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Pan Pearl River Delta Physics Olympiad 2010
2010 FRIR=H K A4 KB BARIL 70 #7558
Part-1 (Total 6 Problems) #-1 (3t 6 /)
(9:00 am - 12:00 pm, 02-19-2010)
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Math hints 32287 [x"dx = le”*l , [ XA —xPdx = —%(A2 — xz)E
n+
Q1  Solve the following short problems. (11 points)

i1
(i)

(i)

(iii)

(iv)

(v)

fRETHIEB. (114

Nucleus-A of mass Ma and kinetic energy Eq (<<Mac?) collides with nucleus-B
(mass Mg) at rest. After collision nucleus-A moves at 90° relative to its initial
velocity with kinetic energy E;. Find the kinetic energy that has been converted to
nuclear energy in the process. (Both nuclei can be viewed as free particles.) (2
points)

N Ma IR FR-A, HIRENRE Eg (SKMAC?), S#IEAHHLMR F#-B (R
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Find the resistance and the capacitance between two
concentric spherical conductor shells of radiiaand b (> a).
The space between the shells is filled with medium with
dielectric constant £ and conductivity o. (2 points)

WRLOR TSR, ARl a s b (>a). el i iE
e, FHENOMN T KW FARLZIAIW AR, (2
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(a) The electric field of an electromagnetic wave is E = Eoioei(kz_”t) . What is its
state of polarization? (1 point)

(b) Write down the expression in the same way as in (a) for the electric field of a
left circularly polarized electromagnetic wave. (1 point)

(&) — st 1 s E = EgRoe Y s RS R A7 (140
(b) LA (@) AR ks 2Nt A e [ i HL R s () LS. (140D

The electric field of an electromagnetic wave in vacuum is E= EO)_(’Oei(kZ*“’t) . Find
the magnetic field and the Poynting vector. (2 points)

F I E = EgX@ MY L sk rpkk R Rl Poynting 45 it
245

Use the Lorentz transformation to derive the relativistic Doppler Effect when the
relative motion between the source and the receiver is (a) parallel or (b)
perpendicular to the wave propagation direction. (3 points)

FIHEAC 222, HE N IS TR ARG 2 5 BN . (@) RALHRE T 1) 5 it
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5



Pan Pearl River Delta Physics Olympiad 2010 2010 SEZER =M R P H L Y TR

Q2 (5 points) 2 (544

(a) A spacecraft of mass m moves in a circular orbit at a distance r from the center of Earth
(mass Mg). What is its kinetic energy? (1 point)
—BUECh m o, AR HER LR r MEJESE FisfT. HERBTECY Me. SRR
MshEe. (170

(b) Suppose the spacecraft fires a rocket for a short time, speeding it up in the forward
direction. After this short firing time, its kinetic energy increases by 30%. What is the
furthest distance of the spacecraft from the center of Earth? Express your answer as a
multiple of r. (4 points)
TR B KT, AR RIS TR] RS R I, A B ARG N T 30%. Il KRS Hh Bk i
NEDr? (445

Q3 (9 points) & 3 (943

As shown below, a point light source is inside a glass block of refractive index n¢ at distance
y from the optical axis and distance T from the surface. A plano-convex lens made of
transparent plastic material of refractive index n is placed near the source. The thickness of
the lens is d, and the radius of its convex surface is R. The width of the air gap between the
glass block and the lens is t.

WNEFT7R, — ROGEAESIEN, SOy, SRy To SRS &
HNgo —EWERERF MBS AT R n, JBEO d, il i AR R, S B R
to

@) Determine the width of the air gap t so that the light from the point source forms a
parallel beam after passing through the lens. (3 points)
A1 ROGIRDC A BB 5 BT, SR tRIAA . (370

(b) Find the maximum thickness of the lens dmax such that it is still possible to adjust the
width of the air gap to produce a parallel beam. (1 point)
Hd KT dmax I TEREFEFT tHICER BT, K dnax FIRIER . (179

(©) Find the angle & between the parallel beam and the optical axis. (3 points)
AT AR el K 1 0. (343

(d) If d is allowed to change by a small amount &d, and R is allowed to change by R,
find the angular change 66. (2 points)
A d /MBS, RESAZE—/IMESR, KEMINELSO. (257
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Q4 (5 points) & 4 (543
The Earth’s magnetic field is approximately a dipole field. One can imagine there is a
magnetic dipole m at the center of the Earth. For simplicity, assume that m lies on the
rotation axis of the Earth, pointing from north to south, as shown in the figure. Hong Kong is
at the latitude of o =22°. The magnetic field at distance r from .

. 3(M-F)F !
a dipoleis B :ﬂ{w—%} .

4 r r
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@ Find the direction of the magnetic field in Hong Kong in
terms of east, west, north, south, and the angle to the horizontal plain. (2 points)
SRR W IR 7 17 (LR FES P AEFKCPFIEY D o (249

(b) A horizontal electric wire of 10 meters in length carrying 100 A of current is in the
north-south direction. Find the magnetic force on the wire. (You need to recall
roughly the strength of Earth magnetic field on Earth surface.) (3 points)
—BREALAE M 10 KK IS, 40 100A L. SKRHWERIIA TSR J1. (R
B Ogr BRI R 2y 5. ) (34))

Q5 (8 points) &5 (84}

Shown in the figure is the Diesel ideal-gas cycle. All
processes are quasi-static and the gas is monatomic. The
two processes 1->2 and 3—>4 are both adiabatic. Find
the efficiency of the cycle in terms of « =V, /V, and

r :Vl/VZ .

H B TR B — A 1 BEARS 4R 1K) Diesel 763, 13
R RN R R MRS AS . 122, 324 g iad e
SKOFFIAE Ha=V,N, « 1=V, N, K&l .

Q6 (12 points) fE 6 (1243
A uniform half disk of finite thickness with radius R and mass M is resting on a rough
horizontal floor.

(a) Find the moment of inertia relative to the axis perpendicular to the half disk and through
the contact point on the floor. (6 points)

(b) An impulse P is suddenly applied to the edge of the half disk
as shown. The half disk rolls without slipping afterwards and
maintains contact with the floor. Find the minimum impulse
to flip the half disk. (6 points)

P

A PR AR, R R, R M, e ACT b T

(@) I AT, S SR O BT (e A SR BEA R T
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(b) b P SSIRIEF TR0 . 2 FIRIFLsl, H— O 5 el Khg
(o B BB N . (640

(THE END 52)
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Pan Pearl River Delta Physics Olympiad 2010
2010 SEZBR = K A 22 AL A B BLAK DL 5 38 3%
Part-2 (Total 3 Problems) #-2 (3% 3 /%)
(2:30 pm - 5:30 pm, 02-19-2010)

a'N{L _1

— N
Math hints ${2: 3R jx”dx:ix””; >a'= , N>1 a=l.
n+1 n=0 a-1

Q1 Chain Reactions (10 points)

Bl EBIRN (104

(@) The mass of a proton is roughly equal to that of a neutron and is 1.67 x 10’ Kg. Find
the number of nuclei in 1000 Kg of ?*°U. (3 points)
AN KRR AN TR AR, 292 1.67 x 1077 Kg. sk 1000 472U Fi
MR TZEHEH. 37

(b)  When a 2°U nucleus is hit by a neutron, it captures the neutron, splits into several
fragments, and releases 3 neutrons. These neutrons will hit 3 %°U to create 9
neutrons, ... The time between a neutron is released to the time it hits the next **U is
1.0 x 10°®s. Estimate the total time needed to consume 1000 Kg of *U. (7 points)
B AP A POU TN, SRR TR RS R OB R A 3 4
FIF e B 3T B 34 PPU SR TR, P 9N R, L AR RS
— B3 R RN R S 1.0 x 108 s, AT 1000 A T 220U 24 57 T 7
e (75

Q2  Quantum Gravity (20 points)
B2 'BY5IHh% Q05

@) The Planck Length
The smallest length scale one can resolve is called the Planck Length Lp, which can be
estimated in the following way. To get information within the length scale L, one needs a
photon with the wavelength A roughly the same as the length scale. But any photon creates a
(tiny) blackhole within which no information can get out. When the photon wavelength is
equal to 2z times the radius of the blackhole (=Lp), then we obtain the smallest length scale
Lp. Note that a photon with wavelength A has energy E =hc/ A and effective massm = E /c”.
(Planck Constanth =6.63x10*J -s, speed of light in vacuum ¢ =3.0x10®m/s, universal
gravity constant G = 6.67x10"""N -m*/ kg*?)

(i)  Determine the Planck Length. (4 points)

(i)  Determine the Planck Energy Ep which is the energy of a photon with its wavelength

equal to 27 times the Planck Length, in terms of electron volt (eV). You may find the

constanthc =1240 eV -nm useful. (1 nm =10"°m) (2 point)

(b) The Hubble’s Law
(1)  The light spectra of a distant galaxy exhibit a red shiftof Z =(1'-1)/1=1.03,
where 1 is the wavelength if the source is at rest relative to us, and A’ is the observed
wavelength. Find the speed of the galaxy relative to us, and determine whether the
galaxy is moving away or towards us. (7 points)
(i) According to Hubble’s Law, the receding speed of a galaxy v is proportional to its
distance D from us, i. e., v=H D, where Ho = 21.7 (km/s)/Mly, and Mly represents a

million light years. Find the distance of the galaxy. (2 point)
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(©) Change of Speed of Light
Several quantum gravity models predict that photons with higher energies move slower, i .e.,
the speed of photon in vacuum with energy E is v=c(l-E/E,), where Ep is the Planck

Energy in (a). It can be tested by observing the light pulses from gamma-ray bursts, where a

low energy photon pulse and a high energy photon pulse are emitted simultaneuously. A

gamma ray burst was observed recently in the galaxy in (b). A low energy (~10°eV) photon

pulse and a high energy photon pulse with energy of 34 x 10° eV was observed.

Q) According to the models, what would be the time delay between the two pulses when
they reached us? (4 points)

(i) The actual delay observed was 0.9 x 10 s. Does the evidence support the models’
prediction? (1 point)

@) 5B v K
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K. DAL TIRERNE =hc/ A, HRREIM=E/c*. EFHTHE
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(i) SkEMIWKE . 4

(i) SRR 27 el M KM TIIGRER, FRIGS AR REF(eV)IERAT. X
B AL Epe  FIHIMH BUR304945 . Chc=1240 eV -nm,
1nm=10"°m) (24

(b)  MEghER
(i)  H—MEBEEWERTNGBENABNZ =(A'-2)/ 1 =1.03. LUy bR,
AR BATI BRI BB SRR AT TR, Ff e 2 R &AL, bk
AT ke (790
(i) WP, BER CERNER v SEEATWEERE D guktt, Mv=H,D, Hh
Ho = 21.7 (km/s)/Mly, MIy Jy—F1Jit4. REREERANMER. (25)
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(1) ARIEHEIBTON, XK PR ERK N R 22 2T (490D

(i) SEERMI I 2% 0.9 x 107 5o X5 S FFIRLE R T35 ) 22 IR g 2 (140

Q3  The Sound of Bubbles (20 points)

B3 RWZE (204)

Consider an air bubble of radius R submerged in water of mass density p. In equilibrium the
pressure inside and outside the bubble is Py, if surface tension of water is ignored for the time
being. Air can be treated as diatomic ideal gas. Given a small disturbance the bubble then
vibrates radially at a characteristic harmonic frequency. The following steps can help you to
find the frequency. The approach is to express the potential energy of the vibrating bubble in
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2
terms of Ax?, and the kinetic energy in terms of B(%) , Where x is the small displacement of

the radius. The frequency isthenow =+ A/B .

(@)  Suppose the radius of a bubble is changed adiabatically from R to R + x, (x << R), find
the restoring force acting on the bubble surface which is proportional to x. (2 points)

(b) Find the energy required for x to change from 0 to a small value xo. (2 points)

(c) The radial velocity of water at the bubble surface of radius R is%. Given that water is

incompressible, what is the radial velocity of water at distance r (> R) from the bubble
center? (3 points)
(d) Find the total kinetic energy of water. (2 points)

(e) The kinetic energy in (d) is that of the vibrating bubble, because the mass of air can be
ignored. Find the vibration frequency. (1 point)

Now we consider the effect of surface tension of water on the vibration frequency. The
surface tension comes from the fact that it takes energy 5 to create a water surface of area S,
where yis the surface tension coefficient.

(f)  Find the surface tension force on one of the four sides of a flat and square water
membrane of side length a. (2 points)

(g) Find the surface tension energy needed to create an air bubble of radius R in water. (1
point)

(h)  Find the pressure difference between the inside and the outside of the bubble in
equilibrium. (2 points)

(1)  Modify the answer to (e) to include the effect of surface tension of water. (5 points)

PR R A TR A IR S N oK B 3 B I AN 5 R R TR 5K g, P~ I
W AR SRATTR] . BEEAMNE RN Poo 22/ T 2 WU 7 AR UK. I—/Mtsh, AT
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(b)  SK¥s x AN O AR 3 xo P IRER . (24))

() AfEF4h RAE&, 7J<E‘J€érﬂi$$iﬂ%o CRIAGEATT IR, SRAE RO
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(d) SRAKIMEsIEE. 27)
(e) DAY pE AN, (d)HHShREAUE RIRSNMBIRE. SREFIEMR . (150)

IRAELEFRATT 2 FEIK (PR T 5K IR IR SR I 5 e o 7= 28— Rk S IR A T 75 22 H e S,
Horh ol ok J) 25, ol R MK ) Hsk
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(9) sRkAKkrh—P40 RIS R HaeE. (14D
(h)  SRAZAAETHTR A ANESRZ 2. (24)
(i)  SRAFEKWR TR BN SR IE IR . (543D
(THE END 5&)



