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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.
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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
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mg(sino - p).
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(d  m(g-a).
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[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
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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
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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 )  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 fop 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
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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 D1, 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 0 > 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 (c) 1.04 m/s (d) 0.88 m/s
(e) 1.24 m/s
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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 vy
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 PUREE IR o ST PO ST 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 R 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 F:T)gffelﬂéii B
BC (S i 150 N « sf5sefe il e o ofippogie )y - e
@ 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

S st e ATROR D o S PRI -

@) 1.2s (b) 34s (c) 565 (d) 7.8s

(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
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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 G 0 () 195A (d) 048A
€ 3.23A

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; . (©) = (KX, + 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 F“%

The capacitor can be discharged by grounding any one of its two plates. 7|
Hﬁ £ 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 S 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 By
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: 1x ~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 [P SR 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 LS 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 L . . @ @

surface. The large ball is suddenly given an initial velocity vin Yt
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.

Se

R4 (1055)

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

;

@
M

(8) i MBS ERIE] - FHpss]) -
(b) T Tt S 2 A OB > SBT3 -

RN )
Se

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 pu = 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 AT s
(b) J ] B R B ]

© Fi RS PRSI T gt

() YT A S B T R
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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
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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 =—¢p—ds
JEed =47 0
= E.(27R) = —anR? 2"
__R
2
yoJt_ogRt ")
m 2m
2
—~ F_quB= mF\a/ 2
2
F=99R o8 4 ot) 2)
4m
Q2 (8 points)
PV, = P, (V, + AAX) )
P AAX
=~ P-)
1+(AAXV1) \4
PV, = P,(V, — AAX) )
, P AAX
P=—f1——~P(1+ )
_ (AAX
)T
F=AP -P) (1)
= _—PA® (i+i]Ax
1 V2

Which shows that the piston performs simple harmonic oscillation with

k= PAZ(i+iJ, the maximum displacement is Ax on the left side from

1 2
equilibrium position. (2)

12
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V.V
t=ﬂ\/E=7Z —;nlz (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=‘/2e—v (2"
r L m

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

gt [V @)
dL Vv e

Q4: (10 points)

(@)

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. ¢
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
= mv’ VY —E(M +2m)( M vj
2 2 M +2m
= mv’ _ L[ 20 (1)
2 M +2m
Finally one gets
M 2mv? i
VIR IRV (27)
(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 @)
hel Z00M 6675107 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 )
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



