6, - &. |— - f (2 points)

The width of the fringe A& is then

500x10° x(1-0.2
ﬂAg A= Ag_M - (3 )
4d 4x%x10

Now we need to know the width of the area where interference occurs, or where the light from
S1 overlap with the light from S,. From the figure we see that the area is between point-A and
point-B. By simple geometry, we get the distance between point-A and point-B to be

D:(3f+L)%:1600><1/20028mm (1 point)

=1.0x10"* m=0.1 mm.

So Number = D _38_ 80. (2 points)
& 0.1
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(b)

Each source (red or green) will form a pair of images, just like in (a). Each pair forms its own set
of interference fringes on the screen. When the red set bright fringes overlap with the dark
fringes of the green pair, then the light intensity on the screen is uniform and no fringes can be
observed. This means that at any point on the screen, the optical path difference from the red
pair should differ from that from the green pair by at least half the wavelength.

The distance between each pair of interfering images is still 4d. The center position of the red
pair from the optical axis is ((2d + b)—(2d — b))/ 2 = b . At a position above the optical axis by &,

4d
the optical path differenceis A, = T(f -b).
Likewise, the center position of the green pair from the optical axis is —b. At the same position

above the optical axis by £ the optical path difference is A = %(5 +b) (2 points)

For fringes to disappear, we must have % =A;—A,=—.

AL 5x107*x800
16d 16

Finally, b = =0.025mm . (3 points)
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Rules and Regulations %54 F|

. All questions are in bilingual versions. You can answer in either Chinese or English.
G TE R R - OSSR L O (e

. 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.

SR SRR BN S | I S
i B R T o 2 PR ) -

. 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 “I. 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 & Section No.”

%[ﬂaﬁﬁ&a%g*'ﬁg g 0 B HB @*‘rfiie FE BTEA%RY <1 D. No.” 4 l—*’,ifF@ RENNE
#@ﬁwﬁuu’ww%ﬁm yﬂwww”“éﬁ’%&wﬁﬁmmﬁmk~w Y g
7 & ihT “Course & Section No. ” ][4 F =iy = y;?%"#ﬁﬁ% °

. 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.

HEE @E{fj’ﬁ e %}{»’ s5¢ '*’*‘*'Tq% HVEAYEIES Y | HB Q‘S’Tﬁ 371

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

[35 BREFERIT ﬁ%h‘" Course Title ] i Farpys J/;?fg'}%’p‘% ; %ﬁ/‘ Student Name Afif[ 118
ﬁr SRR S %15" Student Number | 1# 29 8 &b Byl 52 FBHEAE Fﬁrﬁfﬁfl‘%fl[ﬁl“ °

. The information provided in the text and in the figure of a question should be put to use together.
RS U < LI e - S

. 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.

IRVREES » RS REAIR A b A o % T T P AR
i S5
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The following symbols and constants are used throughout the examination paper unless

otherwise specified:

BRI HIEEEE - B S5 P SRR

Gravitational acceleration on Earth surface F9ZRAIET I [IgHE g ]9.8m/s°
Gravitational constant 49 [ ]/ H{ B G |6.67x 10" N m*/kg’
Radius of Earth #4954 % Reg | 6378 km

Sun-Earth distance - [if}- PYZRIEHE re | 1.5%x 10" m

(= 1 Astronomical Unit (AU)) (= 1 ~< #i i+ (AU))

Mass of Sun ~[f T &l Msun | 1.99 x 10°kg

Mass of Earth H5Z5RETE| Mg | 5.98 x 10**kg

Air Density 4 5 #% o | 1.2kg/m’

Water Density “J<7#/% oy | 1.0 % 10° kg/m’
Standard atmosphere pressure FEVEA B o | 1.013 x 10° N/m?
Charge of an electron F§="Fir e [1.6x10"C
Permittivity constant 1' FEHF & | 8.85x 10" C/(V m)
Electron mass f&5—~ #T | me | 9.11x 107" kg
Speed of light in vacuum = %5k il ¢ [3.0x10°m/s

Trigonometric identities:
= EJ,@I\ m-‘ =U.

sm(x +y) =sinxcosy+cosxsiny

sin2x = 2sinxcosx

sinxcosy = %[sin(x + y)+sin(x — y)]

sinxsiny = %[cos(x —y)—cos(x+ y)]

cos2x = cos’ x—sin’ x

cos(x+y) =cosxcosy—sinxsiny

COSXCOSy = %[cos(x + y)+cos(x— y)]

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.

BHBIRER 51 ™ TR 8 e i

1) e %”JFE' Bﬁz“n. SRR BRI
2) 7“E'E?¢‘ =
3) ARE U P | -
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Multiple Choice Questions

(2 points each. Select one answer in each question )

S (D200 SRR )

The MC questions with the “*’ sign may require information on page-3.

7f[” * PUEERE “3=§,IF' ZBT= Fr _FpUeRR -

1.

As shown in Fig. 1, a boy is riding on a bus. The bus moves with a uniform speed of 20 km/h in a
horizontal circle, and the traffic light is located at the center of the circle. What is the velocity of
the traffic light relative to the boy?

A) 20 km/h in the forward direction of the bus

B) 20 km/h in the backward direction of the bus

C) 20 km/h perpendicular to the forward direction of the bus and directed away from the bus

D) 20 km/h perpendicular to the forward direction of the bus and directed towards the bus

E) 0 km/h

20 km/h

\
WS
\
\
\

Mﬁﬁlﬁﬂ » = FPIAL 3314”4 > I TS5 20 kv B RS [T [BUREEY
PG ARV 1o o G pPE AR ISR kL 2 ) 2
A)20hnm??“P{WJJ$WJ

B) 20 km/h == 14 FilExi ]
QZOMMH%CHFT#WWJ
D) 20 km/h == 1 [ )=
E) 0 km/h

Figure 1

l‘L\ Hl‘L\

@ 2
o

—T\ “EL
LIl

A tennis ball machine is installed on the bus in Fig. 1. It projects tennis balls at a speed of 100
km/h in the direction perpendicular to the forward direction of the bus, and on the outward side of
the circular path. The trajectories of the tennis balls observed by the boy are
A) straight lines perpendicular to the forward direction of the bus
B) straight lines slightly inclined towards the forward direction of the bus
C) straight lines slightly inclined towards the backward direction of the bus
D) curves slightly inclined towards the forward direction of the bus
E) curves slightly inclined towards the backward direction of the bus
[l 1 [ 1 AR - SEFRERS I 100 ke/h 3RS I OB B
%ﬁﬁéﬁfﬁﬁ»%%ﬁﬁﬂwﬁ¢ﬁwi
A FE S [ [
B) | e f HJ t, [flJlf‘ﬁf'b § F[p JE[ FEL
C) I HRE™Y [ﬂjﬁ'éﬁ[&l FERTEE
D)} Pt HT#% [HJ]E@?E@ J'Jl F[F”E”[WF"
E) ¢ F=e i H'J ﬂj[ﬂ Elét@g’(l F[F”E“WE"
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3. A man sits in the back of a canoe in still water. He then moves to the front of the canoe and sits
there. Neglecting the damping of water, the final position and the motion of the canoe is:
A) forward of its original position and moving forward
B) forward of its original position and moving backward
C) rearward of its original position and moving forward
D) rearward of its original position and moving backward
E) rearward of its original position and not moving
Eaciin il Jﬂﬁii RV E T o PR pE SR APV IR LT o TR
ARPURE S TR AR AL ¢

A) PR N TR [ i B B) ERUTe B A FiFe ] i
C) PR Rl 75 [ i D) ERUTe A e ] e

)F$ﬂwwpwyﬁﬁﬁw

4. A boat is about to cross a river to the opposite bank. The river water flows at a speed of 4 km/h. If
the speed of the boat is 3 km/h, what should be the angle between the boat velocity and the
upstream direction of the river, so that the downstream displacement is minimum when the boat
reaches the opposite bank?

TR e — SO PR o 3 TS 4 km/h o t’,*ﬁpﬁf 3 km/h > BPREUEEE Y
ffJ’?*fIW'dJE Yo T TR SRR o A R I R ] 2
A) 0° B)37° C)41° D)53° E)90°

5. *In a talent show, a juggler juggles 4 balls simultaneously, as shown in
Fig. 2. A spectator uses his high speed video tape and determines that it
takes the juggler 0.9 s to cycle each ball through his hands (including
catching, transferring and throwing) and to be ready to catch the next
ball. It is noted that at most one ball must be in a hand of the juggler in
each cycle of juggling. What is the minimum vertical speed the juggler
must throw up each ball?

R - 2 RS 4 R 2 - s
A S o LR ﬁjT“J 0.9 s A% B [l ST

AILUIER) - IVERGEHE A TRk - PRI RO - T Figure 2
1 2B B S [ mg PR (S g
RL%7p?

A)93m/s B)1l4m/s C)128m/s D)132m/s E)17.6m/s

6. As shown in Fig. 3, the block-spring system is in 3K

equilibrium provided that the left spring is

stretched by x;. The whole system rests on a

smooth supporting surface. The coefficient of k

static friction between the blocks is x4, and the

blocks have equal mass m. What is the maximum

amplitude of the oscillations of the system such Figure 3

that the top block does not slide on the bottom one?

f/[[ﬁ%ﬁ‘ZF”Tq - ﬁﬂiﬁ&-ﬂ%ﬁ%‘??? &mJﬁ izl H Tﬂgﬁi‘flﬁl WA KTy, 0 2 SR

KT o IR RO TR g o ARIOETRISES o 7 AP S RO
Ao ijm LN l’ﬁfulﬁ\ﬁj (F*FI*J °
A B By —pmg O B TE D) 202k +umg)  E) 2(2kx - pmg)
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*An object is projected up an inclined plane with an initial
speed of vop = 10 m/s, as shown in Fig. 4. The angle of the
incline is @ = 30° above the horizontal direction and the
coefficient of the sliding friction g4 = 0.1, determine the
total time for the object to return to the point of projection.

- #’J%‘B?’Wpl' FIgl v = 10 /s FFelt > QIR 4 s o 3

Pt (REEL 9= 30° > PR gt 1 = 0.1 > YFPIR
[FIZ] Fi@ﬁ‘ ARG fe] o

A)3.8ls B)4.26s C)4.54s D)494s E)5.32s

Figure 4

*As shown Fig. 5, a train with a length of L = 500 m moves by its inertia through the horizontal
section of a railroad. However, the train encounters a small hill that slopes gently. With what
minimum speed v can the train cross the hill? The base of hill has a length /= 100 m, the lengths
of the slopes are /| = 80 m and 7, = 60 m. The slopes of hill can be considered as straight lines
and the small section of rounding at the top of the hill can be ignored. Neglect any friction.

DBt s B o = IR RS L =500 m [ PR T @GE I SRESRE]- W]
R Rl el i o 6on R e ) A g M /= 100m - FRERBER 1, =80m A,
2 60m - UG S TR P - | R

A)96m/s B)Ill.5m/s C)132m/s D)15.0m/s E)16.2m/s

10.

Figure 5

It is given the mass of Earth is a times that of Moon, and the radius of Earth is b times that of
Moon. The period of a simple pendulum is 7. When it is carried to Moon, the period of the simple
pendulum becomes

TSR LEISNI o ff + SR TERLEEN b - S U s
55’: T > :‘H}':{_j g %iUF ‘J‘s > E[ Eﬂ}%kﬂ Jlﬁﬁﬂwjj‘/\
A) ET B) gf ) %7 D) ﬁT E) \/gf

There exist some triple star systems in the universe. They are more distant from other stars, and
are composed of three stars of equal mass M. The gravitational forces due to other stars can be
neglected. A basic stable structure of triple star systems consists of three collinear stars, with two
companion stars moving around a central star on a circular orbit with radius R. The linear velocity

of the companion stars is v, = k,vGM / R ,where k=

i T K PSRRI © [TTR M RSO SRR 5K i
[ B [ [ ou'%ﬂ@u*uﬁﬂr@ﬁ Tl ELM“EW%“ e B'F[
B SRRl A R R R DR T T SR R OB fﬁ £Ei5°l - BEEEUARGHLE
vi=kiNGM /R > Ff[1 k=

A)V10 B)J5 W52 DYV5/2 E)is2

—~‘ ._1‘\

(END OF MC’s ;Z % fE% )
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Open Problems FfvE
Total 6 problems 3 6

The Open Problem(s) with the ‘*’ sign may require information on page 3.

i * FOBIRCRITI o™ 2312 Fr_boeep -

Q1* (10 points) 1> (1055 )

The helicopter has a mass m and maintains its ~
height by imparting a downward momentum to
a column of air defined by the slipstream \
boundary as shown in Fig. 6. The propeller '
blades can project a downward air speed v,
where the pressure in the stream below the
blades is atmospheric and the radius of the !
circular cross-section of the slipstream is r. \ ;
Neglect any rotational energy of the air, the 5, v ! v

temperature rise due to air friction and any b !
change in air density p. Figure 6

(a) Determine the power P required of the engine.

(b) If the power is doubled, calculate the acceleration of the helicopter.

@[4 SHIETEIEL o ]mgj?i EJF@ P2 S \}“é}éﬁﬂﬁ[ oo Sk EJ ngpqﬁl 6 F- o
L [EEA; ﬁ;{%}k;«nmﬂ fR CEEE] e sk Hlpﬂgﬁg{m#\%n B ST L[
e, o H I 22 g %npjggai;wﬂ ~ 2 s M g Ay )R~ AT S *-14’@ po dl g o
(a) B [Ptz p -

(b) JHN FE I = l’f', g E AT RSN I A

Q2% (10 points) B 2* (1055)

As shown in Fig. 7, in a ski jumping competition on a slope with inclination angle &

= 60°, an althlete jumps at point O with initial speed vo= 25 m/sand lands at point-A. —
(a) Find the optimum jumping angle « so that the distance OA is maximum. (You

may need to use trigonometric identities listed in page 3.)

(b) Find the maximum distance OA. o
wﬁ7Wﬂ’¢wH06mw3ﬂFﬁﬁwnﬁ N el (1
ﬁ}‘ vo=25m/s ~ ¥ JOKE“E}L ﬁl&]éﬁ}iﬂﬁi "Ag’f VO~ A[ﬁ%!‘ﬂj”

E’FL e 9557
(@S Vi) 35 SR OA [IOI5r » (e PIEIIY3 B0 £ st «)
(b) *Hemt HEEOA -

Figure 7

Q3* (15 points) B 3* (1557)

On a smooth horizontal surface shown in Fig. 8, there is a rectangular board AB with mass 2m and an
arc-shaped structure BC with mass 3m. The coefficient of kinetic friction of the upper surface of the
rectangular board is u# = 0.35, and the surface of the arc-shaped structure BC is smooth. The arc BC
subtends a right angle with radius R. The two objects touch at point B.

(a) A small object of mass m moves from A4 to the right with an initial velocity vo = 10 m/s on the
upper surface of the rectangular block. When it reaches point B, the velocity is v =5 m/s. Calculate the
velocity v, of the rectangular board AB at this instant.

(b) The small object continues to move onto the arc-shaped surface BC. The rectangular board 4B
loses contact with the arc-shaped structure BC, and the small object continues to to move along the arc
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surface, and finally just reaches the highest point C of the arc BC. Calculate the velocity of the arc-
shaped structure vg.

(c) Calculate the length L and the radius R.

TR ES 2m ElfJ;%ﬂJ?E} AB HIFVEIE 3m EIfJ[Ei'ﬁ’“}?E} BC ??_Iiih} [ﬁ[ 8 fl IEIfJaL’iﬁﬁJ*j‘ [ %ﬂj’ﬁ%f?@
[ B E thy = 0.35 [EH@T?E} BC %Ewﬁﬂtﬁ'b%’?ﬁ[&ﬂ?’} o [T BC a7k £ E@@I Flo BEELR -
PP BRI - | " L ,
(a) TVELEL m Y 'J\iﬁ‘iﬁ\l@ AB ,,‘}F'Jﬁ@’ Vo= 10 m/s iﬁ%“ﬁ?ﬁ“ﬁﬁf% p‘[[HJF ﬂﬁ‘?ﬂ ) %FJ'I@ B %ﬂmfj
LG v =5Sm/s o FURIHR T AB Uik vy

(b) VBRI MAT BC b+ R AB AT BC L3 H8) » WIIAFIRem e 7T
PLETHEY - BASGI AR BC FRURERIC « SR T BC st v -

(o) BEFR LAY R -

C
L R

i
m Vo B

n—
Al 2 S

ANONNNNNNNNNNN
Figure 8

Q4* (10 points) 4% (1057)

Geosynchronous satellites have the same period 7T as the Earth’s rotation. They are at such a height
above the earth’s surface / that they remain always above the same spot. Suppose a geosynchronous
solar satellite, as shown in Fig. 9a, sends radio signal directly to receivers on earth.

Figure 9a

When the satellite moves to the rear part of the earth (Fig. 9b), the light source is completely blocked
by Earth in the shadow region (commonly known as an umbra). The length of the umbra is usually n
times (n = 200) of Earth’s radius Rg.

(a) Determine the height /. Express your answer in units of Rg.

(b) Determine the duration in each day that the satellite cannot receive sunlight. Express your answer
In minutes.

Figure 9b
8
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POl Fﬁ’ﬁ”v‘” U T SRSt BRI - PIREE S b o e
MR G R e «T‘fﬂ RN TR E ] e @Fﬁ,r,iﬁﬂ
PSR Ffﬁgqﬁ o

Hi T A S EEETRI( 9b) » A RRLPTRR Z IR 2 Y - 2 B ORI R

= REﬂJn[ 1(n ~200) °

(2) BEFHETAS ho ] Ry T AR -

(b) & ﬁﬂf@ﬁ‘ﬁ FEUSTHL PR - 153 SRR T A R R o

Q5* (20 points) B 5% (2055)

Let £ = 1.00 AU be the circular orbtal radius of Earth around Sun, and ry = 0.72 AU be the circular
orbital radius of Venus around Sun. To launch a space probe from Earth to Venus, the space probe
first enters Earth’s orbit and moves to a position sufficiently remote from Earth, so that the
gravitational attraction of Earth is negligible when compared with the gravitational attraction of Sun.
Then, the following manouvers as shown in Fig. 10 are performed:

(1) The kinetic energy of the space probe is reduced by AK =K(rg — ry)/(rg + ry), where K is the kinetic
energy of the space probe at that instant. This is done by switching on the engine for a short time and
then switching it off. The space probe then enters a transfer orbit around the Sun. The transfer orbit is
tangential to Earth’s orbit at its near end and to Venus’s orbit at its far end.

(2) When the space probe touches Venus’s orbit, the space probe is traveling too fast for it to land on
Venus. For the second time, the kinetic energy is reduced by switching on the engine for a short time
and then switching it off. The space probe then travels at the orbital velocity of Venus.

Transfer
— \

Figure 10
(a) Calculate the orbital speed of Earth and Venus. Express your answer in km/s.
(b) Calculate the speed (in km/s) of the space probe in the transfer orbit at point E.
(c) Calculate the speed (in km/s) of the space probe in the transfer orbit at point V.
(d) Calculate the fractional reduction of the kinetic energy of the space probe at point V.

e = 1.00 AU SRR B Mﬁl Jﬁr %y = 0.72 AU £b:2 B 2BGN MH EPYRuE pu S
o B WNEPOER SRR S B B AR PR E RS ?E“*L“ﬂ‘f R B SR
FORb ) o T AT | JJ ’ p I ’”E PR ﬁi"’“fﬁélﬁﬂa%wﬁww 11 EJﬁél‘Pi
(1) FHPERERPVEIR=E (R AK = K (r, — 1) ((r +1,) > BT KRR o R TPV > hRLp]
Fod (B B ﬁta?ﬁ%ﬁ P [E o PRSP RE 2B N TRV - lﬂﬁﬁfﬁﬂ; T
S PTRIGHARI T IUE [ & B o

2) f ORI = G ﬂ*ﬂi@ﬁﬁ S S B R e SRR T I [ P
Eﬂjfa » SRR (5 - BRI LPFEFI S I BEGR e

(a) & “I‘ET%,‘J’#TIQEJ ,j:E‘}LAE_ F—FI J:ﬂ'{} » '] km/s EVET P FFEFER o

(b) & ﬁﬁ%@ﬂé‘&@*"’ﬁ;E%@} o 1) ks KR ASESH R

(c) BNt pIFAHI AN A2 Viﬁ;iﬂi} > 1) km/s BB 00 ASETHH

(d) PRIIAR 7 Fergl p RN S SRS KR R KI5
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Q6 (15 points) e (1557)
As shown in Fig. 11, a pendulum consists of a massive cubic block with side length 4 and density o5
hung by a light rigid rod with length L >> b. The hinge connecting the rod and the block maintains the
block at the same orientation when it swings. The block is partially immersed in a liquid with density
o1, with oy greater than p,. The immersion depth of the block in the liquid is c.
(a) Calculate the period of the pendulum for small oscillation angles ¢ when c is sufficiently small.
You may assume that the damping of the liquid during oscillations is negligible, and the change of the
immersion depth during oscillations is negligible.
(b) When liquid is added, the liquid level rises, and the value of ¢
reaches a threshold value c¢*, above which the pendulum rod is no
longer vertical. What is the espression of ¢*?
(c) When c is above c*, the pendulum oscillates about a non-zero
angle ¢. Calculate the period of the pendulum for small oscillations
when the liquid level has risen to one that corresponds to ¢ = 30°.
P 1 A o e (R - AR L.'?ﬂém%ﬁ%z;&_
'[E{“E Vgl *ﬁﬂF’E‘ o it *B?E‘f{lit b L p o AR
L>> b o HIFF =AM ﬁb?ﬂp UREAS o TR EWEI*JEJJC eIt ﬁﬁjfﬁ’g
AR [fl~ Hp) e o ﬁb?ﬂ‘ﬁn?y IH?‘zFF’E‘HI R 5 0 B
MEE p, ™ o 2 H RS R e B

(a) EfETFﬂ cH il F”Eﬁl{ it AR=g #EF'{'F”T 1] - FI’ I I
fﬁir}%%@ﬁﬁf ’ fﬁﬁg‘ﬁu[ﬁnpg it 1| s »J f'r “E;P%'*F‘F‘}Jﬁf e 11
it “ﬁjﬁgyf [ﬂ&ﬁgﬂigu A ] 220 o
() PSSR » s o PRTASESIID o BT SO T P
cHINAFE Y 'F‘
(C)i e PE;J ARG FRTIAY g  GRGH T HIRE ] 2 g = 30° 0 Rt [RIRg - Sl
ﬁ;ﬁ;p}

(END %)
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Rules and Regulations %54 F|

. All questions are in bilingual versions. You can answer in either Chinese or English.
G TE R R - OSSR L O (e

. 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.

SR SRR BN S | I S
i B R T o 2 PR ) -

. 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 “I. 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 & Section No.”

%[ﬂaﬁﬁ&a%g*'ﬁg g 0 B HB @*‘rfiie FE BTEA%RY <1 D. No.” 4 l—*’,ifF@ RENNE
#@ﬁwﬁuu’ww%ﬁm yﬂwww”“éﬁ’%&wﬁﬁmmﬁmk~w Y g
7 & ihT “Course & Section No. ” ][4 F =iy = y;?%"#ﬁﬁ% °

. 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.

HEE @E{fj’ﬁ e %}{»’ s5¢ '*’*‘*'Tq% HVEAYEIES Y | HB Q‘S’Tﬁ 371

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

[35 BREFERIT ﬁ%h‘" Course Title ] i Farpys J/;?fg'}%’p‘% ; %ﬁ/‘ Student Name Afif[ 118
ﬁr SRR S %15" Student Number | 1# 29 8 &b Byl 52 FBHEAE Fﬁrﬁfﬁfl‘%fl[ﬁl“ °

. The information provided in the text and in the figure of a question should be put to use together.
RS U < LI e - S

. 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.

IRVREES » RS REAIR A b A o % T T P AR
i S5
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The following symbols and constants are used throughout the examination paper unless

otherwise specified:

BRI HIEEEE - B S5 P SRR

Gravitational acceleration on Earth surface F9ZRAIET I [IgHE g ]9.8m/s°
Gravitational constant 49 [ ]/ H{ B G |6.67x 10" N m*/kg’
Radius of Earth #4954 % Reg | 6378 km

Sun-Earth distance - [if}- PYZRIEHE re | 1.5%x 10" m

(= 1 Astronomical Unit (AU)) (= 1 ~< #i i+ (AU))

Mass of Sun ~[f T &l Msun | 1.99 x 10°kg

Mass of Earth H5Z5RETE| Mg | 5.98 x 10**kg

Air Density 4 5 #% o | 1.2kg/m’

Water Density “J<7#/% oy | 1.0 % 10° kg/m’
Standard atmosphere pressure FEVEA B o | 1.013 x 10° N/m?
Charge of an electron F§="Fir e [1.6x10"C
Permittivity constant 1' FEHF & | 8.85x 10" C/(V m)
Electron mass f&5—~ #T | me | 9.11x 107" kg
Speed of light in vacuum = %5k il ¢ [3.0x10°m/s

Trigonometric identities:
= EJ,@I\ m-‘ =U.

sm(x +y) =sinxcosy+cosxsiny

sin2x = 2sinxcosx

sinxcosy = %[sin(x + y)+sin(x — y)]

sinxsiny = %[cos(x —y)—cos(x+ y)]

cos2x = cos’ x—sin’ x

cos(x+y) =cosxcosy—sinxsiny

COSXCOSy = %[cos(x + y)+cos(x— y)]

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.

BHBIRER 51 ™ TR 8 e i

1) e %”JFE' Bﬁz“n. SRR BRI
2) 7“E'E?¢‘ =
3) ARE U P | -
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Multiple Choice Questions

(2 points each. Select one answer in each question )

S (D200 SRR )

The MC questions with the “*’ sign may require information on page-3.

7f[” * PUEERE “3=§,IF' ZBT= Fr _FpUeRR -

1.

As shown in Fig. 1, a boy is riding on a bus. The bus moves with a uniform speed of 20 km/h in a
horizontal circle, and the traffic light is located at the center of the circle. What is the velocity of
the traffic light relative to the boy?

A) 20 km/h in the forward direction of the bus

B) 20 km/h in the backward direction of the bus

C) 20 km/h perpendicular to the forward direction of the bus and directed away from the bus

D) 20 km/h perpendicular to the forward direction of the bus and directed towards the bus

E) 0 km/h

20 km/h

\
WS
\
\
\

i/[l[ﬁ‘lf% » = B Eﬁf} I I PIESR 20 kv B R (R BUREEY
—I\ﬂ FHJ"‘[EH%QIEJH[U ?& B ﬁibﬁy‘mdﬁuﬁ@i” b

A) 20 km/h === 1 H'J::J"FWH

B) 20 km/h =% 14 F"J* [

Figure 1

I
C) 20 km/h == 1 & )= 2wt 14
D) 20 km/h === 1 [y [p=r = gl 1
E) 0 km/h
Solution:

The circular motion only affects the relative acceleration. It does not affect the relative velocity.
(answer: B)

A tennis ball machine is installed on the bus in Fig. 1. It projects tennis balls at a speed of 100
km/h in the direction perpendicular to the forward direction of the bus, and on the outward side of
the circular path. The trajectories of the tennis balls observed by the boy are
A) straight lines perpendicular to the forward direction of the bus
B) straight lines slightly inclined towards the forward direction of the bus
C) straight lines slightly inclined towards the backward direction of the bus
D) curves slightly inclined towards the forward direction of the bus
E) curves slightly inclined towards the backward direction of the bus
WIW”4%**ﬁ%$ﬁ%%oﬁﬁﬁIﬁﬁNMMMi%?”4‘@w%f [l
U SRS - LB
INE ! FIIJ &) [f' T"@ H JE[ Bl

) [ k| H[JT#—JU [HJ]EP‘E FIJI F[ﬂ JEI Py
C) 4 er;*ij [H PSR & R F[p JEI el
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S [fe Eop
[P B i PRI s
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'/“ﬂ{ -frrn{

,J.,

D) F 1
E) B &

=
1=
Solution:

Because of the curved motion path of the bus, the trajectory should be a curve. (answer: E)

A man sits in the back of a canoe in still water. He then moves to the front of the canoe and sits
there. Neglecting the damping of water, the final position and the motion of the canoe is:

A) forward of its original position and moving forward

B) forward of its original position and moving backward

C) rearward of its original position and moving forward

D) rearward of its original position and moving backward

E) rearward of its original position and not moving

EaC I AT R ] s o PR R R A PO SR - 3 TR
AU R A B A AR ERL |

A LRUR ST R B) LR A S s
C) FH"'L‘F b i PFI PR [HJHJF{ D) P"E’Ljs b PP[ | P [ '%‘P}J

E) FRUe B (el P2

Solution:

canoe’s com

man’s com

Since there is no external force, the center of mass should stay at the same position. Hence the canoe is
rearward of its original position and not moving. (answer: E).

4.

A boat is about to cross a river to the opposite bank. The river water flows at a speed of 4 km/h. If
the speed of the boat is 3 km/h, what should be the angle between the boat velocity and the
upstream direction of the river, so that the downstream displacement is minimum when the boat
reaches the opposite bank?
AAT-FUATE— SEOF (SR < 3 SRS 4 kb < ,*ﬂ"ﬁf“ 3 kvh » EVASS R
J[fj’?‘flJr B EE S R ri}“J'vL+Tﬁ‘r[Eﬂj T T Mlifﬁ"’t"ﬁ |2
A) 0° B)37° C) 41° D)53° E)90°

Solution:

To minimize the downstream displacement, the resultant vector of the water and boat velocity

should make an angle with the downstream direction as large as possible. Considering variable

directions of the boat velocity, the tip of the boat velocity generates a circle as shown in the figure.

The largest angle of the resultant velocity is given by the tangent to the circle. Hence ¢ = cos‘1(3/4)
=41°. (answer: C)
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¢ 4

5. *In a talent show, a juggler juggles 4 balls simultaneously, as shown in
Fig. 2. A spectator uses his high speed video tape and determines that it
takes the juggler 0.9 s to cycle each ball through his hands (including
catching, transferring and throwing) and to be ready to catch the next
ball. It is noted that at most one ball must be in a hand of the juggler in
each cycle of juggling. What is the minimum vertical speed the juggler
must throw up each ball?

YR~ B RS 4 (R I 2 T o AT
AR S > SRR T ER 0.9 s A B AR A

SRR » R RERTERE T — 3% - PR R RS- Figure 2
B0 B0 G ST R o [ PRI S
WP

A)93m/s B)ll4m/s C)128m/s D)13.2m/s E)17.6m/s

Solution:

One of the balls’ height can be described by y =v ¢ —% gt*. The amount of time it takes to rise and

2v,

fall to its initial height is therefore given by . If the time it takes to cycle the ball through the

juggler’s hands is 7= 0.9 s, then there must be 3 balls in the air during that time z. A single ball must

stay in the air for at least 3 7 so the condition is 2, >37,0r v, 213.2 m/s. (answer: D)
g
6. As shown in Fig. 3, the block-spring system is in 3K

equilibrium provided that the left spring is

stretched by x;. The whole system rests on a

smooth supporting surface. The coefficient of k

static friction between the blocks is z4, and the

blocks have equal mass m. What is the maximum

amplitude of the oscillations of the system such Figure 3

that the top block does not slide on the bottom one?

P 2 B o = i B g A e T SRR BT SRR B xy o 2 R
AAEIE o IR W R > IRV ETRIS RS o ] SRR ]
oy SR B S (B T

M) B8 v Byt —pmg ©) BT D) 22k +pmg)  E) 22k - pmg)

Solution:

The equivalent force constant of the springs in the system is (3k+k) = 4k
Applying Newton’s 2™ law to the two-block system gives: -4kx =2ma (1)
Applying Newton’s 2" law to the lower block gives: k(x; —x)—f=ma, (2)
where f'is the magnitude of the frictional force.
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Solving the Eq. (1) for ma and substituting the result into Eq. (2) gives
k(x; —x) — f=—2kx.

Solving for f: /= k(x; + x).

The maximum value for x is the amplitude 4, and the maximum value for f'is @N = (1)mg. Thus,
(ts)mg = k(x) + Amax). Solving for A gives
k

—x, (answer: C)

7. *An object is projected up an inclined plane with an initial
speed of vo = 10 m/s, as shown in Fig. 4. The angle of the
incline is @ = 30° above the horizontal direction and the
coefficient of the sliding friction g4 = 0.1, determine the
total time for the object to return to the point of projection.
= POERIOAIFTTFIH v = 10 mys e DT 4 B o &
PO FREEL =30 > PR (R0 1 = 0.1 > YFPI

e FL&ﬁl ARG fe] o

A)38ls B)4.26s C)4.54s D)4.94s E)532s

Figure 4

Solution:
Going up: F, =—mgsin30° — umg cos30'= ma
-.a=—g[sin30° +(0.1)cos30°]=—5.75m/s’
v,

At the highest point v=0 so v=v,+at = 1, =Y 5.75) =0.174v, s
a f—

The length of the inclined plane is given by
S,y = Vobs + %asz =0.174v. — %(5.75)(0.174%)2 =0.087v.

Going down: v =0, a=-g[sin30°—(0. 1)cos30”] =-9.8(0.5-0.0866) = 4.05 m/s’

S + ; =0- _(4 05)(tdown)

down — votdown

0.087v> = —(4 05)(t2,.)

=0. 207v s
=1, Tl = 0.381y, =0.381(10) =3.81s (answer: A)

down

down
S ttoml
8. *As shown Fig. 5, a train with a length of L = 500 m moves by its inertia through the horizontal

section of a railroad. However, the train encounters a small hill that slopes gently. With what

minimum speed v can the train cross the hill? The base of hill has a length /= 100 m, the lengths

of the slopes are /| = 80 m and /7, = 60 m. The slopes of hill can be considered as straight lines

and the small section of rounding at the top of the hill can be ignored. Neglect any friction.

fj[l&?qﬂ S = JIRBEY L =500 m Y FHE o TE S T g Fiﬁ S22 T

o [ FE T I e gl v*—’?w 1 2! [ﬁﬁﬁaw [=100m * PR 1 =80 m A1/,
=60m=° fi'l )J%FTJ“M Bt o SURRRENpY - [ FRE TS o T P e
A)9.6m/s B)11l.5m/s C)132m/s D)15.0m/s E)16.2m/s
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Figure S

Solution:

The potential energy of the train is maximum when parts of the train completely occupy both slopes of
hill.

Using cosine rule, the inclination of the left slope is given by
P+ -
cosd =———==0.8
211,

sin@ =+/1-cos’ @ = 0.6

Height of the hill: 2=/ sinf =48m

Alternatively, as can be seen from the given conditions, the lengths of slopes and base of hill satisfy
the Pythagorean theorem: /¢ + ¢ = /. Hence it is a right-angled triangle. By equating the area of

the triangle, the height of the hill A=/, ,/ /=48 m.

The center of mass of the lifted part of the train, which is located on the hill, gives 4., = h/2. Since the
mass of the parts of the train indicated is proportional to its length, it is possible to find potential
energy of train relative to the foot of the hill:

< ¢ -
PE — M[g zf ) ghc,g. = W ; where’M is the mass of the entire train.

If the train can cross the hill, its initial kinetic energy K.E. = Mv*/2 must be larger than the potential
energy U. Hence the desired minimum speed of the train is

min

V.= gh(%j ~11.5m/s (answer: B)

9. It is given the mass of Earth is a times that of Moon, and the radius of Earth is b times that of
Moon. The period of a simple pendulum is 7. When it is carried to Moon, the period of the simple
pendulum becomes

AT o (- BRI b R R S
BT Fpl ez 5o f Efj;;hp Y S
a Jb Ja \F
A)—T B —T C Yer p —T E) ,|—T
) 7 ) ; ) b ) 7 ) p

Solution:

mg = G~ Z,g R2 ,T 2\/7 27r\/7\/_ L_R %:%. (answer: C)
2 —

10. There exist some triple star systems in the universe. They are more distant from other stars, and
are composed of three stars of equal mass M. The gravitational forces due to other stars can be

8
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neglected. A basic stable structure of triple star systems consists of three collinear stars, with two
companion stars moving around a central star on a circular orbit with radius R. The linear velocity

of the companion stars is v, = k,vGM /R , where k| =

H'*F[I'H[a»?i IR PR B sy ~ pIETED M OISO BRGS0 B R ;E_HEI [gsdd
1y T o) °°‘%EE'U*U*%£H 54+ s 1 AL A5 s Hr'E
BB s R B R AR T R Fu[gnl'ﬁhﬁ SR o [ R EEOSSSHE
vi=kiNGM /R > Z[1 k=

AMANI0 B V5 052 D)Y5/2 E)is2

Solution
2 2 2
SF=F +F, = an + i : :5sz =mRw’, o = SG—T, 12 :Ra)zﬁ @ (answer: D)
R (2R) 4R 4R 2V R

(END OF MC’s 3Z B* )
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Open Problems FfvE
Total 6 problems 3 6

The Open Problem(s) with the ‘*’ sign may require information on page 3.

i * FOBIRCRITI o™ 2312 Fr_boeep -

Q1* (10 points) 1> (1055 )

The helicopter has a mass m and maintains its ~
height by imparting a downward momentum to
a column of air defined by the slipstream \
boundary as shown in Fig. 6. The propeller '
blades can project a downward air speed v,
where the pressure in the stream below the
blades is atmospheric and the radius of the !
circular cross-section of the slipstream is r. \ ;
Neglect any rotational energy of the air, the 5, v ! v

temperature rise due to air friction and any b !
change in air density p. Figure 6

(a) Determine the power P required of the engine.

(b) If the power is doubled, calculate the acceleration of the helicopter.

iR pﬂi’? hom o ]mgj?i JIVEERd ed \}“é}éﬁﬂﬁmﬁ o SIS ﬁrli/[lqgﬂ 6 Hr- o
L [EEA; ﬁ;{%}k;«nmﬂ fR DR o S plIPVESE R SR o ST R R
FEE o F‘ PRS2 S il g~ 2 o e e d [ 8y AR A Sa T puds g
(a) B [Ptz p -

(b) PN R > BERE TR RGO IE -

Solution:

(a) Using Newton’s second law, the force exerted by the engine is equal to the rate of change of
momentum of the air.

Mass of air propelled by the enginer in time ¢ = pvAt

Increase in momentum of the air in time # = (pvAf)v = pvat. Vl: 0
Hence the force is F = pvjAt =pvV' A= pm’V. '
For the helicopter to maintain its height, F' = mg. k/_——l:f;ﬂ
Hence mg = pm™Vv’ = v= l Z—i mng

| v
The increase of kinetic energy of the air in time ¢t K = %( PVAL)V V

. K 1
Hence the power is P = —= ~ p?v? =8 |1E

answer
- (answer)

(b) Since P is proportional to v*, the air velocity becomes 3/2v when the power is doubled.
Since F is proportional to v*, the force becomes V4F = 3\/ng when the power is doubled.
Using Newton’s second law, the acceleration of the helicopter is given by

3\/ng -mg=ma = a= (3\/2 —l)g =5.76m/s* (answer)

Q2* (10 points)  JE 2* (1053)

10
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As shown in Fig. 7, in a ski jumping competition on a slope with inclination angle &

= 60°, an althlete jumps at point O with initial speed vo= 25 m/sand lands at point-A. —
(a) Find the optimum jumping angle « so that the distance OA is maximum. (You

may need to use trigonometric identities listed in page 3.)

(b) Find the maximum distance OA. 0
ij[ [ 7 A T 0= 60° Uz F%il—:@? NS o S ?ﬂélw&ﬁo
(E{:ir vo=25m/s ~ ,” JO(EW%[ ﬁl&]é‘lj“"ﬁ{‘lﬁl '“Ag’f Vo~ A[ﬂg’!—ﬂjm

BEL ELESE NS -
(@S FATY I 5P OA U5 - (Wb MY 3 FIf9= Fppa st o)
(b) TR EIFEEOA -

Figure 7

Solution:

Set the coordinate axes as shown in the figure. At time T,

X =vTcosa, (1)
: 1
Y:stma—EgTz. (2)
They satisfy the equation Y=—Xtané. 3)

From Egs. (1) to (3), g7° —2vT(sine +cosartan§) = 0.

We ontain 7 = 2— (sina +cosa tan )= 2 w @)
g g cosb
2 .
Substituting Eq. (4) into Eq. (1), X = 2v” sin(f + ) cosa 5)

cosd
X  2v?sin(@+a)cosa

The distance OP along the slope is given by L(«) = .(6)

To calculate the best inclination and the maximum distance, we need to maximize L with respect to c.

cos g cos’ @

From the trigonometric identity: sinxcosy = 5 [s1n(x+ y)+sin(x — y)] , we find

sin(6 + a)cosa = sin(é + 256) +sind .
2 . ) O
Hence L(a) = v sin(6 + 2025)0+ sin®@ o G (i 4 900 90 L .
g cos

and the maximum distance is L, = L(a,)=— = — I |,
g cos @ 9.8 cos 60 2

The optimal jumping angle & is 15°, and the maximum distance is 476 m. (answer)

2 o 2 o 0
V2 1+sin@ 25 1+sin60 :255.1( ﬁj

An alternative solution can be obtained by setting the slope direction as the X axis, and the

perpendicular direction as the Y axis. Then
11



HKPhO 7 ¥ 12E i 2012

X = vcos(6’+05)t+%(gsiné’)t2 (a)
y =vsin(@+a)t — % (gcosO)t’ (b)
Wheny=0, ¢t = 2vsin(0+a) . Substituting into (a),
gcosd
9 o
= ZVL(@Z-'_Q) [cos(0 +a)cosf +sinfsin(d + a)].
gcos 0

Using the trigonometric identity cos(x—y) = cosxcosy+sinxsiny, we have

_ 2v’sin(@+a)cosa

gcos’ 0
Using the trigonometric identity sinxcosy = % [sin(x + y)+sin(x — y)] ,

2 0
x= [sm(9+2a)+sm9] When sin(@+2a) =1, that is, §+2a=90°, « _0 -0
gcos’

=15°

v 1+sin@ 252 1+sin60°
g cos’@ 9.8 cos 60’

The optimal jumping angle e is 15°, and the maximum distance is 476 m. (answer)

and the maximum distance is L, = L(a,) = \/jj .

= 255.1[1+—

Q3* (15 points) 3% (1555)

On a smooth horizontal surface shown in Fig. 8, there is a rectangular board AB with mass 2m and an
arc-shaped structure BC with mass 3m. The coefficient of kinetic friction of the upper surface of the
rectangular board is = 0.35, and the surface of the arc-shaped structure BC is smooth. The arc BC
subtends a right angle with radius R. The two objects touch at point B.

(a) A small object of mass m moves from A to the right with an initial velocity vo = 10 m/s on the
upper surface of the rectangular block. When it reaches point B, the velocity is v =5 m/s. Calculate the
velocity v, of the rectangular board 4B at this instant.

(b) The small object continues to move onto the arc-shaped surface BC. The rectangular board AB
loses contact with the arc-shaped structure BC, and the small object continues to to move along the arc
surface, and finally just reaches the highest point C of the arc BC. Calculate the velocity of the arc-
shaped structure vp.

(c) Calculate the length L and the radius R.

TVELEY 2m p Jﬂﬂﬁﬂ AB HIEVEI £} 3m Em[algmf}il BCﬁLH Hgﬂ 8 H‘F' Jjwﬁ »f< 7T Pl o ;iﬂw’@; i
FIIEEE S YT = 035 PN BC A HISTSC T - 9T BC sk 1 ka ¢ » i iL R -
FyPRT B -

(a) TV EI EL m ElfJ’J‘iﬁ‘fF’Jﬁ} AR TFIE vo=10 m/s 3y [wﬁbﬁ‘ﬁ‘ﬁfﬂf’? P%&plfﬁj gF*EL*J ) 1’? Bgﬁu
ﬁ} B v=>5m/s ° ?}Wfﬂ'gﬂi”ﬂﬁbﬁg AB lJﬁ} v ©

(b) 1,5 ﬁ;?ﬁlaiﬁlﬁ‘fﬂ[ﬁ@mﬁﬁ%‘p’w BC > E%?ﬁ' AB ﬂl[&&lgﬂgﬁ BC %3 Hi i*,?"fﬂﬁuq"‘gﬁ@?ﬁr etk
PR ARG ¥F EIIENTE BC st @yl C o FUiHIEITH BC NI v ©

(0) FFR7E L ﬂ'[a@w @R

12
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C
L R

<
m Vo B

n—
Al Zm 3m

ASS NN NG SN NNN
Figure 8

Solution:
vo=10m/s, v=5m/s, 1=0.35

(answer)
(b) Momentum conservation from B to C,

myv+m,v, =(m+m,)v,, m(v?o) + 3m(r—g =(m+3m)yv, =
- +
Vg = mytmy, 1 mv+m, mQvy —v) | _mlmytmyvy)  _ Vo _, m/s (answer)
m+m, m+m, m, +m, (m+m,)(m, +m,) 5
1 1 1
—mvo2 =—mv’ +—(m, +m,)v,” + umgl =
(c) Energy conservation from 4 to B, 2 2 2
2 A 2 2 52y . 2 2
I = m(v," =v7)=(m, +m,)v, _ (my +my)(vy” —v7) —m(v, —v) _ lVLZIO.Z m (answer)
2umg 2ug(m; +m,) 20 pg

. 1 1 1
Energy conservation from B to C, P mv’ + 5 my,” = 5 (m+m,)v,” +mgR,

Vo2 Vo2 Vo2
—)" +3m(—)" =(m+3m)(—)" +2mgR =
m( 5 ) m(lO) (m+3m)( - ) mg

2 2 2 2
_myvT+myy, —(m+m,)v, _3 v

R =0.61 m (answer)

2mg 50 g

Q4* (10 points) B4* (1055)

Geosynchronous satellites have the same period 7 as the Earth’s rotation. They are at such a height
above the earth’s surface / that they remain always above the same spot. Suppose a geosynchronous
solar satellite, as shown in Fig. 9a, sends radio signal directly to receivers on earth.

Figure 9a

When the satellite moves to the rear part of the earth (Fig. 9b), the light source is completely blocked
by Earth in the shadow region (commonly known as an umbra). The length of the umbra is usually »
times (n = 200) of Earth’s radius Rg.

(a) Determine the height 4. Express your answer in units of Rg.

(b) Determine the duration in each day that the satellite cannot receive sunlight. Express your answer
in minutes.

13
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e—— MRe

Figure 9b

BYERFl *fﬁéﬂﬁ SRR T 2= B o AT » b i%plﬁl@ h EJ'*EH [ A
mrﬂf”m S e DI 9a B [%E /ﬂfJ VPN B i A @Fﬂf,ﬁfﬂ
e Bl e E0E = 3 | g T
?"?ﬁ&r@iﬂﬂi FEIFIRF A Ob) > AV IRR 2 IR 2 Y o 2 Rk R R R
REpJn [ﬁ(n 200) ©
(a) & ﬁrﬁ_féth" REtSEer% ﬁﬂo
(b) RET pI R 20 1T =5 4Tk PO ] > 153 SR O A

Solution:
(a) Let » be the distance of the satellite measured from the centre of the earth. When the satellite
moves in the circular orbit, its centripetal force is

2 2 —11 24 2
ijlzle . :m(4i2)r; N r:i/GMezT =3\/(6.67x10 )(5.982><10 )B6400° _, 5os 107
r T 4 4
7
_ 4.225><106 _6.62R,
6.378x10
Hence 7 =5.62 Rg. (answer)
(b) 77T
Sun Z N
/R
] F r \u i
‘\ 0 I' nRg

As shown in the figure,

sina=£= ! = «a=0.1515rad
r  6.6244
. R, 1
sinff = =—— = [=0.005rad
nR. 200

f=a—-=0.1515-0.005=0.1465rad
Hence the length of the black-out period is

t= (24)(60)(2)(02'ﬂ =67.2min (answer)
/4

An alternative, but approximate, solution can be obtained by assuming nR, is very large compared
with L, so that the orbit in the region of umbra can be treated as a straight line L.

14
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By using simple trigonometry, we have the following equations:

el SN S S
2R, nR, n
The time the satellite moves in the region of umbra is
L R 1
t= (—)T:(—e——j-T ..(2)
2mr m nrw

Substitute equation (1) into (2) which yields

4R
t= (3 > - LJ -T , where T'=24X3600 = 86400 s, R, = 6,378,000 m
meT™ nrx

_ {3\/ 4©378000 1 J'(86400)
(3.14)(9.8)(86400)°  (200)(3.14)
=(0.048-1.59x107)-(86400) = 4010s = 66.8 min

Q5* (20 points) 5% (2055)

Let rg = 1.00 AU be the circular orbtal radius of Earth around Sun, and ry = 0.72 AU be the circular
orbital radius of Venus around Sun. To launch a space probe from Earth to Venus, the space probe
first enters Earth’s orbit and moves to a position sufficiently remote from Earth, so that the
gravitational attraction of Earth is negligible when compared with the gravitational attraction of Sun.
Then, the following manouvers as shown in Fig. 10 are performed:

(1) The kinetic energy of the space probe is reduced by AK =K(rg — ry)/(rg + ry), where K is the kinetic
energy of the space probe at that instant. This is done by switching on the engine for a short time and
then switching it off. The space probe then enters a transfer orbit around the Sun. The transfer orbit is
tangential to Earth’s orbit at its near end and to Venus’s orbit at its far end.

(2) When the space probe touches Venus’s orbit, the space probe is traveling too fast for it to land on
Venus. For the second time, the kinetic energy is reduced by switching on the engine for a short time
and then switching it off. The space probe then travels at the orbital velocity of Venus.

Transfer
— \
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Figure 10
(a) Calculate the orbital speed of Earth and Venus. Express your answer in km/s.
(b) Calculate the speed (in km/s) of the space probe in the transfer orbit at point E.
(c) Calculate the speed (in km/s) of the space probe in the transfer orbit at point V.
(d) Calculate the fractional reduction of the kinetic energy of the space probe at point V.

& rp = 1.00 AU ERFTRRGRE N B ETY E“*Lﬂﬁ VEE oy = 0.72 AU ELE B IBGg SRR GE
B0 B - [EONFHOHIAN SRR B UK PR T E R R Qﬂf&“uf%ﬂ@**‘ﬂiﬂw
b el IR ﬁ‘rﬁ”ﬂﬁd[ RN “’E PP RE IR ﬂ:T%{EUaLEPIﬂ/Dﬁ%\‘ 10 FU%@I":Z
(1) FHRRIAS PRI S AK = K (r, =1 ) +7)  FHT K ERRIES o RV - L
prd (B PR - S RRHA (57 - SRR S 7 SBle - PR paim2erag - lﬂﬁl?ﬁ*up Eai
SEPUERPGEAF 5 TR I.JEIFMEJEL*LA%I S

) F {T;"]EHELHU’J RS QE:IE“LT | s *LLF[JE)J:EA e [gk-"ég E‘J%‘PI o FL[&-;E:E[:)J ‘*Jrj FQ;J,;E
HIHD > SRR | - %zﬁuggwp Icegwr I & eSS §

(a) B¥RT BTRSRAIE BT O FRYgRER > T ks B ETOP ASEHR -

(b) :\ﬁﬁﬁfﬁﬂff+3ﬁyf}h¢E%I Ughsk o T kmy/s FET AP FRSFEAH o
OEGEAESEEES et STl Vig YRR 0 T km/s ERHT A RGEFH o

(&) PR E PSR R - T (SO S SRR 1 =17
Solution:
(a) Using Newton’s second law,
2 —11 30
My Ye = HMsuMe o, | =\/(6'67X10 WI9XI0T) _29747m /%29 R/ s
. r; 7y 1.5x10
(answer)

Similarly, v, =

CM s _ \/(6'67“011)(1'99)(1030) — 35057m/s ~35.06km/s (answer)

(0.72)(1.5x10')

Fy

1 M
(b) At point E of Earth’s orbit, kinetic energy: K = EmvE GMs,m

27,

m

At point E of the transfer orbit, kinetic energy:

Lo lppl1-e=% | o oy |22 —27218mis ~27.22km/s (answer)
2 2 rp +1,

(c) Using conservation of energy from point £ to point V,
1 , GM, m l , GM . m

V1 " Sun”"" mv2 " Sun”""
7y 2 7,

2r,

Sun

=37803m/s ~37.80km/s (answer)

i

,» 2GM, 2GM,, 2GM
Vv, = - + = 4
g Fy ’"V(’”E""’V) T +1y,

(d) Fractional rduction of kinetic energy:

lmv2 —1mv2 E -1
AK, 2 12 2" :"22_2‘}5 :rEJ;rV Tl :1_0'72:0.14 (answer)
K, —mvzz "2 E 2VE ?
2 re+1

16
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Q6 (15 points) e (1557)
As shown in Fig. 11, a pendulum consists of a massive cubic block with side length 4 and density o5
hung by a light rigid rod with length L >> b. The hinge connecting the rod and the block maintains the
block at the same orientation when it swings. The block is partially immersed in a liquid with density
o1, with oy greater than p,. The immersion depth of the block in the liquid is c.
(a) Calculate the period of the pendulum for small oscillation angles ¢ when c is sufficiently small.
You may assume that the damping of the liquid during oscillations is negligible, and the change of the
immersion depth during oscillations is negligible.
(b) When liquid is added, the liquid level rises, and the value of ¢
reaches a threshold value c¢*, above which the pendulum rod is no
longer vertical. What is the espression of ¢*?
(c) When c is above c*, the pendulum oscillates about a non-zero
angle ¢. Calculate the period of the pendulum for small oscillations
when the liquid level has risen to one that corresponds to ¢= 30°.
P 1 A o S (R - AR L.'?BE@@%%_
e EFRIO 8 o & UBBRR L b FR L o o IR
L>> b o HIFF =AM ﬁb?ﬂp UREAS o TR EﬁEﬁJEﬁj eIt ﬁﬁj‘gﬂ
AR [fl~ Hp) e o ﬁbﬁﬁ“ﬁ SR BRI p o B
@F Ao b ﬂjga Vo ﬂ?‘z*ﬁﬂf[l FAE t'oc 0

(@) & ETETF*, cFe o) JFUEJJ:]% B ] #égwpﬂ 14« ' 1) .
e i IR L S g il IR Figure 11
SRS PRI PP R R )
(b) E}“?ﬁ%‘%"uﬁﬁﬁ AREAT A Eﬁ@h’@ﬁ_?ﬂrgj i c* o R b SIS TR
cHINRFE AL 7
(C)i ot SRR - SIS gm0 O )
}ﬁ;ﬁ;ﬁu

Solution:
(a) Weight of the block: W = p,b’g

Buoyancy of the block: B = pb’cg
H _ 3 2 3 P,C
ence W—-B=pbg—pbcg=pbgll-——|
Pyb
This implies that the pendulum is equivalent to one that is placed in a gravitational field with
pe

gravitational acceleration g(l—
Pyb

j. Hence the period of the pendulum is 7 =27

(answer)
Pib

Py

(b) When ¢ approaches , then we have B approaches . Above this value, the block will float,
£ib
P
(c) Let x be the displacement of the block along the tangential direction of the rigid rod swing.

x is positive in the direction of increasing ¢.
Then the vertical displacement of the block is xsing.
Change in buoyancy: AB = p,b’xsingg

and the pendulum is no longer vertical. Hence c* = (answer)

17
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Using Newton’s second law,
ma =—ABsing = —(,o,b2 gsin® ¢)x
Hence the period of oscillations is ma = —ABsing = —(p,b2 gsin’ ¢)x.

2 ) -2
Angular frequency: @® = pb gsin” ¢ _ gsin ¢_

m b
Period: T = 2% =2z / ,bz =2r /ﬁ (answer)
w gsin” ¢ g

(END 5v)

18



HKPhO & &1 s £ 2012

Hong Kong Physics Olympiad 2012
2012 FE ARV BV s 5

(Senior Level fEfk#H)

Jointly Organized by

The Hong Kong Academy for Gifted Education

EHAEEREER
The Education Bureau of HKSAR

BEARNEBINAER
The Hong Kong Physical Society

BAYHEE
The Hong Kong University of Science and Technology

AR
FE[E R

March 17, 2012
20123 H 17 H



HKPhO f i 2257 2012
Rules and Regulations %54 F|

. All questions are in bilingual versions. You can answer in either Chinese or English.
FE R E 1S HIZ}'\%ETEF{ o (U EE Y E g ]‘l:r[

. 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.

E Ry A@;c@t{»fﬁ/‘Fﬁ ;EF[,Q o Ejj aiE22 Ea RIS AEY 'ilﬁ; I/F.Julgl;?y CEEE S ok
1% I‘PF“F%JW““%TE' > iR R T

. 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 “I. 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 & Section No.”

%[’7& ‘i-,?%@\—ﬁ—‘l‘]‘:r F[LJ}J':]‘ , JHB g‘i‘rri{iﬁ' %Ea—'\—-r*' ]f” “I. D. No.” Eﬁ [_Alj ij’ far IJ 8 ,—[‘
=g wﬁﬂﬁ ) T #lﬁlﬁglﬂ /Eq\yij F[J[Eﬂ[gl'i ¥R, R [+ﬁlgllg|j_[§7[<f<ﬁg F,a F”?[\@ t[j:
=2 = “Course & Section No. ” MA |k ey s y;}gyﬂ% o

. 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.

A T A SR R A O B 5 2 Y

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

[ii B jf]Lp = ﬁ%ﬂ‘ Course Title fiif[ 15 F fé\'ﬁlfjf'yj} %?Eﬁ% ; * Student Name A 15 Ff3
[ i £ 3 i Student Number ] 15 -1 8 jgeﬁ%zﬂfﬂﬁ AT S

. The information provided in the text and in the figure of a question should be put to use together.
SRR oy S FTRRL e~ g -

. 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.

FIBVREEES - SRR T A - F S T i R P R
“UATR ST -
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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 107" (N m?*/kg?)

e — charge of an electron, —1.6 x 10" (A's)

& — electrostatic constant, 8.85 x 1072 (A s)/(V m)
— electron mass =9.11 x 10°' kg

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

Mass of Earth = 5.97 x 10**kg

Radius of Earth = 6,371 km

Mass of Moon = 7.4 x 10* kg

Radius of Moon = 1,737 km

Density of water = 1.0 x 10° kg/m’

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

IR - 7RI SR SR

g- %TF%E lfjﬁp;ﬁ@ 9.8 (m/s?)
G- L §E667x 10" (N m¥/kg?)
e~ _,r% —16><1019(A s)
go_?a; %IETE‘ESSSXIOIZ(AS)/(Vm)
— T 9.11 x 10°" kg

C—E\'Tﬂﬁ,&Ox 10° m/s
PYSRETEL =597 x 107 kg
PERd @ =6.371 km
EJ?‘ £l =7.4x10%kg

FlEpd @ =1,737 km
Humf; = 1.0 x 10* kg/m’
20°C. — [ EYIVE E = 1.2kg/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 in vacuum.

PSRRI R B TR 8 e
1) ) ?J?BFW%JJ‘"%,?ip[ ' El JJ[ﬂJ :

2) KPS sl
3) A S [ A IV
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Multiple Choice Questions
(2 points each. Total 10 MC’s. Select one answer in each question.)
;v;,_-_%ﬁr ( J@Z 55 > H 10/ > ) R [ﬁﬁi
The questions with the ‘*’ sign may require information on page- 3

f” *EJ%E:FV “3=§,IF' Z[BT= Fr_FpUERR -

MC1 EEE1
Two small blocks A and B with mass ratio M,/ M, =3 are connected by a light spring and on a smooth

horizontal floor. The blocks are pressed towards each other a little and then released. The ratio of the
maximum displacements from their initial positions of the two blocks 4,/ 4, is

TP A B EURVEIESER M, /M, =3 0 D)~ SRR > 2 Wuﬂr” oo U

Polp VRS- &ﬂ‘ﬁdf’ s fIIPIE A SRR 4, ) A B °

(a) 1/9 (b) 1/3 (o)1 (d)3 (9

MC2 s 2

Following MC1, the ratio of maximum momenta of the two blocks P,/ P, is
R RTINS N R

(@9 (b)3 (o)1 (d) 1/3 (e) 1/9

MC3 S 3

Following MC1, the ratio of maximum kinetic energy £,/ E,is

B - PR ERC L EE, ) E, .

(@9 (b) 3 ()1 (d)1/3 (e) 1/9

MC4* i 4
The period of a simple pendulum on the ground is 1 s. If it is placed on the surface of the moon, the
period of the pendulum will approximately be

< (R o T B 1Y o SR FISRRE o PP B °

(a)112s  (b)ls (c)24SS (d) 0 (e)
MC5 ZEHE 5

If the pendulum in MC4 is placed on a satellite on a circular orbit around Earth at 100 km above the
ground, its period will approximately be

Tl MCA BRIV HREIe S BB 100 23 B [P 8un i S vyl o JI ol ety -
(a)11.2s (b)1s (c)2.45s (d)o (e)
MC6 Z=#ERE 6

Electric current / is flowing out from point-O and spread out radially on a conducting plane.
Find the magnetic field amplitude on the axis through point-O and perpendicular to the
plane, at distance H from the plane.

B 1 O-RitSs by~ SBR[ T o o BIRSE OB i -
e RS o H LR ﬁﬁﬁgﬁf' :

Hl L 24! Hl
@0 O @ T (@
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MCT S2i8E 7

Two chambers of the same volume are filled with air and connected by a pathway. The temperatures in
the two chambers are maintained at different values. Which chamber contains more air?

(a) the chamber with lower temperature

(b) the chamber with higher temperature

(c) the chamber with higher pressure

(d) neither, because both have the same pressure

(e) neither, because both have the same volume

= AT IFIPRRRA S e 2 56 > = PR SE Y RS e R IR e
LRI 57

(a) T4 o (R (b) I, jrtﬁ Ik (©) 5 E@mﬁ SIES
(d) P RL > PR ER IS E AR 50 T ()HI AL - [H4 w P! Ao -
MCS8 ZE#&RE 8

Which of the following correctly describes the difference between microwaves and radio waves?
(a) Microwaves are used for communication but not radio waves.

(b) Microwaves are electromagnetic waves, while radio waves are sound waves.

(c) Microwaves travel faster in vacuum than radio waves.

(d) Microwaves carry energy but radio waves do not.

(e) Radio waves can go around a building but microwaves cannot.

P P SRR B &Fjﬁij’iﬁim Wil 2
@NW@W”*ﬂﬂﬁ AR T

(b) BAPLRLFEREIY - A LR

() 7t & ’“H‘ ) r%gj&lzpuﬁ“l%ﬁ@ N L
(d) mwﬁﬂzgm @Eﬁ@iy EJ °

.l,,_h\r

MCY SRR 9

Which of the following statements about a magnetic mono-pole is correct?
(a) It must have a south pole.

(b) It must have a north pole.

(c) It has a south pole or a north pole, but not both.

(d) It must have a north pole and a south pole.

(e) It must have more than one pairs of north poles and south poles.

PITS P SRR R T VR LR 2

(2) 'J’F'\P JFH@ °

(mwmek@

() &7~ [Pty Ey — (W > (T R=lR ﬂj i o
(d) & E?r [t Ay ALl ey

(&) LRI~ B | AU I -
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MC10 Z=#ERH 10 — —
As shown, the electric currenet through the 3Q resistor is Amperes. Je 3Q
TR A QPRI TR L 8 - >0
(@0 (b) 1.0 (c) 1.75 (d)2 (e)2.25 - —
4Q 2Q
I
I
o
(End of MC’s ;& fH%)



Open Problems FfvE
Total 6 problems { 6 &

Q1* (10 points) B1(1057)

Estimate the force of heavy rain on an umbrella, and compared it with that of wind with a modest wind
speed of 36 km/hour. Please provide the details on how you reach the answer.

A PR SEIOERBJ, FE CB 36 2BV SRR (- i
e ﬁiﬁg‘%ﬁﬁ%pgﬁ °

Q2 (10 points) B2 (1057)
In a ski jumping competition on a slope with inclination angle 8= 60°,
an althlet jumps at point-O with initial speed vo= 25 m/s and lands at

point-A. Find the optimum jumping angle « so that the distance OA is
maximum, and the maximum distance. (You may need to use

sin(x + y) +sin(x — y)

2 )
T FE 0= 60° puL P%w@*gﬁfﬁ*—ﬁ SEEETESRO 5
Fov=25m/s ~ [[F|a EH > EJiik iR E ARV 0~ 4 F‘J%IF
FUBHEE L RRESESAR o I EI T B ﬁﬁiﬁ%ﬁlfj A
FRHAIEEL - (PR 3] ¢ sinxcosy = SIS

_____
S

-
-

sinxcosy =

e

Q3 (15 points) B3 (1557)
A rigid uniform stick of length L is restricted to move on the horizontal X-Y plane. A point charge ¢ is
fixed on one end of the stick and a point charge —¢ is fixed on the other end. At a

particular moment the velocity of the stick center is v =v X+ v, ¥, the stick is at an

angle @ to the X-axis, and is spinning around its center at angular velocity @ . A /9 _
uniform magnetic field B is applied along the Z-axis. Find the net force on the stick / o
and the net torque relative to the center of the stick. -q

- AL LIS ST BIETE T E XY SRR« AR B R g 0 b
- W gﬂ%fﬂ’—cﬁ G EJJWQU PR fugRe £ v = vx+vy FreE XAy £ 0 o KRR
“EZJEEJF o - 9 S BT Z-i [y - R TUF”F[ J3s IR AEISEP T 1ol S5 o

Q4 (15 points) B4 (1557)

A 50 kg refrigerator, which can be regarded as a uniform block, is

resting on two feet A and B on a cart. The static friction coefficient

between the feet and the cart floor is 0.4. The height of the refrigerator is

3 times of its width.

(a) Find the maximum horizontal acceleration below which the
refrigerator can still rest on the cart. (5 points)

(b) For acceleration a = 0.1g, where g is the gravity acceleration, find
the total force acting on each foot by the cart. (10 points)

lm

~ [HEEEE 50 kg fUET HJFIItH IS SV i B R ALYy 3 - B S b S
O~ BRI A - B2 g‘gwﬁ IO 78 0.4 <

(a) ¥ BTl o SR T ﬁﬁ‘tﬂ“ﬁ B> RN o (557)

(b) ¥ 5 TR LY a = 01g g ELET J“Dﬂﬁ' o ETH I SEEAE S FRIpY R e (10 55)
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Q5 (10 points) &S5 (1057)
(a) A block of mass M is connected to a weight-less spring with force
constant k£ and on a horizontal plane. The friction coefficient between the A

block and the floor is . Initially the spring is at its natural length. Now %
give the block an initial velocity v to the left. If the block stops

oscillating completely before it moves to the right, find the displacement of the block and the initial
velovity in tems of M, k, , and gravity acceleration g. (4 points)
~ WVRIEL M IR T O kORI b o PURET B RS o )
T e Lt s e L T Ll G i S L e o (I TR R
;ﬁu$wm@%w@%ﬁ@o?*%ﬁMmk~ung%mﬁ@g%%o<4ﬁ>

(b) The block-spring assembly in (ag is now fixed on a plateform B with the same mass M as the block,
which is on a smooth floor, as shown in the figure. The friction coefficient between the block and the
platform is . Initially the spring is at its natural length. Now give the
block an initial velocity v to the left. If the block stops oscillating A
completely before it moves to the right relative to the platform, find the l@mm. <—
displacement of the block relative to the platform and the initial velovity B
in tems of M, k, 1, and gravity acceleration g. (6 points)
S PRI VRN IBLED MO B b Pt AR B VRO - Tk by
oAV it e IR R R R s o LTI [ ) S O RRERE v e T PAT
SIS [ SRR PSR A R A o AR Mk e
EUJiE g A o (657)

Q6 (20 points) 6 (2057)

A number of gas cylinders, each containing » moles of ideal gas with pressure Py and volume V), are used
to fill up an empty tank with volume V = 10V}, until the gas pressure in it reaches P=F,/2. The
temperature remains the same throughout the process.

(a) If a gas pump is used to pump all the gas inside a cylinder to the tank, how many cylinders of gas is
needed? (5 points)

(b) If the pump is not used, then the gas transfer can only be done by natural flow of gas. Suppose a
number of cylinders can be connected together and to the tank. A valve on the inlet of the tank is then
opened to let gas flow until no gas is flowing in or out of the tank. How many cylinders of gas is
needed? (5 points)

(c) Suppose each time only one cylinder can be connected to the inlet of the tank and no pump is used.
After the gas stops flowing, the valve is closed, the cylinder is removed, and another cylinder full of
gas is connected to the inlet,...., find the number of cylinders needed. (10 points)

T AOHEL Vo BRI BT VBT Py 0 n BRI IARSE - BV AN WEPIRE R R

A PRESER P=PF /2 o ZAPURFALL V=10V, o T B SOEA 5 IPVIEE A o

(@%@w%?’wgﬁﬁﬁmwﬁﬁﬁﬁ@gﬁi’%ﬁwﬁﬁﬁ?6%)

R L E i e A S e S R A U A G e LR B
~@’ﬁw%$“wmw#£%ﬁw“’%%@ﬁﬁﬁﬁﬁwmﬁf’ﬁﬁw%%%N5m

() ) U5 0 0 B R (SRR F5A 0 [ U T
OB, e bR RO, ﬁ{zm | 2495582 (10 53)

(END 5)
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MCI-5 (b)) (o) (d) () (o)
MC6-10 (a) (a) (e) (c) (b)

Q1 (10 points)

Heavy rain ~ 100 mm/hour = 100/3600 =~ 0.03 kg/s = @ (1 point)
Area of umbrella A ~ 1 m* (1 point)

Rain drop speed ~ 10 m/s (1 point)

fi = mv,= =?=A-q>-v=1-o.o3-10=0.3zv (2 points)

Wing:
Wing speed is 10m/s, (1 point) ®=1.2-10=12kg/s (1 point)
fromg =A-P-v=1-12-10=120N . (3 points)

Any answers within a factor of 10 are fine.

Q2 (10 points)

Lcos@=(v,cosa)t (horizontally),
(2 points)

. . 1 .
Lsin@ =(-v,sina)t+ 3 gt® (vertically).
Other forms are fine as long as the expression for L below is correct.

Then we have,
2

2
L=f(a)= v02 (sin@cos’ o + cos @sin a cos )
gcos 0
2v; , .
= v02 [sm@l(l+cos 2a)+cos Glsm 2a]
gcos 6 2 2
2
S >—[sin @ + (sin & cos 2a + cos Osin 2a) |
gcos 0
V2
=——[sin@+sin(@+2a)]. (6 points)
gcos 0

L . =476m while a =15". (2 points)

Q3 (15 points). Point Dipole

- = = — 1 . 1
v =v.+axr, =(v, +5st1n6?)x+(vy —ELwcosé?)y,

- = — 1 : 1
v, =V, +@ X1, =(vx—Eszsm@)er(vy+§Lwc050)y.

Lorentz force ]7 = q\: x B.



2
- 1 0 1 B 0
fo=9B(v, - ELw sin@)x +(-q)B(v, + ELZU cos@)x =—gBLw cosOx,

f,=qB(-v, - %Lw sin @)y +(—q)B(-v, + %Lw sin @)y = —gBLw sin Oy

Net force ]7 = z + Z =—qBLw(cosOx +sinfy). (net force is along the stick)

Net force only depends on rotation.

To caculate torques, only consider Lorentz forces perpendicular to the stick,
]\Z =q(v, cos t9x/-:vy sin 49)/’);3 X a,

]\7,, =—q(v, cos Hx’Ivy sin Hy/);ﬁ X a

Net torque: M = ]\Z +A7,7 =gBL(v,cos@+v, sin 9);.

Net torque only depends on translation.

Q4 (15 points). Refrigerator 21
(a) Rotation: mgl =ma_, 3]) > a,, = % g
a
Translation: umg =ma_, —>a_ = Hug) % g —
6l
Hencea, = %g =3.27m/s’
b) fi+f,=ma N, +N,=mg 1 N2
Point A: ma(31)+ N, (2]) = mgl t’é B L
Then N, =0.65mg =318.5N, N, =0.35mg =171.5N fl £2

fi:f,=N,:N, f, =065ma=3185N f,=0.35ma=17.15N
Net forces: F, =318.5Ny+31.85Nx = 320.8N(tan & = 10)
F, =171.5Ny+17.15Nx =172.4N(tan 6 = 10)

QS5 (15 points)
Block-Spring System

Force balance  (a) kx=puMg, so x= ,uTMg’ (2 points)

. 1 1 f M .
Energy conservation EMvg = Eloc2 + uMgx, so v, =ug 37.(2 points)
(D) kx = uMg,so x= ,uTMg’ (2 points)

Momentum Conservation (M +M)v, =My, (1 point)

. 1 1 1 ’ M .
Energy Conservation EMV& = E(M +M)v»2f +Eloc2 + uMgx,= v, = ug 67 (3 points)



Q6 (20 points)
(a)

PV _0.5B-10V,

At the final stage, the number of moles of gas in the tank is n, = =5n.So N=5
* RT RT
cylinders are needed. (5 points)
(b)
ENV,=P(NV,+V)= N=0.5(N+10) = N =10. (5 points)
(c)
PV, 1 Vi 10
Firstone, B =—""=—P, n = L =—n, (1 point)
V+v, 11 V+v, 11
+n)RT (+10/1D)n BV, 1 10 V(n+ 10 =~ 10
Second, Pz:(n mRT _( ) hy L=—(1+—)R, n2:M=—0+—)n (1 point)
V+V, 11V, n 11 11 v+v, 11 11
+n,)RT 1 10 10-10 V(n+ 10 . 10 10-10
Third, p =R _ 1 10 1010, = - V(ntmy) 10, 10 10-10, = oing
V+V, 11 1T 11-11 V+V, 11 11 11-11
21 1 10 10-21 10 10 10
P B e (R T~ L Tt (it (it
11-11 11 11-11 111 11 11 11
P3_P2:(11-11+10~21)P 21 p_ 10-10 p _10-21 10 ~_10-10-10

N oy =
v+v, 11| 11 1111 11 1| 1-10/11
(5 points)
= IRT oy, po=ip Sy M2
V4V, 2 In(11/10)

So 8 cylinders are needed. (1 point)

N-1 _ N
:(n+nN_1)V:Q|:1+E 10-10 "'J{&j }n_g{l (10/11)

=7.3. (2 points)

— = , N,—n, = n n=————mn
1-11-11 % 1111 o1re11e1 7 P 1111 11 11411411

}n:IOn[l—(lO/ll)N],
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Rules and Regulations B EHR ]

All questions are in bilingual versions. You can answer in either Chinese or English.
T i H 2 R h S I o R B DA S E s

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.

BRI E AR LEE R IR — N =-T0ula] - EIREE Z AT E ek T2 - (RIR
AFBIEE RIS - M H SR E A -

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 “I. 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 & Section No.”

KIS IBIE A EARAVIET A HB SYAEESE BRI AR “1. D. No.” fill %655 LA 8
R B ST - AR AR EIRER R - ARIEEEIZE I (RSO0
% B{& Y “Course & Section No. ” #NE FIRAN B 47565505 -

1
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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.

BEBEENE K% o B EEEEEA EHEAEBE A OB fiEmeR R -

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

FEEREHESH E > 55)° Course Title i IH EREY S 73589585 © 55 Student Name i fHE E
IRV 5 55 Student Number B HIE_EIREY 8 (7 B2 FE9505 - EREIE A mEEH -

6. The information provided in the text and in the figure of a question should be put to use together.
e REUSS SR S R [ b2 RV (BRI — A R

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.

PRI & - SRR e & TR - EREE A g AR EMNERE
TEEAIREEA o -

Bk

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

BRIERFRIED » BRIAGRER TYIRSTMESR

Gravitational acceleration on Earth surface HER 1A B JJI2EE g ]9.8m/s”
Gravitational constant &5 5 | ] 5 G |6.67x 10" N m?/kg’
Radius of Earth H#iER1K Rp | 6378 km
Sun-Earth distance & [5-H B R re | 1.5% 10" m

(= 1 Astronomical Unit (AU)) (= 1 K ZEAI(AU))

Mass of Sun K& & Msun | 1.99 x 10 kg
Mass of Earth i Ef/E & Mg | 5.98 x 10%*kg
Air Density 7% @ %[5 o | 1.2kg/m’
Water Density 7K 5 & oy | 10X 10° kg/m’
Trigonometric identities:

=AEEER:

sin( x + y) = sin xcos y + cos xsin y cos( x4+ y) =cos xcos y —sin xsin y

sin 2x = 2sin xcos x cos 2x = cos ~ x —sin _ x

sin xcos y = ;—[sin( x4+ y)+sin( x — y)] COS XCOS y = ;—[cos( X+ y)+cos( x— y)]

1
sin xsin y = —[cos( x—y)—cos( x + y)]
2
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Multiple Choice Questions
(Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no
answer, minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0

mark.)

BEE (GBS EEE  SEEH 20 - A% 09 B8 025 77 - (HE R EEE RS
053 °)

1. A massive rope of mass m and length L, as shown in the figure, rests on a horizontal table. If the

coefficient of static friction between the table and the rope is y, what fraction of the rope can hang
over the edge of the table without the rope sliding?

WEFTR - —REER m -~ KRER L HIAEME > FFIUEACFRALL - 58088 B A vAE H
BBy NIBEN RGNS - v IER 2 RAVTESE > M ZE T 7

A B. C.1-u D. i+ u, E. 24
I+ u I+ 2u, 3

As shown in the figure, a rigid sphere of mass m and radius R is held at rest by a horizontal string
on an inclined plane with an inclination €. If the sphere does not move, what is the minimum
coefficient of static friction z, between the sphere and the incline?

WERTR > AEER m > R RAVERER > #7— P77 AR E R A Ry gyt £ -
EERRE AN B - RIBKAG SR i 2 PR LR EER AR S IMERER (T ?

‘W'

7
1-—cos @ cos 6 sin 6
A. tan@ B. C. D. E. 1—cos@
1+ cos 6 1+ cos 6 1+ cos 6

A simple pendulum of length L is mounted in a massive cart that slides down a plane inclined at an
angle & with the horizontal. Find the period T of small oscillations of this pendulum if the cart
moves down the plane with acceleration a = g siné.

—EEMHEEENE FEE R R L AVREEER - 08 MEARRE o EFE L
HIE g = g singfEFHAEIA MRSy - KLU INEERBIF ] T
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L L Lsin 6
A. 27 B. 27 | ——xr C. 2z
gcos 6 g 2(1+s1n9 gcos 0

L /
v |—_—
g1+ 3sin’0 g(l-sin 0)

4. A stone of mass M is tied to a string. It is whirled in a vertical circle of radius L. At the highest
point of the circle, the speed of the stone is v. Find the tension of the string.

*ifﬁ SE B MO TER ARG T E - T EZETLAEER L R EREEE - 2R
T O HVESRIE v o SREETHYERTT

A.M[g+v—] B.M[ngv—J C.M[g—v—] D w E.M[v——gJ
L 2L L L L

5. A ring with mass m is hung vertically at the lower end of a uniform 4
chain of total mass m and length L. Its upper end 4 is fixed, as shown in
figure (a). The lower end B is raised until it is at the same position as 4,
and the ring slides to the midpoint of the string, as shown in figure (b).
What is the minimum work required in this process?

HEER mWNE  BR—EER m - RER L 1V N -

ABRAY Il E ﬁDE(a)ﬁﬁT i@%éﬁ?ﬁﬂ”ﬁ%ﬁ%ﬁiﬂﬁ”ﬁﬁﬁgfﬁ ’

M/ NEEE AR L - 20l (o)A © EERATRRI) > mNEF

9 BO
1

A. mglL B. imgL C. 1—mgL D. —mgL E. imgL Fig. (a) Fig. (b)
4 2 4 2

AB

6. In a spacecraft orbiting around the Earth, an astronaut has a feeling of weightlessness. In Earth’s reference
frame, the explanation is
A. the weight of the astronaut becomes zero.
B. the gravitational field inside the spacecraft becomes zero.
C. the net force acting on the astronaut becomes zero.
D. the astronaut is falling freely.
E. there is no change in the momentum of the astronaut.

KZTBYHIERE) - ST AZ NRELG A R R - (EHERIISIE R - BT LHIRRER
A RZENNERBRE -

b KRR s

C. AR AT LA » AR

D. AZE AFEEIH T8 -

E. RZENNBIELHLRE -

7. In the figure, a mass m is hung by a light spring and a
light string at the ceiling. Both the spring and the string
make an angle 6 with the horizontal at equilibrium. If
the string is suddenly cut, what is the instantaneous
acceleration of the mass m?

WEIFT - FEE R m BRSPS H5R s AR
ENHRBNARACN L - FEPERIRRE T - SRS AR /K5 [T R g - E a8 2308
T VBeHIBERR IR R %) 2

2
A =% B. £ c.—= D. - £ E. —£
sin 6 sin 6 2sin 6 cos 6 2 cos 6
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A particle is projected horizontally from the edge of a smooth
table with initial speed v. The particle hits the ground at a v
horizontal distance D from the table. Different values of v are
used and the corresponding values of D are recorded. Which
of the following pair of quantities will give a straight-line
curve?

ARLTIE VR THIEG AR v S FE - Ak

SERERE D REH - NERY v ESEINER DE - T
HHEEAGMEME ?
A.vand D B.v*and D C.vand D*

D.vandl— E.vandl—

D Vb

Which of the following facts is/are direct evidence(s) supporting Newton’s first law of motion?
(1) A feather and a coin spend equal time to reach the ground when dropped from the same height
on the Moon surface.
(2) A satellite orbits around the Earth with uniform speed without supply of fuel.
(3) A man is thrown forward on a bus which stops suddenly.
MR E AT AR Ry IR S — E Y E RS R 7
(1) — RPN —H B (A [F] 2 B 31 5 BRER I » P ey R AEE -
(2) HEDIGHRIRGHNBRIES) - A FRAEINE -
(3) EELZEAE TR > FEHID AT -
A. (3) only B. (I)and (2) only C. (1)and (3)only D. (2)and (3)only E. (1),(2)and (3)

Two masses, my and mp (mp > my) are put on a smooth horizontal table as shown. The maximum
static friction between the two masses is f. A gradually increasing horizontal force acts on m4 and
the two masses accelerate together. The masses start to slip over each other when the force attains
F. (figure (a)) If initially, the force acts on mp instead, the masses start to slip over each other
when the force attains F,. (figure (b)) Compare F and F,.

WEFTR » FIYIRS > ma i mp (mg > my) » BEEFSPFIKPR T L o IIY)8G 2 R R E
IRy f o BH—i/KF I EE R mBISNTZE 0 - (ERPIRe —iEhER - E5MNIEE] Fy
Ry - WG Z MEAEE) (Bla)) - EIGEESE  SNITERT mpiidE m, > AIESN T2
5 ol - MVIRGZ L EE) ([Bl(b)) - sAtEE Fi AT R,

A F,>2F, B.Fi>F, C.F =5 D . Fi<F, E. Fi <F,/2
Fl m, m,
figure (a) figure (b)

Planet P is moving in a circular orbit around a star X, while in another stellar system, planet Q is
moving in a circular orbit around a star Y. The orbital radius of P is twice that of Q and the orbital
period of P is also twice that of Q. Find the ratio of mass of X to that of Y.
TR pLIEIPHUEERGERE X S —NE R - 172 o DE#ERGENE v- pav#E
FAEFy Q BRI » P RYENE I Ry O YIRS - K X 8L Y IVEREL -

A. 8:1 B. 4:1 C.2:1 D. 1:1 E. 1:2



12.

HKPhO &) H# 2 2013

A bus is turning around a corner on a horizontal road. The diagram shows
the rear view of the bus, which is turning to its right. Which of the
following diagram best shows the force diagram of the bus?

AELEFR EH5E » BPFossELAEE > [CRENREE - T

AR 1 P 73 ] e Ry T 2
A. B. C.
—— —4 —
reaction|& | [ ] reaction
o} 4 reaction reaction A f; 4yreaction reaction
> LI > LI .
1l fiction 3 friction 3 friction
weight weight weight
D. E.
—— ——
reaction|/d | reaction
reaction reaction|A h
friction friction ¢
weight weight
13. A cylindrical trough is placed on a horizontal plane. The two edges of the trough are connected
with smooth inclined planes A4’ and BB’ at locations 4 and B respectively. The trough edges and
the inclined planes are tangential at the connections, and A4, B are located at the same horizontal
level, as shown in the figure. A small mass slides freely down the slope 4’4 from a height of 2/
above the horizontal level 4B. It enters the trough at position 4, reaches B and then slides upward
along slope BB’ until it reaches a height of 4 above the horizontal level 4B. It then slides
downwards along slope B’B and enters the trough again. Neglecting air resistance, the small mass
—fIE RS B Jee B AL 7K P i, RS R R BRI GE RE S 44 BB MY, #AVIME A B
BEJA TR KT Y, R SRR B L1 1 AT el s . —/INPDBRARE R 474 B ERK
VT AB B RERy 20 BRIRRBIEE BHIE TS, WH 4 RN, iU@ B RIERIL BB 7] EHEAT,
PEF KT AB =R h AL E: %/ NI RI B'B I T AL B ERENFE N 5 A%
AR, RN
A. reaches a height lower than 4 A. FIEEA A WATE
B. just reaches the location 4 B. I 2)1E 4 R
C. passes 4 and reaches a height less than 4 C.18 4 1% EFrEE/INA R
D. passes A and reaches the height /4 D. 1% A BB T E EEA b
E. passes 4 and reaches the height 24 E.i% 4 1% EFEE S 20
B’ A
B\__/4
14. Consider a satellite of mass m orbiting around the Earth in a circular orbit of radius Rs. Given the

radius of the Earth is Rg, and the gravitational acceleration on Earth’s surface is g, and atmospheric
resistance can be neglected, then the energy required to launch the satellite from Earth’s surface is

—HEE R m WAEEHEUBEPHEIRGEHEL > HUEF R Re o sxHER-FER Ry - HIHATE
TIIERFE Ry g - KRR EHEEHIBH T 25T RGeStz NG E 2 FREER

6
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R R 1 R
AungRE 1-—=£ B.H@RE 1+ —=£ C.ngRE ——- —=£
2R 2R, 2 2R,

1 R R
D. mgr At R E.ngE — 1
2 2R, R,

15. The velocity vectors of an object performing projectile motion are drawn from time instants a to e

at fixed time intervals. Which of the following gives a possible drawing?
YRS AR TP AR ERF R YRS R B K » B o F e HYREIRETHIE o T Eik
s lEE FTRERY ?

A. B. C. D. E.
a a a b a cb ]
b b ¢ b Zz,e
c ¢ J c
d d d
e
e e e

16. It is known that the gravitational acceleration is ¢ = G , /R and is directed vertically towards

17.

Earth’s centre. Due to Earth’s rotation, the acceleration f of a freely falling object in Hong Kong
has a magnitude f different from g, and f is no longer pointing vertically downwards. In fact,

ERE IR E R o - 6ar | o p2 WHRFEHIRFUC o REEHIEREESE) - (EBERH &R IR
AR £ - ERVEUE fEL gKIEJ il FEV TRt RS EERH - HE -

A. f< g and f has a Northward component A.f<gm f ik
B. f< g and f has a Southward component B.f<gif fmIar
C. /> g and f has a Northward component C.f>gim ffFdL
D. /> g and f has a Southward component D. f> g f{R[EFE
E. /> g and f has a Eastward component E. /> gifi ffm s
A uniform rod floats in water. A ball with weight W is attached to one end of the rod, and the

volume of the ball is negligible. This structure causes the rod to float at an inclined position, with
the other end remaining above the water surface, as shown in the figure. If the part of the rod
above the water surface is 1/n of the total length, calculate the weight of the rod.

jffﬁ'i’ﬂ/—ﬁ PR — T %EE% W T AR AT BB A ETHY/NER © iS4 TR AR T ERHE

FE O HEImtREHEKE L - BKHEH EER AEREN Un > KIZNES -
A Wn+1) B. Wn C. Win—1) D. Wi(n + 1) E. Wi(n—1)

_—

=

w
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A block has an initial kinetic energy of 128 J. It slides up from point 4 at the bottom of the
inclined plane with uniform deceleration. When it passes point B, its kinetic energy is reduced by
80 J, and its mechanical energy is reduced by 35 J. Calculate the work done against friction when
the block moves from A4 to the highest point C on the inclined plane.

—IHIRLL 128 T FUWIENAE - (ERHAIENRHT 4 BERHE A - IE SR B 4R E) - B4CHS B B
1 > EHREIRD T 80 T > MERREEIRD T 35 T > SROBVRNE 4 B8 =G C BEEE A ERYTh
A.42] B. 48] C.561] D.721] E. 1281

C

A block of mass m is placed on a smooth horizontal surface and is attached to a spring of force
constant k. When the block is pulled sideways and released, it undergoes simple harmonic motion.
At the equilibrium position, its velocity is 3 m/s. Calculate its velocity when it moves to the
position at two-third of the amplitude from the equilibrium position.

—EER m WTRER-FE/KVE - WEEEEMEGES « AVEE - BB R—55
FAIE o DT BRBET TGRS ERN o TR LB AVEE R 3 m/s 0 RAENRIE =70 Z i YR
g o

A2 m/s B. /3 m/s C.2m/s D. /5 m/s E. V6 m/s

As shown in the figure, a block of mass m is hung from the ceiling by the system of springs
consisting of two layers. The upper layer consists of 3 springs in parallel, and the lower layer
consists of 2 springs in parallel. The force constants of all springs are k. Calculate the frequency of
the vertical oscillations of the block.

IR » RACH T — 4B P B R m (975 - B 3 (EREHES - T
BRI 2 (B HRTHREE - A SR SRR k - SRTHL b T IR -

AL [ B. L [2E c. |2k p. L [°% oL L
27 \5Sm 27 \'Sm 27 N 6m 27 \S5m 27 N\ 2m
k% k% %k
k k
m
(END OF MC’s #E3ZH52)



HKPhO &Y E 2013

Open Problems BEiE
Total 5 problems 3t 5 5§

The Open Problem(s) with the ‘*’ sign may require information on page 2.

i * BHRGE P RERR A S — H _EAYERY -
1*. James Bond Ski Chased by a Killer #&FiE#% 5 1-F8 (10 marks)

In James Bond movie “The Spy Who Loved Me” (584 #f 55 1% i JIGIK), James skiied down a snowy
slope in an attempt to escape from the killer. Unfortunately, the killer had a higher skiing speed than
James’s; they are 45 m/s and 40 m/s respectively. Now consider an alternative version of the movie.
James noted that he and the killer carried the same kind of rifle and estimated that their masses M
(including body mass, skis, weapon, backpack, etc) were about the same. Recalling high school
physics knowledge, James realised that each time he fired his weapon back at the killer, his
momentum would change; whereas when the killer fired, the killer’s momentum would also change.
Every time James fired a bullet, the killer would fire back accordingly.

(a) How many bullets James had to fire in order to assure that the killer couldn’t catch up with him?
Assume that all bullets missed their targets (otherwise this exercise would terminate). Given M =
100 kg, mass and the muzzle velocity of a bullet are m = 0.02 kg and v = 500 m/s respectively.

(b) Traveling with the final velocity obtained in part (a), James Bond escaped by sliding down a cliff
at an inclination of 20°. After 20 seconds, he opened his parachute and landed safely. The average
air drag during his fall is 600 N in both the vertical and horizontal directions, as long as the
velocity components are nonzero. Calculate the landing position of James Bond and the height of
the cliff. (Neglect the distance he traveled with a parachute.)

1 5 E R M B REE  SLFE TS - R TAVIER o A ETFaE
LS B > 270 s 45 m/s Al 40 m/s - BB B S—RA -

S L BRI TR R A ESEN T8 - SGEIWANE E M (BESE - BT - K8 -
FE%) B o MR R 2R YEEEE  HREIEE M TR K o MAVBIEREE ; [H
FEEHITRDK > WTNEIE TS - GRE LHEN TR > TR RSN

(a) S LFRERG L/ DIETH » T RERE T A EE LM ? 8% M= 100 kg > THAVEEF m
=0.02 kg * FHEHTEEZEE Fy v =500 m/s °

(b) 5 FBLA(a) BB A JF A Fy 20° BVIGRE » BRIEAR © 20 F1% > MFTHEREZR - &
BEPE o SfAE NEEIET - 5 EH T RFKE T A2 RIE T EEYT R 600 N(A 2 R EHY
SERMIEE) > SFESH LFEENMENGENERE - (o R2ISEAF IR - )

Killer \

S

S James Bond

T~

—

\
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2. The Bicycle HfTE (10 marks)

A student rides a bicycle on a slope of inclination 4. Due to air drag, he found that the bicycle can
barely move down the slope without his pedaling. He would like to estimate the power he needs to
drive the bicycle up the same slope at a uniform velocity.

To achieve this, he measured that during the up-slope drive, one of his feet pedaled N cycles in a time
interval 7 (assuming that the pedaling is continuous and at a uniform rate). He also obtained the
following data: the total mass of the bicycle and the rider m, length of pedal crank L, radius of gear 1
Ry, radius of gear 2 R,, radius of rear wheel R3, as shown in the figure.

It is given that the air drags during the up-slope and down-slope drives have the same magnitude, and
there are no slippings between the wheels and the slope during both the up-slope and down-slope
drives. The energy loss due to the relative motion of the bicycle components is negligible.

(a) Derive an expression for the force needed to drive the bicycle up-slope at uniform velocity.

(b) Derive an expression for the power needed to drive the bicycle up-slope at uniform velocity.

ﬁﬁ 2T —EEA R 0 KRt INERIH - MSsE 51T I REE N BRI AR 3 E
TTHG RIS R N TERE - SRAE MRS AN S bR A B A R TR I DR -

i%ﬁt ST R AR TP — ISR AR N (AR 22888 ) » WS ATy
el 7 B NYMHBEER © BTTEMANEER m -~ BRIFHRE L @WiE-PE R TRim
L Ry ~ BHRI-FE Ry > QBT

EAIE ~ MR PRYEPE AR/ NS - AR ERGEE TR o Bl B PR e A
EE o AETETEAES T Z ERAAE RSN R

(a) SR BB BT A B AR (F ez -

(b) BT MEARA R -

,l: Rear :

I wheel |

: 1 !
: 1 !
: 1 !
: 1 !
N, -
h---------------------'

3. The Ships #8ffi (10 marks)

Consider two ships on the sea as shown in the figure. Ship 4 moves with velocity u directed to East.
Ship B moves with velocity 2u directed to North. At time ¢ = 0, ship B crosses the path of ship 4 at a
distance « in front of ship 4.

(a) Find the shortest distance between the ships, and the time they reaches this position.

(b) Suppose at ¢ = 0, the speed of ship 4 remains at u, but its direction can be adjusted. What should be
the direction of ship 4 such that the shortest distance between the two ships is minimum, and how
much is this minimum shorter than the result obtained in part (a)?

WEFT > B EA AN - i AuLﬁumE%ﬁﬁF“ i B LUERFE 2y [ 1EIE AT
‘oﬁﬁﬁz=0%’ﬁ3%ﬁﬂﬂw Y A BIMTER AL A FURTTT > i B EIfE 4 BYEESE K

ao

10



HKPhO &) H# 2 2013

(a) KRG A ATHIRERE - RO ZE SRR R 4] -
(b) BAIERFZ] ¢ = 0 > it A HYERRAYE o - BI5 R AT ELE HEEE > APEEAL 4 FEE(TEETT 1 > W
M AR PEATHIREREA TS B s PR L (a) BRS- LH AU RERERT 25/ D2

A

4*, STEP (15 marks)

According to Newton’s second law of motion, 7 = m,a , where my is the inertial mass. According to
Newton’s law of universal gravitation, the gravitational force between Earth and an object is
F =GM ,m_/R", where mg is the gravitational mass of the object (here R is the distance between
Earth’s center and the object). Presently, it is widely accepted that mg = my, but some physicists would
like to test the validity of this assumption. If there is a difference between m; and mg, even as small as
one part in 10'®, our present understanding about gravity has to be revised. Hence they proposed a
satellite experiment called STEP to measure the mass ratio » = mg/m;. (STEP represents Satellite Test
of the Equivalence Principle.)

In the proposed experiment, several test bodies are enclosed in a vacuum box in a satellite that orbits
around the Earth. The box protects the test bodies from outside disturbances and all forces from the
satellite acting on the test bodies have been carefully eliminated, so that each test body can be
considered as a mini-satellite orbiting around the Earth.

(a) The proposed satellite has a circular orbit with a period of 24 hours. Calculate its orbital radius R.
Express your answer in multiples of Rg, the radius of Earth.

(b) Consider test bodies 4 and B with mass ratios r4 and rp respectively, as shown in the figure.
Suppose the two bodies have the same position at a point on the orbit. When body 4 completes one
orbit, what is the displacement of body B relative to body A4?

(¢) Simplify your result in part (b) using the approximation (1 + x)" ~ 1 + nx when |x| << 1. Suppose
the position sensors in the satellite can detect position changes as little as 10> m. What is the duration
of the satellite flight before differences in the mass ratio of the order 10™'* can be detected? Express
your answer in hours.

R EEFNE EE F=m,a > Ht m B EFEE. RBTHEE TR, HWIRIERR
YIBEII G| 1R F = oM om 1R > o mg & 7/ & &E GEH R ZHUERFOEYIBEEERE) - B
R 24N me = my o (HEVHEE R A B ErsiE B W BN . WR m B me 20 > BT 2
10" 43 2 — BRI » BB A 51 S B A B s . BT A3 H1 44 2 STEP (1772 2 5
Pl gt r=mg/m; - (STEP 83 Satellite Test of the Equivalence Principle. )
fERENERET > R IRkNEE A —EZ R > BEERYEEE S - HrRAEEREY %2
AN T8 W EEREE R LIBETAEER AT 4R 48 - i — & B an v 25 JE R A
BRI A -

11
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(a) PR AR EGIE B - IR 24 D o SEHEHGUEEIE R - FZEMELIERAAE ReHY
R AL -

(b) 5 RETERY) 4 R B> HEL A ra M rp > WIE TS o SWPIIEHUESRACLE AR o E4)
%A SERC o e BB IS 4 AR 2 % D0

(c) s << TRFAYHTEN(L + x)" ~ 1 + nx RE{E(0)ERAVEEIR . AxAiT A2 1 AL B A5 Pl hgfl 21/
£ 10 m ALK . BESTEZA, AT 10" 8RR ZREUNR 2 EAL -

B
A

5. The Floating Ice %7K (15 marks)

As shown in the left figure, a cylindrical piece of ice floats in water. Its cross sectional area is 4 and its
height is 4. The density of ice and water are p; and py respectively.

(a) Find d, the depth of ice immersed in water.

(b) Suppose the ice is pushed slightly in the vertical direction. Find the frequency of oscillations. You
may assume that the motion of water is negligible.

(c) Suppose the ice floats in water in a container of cross-section area 44, as shown in the right figure.
The ice is displaced from equilibrium by z in the vertical direction. (1) Calculate the change in the total
potential energy of the system, up to order 2% (ii) Calculate the kinetic energy of the system during the
push when the ice moves at velocity v. You may assume that the water below the bottom level of the
ice does not move, and the water above the bottom level of the ice moves with the same velocity. (iii)
Hence find the frequency of oscillations.

WEEFTR - —BERIPAKEUAAKE - ERVEVIERERE 4 SEZE b o FKUKEYERE 5] R
oM py

(a) KIKBUZEKEAVREE 4 -

(b) EC/KERAETE B 5 mRHEHE - SKEMVIRENER o (Rl EGE/KHYRE) i LUZRS -

(c) MEEPRTR » B/KBRFAEA SR HY/KE - BestUtsEtImfafy 44 o VKBRAEEE BT RI9HE - A%
PRI - - () Bt AGHREEIEE - B2 218 - (i) Bel B ek enE
oo JKBRERR Ry v BRIV ZRSRARENRE © IR Al B VKRR E A PHYZKAE) » i KR ER K
SERYZK AR — 2R E - (iii) L RSV IREIIAR -

A 44
4 >
[—

| _ S _

-
| _ 5

(END 5g)
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All questions are in bilingual versions. You can answer in either Chinese or English.
T i H 2 R h S I o R B DA S E s

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.

BRI E AR LEE R IR — N =-T0ula] - EIREE Z AT E ek T2 - (RIR
AFBIEE RIS - M H SR E A -

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 “I. 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 & Section No.”

KIS IBIE A EARAVIET A HB SYAEESE BRI AR “1. D. No.” fill %655 LA 8
R B ST - AR AR EIRER R - ARIEEEIZE I (RSO0
% B{& Y “Course & Section No. ” #NE FIRAN B 47565505 -

1
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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.

BEBEENE K% o B EEEEEA EHEAEBE A OB fiEmeR R -

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

FEEREHESH E > 55)° Course Title i IH EREY S 73589585 © 55 Student Name i fHE E
IRV 5 55 Student Number B HIE_EIREY 8 (7 B2 FE9505 - EREIE A mEEH -

6. The information provided in the text and in the figure of a question should be put to use together.
e REUSS SR S R [ b2 RV (BRI — A R

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.

PRI & - SRR e & TR - EREE A g AR EMNERE
TEEAIREEA o -

Bk

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

BRIERFRIED » BRIAGRER TYIRSTMESR

Gravitational acceleration on Earth surface HER 1A B JJI2EE g ]9.8m/s”
Gravitational constant &5 5 | ] 5 G |6.67x 10" N m?/kg’
Radius of Earth H#iER1K Rp | 6378 km
Sun-Earth distance & [5-H B R re | 1.5% 10" m

(= 1 Astronomical Unit (AU)) (= 1 K ZEAI(AU))

Mass of Sun K& & Msun | 1.99 x 10 kg
Mass of Earth i Ef/E & Mg | 5.98 x 10%*kg
Air Density 7% @ %[5 o | 1.2kg/m’
Water Density 7K 5 & oy | 10X 10° kg/m’
Trigonometric identities:

=AEEER:

sin( x + y) = sin xcos y + cos xsin y cos( x+ y) = cos xcos y —sin xsin y

sin 2x = 2sin xcos x cos 2x = cos ~x —sin  x

sin xcos y = ;—[sin( X+ y)+sin( x — y)] COS X Cos y = %[cos( X+ y)+ cos( x — y)]

1
sin xsin y = —[cos( x—y)—cos( x + y)]
2
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Multiple Choice Questions

(Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no
answer, minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0
mark.)

BIFH (GEEEEE > GEEH 27 A5 09 BFHH1 02577 - HEEEERA
053 <)

1. A massive rope of mass m and length L, as shown in the figure, rests on a horizontal table. If the
coefficient of static friction between the table and the rope is y, what fraction of the rope can hang
over the edge of the table without the rope sliding?

WEFTR - —REER m -~ KRER L HIAEME > FFIUEACFRALL - 58088 B A vAE H
BBy NIBEN RGNS - v IER 2 RAVTESE > M ZE T 7

H, H 2
B. Cl-,us D. AL+ E. —u,
L+ p L+ 2p, 3

A.

Solution:

Assume that a length 7L is on the table, so the length (1 — )L is the part of the rope which hangs over
the edge of the table.

The tension in the rope at the edge of the table is then (1 — r)mg, and the friction force on the part of
the rope on the table is /' = x4 (rmg). This must be the same as the tension in the rope at the edge of the
table, so (1 — r)ymg = p(rmg) and r = 1/(1+ w).

The fraction that hangs over the edge is

(1-r)L M

L L+ u,

Note: the result is independent of L and mg of the rope.
Answer: A.

2. As shown in the figure, a rigid sphere of mass m and radius R is held at rest by a horizontal string
on an inclined plane with an inclination 6. If the sphere does not move, what is the minimum
coefficient of static friction 14, between the sphere and the incline?

WIEFTR > HEER m ~ FER REVEREG - #e— P75 RAVAERIEE R A & g IRt L -
EERA AN B - HIBKEG SR 2 PRI HVAT LR R AR - R IMERER (T2 ?

‘W’

2

1—-cos @0 cos 6 sin 6

C. D.

1+ cos @ 1+ cos 6 1+ cos 6

A. tan@ B.

E.1—-cosé@

Solution:
Consider the torques about an axis through the center of the sphere:
TR-fR=0 = T=f
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Apply 2 F, = 0 to the sphere:

f+ T cosf — mg sinf =0 L N
A1 + cosb) = mg sinf T 0,.

_mg sin @

- 1+ cos 0 |

Similarly, apply X F}, = 0 to the sphere:
N — mgcos0 — Tsin® = 0

.2 2 .2 mg
. mg sin = 6 cos 8 +cos O +sin 0
N =mgcosd + f5in0 = mg cos 0 + (") = mg -
1+ cos @ 1+ cos 6

cos 6 +1
=mg ————=mg

1+ cos 6

f mg sin 6 sin @
fﬁ/lyN > Hu, 2 —= L +mg =

‘ N 1+ cos @ 1+ cos @

Answer: D.

3. A simple pendulum of length L is mounted in a massive cart that slides down a plane inclined at an
angle € with the horizontal. Find the period 7T of small oscillations of this pendulum if the cart
moves down the plane with acceleration a = g siné.

—HEAEEENE A —RE R L AEEER - H08 MEA R AVRNE © EET LU
T a = g singtERHATF MRS - SREHELVINIE IR I 7 -

0

Lsin 6
C.2x

L L
A. 2z B. 27 | ———— .
g cos 0 g+J2(1 + sin 0) g cos 6

L L
D. 27 |—— E. 21 /—
gV1+3sin’@ g(l—sin @)

Solution:

The cart accelerates down the plane with a constant acceleration of gsiné. This happens because the
cart is much more massive than the bob, so the motion of the cart is unaffected by the motion of the
bob oscillating back and forth. The path of the bob is quite complex in the reference frame of the
inclined plane, but in the reference frame moving with the cart the path of the bob is much simpler—in
this frame the bob moves back and forth along a circular arc.

To find the magnitude of effective gravity acting on the bob, g.g, first we draw the vector addition
diagram so as to enable us to have a clear picture of the motion of the bob with respect to the cart.

4



HKPhO &Y E 2013

Using the cosine rule, g.¢r is given by

4
gj[f :g2+gzsin20—2(g)(gsin 9)(:05(——9\

‘Ysine

L2 )
:g2+g2sin29—2g2sinz¢9=g2c0520 :g
| Oeff
Thus, g.ir = gcos 6 | 8
. . . . 27 L :

The period of this motionis 7 = — =27z |—

@ & o RN

o . . ) (1% _p
Substituting gcos@ for g.s in the equation, we have gsind * g4 5
L
T =2x
g cos O

Answer: A.
4. A stone of mass M is tied to a string. It is whirled in a vertical circle of radius L. At the highest

point of the circle, the speed of the stone is v. Find the tension of the string.
—WEEL MITa BN R4 T L - AT EEP LR R L (EEEEEE - £ EEHY
B AT HERERE v o SREETHYIRTT -
A.M[gﬂ_] B,M[gﬂ_] c.M[g_v_] Doy E.M[V__gJ
L 2L L L L

Solution:
Consider forces acting on the stone. Using Newton’s second law,

2

2
12 v

T+Mg =M — = T'=M|—-g
L IL

Answer: E.

5.

A ring with mass m is hung vertically at the lower end of a uniform 4
chain of total mass m and length L. Its upper end 4 is fixed, as shown in
figure (a). The lower end B is raised until it is at the same position as 4,
and the ring slides to the midpoint of the string, as shown in figure (b).
What is the minimum work required in this process?
HEER mHVNE > CN—HER m -~ RER L AR M -
AR EImEE - QB (a)FR » SR Nimgfe F]_EiwEbE S
/NS FIAEZR Y Tk - 20l (b)Fs » EERFTERI) > s/ NEF
X BO
3 1 1 3

A. mgL B. —mgL C. —mglL D. —mgL E. —mgL Fig‘ (a) Fig. (b)
4 2 4 2

Solution:

Consider the center of mass of the chain. Its height increases by L/2 — L/4.
Consider the center of mass of the bob. Its height increases by L — L/2.
Total work done = increase in potential energy

:mg(£—£)+mg(L—£\]=imgL
4 ) 2) 4

[ 2

Answer: B.

6.

In a spacecraft orbiting around the Earth, an astronaut has a feeling of weightlessness. In Earth’s reference
frame, the explanation is

A. the weight of the astronaut becomes zero.

B. the gravitational field inside the spacecraft becomes zero.

C. the net force acting on the astronaut becomes zero.

5
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D. the astronaut is falling freely.
E. there is no change in the momentum of the astronaut.

RZEfGIRGE R EE) - ,H\itljﬂﬁjiwkrﬁ?ﬂaﬁii FEHERS I RN - B RIS
A RZEAWEESERZ

B. RZERGAHYS[J7E E’”ﬁ‘j" °

C. TERIRRZEAS ETT > BNIHE -

D. KRZENFEEH FEE -

E. RZEARVBIEILAIE -

Answer: D.

7. In the figure, a mass m is hung by a light spring and a
light string at the ceiling. Both the spring and the string
make an angle @ with the horizontal at equilibrium. If
the string is suddenly cut, what is the instantaneous
acceleration of the mass m?

WEFTR > AEE R m YIRS » K E A3 R
ERVEREN KA - FEPHERIRRE T » SHEEAIGE R B/ KP T RN E g - 4R ZE 0
T VIReH bR IR D 2

2
A =2 B. -£ c. £ D. £ E. —£
sin @ sin @ 2sin @ cos 6 2 cos @
Solution:
Consider the balance of the vertical forces.
. mg
2T sin 0 = mg = T =
2sin 6

When the string is suddenly cut, the mass accelerates due to the gravitational force and the tension in
the spring. When these two forces are added, the result is minus the tension of the string. Using
Newton’s second law,

m
S = ma - a= S
2sin 6 2sin @
Answer: C.

8. A particle is projected horizontally from the edge of a smooth
table with initial speed v. The particle hits the ground at a v
horizontal distance D from the table. Different values of vare — ____________ O o
used and the corresponding values of D are recorded. Which
of the following pair of quantities will give a straight-line
curve?

FRI T S TR DUITEE o s I BT v
SERERE D R - REIN v EEEREN D - FE— D
Sy EL AT SR 2

A.vand D B. v and D C.vand D*
1 1
D.vand — E.vand ——
D Vo
Solution:
. . C e e I,
The time of flight of the projectile is givenby h = —gt° = 1= 2
2 g

/2h
Hence D = vt =v | —
g
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Answer: A.

9. Which of the following facts is/are direct evidence(s) supporting Newton’s first law of motion?

(1) A feather and a coin spend equal time to reach the ground when dropped from the same height
on the Moon surface.

(2) A satellite orbits around the Earth with uniform speed without supply of fuel.

(3) A man is thrown forward on a bus which stops suddenly.

AR ST o DAME R iHE — E R E SR 7

(1) — AR — SR F & B H R A - FraRfyisEEE -

(2) HEDIGHRIRGHNERIES) - A RRAEINE -

(3) EELZEAE TR FF I AT -

A. (3) only B. (I)and (2) only C. (1)and (3)only D. (2)and (3)only E. (1),(2)and (3)

Answer: A.

10. Two masses, my and mp (mp > m,) are put on a smooth horizontal table as shown. The maximum

static friction between the two masses is f. A gradually increasing horizontal force acts on m, and
the two masses accelerate together. The masses start to slip over each other when the force attains
F. (figure (a)) If initially, the force acts on mp instead, the masses start to slip over each other
when the force attains F». (figure (b)) Compare F; and F5.
WNEFTR - YIRS maF mp (mp > my) > WEFFFHVKCPRT B - IYIRe Z AR R EE
IR o B—i/KEIT RIS ma ANSN2E in » (ERsIae — eIz - E4MTEE] Fy
f - PG Z MEAEE) (Bl@))  EIGEESE  SNITERT mpiidE m, > AIESNT2E
F ol - YIRS Z A EE) ([Bl(b)) - BELE Fi Rl R,

A.F,>2F, B.F\>F, C.Fi=F D.F\<F, E. Fi1 <F2
Fl m, m,
m, F,——— m,
figure (a) figure (b)
Solution:
In figure (a), F, = (m ,+m,)a and f =m,a = f=—t—F = FlzymAg[mA+mB].
mA+mB mB
Inﬁgure(b),FZ:(mA+mB)a and f=m,a = f= "4 F, = FzzymAg{mAerB].
mA+mB mA
Fl mA
= —= <1
F2 mB
Answer: D.

11. Planet P is moving in a circular orbit around a star X, while in another stellar system, planet Q is
moving in a circular orbit around a star Y. The orbital radius of P is twice that of O and the orbital
period of P is also twice that of Q. Find the ratio of mass of X to that of Y.

TR pLIEPHERGNE X S —NE % - 172 o DIEPHEREERE v PRYENE
FAERy O HYRIE > PRVEEBEI S O VRIS - K X B YRVEEEE -
A. 8:1 B. 4:1 C.2:1 D. 1:1 E. 1:2
Solution:
Using Newton’s second law ad Newton’s law of univerasal gravitation, we obtain



2 2 3 3 2
47 47" R M R T
T = R3 = M = = X:{ PJ[QJ:
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2

GM G T M

Answer: C.

12. A bus is turning around a corner on a horizontal road. The diagram shows

the rear view of the bus, which is turning to its right. Which of the
following diagram best shows the force diagram of the bus?

HE-LETEE H98 B AR B A - (BT EE o T

TEIAR ST AF FH 8 a5 oy TEE 2
A. B. C.
—1 —1 —/
reaction |4 | |:| reaction
-+ 4 reaction reaction (4 c}, 4 reaction reaction (A |
> > L >
v friction v friction v friction
weight weight weight
D.
—/1 —/1
reaction |4 reaction
reaction reaction A
< < Il
friction ¢ friction
weight weight
Answer: A.

13. A cylindrical trough is placed on a horizontal plane. The two edges of the trough are connected

with smooth inclined planes 44” and BB’ at locations A and B respectively. The trough edges and
the inclined planes are tangential at the connections, and A4, B are located at the same horizontal
level, as shown in the figure. A small mass slides freely down the slope 4’4 from a height of 24
above the horizontal level 4B. It enters the trough at position 4, reaches B and then slides upward
along slope BB’ until it reaches a height of 4 above the horizontal level 4B. It then slides
downwards along slope B’B and enters the trough again. Neglecting air resistance, the small mass
—fIE R I B Jee B AL KPR R R BRI GE RE S 44 BB MY, #AVIME A B
BEJR R KT Y, A SRR A B 1 Y AT A s . — /NSRRI 474 EEROK
T AB R A 20 BRI H B R, WH 4 BRAREN, ?UL% B BRI BB 1A AT,
PUBEBR/KT T AB WA h (OALE s 325/ DRI RIS B'B 18 T ALAE B ERIEANRIN . A%
BRI, RN

A. reaches a height lower than 4 A. FIERA 4 L E

B. 1647 I3 4 )2

C. i A Jg1% ETh BN h
D. it 4 g1% Tt BEEE IR A
E.ith 4 gEt% LT AL 2k

B. just reaches the location 4

C. passes A and reaches a height less than 4
D. passes A and reaches the height /4

E. passes 4 and reaches the height 24
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Solution:

When the mass slides down from AA’, it loses potential energy mgh and reaches a height of 4 above
AB. If the frictional force remains the same when it slides backwards, then it should lose the same
amount of potential energy and hence should reach a height of 0 above AB. However, during the slides,
the frictional force is given by

fz,uNzy[mg +mv—J
R

Since the velocity during the second slide is reduced compared with the first slide, the frictional force

is reduced, and the potential energy loss is reduced. This enables the small mass to reach a height

above A4, but the height cannot exceed 4.

Answer: C.

14. Consider a satellite of mass m orbiting around the Earth in a circular orbit of radius Rs. Given the
radius of the Earth is Rz, and the gravitational acceleration on Earth’s surface is g, and atmospheric
resistance can be neglected, then the energy required to launch the satellite from Earth’s surface is
—HEER m iy g BB eERGEHER - §UEFIEE Ry o SCEREASR Ry > HATE
TIRE Ry g - RRJEEE R RIEAST > AIfEm 853 NS EFREE

R R 1 R
A. mgR | 1- £ B. mgR |1+ L C. mgR | —~— £
2R, 2R, 2 2R,
1 R, R
D. mgR | —+ £ E. mgR — 1
2 2R, R,
Solution:
. ) . GM
Orbital velocity of the satellite u = [——
RS
Using the conservation of energy,
Mm 1 2 Mm Mm Mm Mm R,
E-G—=—mu -G—— = E=G -G =G 1-
R, 2 R R, 2R, R, 2R,

. Mm R,
Since 6 —— = mg ,wehave E = mgR | 1- —F
2
R 2R,

E

Answer: A.

15. The velocity vectors of an object performing projectile motion are drawn from time instants a to e
at fixed time intervals. Which of the following gives a possible drawing?

YRS E IS B A FER AR R B A > HPiFA] o E e WYREIFRAEIE o T

sRIEE 0] fERY 2

A. B. C. D. E.
a a a b a cb ]
b b ¢ b Zz, e
c ¢ P c
d d d
e

e e e
Answer: A.
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16. It is known that the gravitational acceleration is ¢ = G , /R and is directed vertically towards

Earth’s centre. Due to Earth’s rotation, the acceleration f of a freely falling object in Hong Kong
has a magnitude f different from g, and f is no longer pointing vertically downwards. In fact,

EREITIEE R o - oy | o 2 WARFEHERTL - RNEHEREE) - EFABIHE BRI
AR £ - ERVEUE f9 g AE > 10 FIV AR RER - HE >

A. f<gand f has a Northward component A.f<gif f AL
B. f<gand f has a Southward component B.f<gIf f {mEFE
C. f> g and f has a Northward component C.f>gim f{wdE
D. /> g and f has a Southward component D. /> g f{w[a e
E. f> g and f has a Eastward component E. > g f a5
Solution:
g{; ? f
ra

In the reference frame of the rotationg Earth, the centripetal acceleration has to be subtracted from the
gravitational acceleration to obtain the free-fall acceleration. From the diagram, we see that /< g and f
has a Southward component.

Answer: B.

17. A uniform rod floats in water. A ball with weight W is attached to one end of the rod, and the
volume of the ball is negligible. This structure causes the rod to float at an inclined position, with
the other end remaining above the water surface, as shown in the figure. If the part of the rod
above the water surface is 1/n of the total length, calculate the weight of the rod.

— IR AR T - — IRl EEE R W MR 1 BESAGTHY/NEK - EEEREORTERH
o B ImiriAKIE L » FH/KHE EARR R Un > KIFHVESR -
A Wn+1) B. Wn C.Wn-1) D. Wi(n+1) E. Wi(n—-1)

_—
=
/4
_—
X
w

Solution:

W+x

Let x be the weight of the rod, and L the length of the rod.

Since there are only 3 forces acting on the rod, the buoyancy is W + x.

The centre of mass is L/2 from the lower end of the rod.

The center of buoyancy is halfway of submegered rod. Hence its distance from the lower end of the rod is L(1 —
1/n)/2.

As shown in the figure, considering the torques about the lower end of the rod,

10



HKPhO &Y E 2013

L 1 L
(W+x)—{1——w:x— = x=W(m-1).
2

n) 2
Answer: C.

18. A block has an initial kinetic energy of 128 J. It slides up from point 4 at the bottom of the
inclined plane with uniform deceleration. When it passes point B, its kinetic energy is reduced by
80 J, and its mechanical energy is reduced by 35 J. Calculate the work done against friction when
the block moves from A4 to the highest point C on the inclined plane.
—IHIRLL 128 T FUWIENAE - (ERHAIENRHT 4 BRI R A - IE SR B 4R ) - B4CHS B B
1 > EHREIRD T 80 T > MERREEIRD T 35 T > SROBVRNE 4 BE =B C HEEE I A{ERYTY -
A.42] B. 48] C.561] D.721] E. 1281

C

Solution:

Let AB = b. Then the kinetic energy is losing at a rate of 80/b Joules per unit length.

At the highest point, the kinetic energy is 0. Hence the distance is 128/(80/b) = 8b/5.

At the same time, the mechanical energy is losing at a rate of 35/b Joules per unit length.
Hence at the highest point, the total mechanical energy loss is (35/b)(8b/5) = 56 J.
Answer: C.

19. A block of mass m is placed on a smooth horizontal surface and is attached to a spring of force
constant k. When the block is pulled sideways and released, it undergoes simple harmonic motion.
At the equilibrium position, its velocity is 3 m/s. Calculate its velocity when it moves to the
position at two-third of the amplitude from the equilibrium position.
—HER m WTRERPE7KVHE - WG AV - BB A — 55 F L
RS > JTSEETATEIES) - FTE T L ERER R 3 s 0 RIENRIE =50 2 IR
g o
A2 m/s B. /3 m/s C.2m/s D. /s m/s E. 6 m/s
Solution:

e .- .. . 1 9
At the equilibrium position, the kinetic energy is K = —(m)(3”) = .
2 2

Using the conservation of energy, the potential energy at the maximum displaced position is
9Om 1 2

2 2
At two-third of the amplitude from the equilibrium position, the potential energy is

1 (24Y (4Y1 4\( 9
S I VR )
2 03 ) A2z ) (92 )
Hence the kinetic energy is K = E - U = 9—m—zm L = l—mv2 o = v=+/5.
2 2 2 2
Answer: D.
20. As shown in the figure, a block of mass m is hung from the ceiling by the system of springs
consisting of two layers. The upper layer consists of 3 springs in parallel, and the lower layer

consists of 2 springs in parallel. The force constants of all springs are k. Calculate the frequency of
the vertical oscillations of the block.

11



HKPhO &) H# 2 2013

BT » RAGH F—SARBIE AT R R m (5 - LIBA 3 (EHHE - T
R 2 (B HRATSEE - FrASREET MR & o KOTHLL TRBIRHHER -

N O L L T [T I FT
27 \Sm 27 \5m 27 V6m 27 \S5m 27 \2m
k k
m

Solution:

Let x; = extensions of the springs in the upper layer
x, = extensions of the springs in the lower layer

x = displacement of the block

Consider the forces acting on the interface between the upper and lower layers: 3x, = 2x,

5 3
Hence x, = —x,, x=x+x,=—x,, x,=—x.
3 3 5
. . 6 6k
Consider forces acting on the block: ma = -2k, = -—kx = a=-—x
5 Sm
1 6k
Hence = —.[—.
27 V5m
Answer: D.
(END OF MC’s Z{ZE5¢)

12
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Open Problems BEiE
Total 5 problems 3t 5 5§

The Open Problem(s) with the ‘*’ sign may require information on page 2.

i * BHRGE P RERR A S — H _EAYERY -
1*. James Bond Ski Chased by a Killer #&FiE#% 5 1-F8 (10 marks)

In James Bond movie “The Spy Who Loved Me” (584 #f 55 1% i JIGIK), James skiied down a snowy
slope in an attempt to escape from the killer. Unfortunately, the killer had a higher skiing speed than
James’s; they are 45 m/s and 40 m/s respectively. Now consider an alternative version of the movie.
James noted that he and the killer carried the same kind of rifle and estimated that their masses M
(including body mass, skis, weapon, backpack, etc) were about the same. Recalling high school
physics knowledge, James realised that each time he fired his weapon back at the killer, his
momentum would change; whereas when the killer fired, the killer’s momentum would also change.
Every time James fired a bullet, the killer would fire back accordingly.

(a) How many bullets James had to fire in order to assure that the killer couldn’t catch up with him?
Assume that all bullets missed their targets (otherwise this exercise would terminate). Given M =
100 kg, mass and the muzzle velocity of a bullet are m = 0.02 kg and v = 500 m/s respectively.

(b) Traveling with the final velocity obtained in part (a), James Bond escaped by sliding down a cliff
at an inclination of 20°. After 20 seconds, he opened his parachute and landed safely. The average
air drag during his fall is 600 N in both the vertical and horizontal directions, as long as the
velocity components are nonzero. Calculate the landing position of James Bond and the height of
the cliff. (Neglect the distance he traveled with a parachute.)

£ 5 E R M B R - S LFE TS - EAEERTAVER o N ETaE
LS B > 270 s 45 m/s Al 40 m/s - BB B S—RA -

S L BRI TR R A ESEN T8 - SGEIWANE E M (BESE - BT - K8 -
FE%) B o MR R 2R YEEEE  HREIEE M TR K o MAVBIEREE ; [H
FEEHITRDK > WTNEIE TS - GRE LHEN TR > TR RSN

(a) S LFRERG L/ DIETH » T RERE T A EE LM ? 8% M= 100 kg > THAVEEF m
=0.02 kg * FHEHTEEZEE Fy v =500 m/s °

(b) 5 FBLA(a) BB A JF A Fy 20° BVIGRE » BRIEAR © 20 F1% > MFTHEREZR - &
BEPE o SfAE NIRRT - 5 E5 T RFKE T A2 RIE T EET R 600 N(A 22 RS HY
SERMIEE) > RS LFEEMENGENSRE - (o R2ISEAF ISR - )

Killer \

S

S James Bond

T~

—

\

13
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Solution:

(a) Using the conservation of linear momentum, the change in velocity after shooting a bullet in the
backward direction by Jame Bond is given by

My, = (M - m)vf +m(=v+v,)

N mv__mv (0.02)(500)

M —m M 100

Similarly, using the conservation of linear momentum, the change in velocity after shooting a bullet in
the forward direction by the killer is given by

My, = (M —m)v/.+m(v+vl_)

my my (0.02 )(500 )
v, -V, =— x-——=—-——"—""=-0.1m/s
M —-m M 100

Hence after both James Bond and the killer both shoot a bullet, the relative velocity reduces by 0.2 m/s.
Since the relative velocity is 45 — 40 = 5 m/s, the number of bullets shot by James Bond is 5/0.2 = 25.
(b) Final velocity of James Bond = 40 + (0.1)(25) = 42 .5 m/s .

. . . . . 600
Horizontal direction: Acceleration during James Bond’s fall: a = - ——= —6 mss °

100
Horizontal distance from the cliff: x = 42 .5cos 20 ° = (6)(20) = -80.1m < 0
Hence instead, we have to calculate the horizontal distance up to the point of zero velocity.
42 5cos 20°)°
0° — (42 .5c08 20°)° =2(-6)x => «x-= @2 cos W) 133 m
2(-6)
(100 )(9.8) — 600

Vertical direction: Acceleration during James Bond’s free fall: « = =3.8ms
100

. 1
Distance of free fall: y = 42 .5sin 20 °(20 ) + —(3.8)(20 °) = 1,051 m
2

James Bond is 133 m horizontally from the edge of the cliff, and 1,051 m below the cliff.
2. The Bicycle EfTE (10 marks)

A student rides a bicycle on a slope of inclination 6. Due to air drag, he found that the bicycle can
barely move down the slope without his pedaling. He would like to estimate the power he needs to
drive the bicycle up the same slope at a uniform velocity.

To achieve this, he measured that during the up-slope drive, one of his feet pedaled N cycles in a time
interval T (assuming that the pedaling is continuous and at a uniform rate). He also obtained the
following data: the total mass of the bicycle and the rider m, length of pedal crank L, radius of gear 1
R, radius of gear 2 R;, radius of rear wheel R3, as shown in the figure.

It is given that the air drags during the up-slope and down-slope drives have the same magnitude, and
there are no slippings between the wheels and the slope during both the up-slope and down-slope
drives. The energy loss due to the relative motion of the bicycle components is negligible.

(a) Derive an expression for the force needed to drive the bicycle up-slope at uniform velocity.

(b) Derive an expression for the power needed to drive the bicycle up-slope at uniform velocity.

iﬂ”LT—{I1bE%7% 0 HRHE - NAJEE - e 51T Ml Re e A EREEIRHVIE L N
TTEHGRIE A2 R N TERE - JRAEMUAR A SR A _E A R T BRI DR -

Pbltt BT R AE TP — RIS R A RIS N (A R 2 RS ) - IS AT ARy

HTFEﬁ T FAG RAIMERER : BfTEMARNREE m - BIRRNRE L - @WHE-EE R TRis
1L Ry ~ HERE-FE Ry > MBI

EALE ~ NHERE PRVEPEL A/ NMES - AR ERGEE TRGETE T o Bl S T R e A

JEE) - AT ETTENES S Z RS E RS E -

14
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(a) AN E R BT A B EH AR (F A DAyRE -
(b) B L RA R EZE R -

/1 :

/1
71 I
I 11 !
|

| 1
|

| 1
|
i Lo I

[

L\l i
ﬁ---------------------'

Solution:
Down-slope: f = mg sin 6 .
Up-slope: F = f + mg sin @ = 2mg sin 6 .

2N v, v, v,R, R R, 27N R R,
o = s, VW=Ro=v,, —=—,v, = = =
t R, R, R, R, t R,
27N R R, . 47NR R, mg sin 0
P=Fv, = -2mg sin 6 = .
T R TR

2 2

3. The Ships #8ffi (10 marks)

Consider two ships on the sea as shown in the figure. Ship 4 moves with velocity u directed to East.
Ship B moves with velocity 2u directed to North. At time ¢ = 0, ship B crosses the path of ship 4 at a
distance a in front of ship A4.

(a) Find the shortest distance between the ships, and the time they reaches this position.

(b) Suppose at ¢ = 0, the speed of ship 4 remains at u, but its direction can be adjusted. What should be
the direction of ship 4 such that the shortest distance between the two ships is minimum, and how
much is this minimum shorter than the result obtained in part (a)?

QAR - A B R ERAL - A AuquﬁE%ﬁﬁF“ %BU@ﬁjuﬁEﬁﬁﬁﬁ
17« A ¢ = 05 > fi ABFAﬁ¥FTE*i“ Wi 4 FIRRERAGALHOAG A BYATDT » At B 2L A HYEEEER,
a°

(a) KRG EFEITHIRERE - RO SRR R 4] -

(b) BEOAERFZ] ¢ = 0 > Aty A HYERRAE o > BIF R AT BUE Ha - AVEERS 4 FEE(TBETT 1 > WY
A PEATHIBEREA JE i SE s R PR EEEE (a) BR S L HYRERERT 25/ D2

Y a

IZu
A
——{——=
=\

u

Solution:
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y,“ y A
.‘Vt
\
\ 2u
C ¢
/,’ A . /,’
S50 S BaL >
T a B a B

(a) As shown in the left figure, the path of ship B is given by the line BC in the reference frame of ship
A. The shortest distance is given by the length AC.

: 2
Shortest distance = a cos 6 = Ta
5

Velocity of ship B relative to ship A = /(2u)” +u’ = V54

. . a 1 a
Time to reach the shortest distance 7 7 { \/;\ .
(b) As shown in the right figure, to minimize the shortest distance, the velocity of ship B relative to
ship A should make an angle with AB as small as possible. Considering variable directions of the
velocity of ship A, the tip of this velocity vector generates a circle as shown in the inset of the figure.

The best angle of the relative velocity is given by the tangent to the circle. Hence ¢ = sin™'(1/2) = 30°.

V3

Shortest distance = acos ¢ = —a
2

Hence to minimize the shortest distance, ship A should move at an angle of 30° North of the East
direction. Compared with the result obtained in part (a), the minimum shortest distance is shorter by

2a \/; 4—\/§

o2 o

4*, STEP (15 marks)

asin 0
Su

=0.028 a

According to Newton’s second law of motion, 7 = m,a , where my is the inertial mass. According to
Newton’s law of universal gravitation, the gravitational force between Earth and an object is
F=GM ,m_/R", where mg is the gravitational mass of the object (here R is the distance between

Earth’s center and the object). Presently, it is widely accepted that mg = m,, but some physicists would
like to test the validity of this assumption. If there is a difference between m; and mg, even as small as
one part in 10'®, our present understanding about gravity has to be revised. Hence they proposed a
satellite experiment called STEP to measure the mass ratio » = mg/m;. (STEP represents Satellite Test
of the Equivalence Principle.)

In the proposed experiment, several test bodies are enclosed in a vacuum box in a satellite that orbits
around the Earth. The box protects the test bodies from outside disturbances and all forces from the
satellite acting on the test bodies have been carefully eliminated, so that each test body can be
considered as a mini-satellite orbiting around the Earth.

(a) The proposed satellite has a circular orbit with a period of 24 hours. Calculate its orbital radius R.
Express your answer in multiples of R, the radius of Earth.

16
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(b) Consider test bodies 4 and B with mass ratios r4 and rp respectively, as shown in the figure.
Suppose the two bodies have the same position at a point on the orbit. When body 4 completes one
orbit, what is the displacement of body B relative to body 4?

(c) Simplify your result in part (b) using the approximation (1 + x)" ~ 1 + nx when |x| << 1. Suppose
the position sensors in the satellite can detect position changes as little as 10™"> m. What is the duration
of the satellite flight before differences in the mass ratio of the order 10" can be detected? Express
your answer in hours.

TS UEEENE —EF > F =m,a » B m 2 EFEE. REFHEA 5, hERIERR
MIREHIS 1 F = oM m /R* > HH mg e 7/ & E GEfE R &thEkb OB RE s -
eI me = mp > (BA P ELEL IR 7 B B s B (B O RV . 2R my B mg B 221 > B2
10" 532 — AR ERBR/IN  BAMEL B AT 51 A R B D Ry . BT LU 44 % STEP [F11R7 A2 2154
Pl g E L r=mg/m; - (STEP X3 Satellite Test of the Equivalence Principle. )
R e Bt - IREB KA E T A —HZER > BUEERYEFERET - M RET R L2
SRJIF4E > W AR AR ) LRI FT A TR R I AT s R AR - fsi i — B B0 T 5 8 IR T
BRI A -

(a) PRI EPIESEIE - FIHR 24 N o GG HPUE LIS R - BEMELIHERFAE RpHY
R EAL -

(b) HBEEE A A B HELLD A r M rg o WIE PR © BOWYIAEHUERE L EMF - E
G A SER— 0 EE B AR RIS 4 IS 2 /D0

(©) S| << 1 FFTHERI(L + )" ~ 1+ nox AL (o) ERAOSERE . SRR b 000 B JE 55 T BRI
2107 m k. FEMITZA, AR 10" EREMEREIL? B RIELL/NRERFAL -

B
A

Solution:

(a) Using Newton’s second law of motion and Newton’s law of universal gravitation,
vl GM M GM 27R R’ , o
—= ‘ = v-= = T-= =2z = 7= R =
R R R v GM GM

2 -11 24 2
. 3\/GM T _ 3\/(6.67 x10 " )(5.98 x10 " )(24 x 3600 )
ar’ 4r’

(b) Using Newton’s second law of motion and Newton’s law of universal gravitation,

=4.2250 x10 m =6.62R, .

v? GM ,m GM ,r 27R R’
m,— = 5 - v = = TA = =2
R R R v, GM ,r,
.. GM _r
Similarly, v, = -
R

3
Hence the distance moved by body Bis v, T, = { M e, ](M K w = 27R |2 .
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Displacement of body B from body 4 = 27:12[ \/g - IJ .
rA

Since r4 = rp = 1, displacement = 2\/7&(\/2— \/Z)z 2;;R{[1 +(r, - 1)];7 -1+, - 1)];}
rA

(M 1 1T
~27R{| 1+ —(r, = 1) | = |1+ —(r, = 1) |} = 2R(r, = 1,)
u i 5 J L + 5 JJ%

¢) For differences in the mass ratio of the order 10'18, displacement in one orbit
p

10

=aR(r, —r,)=7(4.2250 x10 )10 ) =1.3273 x10 "’ m
B A

=5

10

Duration of satellite flight = 24 -
1.3273 x 10

] = 0.000181 h =0.65 s

10

Remark: Hence in principle, the sensor should be sensitive enough to detect this effect. In fact, the
main challenge of the experiment is that the sensor is also sensitive to other disturbances, and a lot of
effort has to be made to screen out the other disturbances.

5. The Floating Ice 727K (15 marks)

As shown in the left figure, a cylindrical piece of ice floats in water. Its cross sectional area is 4 and its
height is 4. The density of ice and water are p; and py respectively.

(a) Find d, the depth of ice immersed in water.

(b) Suppose the ice is pushed slightly in the vertical direction. Find the frequency of oscillations. You
may assume that the motion of water is negligible.

(c) Suppose the ice floats in water in a container of cross-section area 44, as shown in the right figure.
The ice is displaced from equilibrium by z in the vertical direction. (i) Calculate the change in the total
potential energy of the system, up to order z*. (ii) Calculate the kinetic energy of the system during the
push when the ice moves at velocity v. You may assume that the water below the bottom level of the
ice does not move, and the water above the bottom level of the ice moves with the same velocity. (ii1)
Hence find the frequency of oscillations.

WIAEEFTR - —BERPRKSEEKE - ERVEVIEREZE 4> &SFE b KK ERE T HIR
oM oy @

(a) KKBERAEKEIEE 4 -

(b) EXIKERAETE B 7 [FIHHEHE - SREMVIRENER o {RAEGEe/KAY RS, a] LUZES -

(c) MAEBEFTR » s/KBRFAEA e i/KE - BastUREUIfEfy 44 o VKBEAEEE BT AI4E - A%
PSP RRIIIS By 2 © () ST EAMBMEENTE - BE 2708 - (i) slaT B /KL EE
o JKBRERR Ry v BRIV R SRARENRE IR ] (B (ER VKBREE KPR B - s /KR AR K
SERYZK AR — 2R E) - (iii) L R SRRV IREE -

A 44
4 >
 —

I
h,|
I

-3
| _ 8N _

Solution:
(a) Using Archimedes’ principle, weight of ice = buoyancy = weight of water displaced

18
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pih
p,Ahg = p, Adg = d=

Py
(b) Since the motion of water is negligible, we only have to consider weight and buoyancy acting on
the ice. Using Newton’s second law,

A A
ma =mg —p,A(d +z)g =-p, Agz = a=—uz=—pw g z=—pwgz=—£z

m p,Ah p,h d

Frequency of oscillation: f = — [<

2z \d
(c) (1) The potential energy change of ice = —-mgz = - p, Ahgz

. . Az z
Rise in water level= — = —
34 3

The potential energy change of water is the work done in moving the water from the bottom of the ice
to the water surface. The initial center of mass is d + z/2 below the equilibrium water surface. The
final center of mass is z/6 above the water surface. Hence the potential energy change of water

PSR (PRI I (PRI
{ 2 6) N 3 )

. 2 2
Total potential energy change of the system = - p, 4ghz + p,, 4g (dz + —zzw = —p, Agz
L 3

2

W

.. .. . 1 1
(ii) Kinetic energy of ice = —mv * = —p  ahv *
2 2
. Av v
The velocity of water = — = —
3 3
2
g 2 1 (vw 1 2
Kinetic energy of water = —(p, 344 )| —| = —p,, Adv
2 (3) 6
2 2 1 » 1 2 2 2
Total kinetic energy of the system = 2P Ahy © + el Adv © = P Adv

2 2
(1i1) Total energy change of the system = N Adv * + 3P Agz *

This is equivalent to the energy of a harmonic oscillator with an effective mass of m = =

effective

Py Ad

| &

and a spring constant of #_, =

effective

3

P, Ag .
. . 1 k .. 1 g
Frequency of oscillation: f = — |—Fe— = — /— .
2 7[ i effective 2 7[ d

The result is the same as part (b). Hence in this approximation, the frequency of oscillation is
independent of the cross-sction area of the container.

(END 52)
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Rules and Regulations &R Al

. All questions are in bilingual versions. You can answer in either Chinese or English, but only
ONE language should be used throughout the whole paper.

P R A 2 R S IR o URATE S AR SO SR 2, e b DL B —RE E 1R

. 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.

T PR I B AR A LB BB AR — /DR =t JpiicInl . B IRFEIE BT D58 i 1 1B 4R,
PREIA] BARAE 2 BTG B, 1 0 28 S AT AT B A

On the cover of the answer book and the multiple-choice answer sheet, please write your
HKID Number in the “Seat Number” box, your 8-digit Contestant number in the “Student
Number” box and your English Name in the “Name” box.

TEZ R MO RE A AL L, 55 Seat Number Ml 3E LRI & 43 35 5505,
Student Number ] - 35 /R F) 8 2857 22 28 #9515 12 17 Name #fl_E3H B AREIZEC1E4

. 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.

BEBRENEER > SHFEEEE R D EE R HB s R -

. The open problems are long. Please read the whole problem first before attempting to solve
them. If there are parts that you cannot solve, you are allowed to treat the answer as a
known answer to solve the following parts.

P E R 55 R R e R P T - B A g e
MG R E (FERARE KA -
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The following symbols and constants are used throughout the examination paper
unless otherwise specified:

BRIERFRIEER - BRIAGHREA TR RRER

Gravitational acceleration on Earth surface Bk 5 7 In2EE g 9.8 m/s®
Gravitational constant & 755 | /74 8 G | 6.67 x10™ N m%kg?
Radius of Earth Bk & R | 6378 km
Sun-Earth distance f5- 5k BE r- | 15x10"m
(= 1 Astronomical Unit (AU)) (= 1 K3 E A7 (AU))

Earth-Moon distance #Ek- H BRIEEE rm | 384400 km
Mass of Sun K F5'HE & Mg,y | 1.99 x 10 kg
Mass of Earth i Fk'E & M | 5.98 x 10* kg
Density of Air 22 @2 & py | L.2kg/m®
Density of Water 7K 2% [& p, | 1000 kg/m’
Sea Water Density /K3 f& Psea | 1022 kg/m®

Trigonometric Identities:

=A2EEN
sin(x + y) =sin(x)cos(y)+ cos(x)sin(y)
cos(x+ y) = cos(x)cos(y)~sin(x)sin(y)
sin(2x) = 2sin(x)cos(x)

cos(2x) = cos?(x)—sin?(x)
sin(x)cos(y) = %[sin(x +y)+sin(x-y)]
cos(x)cos(y) = %[cos(x +y)+cos(x—y)]

sin(x)sin(y)= %[cos(x —y)—cos(x+y)]
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Multiple Choice Questions
Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no answer,
minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

BEE
BEEE SR BEEH 27 A% 057 B#10.25 77 > HEMEEEREL 057

1. An accelerometer is a device to measure acceleration. At the earth sea level, the acceleration due to
gravity is g = 9.8 ms™. Most of the smartphones such as Android and Apple iPhone consist of a built-
in accelerometer. If a smartphone is moving vertically upward at sea level with constant velocity 9.8
ms™, the instantaneous scalar readings of the x, y, and z components from the accelerometer are:

IR A IR R4S E - TR R EFEIVE ISR g = 9.8 ms™ o KESHY
BRETHEL0 Android MIZESR iPhone #VE —(ENEAVIIZRERT - WIREREFRIEAE DIgEE 9.8
ms™ {EBREP RS B ) RS - IEEET x, v, and 2 AYBRISEBUR ¢

A. x=0gy=0g,2z=0g. z

B. x=1g,y=0g2z=0¢g. X TConstant velocity at z direction = 9.8 ms*
C. x=0g,y=1g,z=0g. 7\3@ 7 E@@i%}ﬁ - 98 ms-l

D. x=0g,y=0g,z=1g.

E. x=1g vy=1gz=1¢g.

2. A toy rocket is launched upward from rest with a net acceleration of 2.5 g, where g is the
acceleration due to gravity. The engine is turned off after 5 seconds while the rocket continues to
move upward with negligible air resistance. Assume that the mass of the rocket is kept constant,
what maximum elevation does the rocket reach in terms of g?

—EBCECKF AR L R 5 > HUFIIERE S 25 g 1T g BEIINNAEE - JRAZERAMS
T SEEHHE 5 PMRHERARA > KT IéZEﬁJ:F EFF - ROk %F‘rﬁf\ » DL g AR HEZ K
AR RS -

A (31g)m
B. (50g) m
C. (78 g) m
D. (109g)m
E. (159 g) m
3. A car (mass 200 kg) is travelling clockwisely around a flat roundabout (diameter 10 m) at a constant

speed 5 m/s, as shown in the figure. What is the acceleration of the car?

BRSO (R 200 kg ) IEAELL 5 m/s BN g (A e I
$HITIE{TEE (EAE 10 m) o EEDS NI R 7
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North [

N

West 7§ <} > East B @

N
South g

Zero &

5m/s® East B
5m/s*> West 7§
10 m/s” East 5
10 m/s* West 775

moonow>

A machine gun fires bullets (10 g each) at a rate of 200 bullets per minute to hit a target. The speed
just before hitting the target is 600 m/s, and the bullets are stopped in the target. The cross sectional
area of the target is 2 m?. Find the average force exerted on the target.

—TLT%%E%%i%fié* 200 FET5% (EFFET# /5 10g) > DL 600 m/s FERERE HAEE - HARN
FEVIERE Ry 2 m? o R TIRSERE B - R B LAY -

A. 10 N.
B. 20 N.
C. 40 N.
D. 80N.
E. 100 N.

Tides are mainly resulted from the difference in the Moon’s gravitational field between the Earth’s
near side and its far side. What is the percentage gravitational force difference?

YR EEUZHRY A SRR AT I A 5 [ T35 22 AR - 5 [ 15RER Gyt

El 57 /I\?

A. 1%.
B. 3%.
C. 5%.
D. 7%.
E. 9%.

As shown in the following figure, a mass (0.5 kg) is tied to two wires (1 m) and revolves in a
horizontal circle at a constant speed of 10 m/s. Calculate the tension of the upper wire.

WEATR - —(HEEY) (0.5 kg) HAEBEFIRIFRER (1 m) ALLL 10 m/s AR E 2RI B SEAE /K- F-8
B - SR _ETTERAVELTT - -

A 28N im
B. 38N 0.5m
C. 66N 0.5 kg
D. 105N 0.5m
E. 115N 1m
5
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A person is pulling a heavy box with a 50 N force on a horizontal floor at constant velocity for 5 m. He
then feels exhausted and the force exerted by him decreases linearly from 50 N to near O N for the
next 5 m. What is the total work done by the person on the box?

*fl)\u 50 N HYFTRrE —(ERE /K FHARAYICERE T AF AL T 5 m o 2M& MR EHHE T
 MAAYRL I LLAR PR By 50 50 N 2 0 N &8s/ - TR AfE & T BRI

Iﬂ °

A, 2501.
B. 300 J.
C. 3251.
D. 3501l
E. 3751.

A mass m; at one end of a spring establishes simple harmonic motion with a period T;. If the mass is
replaced with a different mass m,, what is the period of this oscillation?

—(EEE T, HURSSER (R my R (T - BT EE B RS —
BYIm, - IR B R 2

A 2mym,/m;
B. 2mym,/m,

o (@]
_|

3

~

3

As shown in the following figure, two pendulums are constructed with identical massless springs and
mass objects (mass m). The initial distance between the masses is the equilibrium length of the
spring (spring constant K). What is the frequency of the system if the two balls are oscillating out of
phase?

WEFT - BE R HE B S 20 HEEMERY) (E8 m) FiiEk - B8V M B
B (HERE K) B PERE - REREKUEMEN T2 IRE - EEERGHHER 2T
JEE 2

A \/g WL LA A LSS A A AT PSS A A A A A

|

K
B. —

2m

5K / Y4
C. —_—

m
o |9,2K

| m

m m

N LS

I 2m
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11.

12.
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What is the minimum rotation period of a spherical neutron star with uniform mass density p such
that material will not fly off from the equator? (G = Universal gravitational constant)

—EHAEEEE p NPT T2 ENEEENE MEER TS EEGHEERSRTEDN
BRI E? (6= EALITEH)

B)
B

I8

B.
3
C. —_—
4G
4
D. —_—
3nG

3
8npG

A solid ball weighs 10 N in air, but 6 N when it is submerged in water. If the ball weighs 2 N when it is
submerged in an unknown liquid, find the specific gravity of the unknown liquid.

—EEOBRAEZRTHVERE 10 N> BEEHEEKTIR 6 N « AIFHMERRHE 2 £ —TH
AHLRAGHT By 2N - KA HRAGHIEEE -

A. 1.0.
B. 1.5.
C. 2.0.
D. 25.
E. 3.0.

A bullet (mass 10 g) is shot vertically and upward into a brick (2 kg). The bullet is embedded in the
brick, and the brick is lifted upward 5 mm in a time interval of 1.2 ms. Assume that the force on the
bullet is constant during penetration and air resistance is negligible. Find the initial kinetic energy of
the bullet.

—HA T (H & 10 g) THE (A LA R —BEHE (2 kg) - TOEEERBET - A T 1.2 ms EHEEH [F L
RS 5 mm o (EREAEZF AR T AR RUE R B 22 R H TR INZR A R SR 4G
HIRE °

A, 51

B. 101J.
C. 151J.
D. 20J.
E. 251.
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14.

15.
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A ball is hit from an inclined plane making an angle 6 with the horizontal direction towards the
downward direction. The ball has an initial velocity v, and flies at an initial angle 6 above the
horizontal direction. Assume that the air resistance is negligible, at what horizontal distance from the
initial point of hitting does the ball touch the inclined plane again?

— BBk R TR« PSR EIRIFIER 0 - BRIV vo + WIETT
KT IARE s 0 - RZE R TaT 205 - SRR KT - (HEVBs IR 2
%2

4v’tan@

g
4v,?sin@cosd
g
4v ?sing
g
4v,? cosd
g
4v,? cot &
g

Three identical blocks of mass m are stacked vertically. Block 1 is on top and rests on Block 2, which
rests on Block 3, which rests on a table. What is the net force acting on Block 1? The weight of the 3
Blocks is measured to be 3 N.

ZEMEEITE (B2 m) EEHEERAE—E - 58 1 rh BREAE T8 2 Y E05 > EMEk:
AR HATRYUTEE 3 Y BJ5 > BE=EUTBRER L ER T o FUTER 1 ASERTT 28?2 ek
E{ETHRAVERWCNE /3N -

A. Zero.
B. 1/3N.
C. 1N.
D. 2N.
E. 3N.

The following figure is a spherical styrofoam of radius R. A cavity of radius R/2 is made in the sphere.
If the cavity is filled with a solid material of density 5 times of styrofoam and with the same
thickness, where is the new center of mass?

[ (AL R VBRI - — (-8 R/2 RUERIP 22 AE I AR - NSRS (22 7 CHHE Ry
T TEERE R R BB S (1R R BB A > TR AN ?

R/ 2 upward from the center of the styrofoam sphere.
R/ 3 upward from the center of the styrofoam sphere.
R/ 4 upward from the center of the styrofoam sphere.
R/ 5 upward from the center of the styrofoam sphere.

mooOwpP

R/ 6 upward from the center of the styrofoam sphere.
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18.
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(SR ERAT L ] EREST R/ 2 UL E
(eSO EBERRY T A EREET R/ 3 AVALE -
(ESEEBERRY LA EREET R/ A VALE -
(SRR L F) EAEST R/ S UL E
(S LBERAT L ] EREET R/ 6 HUMLE

What is the potential energy for a tide cycle per square meter of ocean surface, if the sea water
level difference between a high tide and a low tide is Ah (in meter)?

RERAFR R AEACK L ZRZ Ah (ORERAL) -~ I PIrRigE:t R - —EEE
firREE% /b ?

1.0 Ah? Watt-hour.
1.2 Ah* Watt-hour.
1.4 Ah? Watt-hour.
1.6 Ah? Watt-hour.
1.8 Ah? Watt-hour.

mooOw>

The weight of an object on the Moon surface is 1/6 of that on the Earth surface. A pendulum clock
on the Earth environment ticks once per second. On the Moon environment, the clock would tick
once every

—EVIREE H BRI ERVE B R HAEERRERY 1/6 % - —(EFEE eI P RE—X -
FEABKE - IS (R R — R Ry

A. 1/6s.
B. ]/\/E s.
C. 1s.

D. \/E S.
E. 6s.

Geostationary satellite is its orbital period the same as the Earth's rotation period. Calculate the
height of a geostationary satellite above the Earth’s surface in terms of G (Gravitational constant),
Mearn (mMass of the Earth), and Re,. (radius of the Earth), where G, Meann and Reanp are in Sl units.

HUER[E 5 BB E E AV BRI ER 5 A AR 8% - DL G (BASIIER) © Meaw (H
BRE ) » 1 Rearn (UERELR) S HE B HHBRIERD AR IR R _EAYEE - Hd > G0 Meawn 2
H Rearth & LARHIFEE BT A RS LR -

1231x(G-M,,,)

A.
T
1231X (G i M Earth )1/3
B. 2/3 - REarth
T
1231x(G - M, )°
C. 13 - REarth
T
1231 (G -M,, )°
D. (Tcz/g E th)]/ + REarth
1231x (G ‘M Earth )2/3
E. n]/s + REarth
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In comparison of a pendulum with large-angle oscillations (period T, and magnitude A, maximum
tension in the string F,) to a pendulum with small-angle oscillations (period Ts and amplitude A,
maximum tension in the string Fs), which of the following is true?

KA (T 18 A SETERRST FO) BUNERERERE (I T (B A > ST &K
RJ1 Fs) fEEEES - TEIHREE IR 2

T.>Tsand F < Fs.
T.<Tsand F_ > Fs.
T.>Tsand F. > Fs.
T.<Tsand F_ < Fs.
T.=Tsand F_ = Fe.

mo o ® >

The following figure is most probably a plot of

A. square of the orbital period of a planet against the cube of the semi-major axis of its orbit.

B. cube of the orbital period of a planet against the square of the semi-major axis of its orbit.

C. surface gravity of a planet against (M/R?), where M is the mass and R is the equatorial
radius of a planet.

D. surface gravity of a planet against (M?/R), where M is the mass and R is the equatorial
radius of a planet.

E. distance of a planet from the Galactic Center in Astronomical Unit against the mass of a
planet.

UM EFRR A T REER~

A. 1TEREENZ 7 BEEEE Rl T TR

B. {TE#EEIH 7 EEE R SE TR (% o

C. {TEFMFISIEL (M/R*) Z R4 > M1 R HIETE 2 EERIREEK -
D. {TERMASIIE (M*/R) % » M IR FHIEITE 2 EEMFREFK -
E. 1TECIRT A0 aVEERE (DURSCEAALET) LB & 7 B4 -

--- END OF MULTIPLE CHOICE SESSION #E{#/5¢ ---
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Open Problems B E
Total 5 Problems £ 5 @

1. Venus Transit (15 Marks)
Venus transit is an astronomical phenomenon when the planet Venus passes directly between the Sun
and Earth. As illustrated in Fig. 1, for two different observation points A and B on the Earth, Venus
appears as two separate black dots (A’ and B’) on the Sun surface.
(a) Suppose Venus takes 225 days to orbit the sun, calculate the ratio of &g, /@yens » Where Geann
and ayenus are the mean distances of the planets from the Sun, respectively.
(b) On a Venus transit day, two observations were made in Hong Kong and Bangkok. They are

geographically separated by 1800 km. Bangkok is 37° South of West of Hong Kong. Calculate the
distance A’B’.

(c) Another observation finds that the Sun diameter is 290 times the distance of the two separate
black dots. Calculate the diameter of the Sun.

(d) Calculate the time difference between the exit of Venus transit as observed in Hong Kong and
Bangkok. Give your answer in minutes. (Hint: calculate the velocity of Earth relative to Sun, then
the velocity of Sun and Venus relative to Earth, then the velocity of the shadow of Venus
projected on Sun’s surface, then the velocity of the shadow of Venus sweeping on Sun’s
surface.)

SEEH (15 5)

SRAHR—ERONE - BHEE - 2« KR HS  FEHIHS BN ABRAENR

S o Y 1 FOT > ERTER AR E AR A B - SR GHRAE A RERIE B

TLHBE (A RIB) -

(2) BEREE 225 REFAS > 55 Agmn /Ao 21 © HH e 71 ovenss 77 IR
7 R BN T AT HEE -

(b) &R EEER - WEEESHEEERSDFETT  FHE L 52 @ 5
AT BE B £ 1800 km - T &4 fir i BB 7 R 37° o #FEE A’ B BY 2 FE R -

(c) B3R Ao 1 LA 2 T 11 L0 SEL BB 119 290 £ « 31K HO ELAE -

(d) BhEHEE RS A AT B S 0 B 6 R - R DL R -
(BB © 3P EHBRAE B RSB E 280 3B & B RUR I R S MRS © %
RAEKBRE Y TR « & 2 T8 KB %R H R - )

Venus &5

O E rth f#hEk

0

This illustration is not to scale.

ItE B RAR LIRS SL

Fig. 1 —Venus Transit
1-&£2%H

11
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Terminal Velocity of Free Falling Object (10 Marks)

A spherical styrofoam of mass 2 g and radius 2 cm is released for free falling. The only forces acting on

the styrofoam is the gravitational force and a drag force. The drag force is due to air resistance and is

velocity (v) dependent. At low velocities, air resistance is negligible; but at high velocities, constant
falling velocity is expected.

(a)

(b)

()

Suppose the drag force is linear proportional to its falling velocity, write down the equation of
motion. State the velocities in the limits of both low and high velocities. Sketch the graph of
falling velocity against time with the indications of both the velocity limits.

1
Suppose that the drag force is given by F, = _EC" p- A-v?; where Cq4 is the drag coefficient,

which is ~ 0.5 for a spherical object; p is the air density; A is the total cross-sectional area.
Estimate the terminal velocity.

Estimate the time taken by the falling styrofoam sphere to reach a velocity comparable to the
terminal velocity.

E ISR R (10 43)

—EEE 2 g € 2 cm HENPIEBIEAERE % - (FRRSEERBNIAAS IR ®RET] -
®RERITR N 2RI B2 (v) Heky - (R > ZRE A2 eSS
o LA R RTTHEAEY -

(a)

(b)

(c)

(e t& RITRDARMEIEEE Y ERIRE TS 20 » 55 M ES) T2 - RIUIER AR = 20 IR
DU AVERIEAE  Fg e e By P el (] - A ] P A A (BRI i 2R RS

ey s 1 ., ‘ -
Bz & RAETRATE Fy =—§Cd -p-A-VE T Co EFESTREL > BB 8S
REJFH 0.5 p FyZE R A EXEEI AT - (HE T4 -

RSB ERIE AT 1L 2 EE R & HO AR fE AT RE AR ]

12
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Total Energy in a Surface Wave (15 Marks)

Consider a surface wave traveling on the sea (Fig. 2). At an instant, its surface profile can be

approximated by z = Asin(Z;:)(j, where A is the amplitude and A is the wavelength.

(@)  Find the potential energy per unit wavelength per unit width of the surface wave in terms of p
(sea water density), g (acceleration due to gravitation), and A.

Hmt:Iﬁnz[zzxjdx::;-_xs"fj”&”J.
T

(b)  Assume equipartition of energy, that is, the average potential energy equals the average kinetic
energy of surface wave. Find the total energy over a whole wavelength.

aT

271

2

(c) Given that the wave velocity Vg =% and the relationship A = , derive the power of a

wave period per unit width in terms of p, g, A, T (period of a wave), and H (wave height).

RIMPIMERER (15 )

Eiﬁtﬁ*%ﬁ&(ﬁz),E%ﬁ%%ﬁ%ﬁ%ﬂ%%%z=mmf?joﬁ¢,A%EE

M AR
(a) EHEXRMPEENEREHEAEERSAE. SR p (KB, g (E/MERE), 1A
FKiE,

FER:

Jgnz(anjdX::x__xshﬂ4nx/k)

S 2 8n

(b) RERAER YA, EIRTNE T B ThAE. 15— BRI R B P
AL
2
(O BRUEEA v =, R = HOM R .
T

Fagbhp, g A T (BEAHD , B H (BREE) FiE.

z
A

-A/2

Y
x

H ’/2

Fig. 2 — Surface Wave
B 2- =N
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A Sliding Block up a Slope Platform (10 Marks)
A solid cube (length L each) of mass m starts to slide up a stationary slope platform from the bottom.
The slope platform has a mass M, an inclination angle 0 and the slope is smooth (Fig. 3). The slope

platform is free to slide along the horizontal surface without friction.

(a) Calculate the initial velocity vq of the sliding block in terms of h, 6, m, M, L, and g, such that the
cube just reaches the upper end of the slope.

(b) The cube then slides down the slope platform. What is the final kinetic energy of the cube and
the slope platform when the cube reaches the lower end of the slope platform?

—ERERBCT & F B 75 (1057)

Y08 3 Fror > —(EEE R m VLT (BERE L) - IR IEATRI S YRR AR _EFE) -
FHREER HM - ERAER 6 > REZOUEH - FIEE A LIE B EREES)

(a) ERILITREMIMIRE SR B > sETEOFEIIL TRV HEERE vo - EFEELL D, 0, m,
M, Ll g 2 -

(b) HETLIERES LI TORE) - IR A S TR - T RIS S
{7

Fig. 3 —Sliding Block up a Slope Platform
3 - R EEEEIN TR

14
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A Physical Pendulum Motion (10 Marks)

Two identical uniform thin rods (mass m, and length L) are connected at right angle to form a rigid
upside-down “T” shape. The center of one rod is connected to one end of another rod. The upside-
down “T” shape is suspended and allowed to form a pendulum motion, as shown in Fig. 4.

- 17 , , . .
(@)  The kinetic energy of the system is ﬂ mv*, where v is the velocity of the meeting point of the

two rods. Derive the equation of the pendulum motion in terms of m, L, and g.

2 2

X X
(b)  Calculate the period of the system if 0 is small. (Hint: 1_F zl—ﬁ when x << L.)

(c) Att=0,the meeting point of the two rods is displaced by x,. What is the time when the
displacement becomes x,/2 the first time?

—{EER SRR E (10 57)

WEMERERZRESE (BEm> &E L) fEBERER » DIPR—(EEEEERT T - —
{EFFET O B R E S —(EFR AR o 406 4 Fos > S EEREY “T7 PeUE s wa R — (E
P -

220 2 ok = 17 ) H 2 | 5 \ y vz o
(@) EXNZARGSHIEREE zmv2 o Horb v R RIARSCERY A o DL om, L, R g sl g

HEE R -

X2

2
(b) 41RO WYEBUEIEIR/N » KAV - (F2R © & x << L > ,/l—% zl—ﬁ

(c) & t=00F  WIAFCBEAIALIE By xo » FINIFEEE— Ry xo/2 f > IRFfELE(TEE 2

Axis of oscillation: perpendicular to paper 3\
R TR A
\
)\ \
(WY
0 VY “\
e
(NAY - P
N\ - -
,,‘.9 '
Q )
07

Fig. 4 — Physical Pendulum Motion
4 - VB E D)

--- END OF EXAM PAPER 434&5¢ ---
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Multiple Choices:

1. Answer: A or D.

The phone is moving at constant velocity. The only force acting on the phone is the earth gravity.

Remark: The answer is D. However, since the question asks for "instantaneous scalar readings", it is not
unreasonable to also consider A as a valid answer.

2. Answer: D.

Stage 1: h1 =(1/2) (2.58) (5)*=(31.25g) m

Stage 2:v=(2.5g) (5)=12.5gms™; h2 =(12.58)*/ 2g = (78.125g) m
Maximum Height = (31.25 + 78.125) g = (109.375 g) m

3. Answer: C.
a=v’/rWest=5%/5West=5ms?> West

4, Answer: B.
F =(0.01 x 200 x 600) / 60 = 20 N.

5. Answer D.
Apply Newton's law of universal gravitation at the Earth’s near side and its far side.

6. Answer B.

, m (v’
Bottom Wire: T, = ——gcot0 |[=28.43N
2cosO( r

Bottom Wire: T, =T, + ﬂ =38.23N
sin©

7. Answer E.
Work Done = Area under the following curve.

60+

50

40

F()

30+

20+

104

0

0 2 4 6 8 10

8. Answer E.

m
Apply T = 27:1/? to perform calculation.
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9. Answer D.
Two normal modes.

First Mode: f, = \/|§

Second Mode: Consider the center of mass of the 2 masses being unchanged, the effective spring constant

s K, =Mk = 2K
m

:fz\/g+ﬁ:\/g+&
I m I m

10. Answer A.
3n

GMm )
>— > Mor = T> |—
r pG

11. Answer C.

Priguid _ Fiiquia )
Pwater F"qUid

12. Answer D.

Energy Conservation:
%(m+M)v2 _ (m+M)gh

v=0.313ms*

Momentum Conservation:
mv, =(m+M)v
v, =62.9ms*

Initial Kinetic Energy:

KE = %mvbz =19.8J
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13. Answer B or C.

X =V,tcosé
- 1 2
y =v0tsm¢9—Egt

When the ball hits the inclined plane again,
y=—xtand

Eliminating x,
. . 1
—Vtsin@ =v,tsing - > gt’
_4v;sing

g

2 .
x=v, (cosOXt)= 4v,"singcosd

oo X _ 4v,?siné
cosé g

Remark: Students reading the English version may choose answer B. Students reading the Chinese version
may choose answer C. Due to this discrepancy, both answers are accepted.

14. Answer A.
15. Answer E.

Consider the system with 3 spheres:

a. sphere of density p and radius R with y; = 0 (center of mass).

b. sphere of density -p and radius R/2 with y, = R/2.

c. sphere of density 5p and radius R/2 with y; = R/2.

(b) and (c) are equivalent to a sphere of density 4p and radius R/2 with y, = R/2.

Center of mass of the new sphere:

. >my, p(47R)0) + 4p|t n(R/2)’ [R/2)
2m pl47R° )+ 4p[s n(R/2)’ ]
R

6

16. Answer: C.
Potential Energy:
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E=gijz dz
=—gpAh®

E 1

= — Zgph?

A 299
=5007.8h* [J]
=1.39h? [Wh]

17. Answer D.
T=2n\/I = T,=|JeT.=V6T,
g O

18. Answer B.
MEarthm — sz
R? R

Using the equation and period of the Earth T = 86400 s to calculate the height of a

geostationary satellite.

19. Answer A.

For large angle oscillation, the equation of motion becomes nonlinear, and the approximation Sin0 = 0 is
now no longer hold. The restoring force is proportional to Sin 0, rather than 0; therefore its magnitude is
less than in the case of SHM. A weaker restoring force also results in slower oscillation, that is, the period
becomes longer.

20. Answer C.
Itisa plotof g = GM/R2 , that is, g against (M/R?).
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Open-ended Questions

1. Venus Transit
PZ
(a) Kepler Law: —- = Constant, P = Orbit Period, a = Orbit Radius
a
3 2
a‘Earth _ (Ej
aVenus 225
Searn _1 3806
aVenus
(b) AB" AV AV 1 — 26273

AB AV AA-AV a.., /a1

A'B’'=2.6273x1800 km
=4729km

(c) Diameter of the Sun = 4729 km x 290 = 1.37x10° km

(d) Let vg = velocity of Earth relative to Sun

Sun

Since planetary velocity is given by v= , velocity of Venus relative to Sun

ag

Ve a =1.1750v; .

a
As observed from Earth, velocity of Venus = VE{ —£ —1{=0.1750v,, and velocity of Sun = -v¢.
| a,

Projected on to the surface of Sun, velocity of the shadow of Venus

VE( a3 —1}% = 0.2416v, .

ay

Hence the velocity of the shadow of Venus sweeping on the surface of Sun =

v, [ a—E—1]a—E+1 = 1.2416v,
a Ja,

2ar.  (27)(L.5x10™)
T.  (365)(24)(60)(60)

-11 30
v - GM,,, :\/(6.67x10 )(1.39x10 ) _ 29747 s
r. 1.5x10

Time difference = 4729 =127s=2.12min or 4729 =128s=2.13min
(1.2416)(29886) (1.2416)(29747)

= 29886 m/s or

Ve =




(b)

m—=
dt

Terminal Velocity of Free Falling Object

av Fy, + fi =mg —av

—
Gravity ~ Drag Force

At low velocity limits, F; — 0.

dv
Ez Fg = v, ~ gt

dv
At high velocity limits, ma —0.

m
F,+Fp~mg-av = sz—g
o
(&)
e
Lingos Slope
=&/
/
/
/
/
/
Low Velosity—
Linrts,
/ t

mg =%CdApV2

2(2x10°)9.8)

2mg
V= = >
CsAp  \0.5xmx(0.02) x1.2

=7.2ms*

~
N

—=0.7s
0.

o

HKPhO 75 ik 38 AL T 77 2014

Hegln Nelocsiy- Lty
U= P4
&
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3. Total Energy in a Surface Wave

oz
-A/2

ox A2

(a) Gain in potential energy oV from —z to z of an elemental mass dm = p dx dz:

= (5m)(g)(2z) = 2pgz(8x)(52)

Total Potential Energy:

V= 2pg J-x A/ZIZ:OAsm(an/?\.)Z dz dx

=2pg XW{Z—Z} dx
x0 2 z=Asin(2mx/A)

= ng. A?sin?(27x/A )dx

Given that ISIH (Z;EXJ dx = E_M,

2 8n
V _ pgAz |:§j|?»/2
2

0

1 .
= = pgAZ
7P

Total PE per wavelength:

vV 1
Z == pHgA?
A 4pg

(b) Assume equipartition of energy (PE = KE), the total energy over a whole wavelength

1 1
E==poA
5 P9



(c) Power of a Wave Period:

P, = (% pgAzj XV

1 LY A
(30 )
_pY TA?
~ 8n
_pY ’TH?

- 32n

HKPhO 75 ik 38 AL T 77 2014

V. = L A = Wavelength
¢ooT T = Period
2
=9
2n

Wave amplitude is half of the wave height
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4, A Sliding Block up a Slope Platform
(a) Momentum:
mv, cos 6
mv, cosf =(m+ M = vV, o =—20
¢} ( )VTotaI Total m+ M
Raise in Center of Mass, h”:
-~/ h, = ﬂsin(ztso - 0)
SN 2
\ __h
\
h, = ﬂsm(45° +0)
2
h
. 0
h"=h+h,—h,
=h+ %sin(ﬁ" 0)- ﬂ5|n(45° +0)
Applying the trigonometric identity: sm(x + y) = sin(x)cos(y)+ cos(x)sin(y),
h"=h-Lsin®
Energy:
1 2 1 2 "
Sy, = _(m +M )VTotaI + mgh
2 2
2
lmvo2 = 1(m+ My MoCOsO mgh”
2 2 m+M
2 2
(m— m? cos O]Voz _ omgh”
m+M

v 2gh"(m+M)
° (m+M)-mcos®6

2gh”
“1-(mcos?6)[(m+M)

29h" ]/2
1-(mcos?0)/(m+M)

{ 2g(h- Lsme) )TZ

1- mcose m+M

2
KEzl(erM{mvocosej
2 m+M

1

2
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5
The center of mass is raised by:
Lex®
L—-LcosO
hy=——"
2
The center of mass is raised by:
h,=L-Lcos6
Potential Energy, Kinetic Energy,
L—Lcos6 17
PE=mg{—+(L—LcosG)} KE=§mV2

=%mg(L— Lcos8)

= % mgL(L—cos6)

3 x2 | 3 X2 3mg ,
= ZmglL{1-,/1-5 |=omgL|1-|1- = |[= =2
2 g{ |_2] 2 g[ ( 2|_2H T

PE + KE = Constant

3m 17
29 2 4 =" myv2 = Constant

4L 24
(b)
The total energy is equivalent to that of a mass-spring system with an effective mass of
m 7m d ffecti i tant of K 3mg

=—m and an effective spring constant o =—.
) 4L

Hence
e kg _ |(3mg Y 12 )  [18g
Vm, VL2 A17m) Va7L
T=22 gy HL

0] 18g

10
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(c)

Assume that the initial velocity is 0. When the initial displacement is x,, the simple harmonic

motion is given by
X = X, CoS(at)

When x =xo/2 for the first time,

w|N
LIx

X
?°=Xocos(a)t) = Cos(a)t)=% = ot== = t=—=% ——ort=—

11
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Rules and Regulations iR Al

All questions are in bilingual versions. You can answer in either Chinese or English, but only
ONE language should be used throughout the whole paper.

A R H A RS h S o RTS8 DA S SR, M B DL B RS 1R .

. 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.

TSI /25 TG B L B BB 68—/ = A 5 R 2 e L T AR,
IR R B 2 BB RE H  T M IR A T 24

. On the cover of the answer book and the multiple-choice answer sheet, please write your 8-

digit Contestant number and your English Name in the “Name” box.

FEE R T SO R AR L, SEIE B ARK 8 AL ¥ 2 3R SR L2 “Name” 1 L3R
EAREI S EA

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.

BEEBEEENEER B EEEE SR L E B HB su BRI -

. The open problems are long. Please read the whole problem first before attempting to

solve them. If there are parts that you cannot solve, you are allowed to treat the answer as
a known answer to solve the following parts.

P S ER R - AR e S T - SR AgH o e
B R EFERAREHAE Y -
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The following symbols and constants are used throughout the examination paper unless otherwise
specified:

BRIERFAIEERR - BRIAERHER TIIRAES

Gravitational acceleration on Earth surface #EK R HE TIIZEE | ¢ 9.8 m/s’
Gravitational constant B 755 | JJ 5 8 G 6.67x10" N m?/kg’
Radius of Earth 7Bk &K R | 6378km
Sun-Earth distance & [5- Bk FEEE re 1.5x10" m
(= 1 Astronomical Unit (AU)) (= 1 K32 EE{7(AV))
Earth-Moon distance Hr¥k- H BREEHE rm 384400 km
Mass of Sun K[5'E & M,,, | 1.99x10% kg
Mass of Earth #EKE & M, | 5.98x10* kg
Density of Air ZE 5@ &8 Po 1.2kg/m?
Density of Water /K Z& & Pu 1000 kg/m’
Trigonometric Identities:
=AREES
sin(x+ y) = sin(x)cos(y)+cos(x)sin(y) sin(x)cos(y) = %[sin(x +y)+sin(x—y)]
cos(x+ y) = cos(x)cos(y)—sin(x)sin(y) cos(x)cos(y) = %[cos(x +y)+cos(x—y)]
sin(2x) = 2sin(x)cos(x) sin(x)sin(y) = %[cos(x —y)—cos(x+y)|

cos(2x) = cos? (x)—sin?(x)

Tayler Series:

BN
3 5
sin(x) = x— X X
6 120
2 X4
~1-2 42 ..
cos(x) ”
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Multiple Choice Questions

Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no answer,
minus 0.5 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

BEE
BB EEE > FEEE 25 A% 05 BFHH10.5 77 HEEEHEER(EK 057 -

1. A board (mass m) is sandwiched between a stationary incline (angle 6) and another identical board. A
force acts on the outer board to keep the boards from slipping. If the coefficient of friction between
all the surfaces is 1, what is the component of the minimum compression force, F normal to the
board surface?

—HR (E&E m) fokE—EERE (AE 6) BS—MEERT M - —IfEREINERTLA
PREFETTAERT o BERFrARE ZHAVEBERGER 1 ZEERINERTHIR NG IH T &

FEZ/D?

A. mg(sin®—2ucos6)
mg(sin 6 — pcos ) F
B.
u ~

mg(sin @ —2y1.cos0)

C.
2p

D mg(sin @ —3u.cos0) 0
2u

E. (mgsin®+pcos)

2. A uniform metal ball (mass m) is tied to the end of a string (massless, length L). The other end of the
string is fixed. The ball is moving in a vertical circle centered at the fixed end of the string. Suppose
the velocity of the ball at the lowest point is v, what is the string tension when it makes an angle 6 to
the downward vertical position?

—EHAEENSER (B8 m) i+ (WEE > RE L) W—Im#HE > S—ImAlEE - &
JEPRIESEE M T HI B E R B T8 - BB REAVERE Ry vo - EERIA T 0 AR
(fEEEHET) » @BTHRIIEZ D ?

2
A. m% +mg(cos® -1)

2

B. m\l" +mg(2cos®-1)

2

C. m\li" +mg(3cos0-2)

2

D. mzvi +mg(cos0—1)

2

E. mzvi +mg(2cos0—1)
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The orbital properties of a geostationary satellite include i) its orbit is directly over the Earth equator,
and ii) its orbital period is the same as the Earth's rotation period. Suppose a lunar stationary satellite
(its orbital period is the same as the Moon’s rotation period) is placed over the Moon equator, what
is the value of the ratio (Rearth + Hearth) / (Rmoon + Hioon)? Rearth and Ruoon are the Earth and the Moon
radii, Heah and Huoon are the satellite heights from the Earth and from the Moon surfaces,
respectively. You may assume (Earth mass) / (Moon mass) = 81 and rotation period of the Moon = 27
days.

HERIEP R AV EA DU R - B —) BRVHUER BB EIRRERY baE 0 B ) H
$Ju_i_ﬁﬂﬁﬁif@fk$$$bﬁﬁﬂm$ﬁﬂﬂ’] B — HEKE 2 (HuE A RS H Bk Eh B EAEE ) o
CEAE H BRI IR B * (Rearth + Hearth) / (Rmoon + Hivioon) FNEEZR{E BT 2 Rearn 111 Rmoon 77 BIEHT
BRAMIHBRZ PR - ffﬁ Heartn 111 Hwioon 73 AIEAEHIERF] H BRI _EAYE EHVSE « fRATREE (B
BE) / (HEER) =81 MHKAVEEEII 27 X -

A, (81x27)
B. (81x27)°
C. (81/27)°
D. (1/9)

E. (1/9)*

A dam (height H, width W, one wall inclined at angle 0) is fully filled with water (density p). If g is the
acceleration due to gravity, the resultant force exerted by the water on the dam wall is given by

—ESEERER 7K CEE p) #985 (BEH> "HE W MEP—mIFEEEMNAR 6) - &
% g SEESIINERIE - AKAERHEERTIE R & T2

A. (ng W )/2

B.  (pgHW)/(2sin6)

C. (ngW) (ZCOSO) H Water Dam
D.  (pgH™W )/(2cos0)

E. (pgHW )/(sin®+cos6) 0

Remark: Question 5 is cancelled.

5.

A conical pendulum with 2 identical bobs on a massless rod (length L) makes an angle of 6 with the
vertical. One bob is mounted at L/2 of the wire, whereas the other is mounted at the end of the rod.
The period of the rotational motion is:

B 2 5 SR TR RH AT (RI¥ L) RIS © hes e
IEIRAIE 0 - —SEFARZHEIERE T /2 RB - TS —(ER 2SS AR - 22
FEBEE

A ny2Lsin0jg
8. ny3Lcost/g
¢ 2nf2Lsin0jg
D. an
e nfl@n0jg
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Suppose you are standing in an elevator, the elevator is moving upward at a constant speed of 0.5
m/s, the net force on you is

PR ARIE R + TRETELL 0.5 m/s (MRS E5F  E(RS EHSF IR

A. zero.

B. +0.5N.

C. -9.8N.

D. +9.8N.

E. your weight.

A pendulum has a length of 1 m. How many swings does the pendulum perform in an hour?

— il 1 SRRAVEERE - —/INEf AT fRE) 2/ DR 7

A. 60.

B. 300.
C. 900.
D.  1800.
E. 3600.

A ball (mass m,) is hanging at rest from a wire (negligible mass). A head-on elastic collision occurs
when it is struck by a stone (mass m;, horizontal velocity v; before collision), the ball swings to a
maximum height (h) above the original level. The maximum height (h) is

) > —(EER CEE my) FFIEEESEE T B (T ASGEERLIREBAET) - BT
A CHEE my o WHERTKOPREE R vi) B R W IEE IR - (RS EET - IR
ERKEE (h) - &SR (h) &

A. i ml V12
29\ m +m,

2
B i m, V12
2g\m +m,
c. 2[_Mm v,
g\m +m,
2 2
D. = M, V12
g\m +m,
2 2
e 2 mj
g\m,




10.

11.
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An electric water pump draws water from a well of depth 10 m at a rate 0.1 m?/s. The water is then
rejected from the pump with velocity 2 m/s. If the efficiency of the pump is 80%, the power
consumption of the pump is

—EHIKFELL 0.1 m/s (GHEFEDKIE 10 m FAHEEMIE « K2AKRLL 2 m/s IEREGEE0R
Hi - ERCRATECRIE 80% » RITIIRE

A, 8kw.

B. 10 kW.
C. 12.5 kW.
D. 17.5kw.
E. 20 kw.

A car (mass m) undergoes a circular horizontal track (radius r) at constant speed v. Suppose h is the
height of the center of mass (CG) above ground, and a is the horizontal separations between the
left/right wheels and the center of mass. What are the normal forces N; and N,? The direction of
friction force fis indicated.

—HRE (BE m) DUREEE v £ B BRI E17RE (R r) - REk h Eithm i
B (CG) WS @ a B/ AHERE O ZHERACPFEERE - B -PRrrEREES f V75 -
Ny 1N AR TR 8 2

1 hmv? 1 hmv?
A. Nl:z(mg_ar} Nz=2(m9+ ar J N, N,
1 hmv? 1 hmv?
B. N, == mg+ , N, ==| mg— .
! 2( 9 J 2 2[ 9" J
2 2
¢ n_ma_bm o mg hm ,,
2 ar 2 ar f e f e
mg hmv? mg hmv? —rfe—s|
2 ar P2 ar a  a
2 2
E Nl=erhfmv ’ Nz=@_hfmv '
2 ar 2 ar

How much work is done in the following force (F) against distance (x) graph? The force is an infinite
series of semi circles with radii of R, R/2, R/4, R/S, ..........

LUREYSy (F) EdEEEE (x) HYBA(RER 2/ VI ? 2 DA E 2 th i as sy EIFTaHR - 8
FsR> R/2> R/A> R/8 " . o

A, (1/3)=R%. F

B. (2/3)nR%.

C. 7R,

D. (4/3)nR%. R

E.  (5/3)7R% R/2 Rl

\ 4
x
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13.

14.
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A binary star system consists of 2 stars orbiting around their common center of mass. The two stars
have identical mass. The orbital speed of each star is 200 km/s and the orbital period of each is 12.2
days. Find the mass of each star.

*%EE‘“’%%&%TF@%EEE ' ﬁlﬁ%ﬁiﬂ’]ﬁ’*aﬂ‘ﬁﬁl CMEMNHEERESGEEEML HE@E/D - HEE
#OLL 200 km/s HIEIEHEEHETT > MTEMRVEUEEE 122 K - REEENEE

A.  0.00010 Solar Mass A.  0.00010 K[FE&
B.  0.00020 Solar Mass B. 0.00020 K& &
C. 10.1 Solar Mass C. 10.1 KBS &
D.  20.2 Solar Mass D. 202 KpE=
E.  40.4 Solar Mass E. 404 K[gas

A block lies on a horizontal and frictionless turntable. The block is connected to a string which is
attached to the center of the turntable. The turntable is rotating with slow uniform angular speed .
An observer sits on the turntable. According to the observer, which of the following is/are true?

i. The block is accelerating.

ii. The block is not accelerating.

iii. The magnitude of the string tension is proportional to .

— T BRERAE — KV ELARE R T R | o BTGB R AR T R R R O L
WA DRSS AR o gl - —ERE AR o RBRERE - MYIHRZ R ?

i B TBRIEAENNEE -
i. LA -
iii. 4B T-HY5E 18 o B IEEL -

A. (i) only.

B. (i) only.

C. (i) and (iii).

D. (i) and (iii).

E. (i), (ii), and (iii).

A rock is launched vertically on the Earth’s surface at 8 km/s. Ignoring air resistance and the Earth
rotation, the height of the projectile that can rise is:

—HEALL 8 km/s {EHIERZRIAITE B 384T - 17 2B ZE RIH SR BR EiEa 5 T > 3% A n] 25
=S e -

A. 3,265 km.
B. 6,683 km.
C. 10,597 km.
D. 20,196 km.
E. 40,328 km.



15.

16.

17.
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A ball is projected at angle(s) 0 and at speed 10 m/s, and eventually the range of the projectile is 10
m. The possible value(s) of 0 is/are:

—fEBRLL 6 AENLL 10 m/s HYZRE MY - AL ERRVITERE 10 m - 0 AYRTRE(ER

A 39.25°

B.  50.75°.

C. 785 0m/fs_-="7""" Sl

D.  39.25° or 50.75°. Lo R

E.  50.75° or 78.5°. I |
10m

As shown in the figure, a ball (mass m;) and a block (mass m,) are attached by a cord (massless),
which passes over a frictionless pulley. The block lies on a frictionless incline of angle 6. What is the
condition that the block will accelerate down the incline?

WEFTR - —(EK CEE m) MI—J78E CEE m,) YUERE— (RS AR > WEEE —(H
BRI TI0 8 o 3% 7 SRR — R D AR £ RIEAY AR 0 o (0 JFEERE i
B SR A R R R ?

sin6>m,/m, . Pulley
cos6>m,/m, .
sin® > (m, /m, )*. Ay
cos0 > (m,/m, )’
(sin®+cosB)>m, /m, .

mo 0o ®p

m 0

A solid sphere is attached at one end of a cord (length R) and is set into motion in a vertical circle
about the other end which is fixed. Determine the speed of the sphere when it passes over the top of
the circle with zero cord tension.

— B LR — R TR (RER R) - WA T#Y 55— Ul FIE e B E i T - &
CRGBEIRRITEED - IR THIR] BZH]  SKELERERAYEE -

JR
JoRsinG
JoRcos6
JoRsin6cos0
JoRtano

m o 0 = P



18.

19.
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By considering the gravitational forces of the Moon and the Earth only, which of the following ocean
tide is most possible? The diagram is not drawn to scale.

W H ERAIHERAY S 17 N —(EE R iR nl RESR AT 7 L BE A e fla s -

A small block (mass 0.2 kg) is attached to a massless spring and undergoes a simple harmonic motion
on a smooth surface (amplitude A = 0.1 m, angular frequency o = 0.5 radian/s). The displacement of
the particle at time t from its equilibrium position is described by

X(t) = Acos(- wt),

If the potential energy of the spring at the equilibrium position is zero, what is the total energy of the
system?

—/NJ5HR (HE 0.2 kg) HHPERGHEEN HADCE/KP i _E R ES) (Jxig A = 0.1 m > i
"R w=0.5radian/s) o HAQEFHYP-HRLA LS BRI R R (A2

X(t) = Acos(- wt)

WRZ NI RBARE R > R ATHIRERES /D ?

A. 0.05 mJ.
B. 0.10 mJ. .

Spring
C. 0.15 mlJ. s 2

G Frictionless
D.  0.20m. sy
E.  0.25ml. —

10
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20. The figure shows a “L” shape object of uniform mass per unit area p. Where is the center of mass 1, ?

ZERUR T —(E U PHaYIEE - BRAEEAVEERE p o B AR ?

A er%(i%i) y

5. 1, = (i +1]) .

C er%(hj).

D re=%a(f+]). 1

E r=ali+]) ; —— >

--- END OF MULTIPLE CHOICE SESSION #EfERH5E ---

11
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Open Problems B E
Total 5 Problems 3t 5 §H

1. A bouncing ball (10 Marks)

A ball is allowed to drop freely from rest and at a height H, above the ground. After hitting the ground,
the ball bounces to a height H;. The bouncing process repeats continuously until the bouncing height
is too small to be observed.

(a) Calculate the coefficient of restitution, Ci, in terms of H, and H;. Ci is defined as:
Cr = Relative speed after collision / Relative speed before collision.

(b) Determine the total distance that the ball travels. Express your answer in terms of H, and C;.
(c) Find the total time duration that the ball travels. Express your answer in terms of H, and Cg.
Hints: You may assume:
i. Cgrisconstant throughout all the bouncing,
ii. Time of contact between the ball and the ground is negligible, and
iii. Airresistance is negligible.

[Z#ER (10 57)
—EERIERF LEARREH Ho FYEEE H NI - g hm i - BRECREEE H, - SRS A Er
#EEE > H RS AN RE R -
(a) EFTEMARAREL - Co o BHRFHU Ho B Hy RIE - GHYER S
Cr = R (R BT R / R ATAH B -

(b) SKEZEKTEE) T HYLERERE o & Sam bh Ho S G RIE -
(c) SKEZFRTZE) | HVLEIERE « B RaH A Hp B Cp RIZE -
R R DAY
i AEFTAHISE - Co e W BN Y
i, BRONTH I AR 2R ] T DURRE A ST > A

i, Z2 5RFH ST TR A o

~

0

H;

Fig. 1 — Bouncing ball
1- FHER

12
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A suspended horizontal platform (15 Marks)

As shown in Fig. 2, a uniform rectangular platform (length L, mass m) is suspended by two ropes
making angle 6, and 0, to the vertical. In order to keep the platform horizontal, a load (mass 2m) is
placed on the platform.

(a) Find the tensions T; and T, in terms of m, 64, 0,, and/or L.
(b) In terms of m, 64, 6,, and/or L, determine x in order to keep the platform horizontal.

(c)If (6, +60,=90°) and x=L/8, find 0, and 0,.

BEKEES (155)

W 2 o> —EEAER e (RER L BE m) BEEMRGEER L - tEE  ZAE
Ry 00K 0, o By TIRFFL-FEIVKHE  S—&#y) (B& 2m) #EETrEE -

(@ LAm > 0,0, FI/ELIFFRE » 515 T fI T, HI5RTT -
STH x DURFFZ P AR -

(c) 405 (6, +6,=90°) FIx=L/8  51E 6, f16, -

]

(b)LAm> 6, 86,> %D/QLVE%%%

0 1 Tl TZ 92

Fig. 2 — Suspended horizontal platform

2- B HAKPEE

13
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Oscillating sphere in a cylindrical trough (15 Marks)

A solid sphere (radius R, mass m, and uniform density) rolls without slipping in a cylindrical trough

(radius = 5R) with a small angle 0 displaced from the equilibrium position. The kinetic energy of the

sphere is KE = %msz2 , Where o is the instantaneous angular velocity.

(a) Find the potential energy of the sphere in terms of m, g, R, and 0, where g is the acceleration due
to gravity.

(b) Find the total energy of the sphere oscillator. Express your answer in the form of energy

transformation in simple harmonic mass-spring system, that is, Total Energy E = lmvx2 +£kx2,

where you may consider x as an angular displacement.

(c) Determine the effective mass (m.g), effective spring constant (k.4), and period of the oscillation.

FEEE A RSAER (15 77)

—EHLOK (R HE m> NERE) ELABEHIERT - S PEEETRIA/ N AEE o
FEEEE (K SR) HE) - EXZIRAVEIRER KE =5—56mR2co2 1T o TEBERF AR -

(@) LAm - g> RAI/EO(EFREE - KERRGHISSAE -

(b) ETREEERI AR E - BEF VE B BEE R ES e BT AR E - HIEE

el E :%mv; +%kx2  ELHRRETE R X B -

© SEZAGHTENEE (my) > AREREF R (kyy) - BLRENEL -

Fig. 3 — Oscillating sphere in a cylindrical trough
3 - fEEIfFP R HER

14
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Maximum gradient that a vehicle can climb up (15 Marks)
An engineer attempts to design a road with an angle of inclination 6 to allow a vehicle (mass m) to
climb. On one hand the engineer would like to maximize the gradient; on the other hand, the design
has to satisfy the specifications that the wheels have to be adhesive to the gradient when the vehicle
isa

i. rear wheel drive;

ii. front wheel drive; and

iii. four wheel drive.
The specifications further require a vehicle

iv. to avoid overturning; and

v. to avoid front and rear ends touch the road surface when climbing up a slope from a
horizontal road.

A typical vehicle has the following dimensions (Fig. 4). Find the maximum gradients such that the
vehicle can climb up at each of the above possibilities (i) to (v). Express your answers in terms of pg
(the coefficient of static friction between the rear wheels and the road gradient), p (the coefficient
of static friction between the front wheels and the gradient), Ci (rear under body clearance), C; (front
under body clearance), Hi (rear over hanging), Hr (front over hanging), h (height between center or
mass and the gradient), Lz, Lr, and/or L (L = Lz + Lg). You may neglect air resistance and assume that
the vehicle is moving at constant speed.

FEERAETTREAV R AR I RE (15 93)

—H LIEEEE S T — RS (ERAE 0) DLsTEEm (HE m) bfT - —J7E - TiEAD
SEGat—REARARMERERVER, M5 — 70 ARRZEK LT Hm o 2 B ASRIES AR 1T
B

i RUmEEE) ;
i, AiEREEE) ; B1K
i, PUfmBEE) -
RSP E0K
iv. Ao E A
V. PRSP T {eR R TR i o B B T R 1% B e AR S B T -

— AR AN RS (] 4) - MR EME (D) 2 (v) FridiliyiEi - stEE—EH
DURS IR AR DL s F i T - B L e (TRERELERIESER T 2 FIHVAREEZR GRS
pe CHTEREL VAR [ 2 FIHURHFEER (A B » G (EERITHEBEAVREE) - ¢ (EEF7H
BETEVERE ) > He (RS TTREE) > He (BEERITREEED - b CELHEBES
FE) o Lpo Lo MI/SEE L (L= L + Le)  ZESRPHTTRIRHEAGT > i B (R DAL E B 1T
Bt -

15
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Rr Re

| Hr ‘T‘ 4\4 HF_,l <4 Center of Mass (E1»)

)OO0\

‘CR ‘CF
y

\.l

< r|

| Lr Le

A
L 2
3

Fig. 4 — Specifications of typical vehicle

4 — SR B ERH AR

Fuel for rocket propulsion (5 Marks)

Consider a rocket in outer space (gravitational forces are negligible). The combustion products are
ejected at a constant speed v, relative to the rocket (total initial mass m,).

(a) By considering the conservation of momentum only, derive the equation of the rocket velocity

change Av in terms of v,, total mass change Am of the rocket, and m,.
Hint: You may ignore higher order terms.

(b) Given that v, = 2.5 km/s, and that the rocket generates a constant force 3.5x10” N during the fuel
burn, calculate the rate of fuel mass change.

KAt A (5 73)
R MORZE TR (SR REEAET) o ARG (R IR B K HTAVIRE 2RI ve E K
AA o KEFHIRIIREE Ry m; -

(a) HEEBHEFHE » AL KFHESE Av T2 o BZESED v, 0 K EE%(1 Am >
LK m {E5REE -
PR ¢ RO S S T ETE

(b) BRI ve = 2.5 km/s » EOKEHERARHABERZ AN 3.5%107 N » sAETEARVE B (L

- END OF EXAM PAPER 4452 -
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Rules and Regulations 57 &3 8!

. All questions are in bilingual versions. You can answer in either Chinese or English, but only ONE
language should be used throughout the whole paper.

FAEEYRPRHE. (RAREUPXHEFE  EL2B8LAUE—FSFE.

. 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.

EREENETERENLERMARE—/R=154KE. SMESEZHESTR T RER , /MBS
EERBXER K MRAFREMEM.

. On the cover of the answer book and the multiple-choice answer sheet, please write your 8-digit
Contestant Number, English Name, and Seat Number.

EEESHENREEEERL  FELITH 8 MBFBEEWE |, EXHA |, REARE.

. 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.

RERBEENERR  HHEEEETERLEEMEREM B hETEER.

. The open problems are long. Please read the whole problem first before attempting to solve
them. If there are parts that you cannot solve, you are allowed to treat the answer as a known
answer to solve the following parts.

FRXMEERE  FHEERETEEETRE. EXEEHSTEH  wTEEMANERE
HE BRI R A5
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The following symbols and constants are used throughout the exam paper unless otherwise specified:

BRIERIBIEERR , BRIFSHERTIRRAER

Useful Constants ( EFHEE ) :
Astronomical Unit ( 3B )
Earth-Moon Distance ( H#1Bk-F BREEEE )
Mass of the Sun ( KIBE & )
Mass of the Earth ( HhIRE & )
Mass of the Moon ( ABREE )
Acceleration due to Gravity ( 2 7JHNEE )
Radius of the Sun ( KEGEE ) : Rs=
Radius of the Earth ( HUERFFE ) : Re=
Radius of the Moon ( B ER$R )
Gravitational Constant ( EHBI HEE )

© Ms=1.99x10% kg
© Mg =5.97x10* kg

: My =7.35x10%2 kg

696300 km
6370 km

: Ry=1738 km

Trigonometric Identities ( =A2EZEX)
sin(x+ y) = sin(x)cos(y)+ cos(x)sin(y)
cos(x-+y) = cos(x)eos(y)-sin(x)sin(y)
sin(2x) = 2sin(x)cos(x)

cos(2x) = cos®(x)—sin’(x)

Tayler Series ( SRENIREL )

sin(x) = X ——

tan(x)zx+?+—+

2 3
~1 2 02
exp(x) Xt

Hyperbolic Trigonometric Identities ( €M =AEZEX)

sinh(x) = (e* —e7*)/2
cosh(x)=(e* +e7)/2
tanh(X) = sinh(X)/ cosh(x)

cosh’(x) —sinh*(x) =1

: 1 AU = 1.496x10% km

: g=9.8ms?

© G=6.67x10""

. du=384,400 km

m3 kg?ls?

sin(x)cos(y) = %[sin(x +y)+sin(x-y)]
cos(x)cos(y) = %[cos(x +y)+cos(x—y)]

sin(x)sin(y) = %[cos(x —y)-cos(x+Y)]

Series Summation ( #XEFEFN )

I(zm(m+1)
2
K- m(m+1)2m+1)
6

]

K= m2m+1)(m+1)(3m* +3m-1)
30

M= EMB ol NgER NgE!

=~
ok
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Multiple Choice Questions
Select one answer in each question. For each question, 2 marks for correct answer, 0 mark for no answer,
minus 0.25 mark for wrong answer, but the lowest mark of the multiple choice section is 0 mark.

EiEE
BEEE—([EER SEEH 2, AZ 0, BHEH 025 70, BREEEERES 0 7.
1. The following figure illustrates a pulley system with masses m; and my, and is supported by a block (mass
M) on a horizontal ground. All frictions and inertia of the pulley are negligible, and the rope in the pulley

system is massless. Find the horizontal force on block M such that there is no relative motion between m,
my, and M.

TERL T —EEEE m 1 m ARFERGARRE. MEERGRGEREHR—EREKTHE
MARXIE. EERNARNNDIESTAKT  DEARRGOBTRELE. RIEA
EHM BTSN | 8 m, m , 1M FHEREHER,

A M(M+m+m,)g
m, i
5. M(M+m +m)g
m, M my
c. m(M-m+m)g
m, ]
b, M(M-m+m,)g
ml

E. None of the above, because relative motion exists between m1, m,, and/or M.

ULERZE, HAHEEESHFEER m, m, BE/H MR,

2. A man can generate a maximum propulsive power of 500 W during cycling. The air resistance has the
force of F =bv when the velocity of the bicycle is v, where b is a constant given by 5 N-s/m. Without
wind, what is the maximum speed of the bicycle when cycling is conducted on a horizontal ground?

—EANGBTERALUEEARAMEENA S0W, EBETEMEEZ v, ZREAZ F=by,
Hrh, B#bRES5Ns/m; HRARAMERLT, BITEAKTREAAEINERSEEZER?

A. 1ms?
B. 2ms™
C. 5mst
D. 10ms™.
E. 20ms™
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Questions 3 to 4. A spacecraft is orbiting in an elliptical orbit about the Sun with perihelien aphelion at the
Earth’s orbit, and aphelien perihelion at the Venus’ orbit. The orbit equation with the Sun as the origin is given
by r=A(1+¢)/(1+&cosB), where r is the distance in AU (Astronomical Unit) from the Sun, € and A are the

orbital parameters. The mean distances of Venus and the Earth from the Sun are 0.73 AU and 1.0 AU,
respectively.

BERE 3 E 4 —MEAERELEEMMNEREKRE, Z2EENEZ EB85 ZEE Rtk
BE, M 2B ABH AREEZHEL, ULABAREBZOEMNARER
r=rl+e)/(I+ecos®), Hep, r BURKBESTZRXELM (AU) BEHE, < 1 L BIZREZH. €2
3k $ K5 A 19 ERRE 5 7l 2 0.73 AU 1 1.0 AU,

3. The orbital parameters € and A, respectively, are:
P IENES 8 ¢ 71 A HRIR -

€=0.156, L =0.73 AU.
€=0.156, A = 1.0 AU.
€=0.312, A =0.73 AU.
€=0.312,A=1.0 AU.
€=0.312,A=1.73 AU

mooOwp

4. What is the period of the spacecraft as mentioned above?
AEME LBRTNEEHRZZ D ?

A. O.4vyear ().
B. 0.8year ().
C. 1.2years ().
D. 1.6years ().
E. 2.0years ().

5. A point mass is hanged by 2 massless ropes, which make angles o and 3 to the vertical. The ropes are
further connected to two masses mi and m; through frictionless and massless pulleys. Find the ratio
m1/m; such that the point mass hangs in equilibrium.

—EEW 2 REEEMHFERY, EMATUEES o 1 p MAE, FEELE—DEEEERA
BESMER, 1EEI 2 EEES m M mYEE., EFERKER, K m/mZiE,

sin (o + B).
cos (o + B).
sin (o) x cos (B).
sin (a) / cos (B).
sin (B) / sin (o).

moo®p
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6. A 4-wheel car is moving uphill without slipping, as shown in the figure. If the car is driven by the rear
wheels, in which direction(s) does friction(s) act on the rear and the front wheels?

MERFR, —8 4 WAEETEEMNERTERLTE, RESESHRHES, BEENERE
‘EmANATIMI R A @ ?

Rear wheels: uphill, front wheels: uphill.

Rear wheels: downhill, front wheels: uphill.
Rear wheels: uphill, front wheels: downhill.
Rear wheels: downhill, front wheels: downhill.

Frictions do not act on the wheels because the car is moving
at constant speed.

mooOwp

®m - M LR, ATER - RERHE
®Em . MR, ATE R LR
®Em - @ LR, BT AT R
®Em - RTRE, A AT R
AREUEEEERD, RALERIFTEERE.

mo o ® P

(Remark: Question 7 is cancelled)

7. Two rigid spheres (uniform masses, zero initial speed, radii a and 2a) are dropped from a height h
(measured from ground to center of the lower sphere) under the influence of gravity. What is the
maximum height (measured from ground to sphere center) that the upper sphere will reach? Assume all
the collisions are instantaneous.

Hints: i) Air resistance is negligible; ii) Collisions are elastic; iii) Centers of the spheres (marked as “x”) always lie on
the same vertical line; iv) Lower sphere collides with the ground before it collides with the upper sphere.

HEENERAMEZET, MmERREK W9EE EREEAS FEof20) ®REEHN (HBEE
REIRFIDED) BT, EtEERTDD, REXAMEIMNERESESE LS D ? RERFAHEZHERET
Ao

RoR 1) ERBEHEZEARE: (i) MEREERN. (i) REMHFLE (U X AER BRER—EE
R iv) BRIEBRAMEME, ARMIBE LB,

286 Radius: a
A. —
81 (h ) E ]
B. 286(h Za)
81 Radius: 2a
\:/ﬁ: r
c 529(h— ) I 2a 7
81
529
D. h-2
81 ( a) h
610
E. h-3
81 ( a)
v
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A block (mass m) slides on an inclined plane (mass M, angle 45° to the horizontal). Ignoring all the frictions
between all the surfaces, find the acceleration of the inclined plane when the block is sliding.

—AR (BEEm E—HE (BE M KFEHAES 45°) LB1T, EARAZHEBRIAER
NIRRT, RAEITHRMEILERE.,

A. ( m/2 jg.
m+M
m
B. .
(m+Mjg
2m
C.
[m+Mjg
D. m g-
2m+ M 45°
m
E. .
(m+2Mjg

An Atwood machine consists of n masses (masses m, m/2, m/a, ...... , respectively attached on the first,
second, third, ...... , pulley) and (n — 1) pulleys (massless, frictionless, and negligible inertia), where n is an
integer with n > 100. At the last pulley, it is attached 2 equal masses (mass m). What is the acceleration of
the mass attached to the first pulley?

— M niEEE » EEEY (BEA m m/2, m/4, ... . DRIREEE—, B, £=,
...... . JBERLE) A (n - 1) JBWR (BREE RER REHEEFRZRAE) PR Heon
EBHA n > 100, AREMARL RH 2 BAHEFEEY (HE m EEE—E. WES—BH

BB EY 2 R E 2 A (E 2

A. Zero acceleration.
B. g/4' First Pulley
C. g/3. =B
D. g/2.
E. Greater than or equal to 2'® g. Second Pulley
B m
A. FME,
B. g/4. m/2 |
C. g/3 I
I
D. g/zo m/4 I
E. KMIER 21%0g,
Last Pulley
ey
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10. Consider the following 3 planar circles with identical mass density per unit area of . One of the circles is
put between and above the other 2 identical circles (radius R). The radii of contact points between the
upper circle and the lower circles make an angle 6 with the horizontal. Ignoring all the frictions, what is
the horizontal force, F, on each side of the lower circle in order to keep them stationary?

LUTRE3EHRREEEEMNTHE HEEEMEBEMNEERER o Hh—EEBRRERRS 2 @&
HEMEEz LE ($ER) . LEMTEMFSTEBIDKTRIEEE—E 6 MAE, £&F
EBEENNZET, ATRETEEFRLTE MEBETEMKEN, F EZEZD?

onR? (1-sin®)
2sin® cosO
onR? (1-cosB)

2sin®  cosO g-
c oW’ (l—sine)zg. p ' e
2cosO sinb — D
D. Revised to: ok’ (1—c059)2g

2cosO tanO

A.

onR’
2(sin®+cos0)

m

(1-tan®)’ g -

(Remark: Question 11 is cancelled)

11. A stone is dropped from rest into a deep well. After three seconds, a sound is heard when the stone hits
the well water. Assume that the speed of sound in air is 340 m/s, and air resistance is negligible; what is
the approximate depth (from the top of the well to water surface), d, of the well?

—IRAHEEFIELRERSTIEA—ERA, ZP2R ERBEDHKRERIIEES, REBSHEESR

E"
PEEREER 340 m/s, RERMBARIZEAE | HHORE (EHMIERBEKPRE)  d K
Rt 2

A. 15m. _
B. 20m. — =

C. 25m.

D. 30m.

E. 35m. d
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12. A sphere (mass m and radius r) is hanged vertically with a massless rope (length L). A wind is exerting

13.

constant horizontal force density ¢ (force per unit area), on the sphere. Without energy loss, what is the
maximum height H that the sphere can rise?

—Iie (HEAm FEEH,) #—REEENHETF (RELD B, —ERENKELEMTEER
KFEHHNEE o (IBEMEEZH) . ERARERZEMNFERT, ZXEATULFANESSE H

=fE?
A 2L n’rt _
m2g2 +62ﬁ2r4 . '
5 3LePnlr? ' Horizontal wind \
Im’g® +16c°7r* — )\
C. Lﬂrz \\\
9m’g’ +16onr’ - AN
D. 32Lonr? _ —_— 0 _1_’_/
9m’g’ +16onr’ IKEE 0
E 26 n’r!

m292 +62n2r4

A rope (mass m) is hanged between two supports (separation 2d) at the same level. The shape of the
hanging rope can be approximated to the function y(x)=(1/a)cosh(ax) in an x-y coordinate system,

where a is a constant. The slope of the function is sinh(ox). What is the magnitude of force F at each of

the support?
—iREEF (BEEm) ERER—/KFERZER (B8 2d) 2MBE, ZBENEFRIRZK T LLBHEEL

itk ALl x-y LERFHPROEE YO =/0)cosh(ox), Hif, o B—EEH., ZRHBMHEZ
sinh(ox) o BITEE—EXZZEEHM A FEAE"?

A
A M3
2sinh(ad) F d d F
B. M9 | h D -
2cosh(ad)
c. M9 .
2 tanh(ad)
D. mgsinh(ocd).
2 A
. Mgcosh(od) (0, 0) “x
2

10
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Questions 14 to 15. A spring system consists of n stages, where n tends to infinity. The first stage contains 2
springs, and the number of springs in the next stages are a geometric sequence, that is, the second stage
contains 4 springs, the third stage contains 8 springs, and so on. All the springs are massless and identical
having the same spring constant of k.

2 EEE, MET—

FEIEE 14 E 15 —EEEZRMA 0 REEAER, Hep n BREE, F-RaAS
. FEF, TAEENHERE

RETERHERUKMAFS, HEEZRHA 4 EER F=KRE 8 EER
EM, HBEERERMEZEH L

Third Stage
E=R
Second Stage r—
First Stage S5 Fq [N

14. The equivalent spring constant of this spring system is:

AR ER R EEEETEHE

A. k.

B. 2k.
C. 4k
D. 8k.
E. 16k.

15. If the total elongation of the spring system is 10 cm, what is the elongation in the fourth stage, that is, the
stage that contains 16 springs?

IMREFERMABERS 10cm, BEWER, TREIXEKRA 16 EEZHBRIME"?

A. 7.5cm.

B. 5.0cm.
C. 25cm.
D. 1.25cm.
E. 0.625cm.

11
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17.

18.
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Two identical balls are projected up an incline (angle ¢) with initial speed v, at angle 61 and v, at angle 6,
with respect to the horizontal, where 01 and 0, > ¢. The two balls eventually reach the same distance on
the incline. The relationship between 04, 0,, vi, and v is:

MERRMIKE—ERE (BE ¢) LIRS, EMERSNOREGEEAES 0.6, EFEE v
, MEAES 0, B, EEZ v, HM, 0,70,>¢, AEMILUKTERIEE, & MERREHEES
EllEﬁ\-liEJ:E‘]*EIEEE%’EO 01, 0y, v, *ﬂ V2 ZFEﬁEI]Eﬁ{%Et%

A (v ’ _ cosB,sin(0, —¢) _
v, cosH, sin(6, — ¢)

B. (VIJZ _ cos®, sin(6, —9) _
v, cosO, sin(0, —¢)
c Vi_ cos0, sin(0, —¢) .
v, cosf,sin(®, —¢)
D Vi_ cosb, sin(6, — ¢) .
v, cos6,sin(®, —¢)
E. \\//—1 =cos0, cosh, sin(0, — )sin(0, — ¢) -

N

A helium-filled balloon is held on a horizontal floor of a MTR train by a massless string (length 0.5 m). The
train is travelling at constant speed of 105 km/hour and turning a circular path of radius 1000 m. The
densities of air and helium gases are 1.2 kg/m? and 0.18 kg/m?, respectively. The angle of the balloon
string making with the vertical is:

— AR — EM§EMﬁ¥(EEOBm)ﬁ%ﬁﬂﬁﬂﬁ%*$ﬂﬁioﬂﬁuﬁ$ﬁl%
NEMEERETHE—(EFEESE 1000 m WEFEINE, ZRMNERNVEZEDHIZ 1.2 kg/m® F10.18
kg/m3, REKMEFHEEBRNBER

A 1°
B. 5°.
C. 10°.
D. 15°.
E. 18°.

A wooden block (mass 1 kg) is connected to 2 massless springs (Spring 1 with spring constant k; =5 N/m;
and Spring 2 with spring constant k> = 4 N/m), and is oscillating on a frictionless horizontal table with small
amplitude. At the equilibrium position (time t = 0 second), the block is moving at 2 m/s towards the Spring
2. The time that the block will take when the Spring 1 has maximum compression is:

—A# (HE 1kg) HEET 2 FREEMNESR (B 1 EFEZEH L =5N/m MEX2 EHE
EEH kL = 4 N/m) , HBLUMEERIRIBE —KERBEEZENNETF LD, ERTEHMLER (K
Mt=0%) , AL 2m/s BAEE 2, EEE 1 ENRAEHRER, KRAEENFEZ

12
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20.
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nseconds ().

3n/4 seconds (). ki ky
n/2 seconds ().
n/4 second ().
n/8 second ( ).

m o 0O ® P

Find the center of gravity of the integrated shape in the x-y coordinate system. The integrated shape is an
infinite series of circular discs with radii of r, r/2, r/4, r/8, .......... , and their centers are on the x-axis. The
masses of the circular discs are proportional to their areas.

SEEATIRE -y LERRPHIED, ZERBKIHRERBOERFER FE% . /2

r/4, r/8, ., W EHEMPOMIRE xS E, BRMESHEEEB/RIEL,

Hi TE/_\: < -n __ ;OO I-n(An+l _2)_ .

s IR AT =13 38 (27 =3)=40/21 A

A. x=(40/7)r, y=0. ’ TN

B. x=(80/21)r, y=0. X ¥ + i
C. x=(40/21)r, y=0.

D. x=(10/7)r, y=0.

E. x=(40/63)r, y=0.

A Newton kinetic ball stress reliever gadget contains 5 identical hard balls supported by identical strings
(negligible mass) of equal lengths. From left to right, the hard balls are labelled as ball 1, ball 2, ball 3, ball
4 and ball 5. Balls 4 and 5 are glued together (glue is massless). When Ball 1 is slightly pulled out and
released, velocity of Ball 1 just before collision with Ball 2 is +v (positive velocity represents moving to the
right). Assuming all the collisions are elastic, the velocities of Ball 1 (vi¢), and Balls 4, 5 (vasf) after collision
are:

HUREN N IKIE SUERR/MEER B 5 EAERIREEIRER, EIKE 5 RERBRERFHEF (BEW2
BEARED) B, ARG, WEHREAREC AR 1, Bk2, Bk3, Bk4, FOBR S, Bk 4 05 WERRMEBR
A (BRREEWN) . Bk 1 SMMEHIERER Bk 1 BIMEEERER 2 aTaEER v (EEER
TRAE®E) . BRREATEUHEMSEMSME K1 (v) , K4, 5 (v FEHHEBRARER

Vi =0; Ve = +(1/2)v.

Vig ==V; V5 =0.

Vi =+V; vV, =0.

Vi, =+H1/3)V; v, =—(2/3)v.
Ve =—(1/3)V; v = +(2/3)V.

moonO w P

--- END OF MULTIPLE CHOICE SESSION 32 RB5¢ ---
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Open Problems FAI R
Total 5 Problems £ 5 &

1. Faster track (9 Marks)

A school student designed a frictionless track to allow a ball (negligible radius) to move on a track, which
consisted of a downward slope and a horizontal path (Fig. 1, Track 1). At time t = 0 second, a ball is
released from rest to move down the slope (angle 0,, height h). After the slope, it is a horizontal path
(length d). The time duration to complete this track (Track 1) is tr;. However, the student did not satisfy
the time duration. He/she would like to design a faster track with shorter completion time.

Another faster track (Fig. 1, Track 2) is designed, which includes 2 downward slopes (angles 61 and 6,,
height h), 1 upward slope (angle 0, height h), and 3 horizontal paths. The length d., d>, ds, da, ds, and ds
are the horizontal lengths.

You may assume that the ball speeds on the 2 tracks are low enough such that the balls are always
moving on the tracks without projectile motion.

(a) Express dinterms of h, 6,, d,, ds, and db.

(b) Find the time durations to complete Track 1 (tr;) and Track 2 (trz). Express your answers in terms of 0,
0,, g (acceleration due to gravity), d, h, d>, ds, and db.

(c) Prove that Track 2 is always faster than Track 1, that is, tr; > tr2. Find the time difference (At) between
the 2 tracks. Express your answer in terms of g, h, ds, and 6,.

BRMEFE (95)

—RBAEREG T —REERBENNIEFE KT (FERDAZERE) ERELBE. LEE
BH-HATHEM—EKEREAER (B 1, 318 1) . ZKHE ¢ = 0 K, ZIRFRFBLEMA
BN, doRE (BE 6, ®8FEh AT. AHNEZRE—HRKTRE (RE ) . TRLHE
(BVE 1) FREMRREE th. AWM, RBAWLFMEULERE, /Bt S—EERERMEERE
#IEE,

F—IEERMEIE (B 1, #E 2) BERERETFT., FInsEaiE 2 mTRE (AE o0, 71 0,
2Eh , 1RALEE (BE 0, SE h , BEHE 3 FEKERE, RE di, do ds, di, ds F de
BI|BKFEZEE,

fREMRER IR FEHUE LIS BRFARELLRE, ERRFREEHE LSS, WERMYESD,

(@) Ll h 6, & o HMEERE FE d

(b) LL Oy, 0, g (BEAMRE) , d h, da da F ds ERZE, FAETHREE 1 (tn) FEE
2 (tr) FREROBERE,

(c) FEEARE 2 EZELLBIE 1R, Llg h, di M 0ERE, HE 2 RIENFEER,

14
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Track 1: t=tn t=0
I
B8 1 : I
1
: .
1 1
1
| : h
I 91I
L AT A
I I
3 >
1 d Id;!

Track 2:
g8 2:

Fig 1. Faster track.

B 1. EREE.

Rod in semispherical bowl (9 Marks)

A uniform rod (mass m, length L) is placed partially within and partially outside a fixed hemispherical
bowl (radius R, where L > R). The bowl rests on a horizontal table. When the rod is in equilibrium, the rod
makes an angle 6 with the horizontal. AB is the length of the rod partially within the bowl. Ignore all the
frictions.

(a) Derive the angle 6 and the length AB. Express your answers in terms of L and R.

(b) Give the numerical value 0 for the special case of L = 4R.

IR RS (949

—HEEENE (EE m RE ), B7ERERFERBHARE, mMBoRERK (FE
R, He L > R) MINER, EMEHEEKTHEF L, EEFRMRTEIKER, BFRET LUK
it 0 WAE, AB ZETFEBRZEE., ATAEBERAA 2RI,

(a) LL L FIRMERE, HEAE 0 FABHRE,

(b) #H L=4R HIAERT, FE 0 WEIE,

% Center of the bow! FBi#Y 5 /Cx

Fig 2. Rod in semispherical bowl.

B 2. FEKAm_ERIHE.
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Stacked spheres (24 Marks)

Two spheres are stacked such that an upper sphere (radius r, mass m) is put on the top of a stationary
lower sphere (radius R; where R > r). Eventually, under the influence of gravity, the upper sphere rolls
without sliding on the surface of the lower stationary sphere. a (0° < a < 90°) is the angle between the
centers of the upper sphere and the lower sphere, whereas f3 is the angle that the upper sphere rotates.
Initially, oo =0° and 3 = 0°.

(a) Find the angular velocities of o and P. Also obtain the velocity of the upper sphere as a function of a.
Express your answers in terms of r, R, g (acceleration due to gravity), and a.

(b) Find the angle at which the upper sphere will detach from the lower sphere.

(c) Suppose that coefficient of static friction between the two spheres is . Find the minimum value of o
that the upper sphere starts to slide. Express your answer in terms of p.

(d) By considering the coefficient of static friction, find the minimum and maximum values of a.

Hints: i) Kinetic energy of the upper sphere at an angular velocity [3 is given by [Revised to: ( j (B)z ].

2 .
i) In case of existence of friction, the frictional force, f, at an angle auis: T = 7mg sina,

ZBk (24 53)

MEBkECHEE—E, LBXE (FEr, HEE m HWREAFLMTEKRE (FER HPR>
r) MIEER, &#&, HEENNEET Ef*ﬁzﬁ$;ﬁ@JE§'Tﬁ;ﬂT, MEBLNTEREREER
To a (0°<a<90°) EJ:EH?EEW'FEB}?E%E@EP'D%E, m p B2LEXREREAE, &, o =
0° # B=0%

(a) 5% o 1 p MIAEE. U o FAEH HELBRKEMERE, EXFELUr, R g (EA
MEE) . M oo ERE,

(b) tHE LEEKICE TEIKEE S BRRIAE,

(c) RExmENKZEMBERREEA 1 HELEXKEMBBRDRMRD o B

(d) BBEREFERERHE HE o BR/NMENRKXE,

BR . 0) IBREEEA B B, HEIEER [Revised to: ( )(B)z]o

) EEREEMERT, EEERH f RAE o B f:%mgsmao

Radius r

R r

Radius R
FER

Fig 3. Stacked sphere.
B 3. EIK.
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A ‘8 shape oscillator (11 Marks)

Two uniform, thin, and hollow cylinders (radii R, and R,, masses m; and my, respectively) are stacked to
form an “8” shape such that their diameters are aligned in a straight line. The stacked cylinders is free to
oscillate about its axis of oscillation (Fig. 4). The kinetic energy of the stacked cylinders is

KE = %(Zm1 R’ +2m2R22)m2, where o is the instantaneous angular velocity about the oscillation axis. A

small angle 0 is made to displace the stacked cylinders from the equilibrium position. Figure 4 shows the

equilibrium position of the stacked cylinders. At equilibrium position, 6 = 0°.

(a) Find the potential energy of the stacked cylinders in terms of mi, m,, Ri, Ra, g (acceleration due to
gravity) and 0. Take zero potential energy at the level of oscillation axis.

(b) Find the total energy of the oscillator of the stacked cylinders. Express your answer in the form of
energy transformation in a simple harmonic mass-spring system, that is, Total Energy

E=Y mVX2 + 4 kx*, where you may consider x as an angular displacement.

(c) Determine the effective mass (mey), effective spring constant (kes), and period of the oscillation.

(d) According to the above results, estimate the oscillation period of a single hollow cylinder about the
same oscillation axis, that is, without the upper hollow cylinder.

—@ “8" FmMikzE (145)
MENY., B, RPZEEE (EE AR, HESRE mi m) HESH—ME “s” FH
foik, MEMWESHER—EERLHE, RHSERETUERRG I EMES (B 1) . &
HBERBMEEER KE = 4mR +2mR, o’ T o S8 EIEBMESAEE, SHBEE
BHEEREETEHEEOMNEE, B4 RETHBERNTELE, EEERER, 0=0°
(a) EEHBEEMSEE, BEEL m, my R, Ry g (EAMEE) M 0 ERE, BY
BEEIRBHMAKEMEAS,
(b) HEXBESLEDAMOGEES, SEFUESREBEZNESESRESRBRRE,
BNRMEERE = ymy,” + pka, EPIREEREx AANE.
(c) HERRMMANEE (my , BHEEEY (b  HEREDHEY,

(d) HRFLLMEHER, HEE—hZEFEER—EB@OESEL, KREgH LHPZEE
AR AR ENE R,

. N
Radius (F15): R, Axis of oscillation: in Axis of oscillation:
Mass(B=):m,. . .\ J | the plane of paper Perpendicular to paper
Rz# . EAYE RE8 . EERE

Radius (1): R,

Mass (BE=): m,

Oscillation #x& A
Oscillation X
Three dimensional view Two dimensional view
—HEASE _HEAE

Fig 4. A ‘8’ shape oscillator.
4. —f8 8" FRHIIRZ.
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Energy to break up the Sun completely (7 Marks)

By considering the gravitational potential energy to separate all the solar mass to infinity, estimate the
energy required to break up the Sun completely. Express your answer in terms of Ms (mass of the Sun), Rs
(radius of the Sun), and G (Gravitational Constant). You may assume i) the Sun is spherical, and ii) the Sun
density is uniform.

Hint: Other than solving integral, the following summation formula may help:

Zm:k4 ~ m2m+)(m+1)GBm’ +3m-1)
= 30

, Where k and m are integers.

TETHABARFENEE (79)

BBERESINBRERIBAERGHEEEREE, MHETETHRABHRENEE, EXFU
Ms (KIZEE) . R (KBFE) , M 6 (BHIINER FRE. (AR ) KBBR8k, M
i) KISZEZHT,

R RES LS, THRMAXSAIEBEE -

iw:m(2m+1)(m+1)(3m2+3m—1), Heh KFIm BB,
k=1 30

--- END OF EXAM PAPER £E5T ---
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