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Pan Pearl River Delta Physics Olympiad 2012

2012 FZ IR = A S 442 RO 2 BARIL 7 385 58
Part-1 (Total 6 Problems) -1 (3£ 6 &)
(9:00 am — 12:00 pm, 02-02-2012)

Q1 (5 points) & 1 (54))

It is found that the speed v of the neutrinos with 10 MeV of total energy is (1—v/c) <2x10~° . Estimate the
mass of the neutrinos in terms of eV, and determine whether the value you find is an upper or lower limit.
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Q2 (10 points) & 2 (1043

Usually we only consider the motion of a simple pendulum of length L in one dimension, while in fact the
point mass can move in the horizontal plane, i. e., with two degrees of freedom. Find an initial condition for
the point mass such that its simple harmonic motion trajectory in the horizontal plane is (a) a straight line of
length D; (b) a circle of radius R; and (c) an ellipse with long axis a and short axis b. All the length scales of
the motion are much smaller than L.
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Q3 (9 points) & 3 (94))
A satellite of mass m is revolving around Earth on a circular orbit of radius R with angular frequency «, . It

is then hit by a meteoroid with a small impulse | in the inward radial direction. Determine the motion of the
satellite afterwards in terms of the position as function of time.
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Q4 (6 points) & 4 (64))

As shown in the figure, a gyroscope consists of a uniform disk of radius r and an
axle of length R through its center and along its axis. The other end of the axle is
hinged on a table but is otherwise free to rotate in any direction. The mass of the
disk is much larger than that of the axle. The gyroscope is spinning with angular
velocity @ with the axle inclined to the vertical direction. Let g be the gravitational
acceleration. Find its angular velocity of precession.
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Q5 (10 points) A& 5 (10 4»)

A point charge q is at Xo = 3R/2 on the X-axis in front of a grounded conductor
hemisphere of radius R on a large conductor plate perpendicular to the X-axis and
in the Y-Z plane. The center of the hemisphere is at (0, 0, 0). Find the potential
energy of the point charge. (Note: You must verify that the boundary conditions

are preserved if you use image charge(s).)
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Q6 (10 points) & 6 (10 43)
As shown, a thermally insulated smooth container with a locked heavy piston . .
contains n moles of single atom ideal gas at temperature Ty in the left Piston 3
chamber and vacuum in the right chamber. The piston is then released and //
eventually sticks to the right wall of the container. A 7 portion of the Kinetic
energy of the piston is eventually absorbed as heat by the gas. The volume of .
the whole container is x times the original volume of the gas. Container 74

(@) Find the kinetic energy of the piston right before it hits the wall, and

verify your answer for x —oo. (3 points)
(b) Find the change of entropy of the gas, and proof that the change is positive. (6 points)

(c) Verify your answer in (b) for the case 7 = 1. (1 point)
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(THE END 52)
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Pan Pearl River Delta Physics Olympiad 2012

2012 FZ IR = A S 442 RO 2 BARIL 7 385 58
Part-2 (Total 3 Problems) #-2 (3t 3 &)
(2:30 pm — 5:30 pm, 02-02-2011)

Q1 Stella Interferometer (8 points) & 1 {EETF¥H 8 4}
A Stella Interferometer is used to accurately measure
the angular separation between two close-by stars. As

- I h A
shown, the light from the stars can be treated as two Star 'g:w %
broad parallel light waves of 5.0><1§)’7_meters in | Y — ,‘,‘ ' Slits s
wavelength; one (wave-1) is at normal incidence and B 7 .
the other (wave-2) is off by a small angle ‘ ;

Entrance Mirrors

60 =3.0x10"° degrees. Each wave is then split into g

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 | . ——— Screen ¥
entrances. The waves at the entrances are then brought T Star |lght§-17L
to the two narrow slits of a Young’s interference Stella Interferometer k! %7 8%

experiment without introducing additional path
difference. The entrance mirrors are moved slowly to increase the distance D until the fringes on the screen
disappear.

(@) Find the value of D. (6 points)

(b) If an optical telescope is used to observe the two stars, what should be the minimum diameter of the
primary lens or mirror? (2 points)
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Q2 Y-Meson (12 points) &2 Y AT (124

Y-mesons with rest mass my = 1.058x10'° eV are produced by colliding electrons with positrons head-on in
the reaction " +e~ — Y. Each Y-meson will decay immediately into a pair of B-mesons: Y —B*+B".
The rest mass of the B-mesons is mg = 5.28x10°eV and their lifetime is 7, = 1.5x107? seconds. The rest

mass of electrons and positrons is 5.11x10°eV. When the momentum of the electrons is the same as the

positrons in the laboratory frame, the Y-mesons are at rest. (¢=3.0x10°m/s)
(@) How large is the decay length (the distance it travels) of the B-mesons in the laboratory? (2 points)
(b) Assume that the B-mesons are moving along the electron-positron trajectory. To increase the decay
length of half of the B-mesons, the Y-mesons need to be given momentum in the laboratory frame.
This is done by colliding electrons with positrons with different energies. What momentum (in the unit
of eV/c) should the B-mesons have if they will have decay length of 0.20 mm? (3 points)
(c) What is the total energy of the Y-mesons before they decay? (4 points)
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(d) What should be the energies of the electrons and the positrons in order to produce the Y-mesons in (c)?
(3 points)
Mo R e, B Y e +em Y, TR AR TR 1.058x10°eV [f Y AT, 0fi Y AT
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F, Y A FATFEIIRES.  (¢=3.0x10°m/s)
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Q3 Penning Trap (30 points) ¥&T#9H (3043
(@ Consider an ion (mass m and charge q) with initial velocity v in the X-Y plane in a uniform magnetic

field B along the Z-axis. Find its angular frequency ax (cyclotron frequency), and the kinetic energy in
terms of « and the orbital radius ro. (1 point)

(b) Consider a point charge g between two grounded conductor plates perpendicular -
to the X-axis separated by a distance D. It can be shown that the induced charge / )

on plate-1 and plate-2 are Q, = q(%—l} and Q, =—q%, respectively, where x

Is the distance between the charge and plate-1. Referring to the figure, find the
electric current in the circuit if the center of the ion orbit in (a) is at x = D/2. To ()
obtain larger current, should the orbital radius be bigger or smaller? (2 points)

(c) An AC electric field E(t) = E, cos(w,t) is applied across plate-1 and plate-2. Suppose the orbit of the

ion remains nearly circular for each revolution and the energy gained from the AC electric field in each
revolution is much smaller than the kinetic energy of the ion. The charges induced by the ion on the
plates can be ignored. After time T which is much longer than the orbital period, find the radius of the
orbit R. (3 points)

(d) The AC electric field in (c) is then turned off when 2R is still smaller than D. So far the ion is free to
move along the z-direction, which means that it can escape from the uniform magnetic field region if it
has initial velocity along the z-axis. To prevent that, another electric potential field in the form of
V(F) =V, (z° + BX* + By?) 1 22, where Vo > 0, is applied so that in the Z-direction the ion can only
oscillate around z = 0. Find the oscillation frequency w,. (2 points)

(e) For the potential field in (d) to be valid in the region of empty space, find the constant £ in (d). (1
point)

Such a combination of electric and magnetic field is called a Penning Trap. It is a device to trap an ion for a
long time so its cyclotron frequency ax, and therefore its g/m ratio, can be measured with very high precision.
Use ax and @, as known quantities for the remaining part of the question.
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The ion is now in a Penning Trap as above. Derive the differential equations for the position of the ion
X(t) and y(t) in the X-Y plane. (4 points)

Let u(t) = x(t)+iy(t), where i =+/—1. Find the differential equation for u(t). (2 points)

Try solution u(t) = Ae™*, determine the two possible frequencies @ and @., with @ >a.. (2 points)
The general solution is then u(t) = Ae' +Ae™". Suppose the electric trap potential is turned on
after the magnetic field is on for a while. When the trap is turned on at t = 0 the ion is at X = R on the
X-axis, and the center of its orbit is at the origin of the X-Y plane. Determine A, and A., and take the
approximation that ax >> . (5 points)

To see what the trajectory of the ion looks like in (i), let us go to a rotating reference frame with
angular frequency £2. Using the definition of u(t) in (g), find its expression U(t) in the rotating frame.
(3 points)

Apply your answer in (j) to the answer in (i), and let 2 = @. Draw a schematic diagram of the ion
trajectory in the rotating frame on the X-Y plane. (1 point)

Draw a schematic diagram of the ion trajectory on the X-Y plane in the laboratory frame. (1 point)
Give three possible shapes of the ion trajectory on the X-Y plane in a rotating frame with angular
frequency /2 if the initial conditions are appropriate. (3 points)
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(THE END 52)



