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Pan Pearl River Delta Physics Olympiad 2007
2007 F3FFF= P2 B PR B
Part-1 (Total 7 Problems) &-1 (& 7@9
(9:30 am — 12:30 pm, 02-26-2007)

Q.1 (3 points) FH 1 (357)

An airplane is initially rising up at speed vo at an angle &to the horizon. Find the trajectory of
the plane such that weightless condition can be achieved in the plane.
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Q.2 (6 points) i 2 (657 ) <«
m
As shown, two identical weights are fixed on the two ends of a uniform
rigid rod of length L. The upper weight is restricted to move on a smooth
horizontal rail and the rod is free to swing along the rail. The masses of
the weights and the rod are equal. Find the small angle vibration m
frequency of the system. N>
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Q.3 (6 points) & 3 (657)

(@) A disc shaped medium block of radius R and
thickness d (<< R) is uniformly magnetized with
magnetization M perpendicular to the disc plane.

Find the magnetic field at point-O on the central

axis of the disk and at a distance # from the cavity
center. (@ (b)

=~ R R R EE d (<< RIS SR (R QAR R M - R0
M o SR ERET i R BRSBTS b FORO AR -

(b) A long and thin cylindrical medium is uniformly magnetized with magnetization M
along the cylinder long axis. Find the magnetic field inside and outside the medium.
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Q.4 (5 points) FH 4 (557)

A large flat dielectric slab of thickness 4 and dielectric constant & y
is moving along the x-direction at speed v. Its large surface plane E
is perpendicular to the y-axis. A magnetic field of strength B is
applied along the z-direction. Find the surface bound charge
density on the two large surfaces of the slab, and the electric field
in the slab.
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Q.5 (10 points) 5 (1057)

The space between two concentric conductor spherical shells of radii R; and Rs is filled with
two types of media. The dielectric constant and the conductivity of medium-1 and medium-2
are g1, o1 and g, oy, respectively. The voltage difference between the two shells is 1%.

(@ Incase-A, the media form two concentric shells with the conductor shells, and the
radius of the boundary between the two media is R,. Find the following: (i) total
current from the inner shell to the outer shell; (ii) total free charge on the two
conductor shells and on the boundary between the two media.

(b)  In case-B, medium-1 fills the upper hemisphere and medium-2 fills the other half. Find
the following: (i) total current from the inner shell to the outer shell; (ii) total free
charge on the upper and lower halves of the two conductor shells.
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Q.6 (12 points) 6 (1257)

(a) Assume that atmosphere is made of diatom ideal gas in adiabatic equilibrium. Determine
air pressure P, temperature 7 and density p as a function of altitude %, provided that their
values at /2 = 0 are known. (Hint: Set up a differential equation for a thin layer of air at

some altitude. [x“dx = ' where o #1 is a constant.) (6 points)
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(b) When the partial pressure of water vapor in air exceeds the saturated water vapor pressure
(Ps) at a given temperature, the water vapor will condense into droplets which fall down
as rain. Ps=55.35 mmHg at 40°C, and Ps = 6.50 mmHg at 5 °C. The air/vapor mixture
can be considered as diatom 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. The density of air is po = 1.18 kg m™ at 20 °C and 1.0 atm. 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.

(b1) How much rain can one cubic meter of the humid air at sea level generate? (5 points)
(b2) Use the results in (a), find the altitude where the temperature is 5 °C. (1 point)
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Q7 (8 points) fH 7 (857)

(i)
(i)

(iii)

(iv)

(v)

(i)
(i)

(iii)

(iv)

(v)

Find the torque on an electric dipole p in a uniform electric field £ . (1 point)

A medium is uniformed polarized with polarization P by an electric field £ . Find
the torque per volume on the medium exerted by the electric field. (1 point)

An electromagnetic wave E = E, (%, + 3,)e' " is propagating along the z-axis
in an isotropic medium. In such medium the relation between the electric
displacement Dand E is given by D = g,6E , so D and E are always pointing in the
same direction. Find the torque per volume on the medium exerted by the
electromagnetic wave. (1 point)

™ = ikz - ikyz\ —iot
An electromagnetic wave E= Eo (xoe Tt Vo€ ? )e IS propagating
along the z-axis in an anisotropic medium. In such medium the electric

. A - i - ik —iot . -
displacement isD=¢&,E, (5xx0€lklz + Eyyoe’ e , S0 Dis not parallel to £ .
Note that £, :Q\/g andk, :Q\/gj , Where c is the speed of light in vacuum.

C C

Find the time-averaged (over one period) torque per volume on the medium exerted
by the electromagnetic wave. (3 points)

Following (iv), find the time-averaged total torque on a section of cylindrical
shaped medium of unit cross section area with its long axis along the z-direction
from z = 0 to z = d, and the smallest value of d at which the total torque is
maximum. (2 points)
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THE END 3%
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Pan Pearl River Delta Physics Olympiad 2007
2007 F3F 3= FR A ER PR R ‘ﬁ’dﬂrﬁ?%}
Part-2 (Total 3 Problems) &-2 (# 3&f)
(2:30 pm - 5:30 pm, 02-26-2007)

Q1 Folded Space (6 points) & 1 & &fu2df] (657)

(a) Consider a one-dimensional standing electromagnetic wave
in the form of E(x) = 4sin(k x) along the x-direction

confined within the space between x =0 and x = a. The ~
wave must vanish at these two end points. Find the allowed )
values of £,. (1 point) X

(b) The String Theory predicts that our space is more than
three-dimension, and the additional hidden dimensions are
folded up like the dimension y on the surface of a thin
cylinder shown in the figure. Suppose the radius of the
cylinder is b (<< a), and the electromagnetic wave onthe ~ (f | .~
surface now takes the form E(x, y) = Asin(k x)cos(k,y)

where y is the coordinate of the folded space around the
cylinder. Find the allowed values of k,. (3 points)

()

(c) The photon energy is given by W = :—c k2 +ky2 , and ¢ = 1239 (eV x nanometer),
T

where eV stands for electron volt and 1 nanometer is 10 meters. The highest energy
photons human can make so far is about 1.0 x 10* eV. If this is sufficient to create a
photon in the folded space, what should be the value of 5? (2 points)
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Q2 Atomic Force Microscope (AFM) in thermal noise (22 points)
B 2 ZVgeE puRL B REE (22 5))

Q) An AFM is modeled as a uniform rigid rod of length / and
mass m; with a point mass m, on one end (the tip), and the
other end is fixed at point O around which the rod is free $ PPkl
to rotate. A spring of force constant K is attached to the tip.
Find the resonant frequency 2 of the AFM. (4 points) F(t)
P BRSSO ( K (R B EVR] Hlng I35 SR r.}éj
£ my [VETR(51L) > b1- ’Ffu[m‘t&%ﬁO i ek OF ‘E' [3151;1%; o = [
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(i) Given an external driving force F(¢) = F; cos(a,t) , derive the differential equation for

the small vertical displacement x(¢) of the tip from its equilibrium position, and solve
it using a trial solution x(¢) = 4, cos(ayt + ®,) where the amplitude 4; and phase ®;

are to be determined. (4 points)
St TR ] F () = F cos(ey) , JEEHIBET B 1 | 8 F5a(io s
Mo 3 BRI x (1) = A4, cos(ayt + D, ) i > K HI?EE[I}EIIAl g a0 riﬁt ° (4 57)
(i) Given two driving forces F'(¢) = F; cos(ayt) + F, cos(m,t) , find x(¢) . (4 points)
f e [l ERED Y F(2) = F cos(ayt) + F, cos(a,t) , 1 x(t) = (457)
(iv)  The driving force comes from thermal noise, which can be described as a sum of
many harmonic driving forcesF,  (¢)= ZF cos(w,t) in the entire frequency range.

thermal

Find x(¢#) under the thermal noise driving force (2 points)
E@;{*J P PSR AR > RSB RY R T | BT PR 2 R A
Fperma (1) = ZF, COS(e0,1) ° Wﬁﬁﬁpﬁ B EUx(t) (23)

(V) Consider the electronic band pass filter as shown. Given V°—| Vou
. i . C
the input voltage V,, (¢) = V,e'" | find the value of R
inductance L such that the denominator of the absolute I

value of the output voltage is minimum. (2 points)
G (I PO R - ) VL () =Voe™ b
BESEH 23 2 [ U ERAL O < (2 53)

(vi)  The AFM signal which is proportional to the solution x(z) in (iv) is applied as the

input signal to the filter. Assuming that only the signal with the frequency o, = ®,
where @ makes the denominator of the output voltage amplitude minimum in (v), can
pass through the filter, draw a sketch of the amplitude of the output voltage vs L if F,
=1 for all », and describe briefly how the AFM resonant frequency in (i) can be
found experimentally. (6 points)
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Q3 The Lorentz-Lorenz Relation (22 points) g 3 1&/{ i ]n ]ij:%ﬁll (22 57)

The dielectric constant &(w) of a dielectric medium is given by the so called Lorentz-Lorenz

Relation g((w)) -1 &y = %K(a)) , Where n is a number and K is a material-related constant that
c\w)+n

depends explicitly on the frequency w of the applied electric field. You are to derive the
relation through the steps below.
& ==-K(w) » Hil1 K=
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(1)  Anatom can be approximately treated as consisting of a uniform
spherical electron density (electron cloud) of radius R with total
charge —Ze and positive charge nucleus Ze at the center, where e is
the charge of a positron. The nucleus mass is much larger than an
electron mass me. In a uniform external electric field £y the electron
cloud is displaced slightly from the nucleus while maintaining its
spherical shape. Find the displacement. (4 points)
= VR T IE E [ARE  E-Ze ~ 155053 S 4 LRSI R 3 Al
S 1 IO ZefV R 49255 o H le RLC-F [0 e o A0V RDm AT
BYEN me o 1 =9 FHHLE IR SRS o {1 IM‘QJ*«TW TREFI S -

4 77)

(i) The atom is placed in an oscillating uniform electric field £(¢) = A c0oS(wt) . Find the
induced dipole moment of the atom. (6 points)

SRR BERPE = 9 B E(t) = Acos(at) {1 » R~ AU - (6 5))

(ii1)  In a medium the number of atoms per unit volume is A, find the polarization P of the
medium. (2 points)

U1 SRR B N » S TR (S P o (25))

(iv) Note that in (iii) the electric field is the external field Eex:. Consider a small sphere
containing many atoms in the large medium. The total field E in the sphere consists
of two contributions, namely that from the medium inside the sphere Ess and the
external field Ecx. Given that the electric fields are uniform inside the sphere, find the
relation between Eey: and Eroral, and determine » and K in the Lorentz-Lorenz Relation.
(7 points)
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(v) Use the result in (iv), briefly explain the Mirage phenomenon. (3 points)

A (iv) s TR T B AR G - (357)

THE END 3



